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Abstract 

Objective: Access to quality, effective lifesaving uterotonics in low and middle-income countries (LMICs) remains a 
major barrier to reducing maternal deaths from postpartum haemorrhage (PPH). Our objective was to assess the costs 
of care for women who receive different preventative uterotonics, and with PPH and no-PPH so that the differences, if 
significant, can inform better resource allocation for maternal health care.

Methods: The costs of direct hospital care of women who received oxytocin or heat-stable carbetocin for prevention 
of PPH in selected tertiary care facilities in India, Kenya, Nigeria, and Uganda were assessed. We collected data from 
all women who had PPH, as well as a random sample of women without PPH. Cost data was collected for the cost of 
stay, PPH interventions, transfusions and medications for 2966 women. We analyzed the difference in cost of care at a 
facility level between women who experienced a PPH event and those who did not.

Key findings

The mean cost of care of a woman experiencing PPH in the study sites in India, Kenya, Nigeria, and Uganda exceeded 
the cost of care of a woman who did not experience PPH by between 21% and 309%. There was a large variation in 
cost across hospitals within a country and across countries.

Conclusion: Our results quantify the increased cost of PPH of up to 4.1 times that for a birth without PPH. PPH cost 
information can help countries to evaluate options across different conditions and in the formulation of appropriate 
guidelines for intrapartum care, including rational selection of quality-assured, effective medicines. This information 
can be applied to national assessment and adaptation of international recommendations such as the World Health 
Organization’s recommendations on uterotonics for the prevention of PPH or other interventions used to treat PPH. 
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Plain English summary: Access to quality, effective lifesaving medicines in low and middle-income countries 
remains a major barrier to reducing maternal deaths from bleeding after childbirth. Information on to what extent 
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Background
Postpartum haemorrhage (PPH) is a leading cause of 
maternal mortality, globally, disproportionately affecting 
low and middle-income countries (LMIC) [1, 2]. It is also 
a significant contributor to severe maternal morbidity 
and long-term disability [3–5]. Preventing PPH is essen-
tial for improving maternal health outcomes on the path 
to the achievement of the United Nations Sustainable 
Development Goals and ensuring sound financial stew-
ardship to support Universal Health Care efforts [6].

PPH caused by uterine atony can be prevented to a 
large extent through the administration of a quality-
assured, effective uterotonic immediately following the 
birth of the baby [2].

The World Health Organization’s (WHO) first line rec-
ommendation for the prevention of PPH is the admin-
istration of oxytocin 10  IU [7], an injectable uterotonic 
which requires refrigeration during transportation and 
storage to remain effective [8]. Heat-stable carbetocin has 
clinical and pharmacological properties similar to those 
of oxytocin but does not require refrigeration, retaining 
its efficacy even after exposure to high temperatures for 
long periods of time [9]. WHO recommends heat-stable 
carbetocin for PPH prevention in settings where oxytocin 
is unavailable or the quality might be compromised due 
to heat degradation, and where its cost is comparable to 
other effective uterotonics [7 p. ix].

Currently, decision makers only have access to infor-
mation on uterotonic prices. They lack information on 
the total cost of facility-based care of women with and 
without PPH. We conducted an ancillary study using 
data from WHO CHAMPION trial (Heat-stable car-
betocin versus oxytocin to prevent hemorrhage after 

vaginal birth) sites [10], to assess the direct hospital care 
costs of women in nine tertiary referral hospitals in India, 
Kenya, Nigeria, and Uganda, to provide evidence to sup-
port more informed decision making on options for PPH 
prevention in LMIC. These countries contribute signifi-
cantly to the global maternal morbidity and mortality 
burden. Our focus in this ancillary study is restricted to 
PPH prevention options in facility-based births and does 
not cover births outside health facilities.

Methods
Study aims, design and population
We calculated the cost of hospital care of women with 
and without PPH and who received either oxytocin 10 IU 
or heat-stable carbetocin 100 µg as part of the manage-
ment of the third stage of labour at nine tertiary referral 
hospitals (sites) in India, Kenya, Nigeria and Uganda.

The CHAMPION trial was a randomized, double-
blind, non-inferiority trial comparing the effectiveness in 
the prevention of PPH of an intramuscular injection of 
heat-stable carbetocin with oxytocin administered imme-
diately after vaginal birth. The trial methods and results 
are described in detail elsewhere [10]. Briefly, almost 
30,000 women across 23 sites in ten countries were ran-
domly assigned to prophylactic heat-stable carbetocin 
or oxytocin. The primary outcomes were the propor-
tion of women with blood loss of at least 500 ml or the 
use of additional uterotonic agents, and the proportion 
of women with blood loss of at least 1000  ml. Second-
ary outcomes included the proportion of women having 
additional interventions to control bleeding. The trial 
results showed that heat-stable carbetocin was non-infe-
rior to oxytocin.

treatments for bleeding increases the cost of care of women after childbirth is important for informed resource 
allocation.

We collected data from all women who had bleeding after childbirth, as well as a random sample of women without 
bleeding in selected hospitals in India, Kenya, Nigeria, and Uganda. Cost data was collected for the cost of stay and 
interventions to manage bleeding for 2966 women. We compared the difference in cost of care between women 
who experienced a bleeding event and those who did not.

The mean cost of care of a woman with bleeding in the study sites exceeded the cost of care of a woman who did 
not experience PPH by between 21% and 309%. There was a large variation in cost across hospitals within a country 
and across countries.

Our results indicate an increased cost of bleeding of up to 4.1 times that for birth without bleeding. Effective preven-
tion reduces the cost of care. Cost information can help countries to evaluate options across different conditions and 
in the formulation of appropriate guidelines for intrapartum care, including rational selection of quality-assured, effec-
tive medicines. This information can be applied to national assessment and adaptation of international recommenda-
tions such as the World Health Organization’s recommendations on medications for the prevention of bleeding after 
childbirth or other interventions used to treat bleeding.

Keywords: Postpartum haemorrhage, Oxytocin, Heat stable carbetocin, PPH, Cost
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Data from all women who participated in the CHAM-
PION trial in India, Kenya, Nigeria, and Uganda and who 
had PPH (n = 1514), as well as a random sample of the 
same number of women who did not experience PPH 
(n = 1514), was extracted from the CHAMPION trial 
database (Fig. 1). One of the ten trial sites was eliminated 
from this study due to administrative barriers to data col-
lection (n = 62). A total of 2966 records from the CHAM-
PION trial were therefore included in this study. The four 
countries were selected because of their high maternal 
mortality and morbidity rates, climate, and possible dif-
ficulties of ensuring the quality of oxytocin due to chal-
lenges maintaining the cold chain of oxytocin.

Cost calculations
The following data, covering the time immediately fol-
lowing administration of the prophylactic uterotonic to 
the time of discharge from the hospital, were extracted 
from the CHAMPION trial database to form the basis 
of the calculation of the cost of care: administration of 
additional uterotonics; other medical and surgical inter-
ventions to treat PPH; blood transfusion and duration 
of hospital stay. The medical and surgical interventions 
recorded in the CHAMPION trial patient records and 
costed in this study were: suturing of the cervix/high 
vaginal tear; intrauterine balloon/condom tamponade; 
exploration of the uterine cavity; uterine or hypogastric 
ligation; manual removal of the placenta; bimanual com-
pression of the uterus and hysterectomy. Uterine com-
pression sutures and manual or surgical correction of 

uterine inversion were not used for any cases at any of 
the sites and therefore are not reflected in the results.

Excel data collection worksheets were specifically 
designed for this exercise, modelled on those developed 
by the Guttmacher Institute for their study estimat-
ing the cost of PPH in Egypt [11]. The worksheet design 
was reviewed by an obstetrician with experience in low 
income countries and by a local expert panel established 
in each country by the coordinator of the CHAMPION 
trial. The correspondent costs were obtained by the 
CHAMPION trial investigators from each of the partici-
pating hospitals. Sites obtained data from various sources 
including hospital pharmacies, accounting departments, 
payroll, and government salary data. Table 1 lists all ele-
ments included in each of the items costed for the study.

All prices collected in this study were current at the 
time of data collection, i.e., between February and July 
2018, and not at the time of the CHAMPION trial inter-
vention. The conversion from local currency to US Dollar 
was made at the time of data collection. Disposable con-
sumables were costed using unit prices provided by the 
facilities from procurement records. The costs related to 
the use of non-disposable items, such as surgical instru-
ments, were calculated as the cost of cleaning and steri-
lization. We did not include depreciation as information 
on the life of non-disposable items was not available.

One on-site meeting with each country investigator 
was performed by the research team during the data col-
lection period for quality assurance purposes.

The total cost of care at the facility for each patient 
(PPH and no PPH) was computed using three different 

CHAMPION Trial
29,645 par�cipants
Argen�na, Egypt, India, Kenya, Nigeria, Singapore, South Africa, Thailand, Uganda, United Kingdom

Countries iden�fied for ancillary study:
India (6 sites), Kenya (1 site), Nigeria (2 sites), Uganda (1 site) (n=18131)

All PPH cases
(n=1,514)

Random sample no-PPH cases
(n=1,514)

Par�cipants in the ancillary study:
9 sites, 2,966 par�cipants
(PPH=1,481, Oxytocin: 742, heat-stable carbetocin: 739
No-PPH =1,485, Oxytocin: 741, heat-stable carbetocin: 744)

One site in India was unable
to par�cipate:
62 par�cipants subtracted

Fig. 1 Study flow chart
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formulas. These were (1) Total cost of care; (2) Total 
cost of care including concomitant medicines women 
received; and (3) Total cost of care including drug tray 
costs. We did not include the concomitant medicines 
and drug tray formulas in the main manuscript since, 
due to variations in the number of medicines used and 
the contents of the drug trays, the results showed high 
variability and distracted from the main comparison 
objective. The concomitant medicines and drug tray 
formulas are presented in Table 1.

The formula used for the total cost of care calculation 
was:

where T1 = Total cost of care, HS = Cost of hospital stay, 
I = Costs of a surgical intervention received for treatment 
of PPH and ΣI = the sum of costs of all surgical interven-
tions received, U = Sum of the cost of all additional uter-
otonics administered for treatment of PPH, B = Cost of 
blood and blood products administered.

The cost of prophylactic uterotonics (oxytocin or 
heat-stable carbetocin) was not included as their 
administration occurred prior to diagnosis of PPH.

T1 = HS +�I+ U + B

Table 1 Breakdown of costs and details of calculations

The data for concomitant medicines administered during the CHAMPION trial included an extensive list of medicines, many of which were not related to PPH care. It 
was not possible to isolate the drugs that were administered specifically for the treatment of PPH from the list of concomitant drugs. The cost of the drugs available 
for each surgical intervention was also collected to complement the cost information. Investigators from each of the countries were requested to list all the drugs 
used to treat PPH. This list developed per country was named ‘drug tray’ for the purposes of this study

The Drug Tray formula was used to validate the results by addressing the uncertainty about the concomitants being related to PPH or not. For the Drug Tray formula, it 
should be noted that the entirety of the drug tray may not have been used for each intervention depending on each patient’s medical condition. It was not logistically 
possible to cross-match the concomitants and drug tray data to achieve a more accurate result

Description Calculation

Medical and surgical interventions (I) Cost of disposable apparel (gowns, gloves, caps etc.) + disposable consumables (needles, gauze, 
syringes etc.) + instruments (sterilization fee) + cleaning + laboratory tests + fee for use of operat-
ing theatre (if applicable) + staff labour cost (L)

Each surgical intervention was costed as an independent intervention, although some patients may 
have received more than one intervention concurrently with some costs shared across interven-
tions

Staff labour during interventions (L) Monthly salary/hours worked per month x hours devoted to intervention
Calculated for all personnel required for the procedure

Drug tray (DT) Total price of the full tray of drugs available for the surgical intervention

Blood transfusion (B) First unit of blood: Cost of apparel + consumables + sterilization charge + laboratory tests + blood 
product price + cost of labour for blood (LB)

Each additional unit of blood: Cost of labour for blood (LB) + blood product price

Hospital stay (HS) Basic cost of 24 h stay in ward bed x the number of days in hospital from the time of birth to dis-
charge

Some patients were discharged within 24 h and with no additional care over basic delivery services. 
As we did not calculate the cost of delivery specifically (it occurs prior to diagnosis of PPH) these 
patients’ records would show zero cost. To avoid this, all patients were allocated a minimum of 
1 day’s hospital stay as a proxy for the cost of delivery

Additional uterotonics (AU) Price of the dose of the uterotonic administered, being either:
the price of the individual unit (i.e. tablet, ampoule) multiplied by the units administered or
the pack price divided by units in the pack multiplied by the units administered

Concomitant medicines (CM) Price of the dose of the medicine administered, being either:
the price of the individual unit (i.e. tablet, ampoule) multiplied by the units administered or
the pack price divided by units in the pack multiplied by the units administered

Concomitant formula T2 = HS + ΣI + U + B + CM T2 = Total cost of care
HS = Cost of hospital stay
I = Costs of a surgical intervention received for treatment of PPH and ΣI = the sum of costs of all 

surgical interventions received
U = Sum of the cost of all additional uterotonics administered for treatment of PPH
B = Cost of blood and blood products administered
CM = Sum of cost of all concomitant medicines administered

Drug tray formula T3 = HS + Σ(I + DT) + U + B HS = Cost of hospital stay
I = Costs of a surgical intervention received for treatment of PPH and DT = Cost of the full tray of 

drugs available for each surgical intervention for PPH treatment
U = Sum of the cost of all additional uterotonics administered for treatment of PPH
B = Cost of blood and blood products administered
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The mean costs of care for women receiving oxytocin 
or heat-stable carbetocin during the third stage of labour, 
having PPH or not, were calculated for each site but are 
not presented in the paper since the two uterotonics were 
very similar in efficacy.

Results
The hospitals that participated in this sub-study of the 
CHAMPION trial were all tertiary level referral facilities 
with full time obstetrician and gynaecologist and mid-
wife presence. The two hospitals in Nairobi, Kenya and 
Kampala, Uganda are large tertiary facilities with approx-
imately 10,000 and 33,000 annual births, respectively. 
The Nigerian hospitals had approximately 2500 births 
and the Indian facilities had between 1200 to 3500 births 
annually. All facilities have emergency surgery and blood 
transfusion services.

Women with PPH were more likely to have risk fac-
tors for PPH such as increased labour augmentation, 
instrumental birth, previous caesarean section and PPH 
(Table 2).

Cost of care for women with PPH and no‑PPH
In all sites, PPH represents an increase in the cost of care 
for women. This increase ranged from 21% in the Uganda 
site to 309% at one of the Nigerian sites. The increase in 
the cost of PPH using the concomitants and drug tray 
formula followed similar trends although the variations 
across hospitals were larger (Table 3).

As the sites were not randomly selected as representa-
tive of all facilities in the four study countries, we have 
not calculated an average increased cost of care of PPH 
over no PPH for each country. Detailed findings for each 
intervention and uterotonics prices are included in Addi-
tional file 1: Annexes.

The most common interventions were suturing of the 
cervix/high vaginal tear and blood transfusions. The 
most frequently used additional uterotonics were oxy-
tocin and misoprostol. In Table 4, we present the drivers 
of the costs. Hospital stay contributes most to the cost. 

Table 2 Baseline variables by PPH status

Baseline variable No PPH N = 1485 PPH N = 1481 All N = 2966

n (%) n (%) n (%)

 Nulliparous 735 49.5 785 53.0 1520 51.2

 Labor induced 179 12.1 188 12.7 367 12.4

 Labor augmented 642 43.2 761 51.4 1403 47.3

 Instrument-assisted vaginal birth 34 2.3 79 5.3 113 3.8

 Perineal trauma leading to suture 1011 68.1 1074 72.5 2085 70.3

 Baby alive 1452 97.8 1460 98.6 2912 98.2

Mean SD Mean SD Mean SD

 Mother age (years) 25.3 4.8 25.8 5.2 25.5 5.0

 Gestational age (completed weeks) 38.4 2.3 38.7 2.0 38.6 2.1

 Birth weight (g) 2881 548 3133 551 3007 563

Baseline variable among parous women No PPH N = 750 PPH N = 696 All parous women 
N = 1446

n (%) n (%) n (%)

 CS in previous pregnancies 39 5.2 56 8.0 95 6.6

 PPH in previous pregnancies 6 0.8 39 5.6 45 3.1

Table 3 Increased cost of  care of  PPH over  No PPH 
per woman in USD

Hospital Mean cost 
of care (USD)

Cost ratio of PPH 
vs no PPH (95% CI)

No PPH PPH

India-BLDE Hospital 9.28 11.04 1.2 (1.0 to 1.4)

India-Dr. Sujata College 11.14 13.30 1.2 (1.0 to 1.4)

India-KLES Hospital 5.76 12.11 2.1 (1.7 to 2.5)

India-Lata Med. Research 
Hospital

12.30 15.46 1.3 (0.9 to 1.7)

India-NM College 5.25 6.96 1.3 (1.1 to 1.6)

Kenya 22.12 34.36 1.6 (1.4 to 1.7)

Nigeria-Mother & Child Hospital 
Akure

2.39 6.60 2.8 (2.4 to 3.2)

Nigeria-University of Ibadan 17.42 28.84 1.7 (1.4 to 2.0)

Uganda 13.37 14.85 1.1 (1.0 to 1.3)
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The figures show a skewed distribution with few very 
high values in those patients with PPH. It is likely that 
some of the severe PPH patients receive multiple inter-
ventions and stay in hospital longer.

Four of the sites studied showed increases exceeding 
100% in cost of care for PPH cases over no PPH with all 
three formulas. The clinical management of cases var-
ied across settings. The Belgaum site saw the highest 
frequency of blood transfusion (28.07%) and the second 
highest frequency of suturing of the cervix/high vaginal 
tear (12.28%), bimanual compression (5.26%) and explo-
ration of the uterine cavity (3.51%). The particularly 
high level of blood transfusion at this site, which may be 
related to the high levels of pre-existing anaemia found 
in pregnant women in India, was a major contributor to 
the increase in cost of care. The site also had high levels 
of uterotonic use, including high use of carboprost which 
was the most expensive uterotonic. (Carboprost was only 
used in India). The Nairobi, Kenya site had a moderate 
rate of surgical intervention, but the highest use of addi-
tional uterotonics. Blood transfusions were particularly 
costly at this site. The Akure Nigeria site had the high-
est level of oxytocin and misoprostol use with compara-
tively high prices for both uterotonics. The site also had 
the highest number of surgical interventions, relatively 
high frequency of suturing of the cervix/high vaginal tear 
(11.46%) and blood transfusion (11.86%) and the highest 
use of uterine balloon/condom tamponade (7.51%). The 
Ibadan, Nigeria site had the highest frequency of suturing 
of the cervix/high vaginal tear (16.8%) and moderately 
high use of oxytocin and misoprostol with high prices for 
both uterotonics.

Discussion
Main findings
Our results quantify the increased cost of managing 
women with PPH of up to 4.1 times that of a birth with-
out PPH although there was variability across settings. 
This increased financial burden is a result of the fact 
that the management and treatment of PPH requires a 
range of medicine, surgical, and other interventions, all 
of which require human and other resources, including 

an effective supply chain. There was a large variation in 
cost across hospitals. PPH management for reasons other 
uterine atony requires additional costs such as the use 
of sutures for tears or antibiotics for retained placenta. 
However, uterotonics remain the mainstay of PPH man-
agement. We note that PPH cases are associated with 
increased interventions during labour such as augmenta-
tion, instrumental delivery and episiotomy and tears. It 
is likely therefore that over-medicalization is also associ-
ated with increased costs.

Strengths and limitations
This ancillary study was conducted at nine sites in four 
countries with high maternal mortality rates and calcu-
lated the cost of care of 2966 participants in total, making 
it the largest PPH cost of care assessment at the time of 
study.

We used data recorded from the CHAMPION trial, 
whose aim was to compare the clinical efficacy of two 
uterotonics (oxytocin and heat-stable carbetocin) for the 
prevention of PPH, but not to determine the cost of care. 
The design of this ancillary study was therefore limited by 
the data categories of the primary study. Notwithstand-
ing this, the CHAMPION study data set is extensive, cov-
ering all interventions received as a result of a diagnosis 
of PPH, providing a unique opportunity to calculate the 
cost of care for a large cohort of patients.

The facilities in the study are all referral hospitals in 
urban settings, although they vary in size and capac-
ity and the settings themselves vary considerably. The 
data may not be fully representative of the cost of care of 
women delivering in other levels of healthcare, such as 
maternity clinics, primary or secondary level hospitals. It 
is not possible to determine from this study whether the 
cost of care for a woman delivering in a rural or second-
ary level facility would be higher or lower than the costs 
we have calculated in this study. While some costs may 
be reduced, such as the cost of labour, additional costs 
are likely to be incurred in the event of PPH such as the 
cost of obtaining blood from a referral facility, the cost 
of patient transfer to a higher level of care and the cost 
of additional care to stabilise a patient for transfer. A 

Table 4 Consumption of health resources by PPH in USD

No PPH (n = 1485) PPH (n = 1481)

Min Q1 Median Mean Q3 Max Min Q1 Median Mean Q3 Max

Cost stay in hospital 1.4 6.6 11.8 12.5 16.2 61.2 1.2 4.7 10.9 12.9 16.2 106.3

Cost uterotonics 0.0 0.0 0.0 0.1 0.0 6.1 0.0 0.0 0.0 1.2 2.8 87.5

Cost interventions 0.0 0.0 0.0 0.5 0.0 191.9 0.0 0.0 0.0 10.4 0.0 857.6

Cost transfusions 0.0 0.0 0.0 0.3 0.0 49.3 0.0 0.0 0.0 2.4 0.0 198.9

Total cost without concomitants 1.4 6.6 12.2 13.4 16.2 219.4 1.2 7.3 15.6 26.9 24.4 1145.0
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patient experiencing PPH at a lower level of healthcare, 
where access to expert care and surgical intervention is 
limited, may also result in additional interventions when 
they arrive at the referral facility, due to the time lost in 
transfer. All patients in this study were delivered at the 
study site. There were no after-birth referrals from other 
facilities.

Converting the cost data obtained into United States 
Dollars (USD—using the exchange rate current at the 
time of data collection) enabled us to calculate an over-
all additional cost for PPH over no PPH care. While this 
conversion does not consider different health system 
characteristics, the increased cost would still give an idea 
about the likely differences in scale.

We demonstrated that in facilities across the four coun-
tries included in the study, the cost of care of a woman 
who experienced PPH was higher than the cost of care of 
a woman with no PPH, the ratio varying from 1.2 times 
higher (in Uganda) to 4.1 times higher (in a hospital in 
Nigeria), so that the ratio of costs depended on the set-
ting. The variations across facilities could in part be due 
to differences in the interventions used to treat PPH. We 
collected extensive data on the concomitant medicines 
and the content of drug trays for women requiring sur-
gical procedures. Unfortunately, the substantive amount 
of concomitant medicines had nothing to do with PPH 
related care and it was not possible to separate the medi-
cines on a case-by-case basis. Similarly, the drug tray 
contents also varied, and those two formulas were not 
very helpful in the interpretation of the results. The high 
heterogeneity in costs also suggests that the facilities 
were not following similar guidelines and that could be 
emphasized to improve the quality of care.

Only atonic PPH can be prevented through the admin-
istration of a prophylactic uterotonic. This study included 
all cases of PPH from the CHAMPION trial (in the 
four countries), not just those caused by atony (failure 
of the uterus to contract). As the cause of PPH was not 
recorded for all participants, it was not possible to isolate 
atonic PPH cases to accurately determine the savings that 
could be achieved through more effective prevention of 
PPH, although the data could be used for such analysis.

The CHAMPION trial results showed that the risk of 
PPH was practically the same when both drugs are man-
ufactured, distributed, and stored under optimal condi-
tions [10]. The authors noted that the stability of heat 
stable carbetocin is likely to provide benefits in settings 
where a cold chain cannot be assured from manufacturer 
to patient. Although initially we intended to compare 
the costs between oxytocin and heat stable carbetocin, 
we did not include this analysis in the main body of the 
paper because the clinical effects were similar with both 
(this information is available in Additional file 1: Annex).

Countries need information on the prices of medi-
cines, distribution and storage costs and costs related to 
the care of patients to make informed decisions regard-
ing purchasing across different areas of health care. All 
uterotonic options available in these countries were avail-
able at low prices (see Additional file  1: Annex), rela-
tive to the cost of care of the PPH patients. Where the 
purchase prices of the uterotonic options are similar, the 
cost of distribution and storage plays a greater role in the 
overall financial impact. There is extensive evidence of 
widespread poor quality of oxytocin due to low-quality 
manufacturing and cold-chain deficiencies across LMICs 
with resulting negative impacts on the outcomes for pre-
vention of PPH [12, 13]. Because of the high cost of care 
of patients experiencing PPH, countries could reduce the 
overall financial burden associated with childbirth care 
by investing in the uterotonic most likely to be effec-
tive at the time of use, as well as other evidenced-based 
practices.

Conclusion
There is an important increase in the cost of care of 
women with PPH when compared to women without 
PPH.

The countries involved in this study could use the cost 
information, along with other relevant information such 
as morbidity impact data to evaluate all options for intra-
partum care. Other countries should consider collecting 
and using similar data to better inform policy and prac-
tice decisions.
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Objectives: The growing prevalence of dementia, especially in low- and middle-income

countries (LMICs), has raised the need for a unified cognitive screening tool that can

aid its early detection. The linguistically and educationally diverse population in India

contributes to challenges in diagnosis. The present study aimed to assess the validity

and diagnostic accuracy of the Indian Council of Medical Research-Neurocognitive

Toolbox (ICMR-NCTB), a comprehensive neuropsychological test battery adapted in five

languages, for the diagnosis of dementia.

Methods: A multidisciplinary group of experts developed the ICMR-NCTB based on

reviewing the existing tools and incorporation of culturally appropriate modifications.

The finalized tests of the major cognitive domains of attention, executive functions,

memory, language, and visuospatial skills were then adapted and translated into five

Indian languages: Hindi, Bengali, Telugu, Kannada, and Malayalam. Three hundred

fifty-four participants were recruited, including 222 controls and 132 dementia patients.

The sensitivity and specificity of the adapted tests were established for the diagnosis

of dementia.

Results: A significant difference in the mean (median) performance scores between

healthy controls and patients with dementia was observed on all tests of ICMR-NCTB.

The area under the curve for majority of the tests included in the ICMR-NCTB ranged from

0.73 to 1.00, and the sensitivity and specificity of the ICMR-NCTB tests ranged from 70

to 100% and 70.7 to 100%, respectively, to identify dementia across all five languages.
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Conclusions: The ICMR-NCTB is a valid instrument to diagnose dementia across

five Indian languages, with good diagnostic accuracy. The toolbox was effective in

overcoming the challenge of linguistic diversity. The study has wide implications to

address the problem of a high disease burden and low diagnostic rate of dementia in

LMICs like India.

Keywords: dementia, Alzheimer’s disease, vascular dementia, neuropsychological assessment, cross cultural

validation, India, ICMR-NCTB

INTRODUCTION

Dementia, a neurocognitive syndrome that affects the ability to
perform everyday activities, has become a major health crisis
worldwide, and research priorities that are aimed at reducing
its global disease burden are a priority (1, 2). There has been a
significant rise in the numbers of elderly people with dementia,
especially in developing regions of the world (3–5). Of the 47
million people living with dementia globally, about 63% of these
currently live in low- and middle-income countries (LMICs) (5–
7). These figures are projected to further increase to 82 million
by 2030 and 152 million by 2050, particularly in China, India,
and Latin America (2, 8, 9). In India itself, there are at least 5.29
million people living with dementia currently, and this number
is expected to double by 2035 (6). The prevalence of undetected
dementia is also significantly high globally. It is estimated to
be currently at 61.7%, with India and China having a higher
proportion compared to Europe and the USA (10).

There are various barriers to the diagnosis of dementia
in LMICs. Major factors include low awareness, inadequate
healthcare resources, and scarcity of diagnostic tools that are
culturally and linguistically valid (1, 8, 11). As a result, both
under-detection and overdiagnosis of dementia are possible
(11, 12). Hence, it is important that reliable diagnostic
tools and instruments are developed that are culturally,
educationally, and linguistically valid and can help in early
and accurate diagnosis (12, 13). Additionally, the use of
diagnostic tests that can be harmonized with future global studies
is crucial. There have been some efforts toward developing
comprehensive neuropsychological test batteries for use in
various languages such as 10/66 global dementia studies (14),
the Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuropsychological battery (15), the NIMHANS
neuropsychological battery for the elderly (16), the Spanish
English Neuropsychological Assessment Scales (SENAS) (17),
and the international harmonization standards proposed by
the National Institute of Neurological Disorders and Stroke
(NINDS) and the Canadian Stroke Network (CSN) (18, 19).
However, except for the studies by 10/66 dementia research
groups, majority have been conducted in the developed world.

A significant amount of variance has been detected in the
prevalence rate of dementia in India, a country with a large and
diverse population (6, 7, 20–25). Variability in sociodemographic
factors; genetic, protective, and risk factors; and methodological
factors could account for these differences. To unravel the

complex nature of dementia, research priorities to examine such
large variations in dementia detection should be set, particularly
in LMICs (26).

Variability in dementia-screening instruments and the use of
different diagnostic methods and criteria contribute significantly
to regional variability in reported dementia prevalence. To
accurately establish the incidence or prevalence rates of
dementia that are comparable across diverse populations, it
is crucial that diagnostic instruments are harmonized by
developing standardized procedures that are sensitive toward
linguistic, educational, and cultural variability in populations
(3). Additionally, efforts should also be made to increase
the availability and ease of accessibility of these diagnostic
instruments across the societies that are limited in resources.
Another major barrier to effective management is a delay
in early detection and treatment due to the scarcity of
skilled professionals. Training more personnel on standardized
diagnostic tools will also be necessary for effective management.
These challenges exist not only for the diagnosis, treatment, and
care of dementia but also for a majority of other mental health
conditions (27).

To overcome these major barriers, a multidisciplinary
group of neurologists, neuropsychologists, speech and language
pathologists, and experts from related fields collaborated on
a project funded by the Indian Council of Medical Research
(ICMR) (http://icmr.nic.in). The efforts put forth by the
group focused upon development, adaption, and validation
of a comprehensive cognitive and functional test, the ICMR-
Neurocognitive Toolbox (ICMR-NCTB) protocol, in five Indian
languages (Hindi, Bengali, Telugu, Kannada, and Malayalam)
with sensitivity toward different literacy levels across India
(28). This test battery was developed to screen and diagnose
dementia and mild cognitive impairment in the early stages,
across the country (29), and to be suitable for conducting
global collaborative research in cognitive disorders (28). The
ICMR-NCTB has been validated for the diagnosis of MCI in
the Indian context and demonstrated a good sensitivity of
81.1% and specificity of 88.8% to diagnose all-cause MCI (29).
The usefulness of the ICMR-NCTB to diagnose dementia in
the context of India requires to be established (30). In the
background of a high burden of dementia due to Alzheimer’s
disease (AD) and vascular dementia (VaD) in India, the present
study aimed to determine the validity of the ICMR-NCTB for the
diagnosis of dementia in the context of linguistic heterogeneity
in India.
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METHODS

The ICMR established a collaboration between six academic
institutions representing different linguistic states of India
to develop and validate a cognitive test battery, to diagnose
dementia in a standardized manner. Six centers that participated
in this study are (1) Nizam’s Institute of Medical Sciences
(NIMS), Hyderabad, for Telugu and Hindi (the coordinating
center); (2) All India Institute of Medical Sciences (AIIMS),
Delhi, for Hindi; (3) Sri Chitra Tirunal Institute of Medical
Science and Technology (SCTIMST), Trivandrum, for
Malayalam; (4) National Institute of Mental Health and
Neurosciences (NIMHANS) and Manipal Hospital, Bangalore,
for Kannada; (5) Jawaharlal Nehru Medical College, Belgaum,
for Kannada; and (6) Apollo Gleneagles, Kolkata, for Bengali.
A multidisciplinary expert group collaborated toward the
development of the ICMR Neurocognitive Toolbox (ICMR-
NCTB) in five Indian languages (Hindi, Bengali, Telugu,
Kannada, and Malayalam), to standardize the diagnosis of
dementia in India (28).

The adaptation and validation involved a systematic process
that included a review of existing international and national
efforts at standardizing dementia diagnosis to identify culturally
appropriate tests for the Indian context, adaptation for its use in
five Indian languages and for both literates and illiterates, and
validation in a cohort of individuals with normal cognition, mild
cognitive impairment, and dementia across the multiple centers.
This process has been detailed in an earlier report (28).

The ICMR-NCTB consisted of a range of tests that evaluate
the major cognitive domains: (a) tests of cognition for the various
domains of attention-executive functions: Trail Making Test A
& B (TMT A & B) (31) and Category Fluency (32); memory:
Verbal Learning Test—Total Learning and Delayed Recall
(VLT—TL & DR) (33) and Modified Taylor Complex Figure
Test—Delayed Recall (MTCF—DR) (34); and language (Picture
Naming Test-PNT) and visuospatial skills (Modified Taylor
Complex Figure test—Copy); and (b) questionnaires on behavior
and functional activities: Geriatric Depression Scale (GDS)
(35), Instrumental Activities of Daily Living—Elderly (IADL-
E) (36), Neuropsychiatric Inventory (NPI) (37), Informant
Questionnaire on Cognitive Decline in Elderly (IQCODE) (38),
and RAND Short Form Health Survey (RAND SF-36) (39). A
uniform protocol for the diagnosis of normal cognition and
dementia due to neurodegenerative diseases was followed in all
five centers (28).

Patients were recruited from out-patient services of
neurology, geriatric, and internal medicine clinics of the
participating hospitals, and healthy controls were randomly
drawn from senior citizen centers, community outreach services,
and healthy relatives of patients in the clinics. The detailed
demographic, cognitive, and medical history of participants
was collected to determine the eligibility for participation.
Participants who fulfilled the following inclusion criteria
for healthy controls were recruited: individuals >40 years
and consented to participate; individuals with no history
of head injury, infections, stroke, and other neurological,
systemic, medical, or psychiatric disorders that can cause

cognitive impairment; and those with no significant hearing
or visual impairments that could interfere with the testing.
A standard and harmonized case record form was used to
collect sociodemographic information and neurocognitive and
functional data.

An experienced cognitive neurologist evaluated all subjects,
and experienced psychologists administered the gold standard
tests on all the participants. Participants without any subjective
cognitive complaints and scored normally on Addenbrooke’s
Cognitive Examination-III (ACE-III), Clinical Dementia Rating
(CDR), Rey Auditory Verbal Learning Test (RAVLT), and Color
Trails Test (CTT) were considered as healthy controls (28, 29).
Participants with dementia were diagnosed based on clinical
evaluation and the presence of impaired cognitive functions, as
indicated by their scores on ACE-III (40) and CDR (28, 41).
The dementia diagnosis was done based on the standard DSM-
IV criteria (42). Patients were further classified into dementia
subtypes: ADwas diagnosed in patients who fulfilled the NIA-AA
criteria for probable and possible AD (43), vascular dementia was
diagnosed in patients who fulfilled the NINDS-AIREN criteria
(44), and FTD was diagnosed based on the criteria by Rascovsky
et al. (45). Persons diagnosed to have MCI were excluded from
this study. The diagnosis of MCI was made based on the
modified Petersen criteria (46). The recruited participants were
subsequently administered with the complete ICMR-NCTB by
a team of psychologists and clinicians who were blind to the
diagnosis. The research ethics committee of all the participating
centers approved the study, and consent was obtained from all
the participants and their family caregivers.

Statistical Analysis
To compare the demographic data and neuropsychological test
scores of patients with dementia and controls, an independent
sample t-test for normally distributed continuous data or
Mann—Whitney U-test for non-normal data, χ2 tests or Fisher’s
exact tests for categorical data, and trend test for ordinal data
were used as appropriate. The test scores were represented in
mean and standard deviation except TMT A & B scores, which is
represented in median and interquartile range due to variability
in the scores in the dementia group. The external validity of the
battery was determined by the receiver operating curve (ROC)
using the area under the curve (AUC). The optimum cutoff scores
were established with corresponding sensitivity and specificity
levels. All statistical analyses were performed using SPSS Statistics
for Windows, version 23.0.

RESULTS

A total of 1,141 participants were recruited that included 991
controls and 185 patients with dementia. After matching the
groups for age, education, and gender, 354 participants (222
controls and 132 patients with dementia) were included for
further analysis. The patients were diagnosed as Alzheimer’s
disease (AD), vascular dementia (VaD), and frontotemporal
Dementia (FTD): AD−65, VaD−45, and FTD−22. The mean
age of the healthy controls and patients with dementia was
65 years and 66 years, respectively. Participants were from
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both urban and rural backgrounds: 71% were controls and
77% of patients were urban dwellers. Out of 132 patients with
dementia, 61 (46.30%) reported to have very mild dementia,
47 (35.60%) mild dementia, 18 (13.60%) moderate, and 6
(4.50%) severe on the Clinical Dementia Rating Scale (CDR).
Because of the heterogeneity in demographic characteristics in
the overall cohort, language-wise analysis was conducted (Hindi:
controls−40, dementia−20; Bengali: controls−45, dementia−29;
Telugu: controls−45, dementia−33; Kannada: controls−57,
dementia−15; and Malayalam: controls−35, dementia−35). The
demographic characteristics and cognitive test scores on ACE-
III of healthy controls and patients with dementia are presented
in Table 1. Both healthy controls and dementia patient groups
were matched for age, education, and gender in all the language
groups. Healthy controls performed significantly better on ACE-
III than patients with dementia [t (330) = 18.87, p < 0.001) in all
the five language groups.

A significant difference in the mean (median) scores between
healthy controls and patients with dementia was observed on
all the tests of ICMR-NCTB (Table 2). Dementia patients took
more time on TMT A & B and scored lower on category
fluency than healthy controls in five Indian languages, which
is indicative of significant impairment in their attention and
executive functioning (TMT A—Hindi: U = 187, n = 45 p =

0.194; Bengali: U = 185, n = 72, p < 0.001; Telugu: U = 149.50,
n = 65, p < 0.001; Kannada: U = 127.50, n = 47, p < 0.001;
Malayalam: U = 166, n = 66, p < 0.001), TMT B—Hindi: U =

235, n = 45 p = 0.862; Bengali: U = 577, n = 70, p = 0.832;
Telugu: U = 214.40, n= 61, p= 0.003; Kannada: U= 90.50, n=

43, p = 0.482; Malayalam: U = 143.50, n = 65, p < 0.001), and
category fluency—Hindi: t (55) = 4.46, p < 0.001; Bengali: t (67) =
5.32, p< 0.001, Telugu: t (74) = 6.61, p< 0.001; Kannada: t (70) =
9.15, p < 0.001; Malayalam: t (68) = 9.09, p < 0.001). Similarly,
patients with dementia performed poorly on PNT, VLT (total
learning and delayed recall), and MTCF copy and delayed recall
compared to healthy controls, suggesting difficulties in language,
memory, and visuospatial abilities (PNT—Hindi: t (53) = 9.49,
p < 0.001; Bengali: t (55) = 6.07, p < 0.001; Telugu: t (56) =

4.85, p < 0.001; Kannada: t (53) = 12.05, p < 0.001; Malayalam: t

(68) = 6.68, p < 0.001), VLT (total learning and delayed recall)—
Hindi: t (55) = 6.16, p < 0.001; Bengali: t (70) = 5.42, p < 0.001,
Telugu: t (74) = 4.68, p< 0.001; Kannada: t (70) = 4.64, p< 0.001;
Malayalam: t (68) = 7.69, p< 0.001), andMTCF copy and delayed
recall (Hindi: t (45) = 5.04, p < 0.001; Bengali: t (51) = 10.29, p <

0.001, Telugu: t (76) = 5.23, p= 0.024; Kannada: t (39) = 5.46, p<

0.001; Malayalam: t (61) = 10.99, p < 0.001).
The ROC revealed that the majority of the ICMR-NCTB

tests had good discriminating power in differentiating cognitively
impaired participants from the normal healthy group across
five languages (see Table 3) (TMT A: AUC: 0.79-0.99, CI: [0.69,
1.00]; TMT B: AUC: 0.74-0.98, CI: [0.60, 1.00]; Category Fluency
Animal: AUC: 0.77-0.99, CI: [0.59, 1.00]; Verbal Learning Test
Delayed Recall: AUC: 0.79-0.94, CI: [0.67, 0.99]; Verbal Learning
Test Total Recall: AUC: 0.89-0.98, CI: [0.76, 1.00]; and Picture
Naming Test: AUC: 0.81-1.00, CI: [0.69, 1.00]). The ROC analysis
for the MTCF test could not be done due to small sample size,
as individuals with <7 years of education and severe cases of

dementia were not able to perform the task. The tests of ICMR-
NCTB showed high sensitivity and the specificity at optimal
cutoff scores, suggesting the ability of the tests to diagnose
dementia in five Indian languages, namely, Hindi, Bengali,
Telugu, Kannada, and Malayalam (Table 4; Figures 1, 2).

DISCUSSION

In the present study, we assessed the diagnostic accuracy of
the tests included in the ICMR Neurocognitive Toolbox in
detection of dementia, across five Indian languages (Hindi,
Bengali, Telugu, Kannada, and Malayalam). The ICMR-NCTB in
all the five Indian languages met standardized test requirements,
which indicates that the test adaption and standardization were
successful across languages. This study confirms the utility of
majority of the tests included in the ICMR-NCTB as effective
instruments for the diagnosis of dementia, particularly with a
relatively high sensitivity and specificity in a linguistically diverse
context. Overall, the ICMR-NCTB appears promising in terms of
validity based upon standard criteria for evaluating a dementia
diagnostic test in the Indian context (28, 47).

Dementia is one of the most important independent
contributors to disability in elderly especially in low- to middle-
income countries (LMICs) where the resources to diagnose and
manage dementia are limited. While specialized services for
dementia are increasingly available in high-income countries,
such facilities are lacking in LMICs. In addition, primary
care physicians in developing countries do not receive suitable
training to diagnose dementia and its subtypes. The gap in the
diagnosis of dementia is further widened by the cross-cultural
differences in understanding dementia due to linguistic and
educational diversity. Therefore, a valid test battery that can
be applied by clinicians and neuropsychologists in diagnosing
dementia is crucial in the linguistically and educationally diverse
Indian context.

The development and validation of a comprehensive NCTB
protocol for the diagnosis of dementia, harmonized in five
different languages, was an important facet of this study. It
was established by following a common methodology that was
applied on a large cohort consisting of persons with diverse
linguistic profiles, which enabled it to be effectively utilized to
detect cognitive deficits in early stages of dementia and help
in reducing the variability in clinical diagnosis in hospitals and
clinics across India. The main finding in our study was that the
tests included in the ICMR-NCTB were found to be sensitive and
specific in the identification of dementia in LMICs in all of the
five Indian languages.

The external validity of each individual test included in
the ICMR-NCTB was determined by the receiver operating
curve (ROC) using the area under curve (AUC), and optimum
cutoff scores were established with corresponding sensitivity and
specificity levels.

Our study showed that the Trail Making Test-A, a test of
attention, included in the ICMR-NCTB accurately differentiated
patients with dementia from healthy control participants with
high sensitivity ranging from 71 to 93% and specificity ranging
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TABLE 1 | Demographic profile of Hindi, Bengali, Telugu, Kannada, and Malayalam speaking healthy controls and dementia.

Language and diagnosis N Age (years) Gender Years of education ACE-III

mean (SD) (male, female) % mean (SD) mean (SD)

Hindi—controls 40 57.10 (6.25) 67.5, 32.5 14.03(3.40) 86.37 (7.53)

Hindi—dementia 20 61.00 (9.06) 55.0, 45.0 13.15(2.98) 56.33 (19.45)

Bengali—controls 45 66.27 (6.18) 71.1, 28.9 11.62(4.28) 88.62 (7.24)

Bengali—dementia 29 67.03 (10.47) 65.5, 34.5 12.21(3.74) 57.69 (16.11)

Telugu—controls 45 66.29 (3.93) 66.7, 33.3 14.20(4.14) 93.62 (4.13)

Telugu—dementia 33 65.55 (8.56) 54.5, 45.5 13.03(5.32) 70.52 (19.02)

Kannada—controls 57 64.47 (3.10) 40.4, 59.6 12.00(3.49) 87.77 (7.59)

Kannada—dementia 15 67.20 (9.11) 46.7, 53.3 11.67(4.25) 37.20 (21.51)

Malayalam—controls 35 68.91 (5.39) 65.7, 34.3 12.71(2.56) 92.09 (4.08)

Malayalam—dementia 35 70.11 (5.91) 77.1, 22.9 11.50(2.59) 66.43 (13.15)

SD, standard deviation; ACE-III, Addenbrooke’s Cognitive Examination.

Missing values: ACE-III (controls, patients)—Hindi (2, 5), Bengali (8, 0), Telugu (6, 0), Kannada (0, 0), Malayalam (1, 0).

from 81 to 100% at the optimal cutoff points ranging from
(>) 74 to 144 across the five Indian languages. Similarly, the
Trail Making Test-B, a test of executive function, also accurately
differentiated the patient group from healthy individuals with
sensitivity and specificity ranging from 70 to 100% and 71to 89%,
respectively, at optimal cutoff points ranging from (>) 180 to
298 across languages. Few moderate and severe patients with
dementia were not able to complete the Trail Making Test due to
the typical decline in attention and executive functions that are
evident in the later stages of the disease (48).

Category fluency (animals) showed high sensitivity (86-100%)
and specificity (74-98%) at optimal cutoff points ranging from
8 to 11, except in Bengali where the sensitivity of the category
fluency task was moderate (66%) with good specificity (83%) at
an optimal cutoff point of 11. This finding is in agreement with
the verbal fluency test included in the Consortium to Establish
a Registry for Alzheimer’s Disease (CERAD) neuropsychological
battery which showed higher sensitivity (75%) and specificity
(74%) at an optimal cutoff point of <17 for the category fluency
task (15). The lower category fluency cutoff score in the ICMR-
NCTB compared to CERADneuropsychological batterymight be
due to the inclusion of moderate and severe dementia patients.
The NIMHANS Neuropsychological Battery for the Elderly
demonstrated good discriminability for the animal fluency task
(AUC = 0.99, 95% CI [0.96, 0.99]) (16) that was comparable
to the discriminability findings of category fluency (AUC =

0.77-0.99, 95% CI [0.58, 1.00]) findings of our study.
The episodic memory tests of the ICMR-NCTB (verbal

learning test—TL and verbal learning test—DR) accurately
differentiated patients with dementia from the healthy control
group, which is consistent with the criteria to diagnose majority
of dementia subtypes including AD (49) that highlight episodic
memory impairment in patients with dementia. The verbal
learning test-DR showed high sensitivity and specificity ranging
from 71 to 90% and 83 to 91%, respectively, with optimal
cutoff points ranging from 2 to 3, and the verbal learning
test-TL showed a sensitivity of 71-100% and specificity of 80-
95% at optimal cutoff points ranging from 11 to 16. The

high discriminability of the episodic memory tests of ICMR-
NCTB compares well with the word list DR (sensitivity =

94%, specificity = 85%, cutoff = 5) and word list learning
(sensitivity = 90%, specificity = 83%, cutoff = 17) of CERAD
neuropsychological battery (15). The cutoff scores of verbal
learning test are consistent with studies done in LMICs like
Brazil. A Brazilian epidemiological study derived a cutoff score
of 3 in the literate group and 1 in the illiterate group for delayed
recall of a word list test from the CERAD neuropsychological
battery (50). A different study from India also established a
cutoff score of 3 for the delayed verbal memory test (33), from
Kolkata cognitive screening battery, which is also consistent
with our study. The word list-delayed recall (AUC = 0.99; 95%
CI [0.97, 0.99]) of NIMHANS neuropsychological battery for
the elderly revealed the highest discriminability (16), which is
comparable with the verbal learning test DR (AUC = 0.79-0.94;
95% CI [0.67, 0.99]).

The Picture Naming Test included in the ICMR-NCTB
showed high sensitivity (71-100%) and specificity (73-100%) at
optimal cutoff points ranging from 69 to 81 (maximum score
= 90), which compares favorably well with the naming test of
CERAD neuropsychological battery with a sensitivity of 68% and
specificity of 76% at an optimal cutoff point of 12 (maximum
score= 15) (15).

The high sensitivity and specificity of the majority of the
tests included in the ICMR-NCTB for diagnosing dementia
favorably compares to that of other cognitive test batteries such as
the Spanish and English Neuropsychological Assessment Scales
(SENAS) (51) battery with 80% sensitivity and specificity for a
combination of word list learning and object naming to diagnose
dementia. The sensitivity of the diagnostic algorithm against
clinically diagnosed dementia in the widely used 10/66 pilot
samples was 94%, and the specificity was 97% in people with
high education and 93% in individuals with low education (52),
which is comparable with the sensitivity and specificity of the
ICMR-NCTB tests.

Tests included in the NINDS-CSN battery include Animal
Naming Test (ANT), Wechsler Adult Intelligence Scale (WAIS)
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TABLE 2 | ICMR-NCTB test scores of healthy controls and patients with dementia in Hindi, Bengali, Telugu, Kannada, and Malayalam.

Language and

diagnosis

Attention and executive functions Episodic memory Language Visuospatial

functions

Trail Making Test

(TMT) A

in seconds

Median [IQR]

Trail Making Test

(TMT) B in

seconds

Median [IQR]

Category

Fluency (animals)

Mean (SD)

Verbal Learning

Test Delayed

Recall

Mean (SD)

Verbal Learning

Test

Total Learning

Mean (SD)

Modified Taylor

Complex Figure

Test (MTCF)—

Delayed

Recall

Mean (SD)

Picture Naming

Test (PNT)

Mean (SD)

Modified Taylor

Complex Figure

Test (MTCF)-

Copy

Mean (SD)

Hindi—controls 68.00 [41.00] 162.00 [62.00] 9.53 (2.75) 5.05 (1.93) 17.21 (4.06) 15.42 (6.74) 88.51 (4.03) 34.88 (1.82)

Hindi—dementia 89.50 [121.00] 180.00 [300.00] 5.58 (3.85) 1.11 (1.66) 8.68 (6.33) 4.70 (6.95) 49.31 (25.35) 19.57 (13.46)

Bengali—controls 71.00 [41.00] 203.00 [139.00] 15.65 (4.02) 4.72 (1.93) 19.49 (4.56) 15.39 (5.38) 81.55 (7.28) 33.85 (2.19)

Bengali—dementia 151.00 [83.00] 300.00 [300.00] 9.90 (4.95) 1.55 (1.88) 13.24 (5.12) 2.45 (3.46) 65.07 (14.53) 12.86 (12.77)

Telugu—controls 60.51[25.00] 160.00[77.00] 14.38 (3.73) 5.35 (2.14) 18.85 (3.86) 18.61 (6.78) 86.07 (3.94) 34.95 (1.71)

Telugu—dementia 90.5[38.8] 200.00[93.00] 8.75 (3.53) 2.65 (2.84) 8.39 (8.24) 9.33 (8.84) 63.80 (27.03) 33.97 (38.16)

Kannada—controls 70.00 [31.00] 157.00 [91.00] 12.11 (4.09) 4.23 (1.91) 17.02 (2.48) 20.03 (8.06) 83.80 (5.18) 34.69 (1.89)

Kannada—dementia 359.00 [240.5] 618.00 [310.00] 2.20 (1.61) 1.66 (1.87) 7.33 (5.12) 2.71(4.79) 35.07 (24.53) 9.14 (11.55)

Malayalam—controls 79.00 [39.00] 205.00 [69.00] 14.43 (2.27) 4.60 (1.79) 18.09 (3.00) 17.40 (6.59) 79.31 (5.89) 35.16 (1.55)

Malayalam—dementia 175.00 [154.00] 413.00 [288.00] 8.11 (3.43) 0.97 (1.93) 11.26 (4.31) 2.74 (3.72) 61.68 (13.93) 20.15 (13.74)

IQR, interquartile range; SD, standard deviation.

Missing values.

Hindi: TMT A and B: controls: 13, patients: 10; category fluency (animals): controls: 1, patients: 1; VLT: controls: 0, patients: 4; PNT: controls: 2, patients: 3; MTCF: controls: 5, patients: 9.

Bengali: TMT A and B: controls: 4, patients: 12; category fluency (animals): controls: 5, patients: 0; VLT: controls: 2, patients: 0; PNT: controls: 7, patients: 0; MTCF: controls: 21, patients: 0.

Telugu: TMT A and B: controls: 14, patients: 12; category fluency (animals): controls: 1, patients: 1; VLT: controls: 0, patients: 2; PNT: controls: 15, patients: 5; MTCF: controls: 5, patients: 9.

Kannada: TMT A and B: controls: 19, patients: 1; PNT: controls: 17, patients: 15; MTCF: controls: 21, patients: 8.

Malayalam: TMT A and B: Controls: 4, Patients: 4; MTCF: Controls: 4, Patients: 2.
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TABLE 3 | Area under curves of ICMR-NCTB tests across five languages.

Test Hindi Bengali Telugu Kannada Malayalam

Attention and executive functions

Trail Making

Test (TMT) A

(seconds)

AUC = 0.79

CI: [0.69, 0.98]

AUC = 0.92

CI: [0.85, 0.99]

AUC = 0.82

CI: [0.69, 0.94]

AUC = 0.99

CI: [0.98, 1.00]

AUC = 0.89

CI: [0.81, 0.97]

Trail Making

Test (TMT) B (seconds)

AUC = 0.87

CI: [0.72, 1.00]

AUC = 0.88

CI: [0.79, 0.97]

AUC = 0.74

CI: [0.60, 0.87]

AUC = 0.98

CI: [0.95, 1.00]

AUC = 0.95

CI: [0.89, 1.00]

Category fluency

(animals)

AUC = 0.77

CI: [0.58, 0.95]

AUC = 0.86

CI: [0.76, 0.97]

AUC = 0.89

CI: [0.81, 0.98]

AUC = 0.99

CI: [0.97, 1.00]

AUC = 0.93

CI: [0.87, 0.99]

Episodic memory

Verbal Learning

Test Delayed

Recall

AUC = 0.92

CI: [0.81, 1.00]

AUC = 0.87

CI: [0.76, 0.98]

AUC = 0.79

CI: [0.67, 0.93]

AUC = 0.83

CI: [0.72, 0.91]

AUC = 0.94

CI: [0.88, 0.99]

Verbal Learning

Test Total Recall

AUC = 0.90

CI: [0.76, 1.00]

AUC = 0.89

CI: [0.81, 0.98]

AUC = 0.86

CI: [0.75, 0.97]

AUC = 0.98

CI: [0.95, 1.00]

AUC = 0.90

CI: [0.83, 0.98]

Language

Picture Naming

Test (PNT)

AUC = 0.98

CI: [0.95, 1.00]

AUC = 0.92

CI: [0.82, 0.99]

AUC = 0.81

CI: [0.69, 0.92]

AUC = 1.00

CI: [1.00, 1.00]

AUC = 0.93

CI: [0.87, 0.99]

AUC, area under curve; CI, confidence interval.

TABLE 4 | Optimal cutoff scores and the respective sensitivity and specificity of ICMR-NCTB tests for diagnosis of dementia across five languages.

Test Hindi Bengali Telugu Kannada Malayalam

Attention and executive functions

Trail Making Test (TMT) A

(seconds)

Cutoff: > 95

Sensitivity: 71.43

Specificity: 81.48

Cutoff: > 105

Sensitivity: 92.30

Specificity: 88.40

Cutoff: > 74

Sensitivity: 75.00

Specificity: 85.40

Cutoff: > 144

Sensitivity: 92.90

Specificity: 100.00

Cutoff: > 115

Sensitivity: 75.76

Specificity: 83.87

Trail Making Test (TMT) B

(seconds)

Cutoff: > 204

Sensitivity: 90.00

Specificity: 77.80

Cutoff: > 298

Sensitivity: 88.20

Specificity: 82.90

Cutoff: > 180

Sensitivity: 70.00

Specificity: 70.70

Cutoff: > 267

Sensitivity: 100.00

Specificity: 89.20

Cutoff: > 290

Sensitivity: 90.30

Specificity: 87.10

Category Fluency (animals) Cutoff: ≤ 8

Sensitivity: 89.50

Specificity: 73.70

Cutoff: ≤ 11

Sensitivity: 65.52

Specificity: 82.50

Cutoff: ≤ 8

Sensitivity: 100.00

Specificity: 97.50

Cutoff: ≤ 8

Sensitivity: 100.00

Specificity: 80.70

Cutoff: ≤ 11

Sensitivity: 85.70

Specificity: 94.30

Episodic memory

Verbal Learning Test

Delayed Recall

Cutoff: ≤ 3

Sensitivity: 89.50

Specificity: 84.20

Cutoff: ≤ 2

Sensitivity: 82.80

Specificity: 90.70

Cutoff: ≤ 3

Sensitivity: 71.00

Specificity: 84.40

Cutoff: ≤ 2

Sensitivity: 73.30

Specificity: 82.50

Cutoff: ≤ 2

Sensitivity: 82.86

Specificity: 88.57

Verbal Learning Test Total

Recall

Cutoff: ≤ 11

Sensitivity: 78.90

Specificity: 94.70

Cutoff: ≤ 16

Sensitivity: 75.80

Specificity: 83.70

Cutoff: ≤ 16

Sensitivity: 87.10

Specificity: 80.00

Cutoff: ≤ 14

Sensitivity: 100.00

Specificity: 87.70

Cutoff: ≤ 13

Sensitivity: 71.40

Specificity: 94.30

Language

Picture Naming Test (PNT) Cutoff: ≤ 81

Sensitivity: 93.70

Specificity: 97.40

Cutoff: ≤ 77

Sensitivity: 86.20

Specificity: 73.70

Cutoff: ≤ 73

Sensitivity: 71.40

Specificity: 73.30

Cutoff: ≤ 69

Sensitivity: 100.00

Specificity: 100.00

Cutoff: ≤ 74

Sensitivity: 88.60

Specificity: 82.90

digit symbol coding, Trail Making Test A & B, Boston
Naming Test (BNT), Rey—Osterrieth Complex Figure Test
(RCFT) copy, Verbal Learning Test-delayed recall, and RCFT-
delayed recall (53), which is very similar to the range of
tests included in the ICMR-NCTB. Z-scores were derived,
and the external validity evaluated by AUC for the 60-min
protocol of the NINDS-CSN battery was 0.88 [95% (CI), 0.81,
0.95]. Although a direct comparison of ICMR-NCTB with
NINDS-CSN battery cannot be made, the AUC of ICMR-
NCTB tests ranged from 0.73 to 1.00, which indicates a good

discriminating power in diagnosing dementia, similar to NINDS-
CSN battery.

An important feature of the study is that it is unique
in comprehensively addressing the validity of each
neuropsychological test included in the ICMR toolbox in
a linguistically, educationally, and culturally heterogeneous
population. A further strength of the ICMR-NCTB is that
tests for all major cognitive domains of attention/executive
function, language, memory, and visuospatial functions are
incorporated and optimum cutoff points with corresponding
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FIGURE 1 | Receiver operating curve (ROC) of Trail Making Test (A and B) in diagnosing dementia across five languages.

FIGURE 2 | Receiver operating curve (ROC) of Category Fluency-Animal, Verbal Learning Test: Delayed Recall and Total Learning (VLT DR and VLT TL), and Picture

Naming Test (PNT) in diagnosing dementia across five languages.

sensitivity and specificity of various cognitive domains in five
Indian languages are provided separately. This is crucial for
the diagnosis of dementia subtypes: AD, VaD, and FTD that
have characteristic cognitive profiles. While AD is a disorder of
memory especially in the early stages (54), VaD is characterized
by prominent executive dysfunction (55) and frontotemporal
dementia syndromes present with language and/or executive
function impairment (56). The advantage of inclusion of tests

of all major cognitive domains in the ICMR-NCTB is reflected
in the relatively high diagnostic sensitivity and specificity of
majority of the cognitive domains in this dementia cohort
consisting of multiple subtypes. While the study has established
successful discriminability between dementia and controls
across all tests, the most efficacious combination of measures
discriminating healthy controls from patients with dementia is
yet to be determined.
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There were certain limitations identified. (i) The study was
conducted in a literate population, and patients with dementia
studied were relatively young. (ii) We had a relatively small
sample in the Kannada dementia group which might be one
of the reasons for the high sensitivity and specificity of ICMR-
NCTB tests in Kannada. (iii) Differing proportions of dementia
subtypes in our dementia cohort might have led to the differences
in ages across dementia patients in five language groups. (iv) We
did not have enough numbers for establishing diagnostic validity
separately for subtypes of dementia. (v) For clinical and research
generalizability, the test battery will need to be adapted to the
illiterate group and in larger numbers in the future. (vi) The
findings of the current study are applicable to dementia cohorts
seen in memory clinics and specialized centers only as the study
was conducted in academic medical centers. (vii) There was a
variation in the cutoff scores across languages for the Modified
Taylor Complex Figure test (MTCF) copy and delayed recall
tests, as the sample size was not adequate due to the inability of
the low-educated participants and advanced dementia patients
to perform the test. Therefore, the MTCF test could not be
validated in the current study and the toolmight not be applicable
for the low literate population in the Indian context. This is
planned during the next phase of the study, in larger and more
diverse clinical and community populations to further validate
the ICMR-NCTB.

To conclude, we were successfully able to validate a cognitive
test battery in five different languages that is harmonized
culturally and linguistically to diagnose dementia in India. The
high specificity and sensitivity of the tests included in the ICMR-
NCTB highlight its ability to detect dementia across languages.
Our study thus establishes a benchmark for dementia research in
India and will prove to be an invaluable tool for clinical practice
and for multicentric preventive and therapeutic research in a
socio-linguistically diverse context.
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Abstract
Purpose The management of urinary tract calculi has evolved dramatically in children with the development of smaller and 
more durable endoscopic equipment. The indications for therapeutic ureteroscopy in children have significantly expanded 
with the availability of smaller caliber endoscopes and Holmium:YAG laser. In this paper, we review our experience of the 
management of urolithiasis and report outcomes of therapeutic ureterorenoscopy (URS) in children younger than 60 months.
Methods We retrospectively reviewed the inpatient, outpatient records, and imaging data of our hospital, of all chil-
dren ≤ 60 months of age undergoing URS for the treatment of urinary stones.
Results During the study period; 77 children, mostly male (70.1%) presenting with a single calculus and a mean age of 
28.97 ± 2.44 months underwent therapeutic URS. A majority of children (71.4%) had lower or mid-ureteric calculi. Pre 
URS double J (DJ) stenting was necessary for 21 (27.2%) children. A total of 24 (31.1%) children needed ureteric dilatation 
before the ureteroscopy. Post URS DJ stenting was necessary in 41 (53.2%) children. Stents were retrieved within 10 days 
of the procedure. Stone clearance rate following a single-stage URS procedure was 94.8%, and 4 (5.2%) children needed 
additional shockwave lithotripsy (SWL) to achieve stone clearance. Overall complication rate including hematuria and fever 
was 12.9% (10 patients).
Conclusion Therapeutic ureterorenoscopy in the management of ureteric and selective renal pelvic calculi is safe and effec-
tive. It can be considered as the first-line therapy in young children.

Keywords Pediatric urology · Urolithiasis · Ureterorenoscopy · Laser lithotripsy

Introduction

There has been a dramatic increase in the incidence of uro-
lithiasis in children in more recent years, especially among 
adolescents without known metabolic disturbances [1]. Diets 
rich in sodium and carbohydrates may contribute to the for-
mation of urinary stones in this cohort of children. Still, 
there is yet no clear evidence that supports one etiologic 

theory. Younger children with Dent disease, Primary Hyper-
oxaluria, or Lesch-Nyhan Syndrome, have metabolic risk 
factors [2]. Diabetes and Hypertension, too, are risk factors 
for the development of nephrolithiasis in children younger 
than 6 years [3].

The management of urinary tract calculi has evolved 
dramatically in children in the last two decades, motivated 
by adopting and applying adult endourologic methods. The 
most important catalyst in the evolution of surgical advance-
ment has been the development of smaller and more dura-
ble endoscopic equipment. This advance has allowed more 
straightforward endourologic treatment in children at an ear-
lier age [4]. The indications for ureteroscopic management 
of upper tract calculi in children have significantly expanded. 
Combination of new endourologic instrumentation and 
Holmium:YAG (Yttrium–Aluminium–Garnet) Laser has 
made the treatment of calculus disease throughout the entire 
pediatric urinary tract effective, safe, and readily available 
in the acute setting [5–7].
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Ishii et al. conducted a systematic review using studies 
reported between January 1990 and May 2013 [8]. A total 
of 14 studies (1718 procedures) were reported in patients 
with a mean age of 7.8 years. The mean stone burden was 
9.8 mm, and the mean stone-free rate (SFR) 87.5% with 
initial therapeutic ureteroscopy (URS). To assess the impact 
of age on failure rate and complications, studies were sub-
categorized into those that included children with either 
a mean age < 6 years (four studies, 341 procedures) or a 
mean age > 6 years. (10 studies, 1377 procedures). A higher 
failure rate (4.4 vs. 1.7%) and a higher complication rate 
(24.0 vs. 7.1%) were observed in children whose mean age 
was < 6 years. These complications included false passage, 
submucosal guide-wire, ureteric perforation, stone migration 
in the intra-op period; residual stones, ureteric strictures and 
late vesico-ureteric obstruction in the post-op period.

This made us look back at our series of young children 
undergoing therapeutic URS with the purpose of analysing 
the outcomes in terms of its safety and efficacy. In this paper, 
we report our experience with use of various small-calibre 
endoscopes and energy sources, indications and methods of 
ureteric dilatation and indications for insertion of a double 
J stent and complications associated with therapeutic URS.

Materials and methods

We retrospectively viewed the inpatient, outpatient records, 
and imaging data of our hospital, of all children ≤ 60 months 
undergoing ureteroscopy for the treatment of urinary stones. 
Our hospital being a tertiary-care referral center, most chil-
dren presented with history of receiving medical manage-
ment by the local doctor/pediatrician. Hence most children 
underwent therapeutic intervention at our center with goal of 
stone clearance. Children not responding to or symptomatic 
in spite of medical management were selected for surgical 
therapy. A 4 Fr. Apple™ or a 4.5/6.5 Fr. Wolf™ semi-rigid 
ureteroscope was used in all the children with a lower/mid-
ureteric calculus. There was no preference given to a par-
ticular ureteroscope as both were of almost similar caliber. 
In children with upper ureteric/renal pelvic calculi, a 6 Fr. 
Storz ™ flexible ureteroscope was used in case the semi-
rigid ureteroscope was challenging to negotiate or reach the 
calculi. Decision for pre-stenting was taken intra-op by the 
operating surgeon depending upon the difficult encountered 
during introduction of ureteroscope (gripping of scope) and 
edematous ureteric mucosa. Pneumatic (ballistic) lithotripsy 
was used in most of the cases for stone fragmentation. Laser 
lithotripsy (Ho: YAG) was used specifically in children 
with upper ureteric or renal pelvis stone (along with flex-
ible ureteroscope) to dust the stone and lessen the chances 
of retropulsion.

Post-ureteroscopy stenting was carried out in cases based 
upon duration of procedure, presence of small fragments 
in ureter after lithotripsy, edematous ureteric mucosa and 
presence of visible ureteric trauma (mucosal injury). All 
the procedure related complication were documented in the 
operative records. Procedure failure was defined as inability 
to pass ureteroscope and retropulsion of calculus from ure-
ter requiring shock-wave lithotripsy in the post-op period. 
Ureteric stents were left in-place for 7–10 days; extrac-
tion strings were not used in any of the cases. All children 
received post-operative antibiotics for 3 days in uncompli-
cated cases and 7 days for complicated cases. Stone-free 
status was defined as absence of calculus/residual fragments 
in imaging studies (ultrasonography and X-ray KUB) on 
follow-up.

The following variables were noted and analyzed; stone 
size and location, children demographics (age and sex), 
type of anesthetic used, number and type of procedures per-
formed, method of stone extraction, use of stents (pre- and 
post-operatively), stone-free rates (SFRs), procedure fail-
ures, procedure-related complications and hospital length of 
stay. Major complication was defined as any complication 
which required hospital re-admission, urinoma formation, 
subcapsular hematoma, bleeding or ureteric clot colic in 
patients without stent.

Ethical considerations

The protocol of the study was approved by the Institutional 
Ethics committee. The design and objectives of the study 
were explained and written permission obtained from the 
ethical committee.

Statistical analysis

Results were presented as mean ± SD for quantitative vari-
ables and were summarized by frequency (percentage) for 
categorical variables. For the statistical analysis, the statis-
tical software SPSS version 16.0 for windows (SPSS Inc., 
Chicago, IL, USA) was used. p values of 0.05 or less were 
considered statistically significant.

Results

During the study period January 2005 till December 2019, 
77 children aged ≤ 60 months with a single calculus under-
went therapeutic ureteroscopy under general anesthesia 
(GA) to treat ureteric and select renal pelvic calculi (renal 
pelvic calculi alone ≤ 20 mm) at our hospital. The mean age 
was 28.9 ± 2.4 months, and 54 (70.1%) of the patients were 
males (Table 1).
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Abdominal pain, vomiting and fever were the most com-
mon presenting symptoms. Ultrasonography and plain X-ray 
of the kidney ureter and bladder (KUB) region were done 
as a primary imaging and screening procedure in all chil-
dren. Computed tomography plain alone or with contrast 
was done in 23 (29.8%) children, which included all children 
with calculi in the renal pelvis (Fig. 1a, b). Most children 
underwent ultrasonographic imaging in the pre-operative 
workup; however, CT scan was done as a requirement for 
insurance (Govt. scheme) cases. Children presenting in 
emergency (casualty) were initially managed with intrave-
nous hydration, analgesics for symptomatic treatment. Surgi-
cal intervention was undertaken based on response to medi-
cal treatment and imaging findings. The location of the stone 
is detailed in Table 2. The mean stone size was 9.8 ± 2.4 mm.

A 4 Fr. Apple™ ureteroscope or a 4.5/6.5 Fr. Wolf ™ 
semi-rigid ureteroscope was used in all the children with 
a lower/mid-ureteric calculus (Fig. 2a). In children with 
upper ureteric/renal pelvic calculi, a 6 Fr Storz ™ flexible 
ureteroscope was used in case the semi-rigid ureteroscope 

was challenging to negotiate or reach the calculi. Pre URS 
double J (DJ) stenting was necessary for 21(27.2%) children 
(11 children below the age of 18 months) The indications 
for pre-URS DJ stenting included children with renal pelvic 
calculi, children in whom the ureter was tight enough not 
to permit the introduction of the ureteroscope. All children 
undergoing pre-URS DJ stenting underwent therapeutic 
URS, 1 week later (Table 3).

A total of 24 (31.1%) children needed ureteric dilatation 
before the introduction of the ureteroscope. Dilatation of 
ureteric orifice and lower ureter was done using Teflon ure-
teric dilators size 3, 5, and 7 Fr. Pneumatic lithoclast alone 
was used to fragment the calculi in 46 children, Holmium 
laser alone was used in 19 children, and both were used in 
the remaining 12 children. Fragments of calculi (Fig. 2b) 
were retrieved in 30 children and sent for chemical analysis. 
Post URS DJ stenting was performed in 41(53.2%) children, 
and the indications for the same were incomplete fragmenta-
tion, ureteric puncture injuries, and gross ureteric edema.

Complete stone clearance was achieved in a single setting 
in all children with lower and mid ureteric calculi (55 chil-
dren), 18 of the 22 children with upper ureteric/renal pelvic 
calculi. The stone clearance rate following a single proce-
dure of URS was 94.8%. The remaining 4 (5.2%) children 
underwent shockwave lithotripsy (SWL) to clear the small 

Table 1  Age distribution of the children undergoing therapeutic ure-
terorenoscopy

No Age (Mean ± SD) Male Female Total

1 ≤ 18 months 
(13.1 ± 2.39)

15 03 18

2 19–36 months 
(27.34 ± 5.19)

21 11 32

3 ≥ 37 months 
and ≤ 60 months 
(46.48 ± 7.26)

18 09 27

Mean age (± SD) of 
study cohort: 28.97 
(± 2.44) months

54 (70.12%) 23 (29.88%) 77 (100%)

Fig. 1  a, b Coronal (1a) and 
axial (1b) cuts of computed 
tomography of KUB (Kidney, 
ureter and bladder) region 
revealing moderate right 
hydroureteronephrosis due to a 
lower ureteric calculus (white 
arrow) measuring 1.2 cm in 
largest dimension with an avg. 
Hounsfield Unit (HU) + 886

Table 2  Location of the calculi in urinary tract

No Location Right side Left side Total

1 Lower ureter 17 14 31
2 Mid Ureter 16 08 24
3 Upper Ureter 06 07 13
4 Renal Pelvis 05 04 09

Total 44 (57.1%) 33 (42.8%) 77
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but significant residual fragments of calculi that remained in 
the collecting system of the kidney. Stone chemical analy-
sis could be retrieved in 12 cases; most common composi-
tion was calcium oxalate. The overall complication rate was 
12.9% (10 patients), which included mild hematuria and 
fever (temperature higher than 100 degrees Fahrenheit). 
There were no major intra-operative or post-operative com-
plications requiring intervention. The hospital-stay of the 
children ranged between 72 and 100 h (3–5 days). Ultra-
sonography/KUB radiographic (X-ray) imaging done 6 week 
post-procedure in the follow-up period showed all children 
free of stones.

Discussion

Younger children (pre-school) usually are unable to locate 
the exact site of their pain and cannot adequately communi-
cate its character or severity. Common presenting symptoms 
in this age group include crying, anxiety, vomiting, hematu-
ria, traces of blood or small stones on the diaper, or recurrent 
urinary tract infection (UTI) with painful micturition. Imag-
ing modalities like contrast computed tomography (CT), CT 
urogram, intravenous urogram, which are commonly used in 
adults, are not always applicable to children because of their 
association with radiation, which is a matter of concern as 
children are known to have a high risk for recurrence [9]. 
The ALARA protocol (As Low as Reasonably Achievable), 
which aims to limit X-ray tests in children, is practiced by 
most Paediatric Urologists [10].

Continuing advances in the design of ureteroscopes and 
ancillary instruments over the past few decades have resulted 
in miniaturization and increased durability of the small 
caliber rigid, semi-rigid, and flexible ureteroscopes that 
are used in children. Simultaneous improvement in video 
technology coupled with improved optics has enhanced 
the ability of the pediatric urologist to evaluate and treat 
calculi, even the smallest of patients. Reddy and Defoor 
[11]. systematically reviewed several articles about ureter-
oscopy, published in the contemporary urological literature 
(1990–2009), and reported a stone-free rate of 93.4%, and 
a 5.9% complication rate in over 832 cases. The stone-free 
rates of URS were superior to those obtained with the pub-
lished success rates with ESWL. Our study, too, demon-
strates that the stone-free rate following a single sitting 
of therapeutic URS was 94.8% in children ≤ 60 months. 
Similarly, several experts have reported high success rates 
(80–90%) with ureteroscopy (Table 4).

A wide range of ureteroscopes have been utilized by vari-
ous experts, as shown in Table 4 and similarly, the stone 
fragmenting device (ballistic, laser, ultrasound). The indica-
tions for pre-URS double J stenting and post URS double 
J stenting have varied among the various experts. Halinski 
et al. [9]. observed no complications, such as ureteral stric-
ture formation or VUR appearance during the follow-up 
period [13]. However, long-term follow-up and prospec-
tive studies are necessary to confirm these results. It is also 
important to note that children undergoing a double J stent-
ing suffered less from colics post-operatively than those who 
had no stenting [9]. In the study by Halinski et al. eight out 
of ten children who did not undergo stenting suffered from 

Fig. 2  a Semi-rigid pediatric ureterorenoscope (4.5/6 Fr) with a 200 µ laser fibre (inset, white arrow) used for intra-corporeal laser lithotripsy. b 
Intra-operative image showing fragmented calculi (white arrow) with a guide-wire in situ

Table 3  Details of Therapeutic 
Ureterorenoscopy

No Age Pre URS DJ stenting Ureteric Dilatation Post URS DJ stenting Total

1 ≤ 18 months (18) 11 04 18
2 19–36 months (32) 06 15 12
3 37–60 months (27) 04 05 11

Total 21 (27.2%) 24 (31.1%) 41 (53.2%)
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colicky pain in post-operative period. None of the patients 
with stent had colicky pain [9].

Metabolic evaluation of the child following removal of 
the stone is essential as the stones could be the first mani-
festation of numerous underlying pathologies and metabolic 
disorders. Hypercalciuria and hypocitraturia are known to 
increase the risk of nephrolithiasis in 75– 84% of children 
with such a presentation [17, 18]. Low urinary volume 
is also a contributing factor and should not be forgotten. 
Increased intake of dietary sodium and drinking less water 
are well-known risk factors for renal stones [19]. Excessive 
animal protein and sugar intake are also known contribut-
ing factors, and so is obesity in adolescents [17, 20]. Other 
risk factors include taking calcitriol, steroids, antiretrovi-
rals, vitamin C and D. Inflammatory bowel disease, cystic 
fibrosis, and renal dysplasia are also associated with renal 
stone formation [9]. Miniaturization of ureteroscopes and 
easy availability of safety wires, DJ stents, and high-end 
visualization cameras has made the treatment of even the 
smallest patients possible, safe, and effective. Although the 
diagnosis and treatment of ureteric and select renal pelvic 
calculi in pre-school children are challenging, it is feasible 
and effective with therapeutic ureteroscopy.

Study limitations

Being a single center retrospective study design along with 
the patient number being less than hundred itself were 
the limiting factor. Also children in India are small built 
compared to the West, hence our results may not correlate 
with outcomes of ureteroscopy in children from Western 
countries.

Conclusion

Therapeutic ureteroscopy in the management of ureteric 
and selective renal pelvic calculi is safe and effective. It 
should be considered as first-line therapy in children with 
ureteric and select renal pelvic calculi.
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A B S T R A C T

Background: Maternal mortality is a substantial burden in developing countries. Birth Preparedness and
Complication Readiness (BPRC) is an intervention included by WHO as an essential element of the antenatal care
package. It is based on the premise that preparing for birth and being ready for complications reduces all three
phases of delays in – identifying complications and deciding to seek care, identifying and reaching a health
facility and receiving adequate and appropriate treatment at the health facility.
Objective: To assess the knowledge and practice of Birth Preparedness and Complication Readiness among
ASHAs.
Method: ology: A pilot study was conducted on ASHAs of Mutaga Primary Health Centre (PHC), Belagavi Rural
Area. All (28) ASHAs were included in the study. Informed consent was obtained after explaining about the
study. Data regarding Knowledge and Practice towards Birth Preparedness and Complication Readiness (BPRC)
was collected using a standard, pre-designed questionnaire by JHPIEGO.
Results: The findings of the study revealed that 71.42%, 96.42% and 92.85% of ASHAs were knowing about
severe bleeding which is one of the key danger signs during pregnancy, labour and postpartum period respec-
tively. Knowledge of ASHAs regarding swollen hands/face which is another key danger sign was around 42.85%.
About 32.14% of ASHAs were knowing about blurred vision during pregnancy. Less than 50% of the ASHAs were
having knowledge about other danger signs. ASHAs had good knowledge about components of Antenatal care
(ANC) but less than 25% of ASHAs were knowing BPCR as a component of ANC.
Conclusion: Knowledge of ASHAs about the components and practice of BPCR was poor. Hence need of the hour
is to train ASHAs regarding components of BPCR.

1. Introduction

Maternal mortality plagues much of the world. In 2015 there were
303,000 maternal deaths which represented a global maternal mor-
tality ratio (MMR) of 216/1,00,000 live births.1 India has progressed
from 556 maternal deaths per 1,00,000 live births in 1990 to 130 per
1,00,000 live births in 2016. According to Sustainable Development
Goal (SDG) India should achieve a target of an MMR below 70 by
2030.2

Complications like abortion, preeclampsia, eclampsia, ruptured
uterus, puerperal sepsis, postpartum haemorrhage etc which result in
maternal mortality, morbidity and perinatal death are unpredictable.
Their onset may be sudden and severe.3 Major barrier for reducing
maternal morbidity and mortality is a delay in responding to the onset
of complications and onset of labor by pregnant women, her family and
health care providers.4

Every pregnant woman during all the 3 trimesters, during labor &
postpartum period is at the risk of facing sudden, unpredictable com-
plications that could end in death or injury to herself or to her infant.
Complications related to pregnancy and childbirth cannot be predicted
reliably. Hence, to overcome such complications it's necessary to em-
ploy some strategies.5

Birth Preparedness and Complication Readiness (BPCR) is an in-
tervention introduced by WHO to plan for births and deal with emer-
gencies during pregnancy, labor and postpartum period. BPCR ad-
dresses 3 delays and helps pregnant women, their families and
communities to take effective actions. BPCR is a key component in safe
motherhood programs which are globally accepted. It helps pregnant
women to identify the complications, reach the health facility in time
and seek proper professional care in time by reducing morbidities and
mortalities due to complications because of 3 delays. BPCR include ANC
components like early registration of pregnancy, knowledge of danger
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signs during pregnancy, labor and postpartum period, early identifica-
tion of health facility for giving birth and emergency, identification of
skilled birth attendant, identification of transportation, identification of
birth companion, saving enough money for delivery, emergency and
transportation, identification of a compatible blood donor if any
emergency arises.6

BPRC is a programme approach to effectively utilize the maternal
and new-born health services. It is based on the strategy that thor-
oughly knowing the complications, being prepared to face complica-
tions and proper planning for birth reduces three delays in - identifying
complications and deciding to seek care, identifying and reaching a
health facility and receiving adequate and appropriate treatment at the
health facility. The components of BPCR are included as a part of new
World Health Organization antenatal care model in clinical setting.7

BPCR makes effective use of community health workers and health
promotion groups in addition to formal health services. A 2010 sys-
tematic review and meta-analysis of community-based intervention
packages found a significant reduction in neonatal mortality (twelve
studies, risk ratio 0.76, 95% CI 0.68, 0.84), but inconclusive evidence of
reduction in maternal mortality (ten studies, risk ratio 0.77; 0.59,
1.02).8 Community mobilization through stakeholders such community
health workers, or through participation in women's groups also forms
part of the BPCR concept.9

In India, with the introduction of Accredited Social Health Activist
(ASHA) workers under the National Rural Health Mission (NRHM) from
2005, utilization of healthcare services at the peripheral level has im-
proved.10 ASHA is a female volunteer selected by the community, de-
ployed in her own village (one in every 1000 population) after a short
training on community health.11

WHO has strongly recommended for further BPCR interventions and
research. Studies on BPCR are very limited in India and nonexistent in
the study area. Hence the current research is aimed to address gaps in
understanding of BPCR. The objective of the current pilot study is to
assess the knowledge and practice of Birth Preparedness and
Complication Readiness among ASHAs.

2. Materials and methods

The present pilot study was undertaken to assess the knowledge and
practice of Birth Preparedness and Complication Readiness among
ASHAs.

A cross sectional study was conducted in Mutaga Primary Health
Centre (PHC), Rural Belagavi, Karnataka, India. The study period was
from January 2019 to May 2019. The study was conducted on
Accredited Social Health Activists (ASHAs) working under Mutaga
Primary Health Centre (PHC). Complete list of all ASHAs were included
in the study. Complete enumeration sampling technique was used. All
ASHAs had completed 6 months in their job and all ASHAs gave consent
for study.

A predesigned and structured questionnaire from JHPIEGO (Johns
Hopkins Program for International Education in Gynecology and
Obstetrics) was used for data collection. Permission to collect data from
ASHAs was obtained from concerned authority. Informed consent was
obtained from all the participants after providing detailed information
on objectives of the study, risks and benefits involved and voluntary
nature of participation. Data collectors were from Masters in Public
Health (MPH) background and were trained thoroughly prior to data
collection. Data regarding knowledge and practice towards Birth
Preparedness and Complication Readiness (BPRC) was collected using
questionnaire by JHPIEGO. The data collectors interviewed the in-
dividual participant (ASHA) and collected the required data using
questionnaire. Confidentiality of the study participants was maintained
throughout the study. Data was entered by the researcher and was
analyzed by the Biostatistician to maintain the accuracy and appro-
priateness. Frequency and percentage were used to analyze the data for
descriptive statistics. SPSS version 22 was used to analyze the data.

3. Results

Table 1 shows that 60% of the participants were in the age group of
30–39 years. Majority of the participants were married. Majority of the
Participants were Hindus.

Table 2 shows that majority (71.42%) of ASHAs had knowledge
regarding severe bleeding and less than half of the ASHAs were aware
about swollen hands/face. Only 32.14% of ASHAs knew about blurred
vision as a key danger sign.

Table 3 shows that less than 50% of the ASHAs were having
knowledge about other danger signs like, severe headache, high fever,
loss of consciousness, difficulty in breathing, severe abdominal pain,
accelerated or reduced fetal movements and water breaks without
labor. About 42.85% ASHAs had known about convulsions. Majority
(67.85%) of the ASHAs had knowledge about severe weakness as
danger sign.

Table 4 shows that majority of the ASHAs (85%) helped pregnant
women in ANC registration, 4 ANC check-ups (71%), 2 TT injections
(78%), provided IFA tablets (75%). More than 60% of ASHAs counseled
pregnant women for institutional delivery, cash assistance and trans-
portation. Around 60.71% of ASHAs advised pregnant women on hy-
giene and nutrition. Less than 50% of ASHAs escorted pregnant women
to village health day. About 57.14% of ASHAs got nutrition supple-
ments from anganwadi centers. About 60.71% of ASHAs gave home
visits and 57.14% of ASHAs calculated date of delivery.

Table 5 shows that 71.42% ASHAs did counselling for institutional
delivery, 60.71% ASHAs explained cash assistance benefits for institu-
tional delivery, 67.85% ASHAs identified transportation for delivery/
emergency and 67.85% ASHAs identified institution for referral/de-
livery. Less than 50% of the ASHAs counseled pregnant women re-
garding identification of functional Govt. health centre, referral ser-
vices, saving money, identify birth companion, blood donor, explained
about risks & danger signs related to pregnancy & child birth.

ASHAs had good knowledge about components of Antenatal care
(ANC) but less than 25% of ASHAs were knowing BPCR as a component
of ANC. Less than 35% of ASHAs had knowledge about postpartum
check-up.

Table 1
Distribution of participants according to sociodemographic data.

1. Distribution according to Age

Age in years No. of participants Percentage (%)
> 30 6 21.42
30–39 17 60.71
40–49 5 17.85

2. Distribution according to Marital Status

Single 3 10.71
Married 22 78.57
Widowed 3 10.71

3. Distribution according to Religion

Hindu 24 85.71
Others 4 14.28

Table 2
Distribution of Participants according to Knowledge of Key-danger signs during
pregnancy.

Key-danger signs No. of participants Percentage (%)

Severe Bleeding 20 71.42
Swollen hands/face 12 42.85
Blurred Vision 9 32.14
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4. Discussion

This research was conducted with an objective to assess the
knowledge and practice of Birth Preparedness & Complication
Readiness (BPCR) among Accredited Social Health Activists (ASHAs). In
India, with the introduction of Accredited Social Health Activist (ASHA)
workers under the National Rural Health Mission (NRHM) from 2005,
utilization of healthcare services at the peripheral level has improved.10

ASHA is a female volunteer selected by the community, deployed in her
own village (one in every 1000 population) after a short training on
community health.11

Studies on BPCR are very limited in India and nonexistent in the
study area. BPCR is a very important component in ANC care but most
of the ASHA workers are having very less knowledge and practice of
BPCR. Skill based training is not provided to ASHA workers which is a
hindrance for their knowledge and practice. Incentive provided for
them is also negligible compared to their workload. There are many
gaps in understanding of BPCR by health care workers and provision of
essential services towards BPCR. Hence the current research is aimed to

address gaps in understanding of BPCR.
The results of the present study showed that majority of the ASHA

workers were middle aged and married. A study by Kochukuttan S et al.
showed that mean age of ASHAs was 30–35 years, 90% were married.
There was less than 25% of the performance towards obstetric danger
sign assessment.12 Findings from a study conducted in Delhi also
showed that majority of the participants were from the age group of
25–45 years of age group and were married.15

A study from Rohtak, India showed that knowledge of danger signs
and birth preparedness services provided by ASHAs were poor.
Similarly in present study also knowledge of danger signs and birth
preparedness services provided by ASHAs were poor.13 A study from
Aligarh showed that 88% ASHAs had knowledge about excessive va-
ginal bleeding. Similarly in present study also more than 70% of the
ASHAs were aware about excessive bleeding as complication.14

A study from Delhi, India revealed that ASHAs knowledge was good
but their practices were poor. Present study results were contrast as
knowledge and practice both were poor.15 Findings from a study con-
ducted in Udupi, Karnataka revealed that overall knowledge of ASHA
workers was sufficient in the field of MCH but practices were poor. In
present study only the knowledge regarding vaginal bleeding was good
but other knowledge and practices were poor.16

Strengths of the present study: The study was carried out in an
appropriate manner following all the necessary steps. This study was
carried out to customize the questionnaire and validate it.

Limitation of the present study: As the current study is a pilot
study only one PHC was included and limited number of participants
were interviewed.

This study was an initiation to carry out a larger study which will be
conducted by the researcher in near future.

5. Conclusion

ASHAs are the most important activists/key workers in maintaining
the health of pregnant women in the society especially in rural areas
where health facilities are scarce. More than 70% of ASHAs were aware
of severe bleeding as key danger sign, more than 50% were aware about
severe weakness but their knowledge regarding other key danger signs
like - swollen hands/face, blurred vision, convulsions, high fever, se-
vere headache was negligible. Knowledge & practice of components of
BPCR were also very poor. Hence need of the hour is to train ASHAs
regarding components of Birth Preparedness & Complication Readiness
(BPCR).
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Table 3
Distribution of Participants according to Knowledge of other danger signs
during pregnancy.

Other danger signs No. of participants Percentage (%)

Convulsions 12 42.85
Severe headache 6 21.42
High fever 2 7.14
Loss of consciousness 8 28.57
Difficulty in breathing 8 28.57
Severe weakness 19 67.85
Severe abdominal pain 8 28.57
Accelerated or reduced fetal movements 5 17.85
Water breaks without labor 6 21.42

Table 4
Distribution of participants according to antenatal care (ANC) service provision.

ANC Service Provision No. of participants Percentage

Helping in registration for ANC services/JSY
scheme

24 85.71

Calculating date of delivery 16 57.14
Providing home visits 17 60.71
Helping with at least 4 ANC check-ups 20 71.42
Facilitating TT injection 22 78.57
Providing iron/folate (IFA) tablets 21 75
Escorting them to village health day 13 46.4
Get nutrition supplements from anganwadi

centre
16 57.14

Advising them on hygiene and nutrition 17 60.71

Table 5
Distribution of participants according to birth preparedness service provision.

BPCR Service Provision No. of
participants

Percentage

Counselling for institutional delivery 20 71.42
Explain cash assistance benefits for institutional

delivery
17 60.71

Identify transportation for delivery/emergency 19 67.85
Identify a functional govt. health centre or an

accredited private health facility
15 53.57

Identify institution for referral/delivery 10 35.71
Explain about saving money for emergency/

transportation/delivery
11 39.28

Identify a birth companion 9 32.14
Identify blood donor 12 42.85
Explain about the risks and danger signs related

to pregnancy and child birth
11 39.28
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A B S T R A C T   

There is extensive research on the relationship between women’s attitudes to gender equality and fertility as-
pirations and use of contraception. However, there are few studies on the relationship between men’s attitudes 
about gender equality and their ideal family size and contraceptive use. The study described here tries to address 
this gap using data from the recent round of National Family Health Survey (NFHS-4) to examine the association 
between men’s gender attitudes and contraceptives use and ideal family size. Descriptive statistics, logistic 
regression, and multiple linear regression techniques were applied in the study. Results show that gender atti-
tudes were associated with the men’s perceptions about ideal family size and contraceptive use. Men who 
showed more tolerance of the practice of wife beating are more likely to support the ideal of large families and 
low use of contraceptives. This view is independent of education level, income, and religion. This finding points 
to the need for the government to address men’s beliefs and attitudes in its interventions to reduce fertility.   

1. Introduction 

Family planning is one of the most fundamental and Important 
health exercises. The aim of contraception is to prevent pregnancy by 
inhibiting the normal process of ovulation, fertilisation and implanta-
tion of sperm (Gold, 2005). Modern contraceptive methods include male 
and female condoms, oral hormonal pills, implants, male and female 
sterilisation, injectables, vaginal barriers and emergency contraception 
(United Nations, 2015). The use of modern contraceptive methods al-
lows couples and individuals to achieve the desired number of children 
and space pregnancies. Contraception also helps to reduce maternal 
deaths by preventing unsafe abortions, birth injuries and other 
pregnancy-related complications (USAID, 2009; Prata, 2009). 

Both women and men play equally important roles in women’s 
reproductive health (Davis, Vyankandondera, Luchters, Simon, & 
Holmes, 2016). Although in many countries, the majority of men are 
willing to participate in family planning, there are few male contra-
ceptive options, limited male-focused family planning services, and a 
lack of attention to men in the reproductive health policies of various 
countries (USAID, 2018). Furthermore, because of easier control of fe-
male ovulation, differences between men and women in their fertility 
goals, and the dominance of patriarchal norms in family-planning 

decision-making, male contraception has limited use. 
In most regions of the world, an estimated 1 in 10 married or in- 

union women, who wanted no more children, fail to use contracep-
tives (UN, 2015) in deference to their husbands’ opposition to contra-
ception and desire for more children. Because of men’s control over the 
reproduction process, the unmet need for contraception among couples 
results in millions of unwanted pregnancies (UNFPA, 2005; and Bearak, 
Popinchalk, Alkema, & Sedgh, 2018). Evidence shows that men’s 
fertility aspirations have stronger association with actual fertility than 
the fertility aspirations of women (Bankole, 1995). On the other hand, 
the woman’s fertility preferences are often strongly influenced by her 
husband or partner (Ezeh, 1993). There is also a substantial body of 
research that establishes the role of intra-couple communications in 
family planning and regulation of fertility (Link, 2011; Kumar, Kalia, 
Goel, & Sharma, 2016). 

The demographic change is one of the major challenges faced by 
developing and under-developed countries. Fertility rates are decreasing 
throughout the world (UN, 2019) despite the age of the first experience 
of exposure to sex for both men and women remaining below 25 years 
(Johnson & Gu, 2009; MacQuarrie, Edmeades, Steinhaus, & Head, 
2015). The decline in fertility has been observed in nearly all sections of 
society—rich and poor, literate and non-literate, upper castes and the 
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lower castes, and Hindus and Muslims (Visaria & Visaria, 1994; James 
and Nair, 2005; ICF & IIPS, 2017). Improvements in child mortality, 
women’s education, and economic development are regarded as sig-
nificant contributing factors in the reduction of the desired family size, 
and increased use of modern contraceptive methods (Basu, 2002; Amin, 
Casterline, & Spess, 2007; Kulkarni, 2011; Aksan, 2014). The prevalence 
of use of modern contraceptives by married women aged 15–49 years 
increased from 31.7 to 47.7% in the period 1992–93 and 2015–16, not 
with standing the concerns over the slowdown in the rate of increase 
since the 2005–06 (Singh et al., 2017). Despite the increase in use of 
contraceptives, the prevalence of modern contraceptive use among men 
declined from 44.2% in 2005–06 to 21.5 in 2015–16 (Office of the 
Registrar General of India, 2018). 

India was the first country to adopt the official family planning 
programme subsequently many other programme to reduce the fertility 
and improve the reproductive health outcome of women. Though, these 
programs have conventionally focused mainly on women; men were 
long considered to be beyond the scope of family planning programs. 
The reasons could be that reproduction is primarily a women’s issue and 
that men usually do not take responsibility for reproductive health and 
family planning. Though, studies from Sub-Saharan Africa shows a 
relationship such that women’s fertility preferences and contraceptive 
adoption are influenced by husband’s influence on women’s decision- 
making as well as their own attitudes (Ezeh, 1993). Previous studies 
have highlighted the effect of husband’s attitudes and preferences on 
women’s behaviours have focused on women’s perceptions of men’s 
attitudes toward fertility and contraception, and exhibit the lack of 
communication between husbands and wives on family planning use 
(Mason & Smith, 2000; Speizer et al., 2012; Ezeh, 1993; Kumar et al., 
2016). Albeit, much of these studies suffering from the weakness of 
direct data from men perspective which leads to a lack of significant 
information on men attitude and behaviours. In contrast, few studies 
which have given focus to men’s attitudes to examine the relationship 
between men’s own attitudes and their contraceptive use (Balaiah, 
Ghule, Naik, Parida, & Hazari, 2001; Kanitkar & Kulkarni, 2002; Jungari 
& Paswan, 2020). There is a scarcity of research on the relationship 
between men’s attitudes and behaviour around gender equality i.e. 
men’s attitudes about decision making, justification for wife-beating, 
women sexual rights and contraceptive use. Though, some of the 
studies have shown that men’s attitudes about gender equality are 
associated with condom use for preventing HIV (Bruhin, 2003; Woolf & 
Maisto, 2008) and contraceptive use (Mishra et al., 2014). Moreover, a 
study conducted in rural India found that husbands’ assessments of 
wives’ autonomy influence reproductive outcomes more strongly than 
do women’s perceptions of their own autonomy in the Uttar Pradesh, 
but the perceptions of husbands were not significant for reproductive 
outcomes in Tamil Nadu (Jejeebhoy, 2002). This emphasize the need to 
explore the men’s attitudes toward gender equality and contraceptive 
use and fertility behaviour (ideal family size) more closely. 

The exploration of gender attitude and contraceptive use and fertility 
behaviour among men is vital, given the less use of contraception among 
men. Hitherto, the existing research provides limited insight into the 
relationship between men’s gender attitudes and contraception use and 
ideal family size in India, where sociocultural norms – including gender 
equality – and health care practices can vary significantly within and 
across the place of residence using the empirical data set. The study 
based on the nationally representative data is almost negligible. Hence, 
the aim of this paper to fill this gap by examining the association be-
tween men’s gender attitudes and perceptions about ideal family size 
and use of contraceptives among men aged 15–24 years. Men in this age 
group are at the start of their reproductive lives and their attitudes 
regarding contraceptive and ideal family size, and the resulting behav-
iours are likely to have important ramifications for future trends in 
contraceptive use and fertility in India. 

2. Methods and data 

The present study used data from the fourth round of National 
Family Health Survey (NFHS-4) which was conducted during 2015–16. 
A two-stage stratified random sampling method was used for collecting 
data in the fourth round of NFHS. The 2011 census was used as a sam-
pling frame for NFHS-4. Census Enumeration Blocks (CEBs) in urban 
areas and villages in rural areas were considered as Primary sampling 
units (PSUs). The response rates for households and eligible men were 
98% and 92% respectively. A total of 1,22,051 eligible men aged 15–54 
years formed the sample of which 1,12,122 were successfully inter-
viewed (IIPS and ICF, 2017). 

The NFHS-4 used four survey questionnaires. The men’s question-
naire is one of these four, which was administered only in the subsample 
of households selected for the state module. This questionnaire collected 
information about the respondent men’s background characteristics, 
number of children, knowledge and use of contraceptive methods, 
fertility preferences, nutrition, sexual behaviour, attitudes regarding 
gender roles, household decision making etc. Moreover, As the Brauner 
asserted that attitude of an individual regarding the particular behav-
iour determines the outcome of that particular behaviour (Brauner-Otto, 
2013). With the same view, the ideology or intention of the youth of any 
nation is the best means to predict the countries future challenges and 
strength. Therefore, for analyses, we included only currently married 
men aged 15–24 years, 4472 in number. This age segment of the male 
population is a critical one from the public health policy point of view. 

2.1. Outcome variables 

Ideal family size and current use of contraception are the outcome 
variables in this study. The respondents’ perceptions about the ideal 
number of children in a family was assessed from their responses to two 
questions. Men having no children were asked, “If you could choose the 
exact number of children you want to have in your life, how many would 
that be?”. Men having living children were asked to respond to the 
question: “If you could go back to the time when you did not have any 
children and could choose the exact number of children you wanted to 
have, what would that number be?”. In addition, non-numeric responses 
like “It is in the hands of God,” were coded as ‘missing’ in the analysis. 
This variable was of the continuous type. 

The participants’ use of contraceptives was assessed from their re-
sponses to the questions: The last time you had sexual intercourse, was a 
condom used? And “the last time you had sex did you or your partner use 
any method (other than a condom) to avoid or prevent pregnancy?”. An 
affirmative response of both the questions was coded as “using FP”. We 
used a dichotomous variable for analysis—‘1’ for using and ‘0’ for not 
using any. 

2.2. Explanatory variable 

To examine how the perception of ideal family size and contracep-
tion use varies with the gender-related attitudes of men, three indices 
were developed using information on men’s participation in household 
decision-making, their attitudes towards wife beating and sexual rights 
over their wives. These indices are based on the respondents’ responses 
questions on these topics. 

An index of ‘decision-making authority’ was created based on the 
responses to the question: “In a couple, who do you think should have 
greater say in decision-making: the husband, wife, or both on equal 
terms.” The respondents were presented with three decision-making 
scenarios: (a) what to do with the wife’s earnings, (b) how many chil-
dren the couple would like to have, and (c) planning a visit to the wife’s 
family or friends. Men who said that the husband should be the primary 
decision maker in at least one of the above three decisions were 
considered as the dominant decision-makers and coded as “husband”; 
otherwise the response was coded as “wife or both equally”. In our view, 
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men who did not reply that the husband should have the final say in a 
decision on any of above instances may have a different attitude towards 
family planning and fertility behaviour from those who claimed primacy 
in at least one scenario. 

Men’s attitude towards wife beating was measured from their re-
sponses to a series of five NFHS questions. They were presented a sce-
nario: “Sometimes a husband is annoyed or angered by things which his 
wife does. In your opinion, is a husband justified in hitting or beating his 
wife in these situations? (a) If the wife burns the food, (b) if she argues 
with her husband, (c) if she goes out without informing her husband, (d) 
if she neglects the children, and (e) if the wife refuses to have sex with 
her husband”. An index to measure wife beating was created, which 
compared the men who justified wife beating in at least one scenario 
with those who did not see wife-beating as justified. 

We also constructed a summary measure to distinguish men who 
agreed that husbands should have at least one sexual right over their 
wives from the other men. This index was based on responses to the 
NFHS question sequence: “Do you think that if a woman refuses to have 
sex with her husband, when he wants to, he has the right to (a) get angry 
and reprimand her, (b) refuse to give her money or other forms of 
support, (c) use force and have sex with her even if she does not want to, 
or (d) go ahead and have sex with another woman?”. Additionally, views 
like ‘contraceptives are a women’s business and men should not worry’ 
and ‘women who use contraception become promiscuous’ also repre-
senting men’s attitudes towards women. These responses have also been 
included in our analysis. 

Apart from the above gender-related variables, socio-economic and 
demographic variables were also considered. They include the groups to 
which the men belonged (15–19 years, 20–24 years), discussion of 
family planning with a health worker (No or Yes), Place of residence 
(Urban or. Rural), caste (SCs/STs, OBC and General), Religion (Hindu, 
Muslim and others), number of living children, wealth quintile (poorest, 
poor, middle, richer, richest), currently working (no or yes), and media 
exposure (no exposure, any exposure and full exposure). 

2.3. Statistical analysis 

Descriptive statistics were used to identify the characteristics of the 
sample. Chi-square and F-tests were applied to assess the associations 
between the outcome and independent variables. Logistic regression 
was used to determine the significant effect of predictor variables on use 
of contraception. The results of Logistic Regression Analyses are pre-
sented as Odds Ratios (OR) with 95% Confidence Intervals (CIs). Mul-
tiple Linear Regression was used to assess the significance of the effects 
of predictor variables on the men’s perceptions of the ideal number of 
children. Results of multiple linear regression are presented as co-
efficients having 95% Confidence Intervals. The analyses were carried 
out with the help Stata Version 14.0 software. 

3. Results 

Table 1 shows the distribution of currently married men aged 15–24 
years in the sample by their socio-economic, demographic and gender- 
related characteristics. Thirty percent of the respondents were the 
main decision makers in their households, and 34% of the respondents 
gave at least at one reason to justify wife beating. A little less than one 
fourth (23.7%) of the respondents agreed that a husband has at least one 
sexual right over his wife. 

Responses on attitude-reflecting statements concerning gender 
norms showed that the majority of men disagreed with the statements 
‘contraception is a woman’s business’ (55.2%) and ‘women who use 
contraception become promiscuous’ (77.5%). Respondents aged 15–19 
years comprised 93.1% of the sample. Slightly over 19.2% had discussed 
family planning with a health worker in the last few months. Nearly a 
fourth of the respondents were residents of urban areas. Most of the men 
were Hindus (82.5%) and 45.1% of the men belonged to the OBC caste 

group. Illiterates comprised 10.6% of the respondents. Half of the re-
spondents had no children and a quarter were from poorer wealth 
quintile. Most of the men (84.9%) were currently working and the ma-
jority (84.2%) were exposed with any kind of media. 

Table 2 shows the prevalence of contraceptive use by gender 

Table 1 
Currently married men aged 15–24 by gender attitudes and socio-demographic 
characteristics, India 2015–16.  

Background Characteristics % Total 

Decision authority 
Husband 30.0 1,316 
Wife or both equally 70.0 3,156  

Justify reasons for wife beating 
Not Justifying 65.2 2931 
At least one reason 34.8 1536  

Husband has sexual right over wife 
No 76.3 3,504 
Yes 23.7 968  

Contraception is a women business 
Disagree 55.2 2,468 
Agree 44.8 1,791  

Women who use contraception become promiscuous 
Disagree 77.5 3,214 
Agree 22.5 948  

Age 
15–19 6.9 317 
20–24 93.1 4,155  

Discussed family planning with health worker 
No 80.9 3,701 
Yes 19.2 771  

Place of residence 
Urban 25.4 911 
Rural 74.6 3,561  

Caste 
SC/ST 39.2 1,968 
OBC 45.1 1,775 
General 15.7 556  

Religion 
Hindu 82.5 3,490 
Muslim 13.4 603 
Others 4.1 379  

Education 
No education 10.6 496 
Primary 15.5 689 
Secondary 61.2 2,776 
Higher 12.8 511  

Living children 
0 50.8 2,230 
1 34.4 1,566 
2 12.3 572 
3+ 2.4 104  

Wealth quintile 
Poorest 22.8 1,122 
Poorer 25.5 1,184 
Middle 24.9 1,019 
Richer 15.3 660 
Richest 11.5 487  

Currently working 
No 15.1 745 
Yes 84.9 3,727  

Media exposure 
No exposure 10.1 512 
Any exposure 84.2 3,765 
Full exposure 5.7 195  

Total 100 4,472 

Note: Percentages are weighted and cases are unweighted. Cases may not be 
equal due to missing values. 
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attitudes, demographic and socio-economic characteristics of the re-
spondents. Overall, 12.7 percent of the respondent were using one or 
another method of contraception. Prevalence of contraceptive use was 
low in men who viewed the husband as the main decision-making au-
thority, gave at least one reason to justify wife beating, agreed that the 
husband has at least one sexual right over wife, that contraception is a 
women’s business, and hence, the man should not worry, and that 
‘women who use contraception become promiscuous’. 

The prevalence of use of contraception was low among men in the 
15–19 years’ age group and among those who did not discuss family 
planning with a health worker in last few months preceding the survey, 
residing in urban areas, Hindus and belonging to the OBC caste group, 
illiterate, and having no children. Men belong to middle wealth quintile, 
not currently working and having no exposure of media also reported 
significantly lower prevalence of contraceptive use than their counter-
parts in the corresponding groups. 

The ideal family size by respondent’s background characteristics is 
also shown in Table 2. It is seen that, on average, it is 2.18 children per 
woman. It is also seen that the mean ideal family size is lower in the 
‘other’ category of decision authority variable. The mean ideal family 
size was significantly lower among men who did not justify wife beating, 
did not agree with the notion of husbands’ sexual rights over their wives 
and among respondents who agreed that contraception is ‘a women’s 
business and men should not worry’. But interestingly, there was no 
significant difference between the ideal family sizes of men who agreed 
or disagreed with the statement ‘women who use contraceptives become 
promiscuous’. 

The mean ideal family size was found to lower among men who did 

Table 2 
Contraception use and mean ideal family size among currently married men 
aged 15–24, by gender attitudes and socio-demographic characteristics, India 
2015–16.  

Background 
Characteristics 

Contraception use Mean ideal family size 

% n p-value Mean 
(SD) 

n p-value 

Decision authority 
Husband  11.5 1,316 0.198 2.24 

(±0.76) 
1303 <0.001 

Wife or both 
equally  

13.2 3,156 2.15 
(±0.69) 

3129  

Justify reasons for wife beating 
Not Justifying  13.3 2931 0.009 2.13 

(±0.68) 
2910 <0.001 

At least one reason  11.6 1536 2.27 
(±0.77) 

1518  

Husband has sexual right over wife 
No  13.4 3,504 0.007 2.16 

(±0.69) 
3474 <0.001 

At least one  10.4 968 2.24 
(±0.77) 

958  

Contraception is a women business 
Disagree  13.8 2,468 <0.001 2.21 

(±0.69) 
2452 0.007 

Agree  12.0 1,791 2.15 
(±0.7) 

1778  

Women who use contraception become promiscuous 
Disagree  13.4 3,214 0.052 2.18 

(±0.69) 
3197 0.322 

Agree  11.8 948 2.2 
(±0.76) 

938  

Age 
15–19  9.3 317 0.031 2.24 

(±0.68) 
309 0.113 

20–24  12.9 4,155 2.17 
(±0.71) 

4123  

Discussed family planning with health worker 
No  11.9 3,701 <0.001 2.2 

(±0.74) 
3662 <0.001 

Yes  16.1 771 2.09 
(±0.59) 

770  

Place of residence 
Urban  9.9 911 0.632 2.1 

(±0.67) 
903 <0.001 

Rural  13.6 3,561 2.2 
(±0.72) 

3529  

Caste 
SC/ST  13.4 1,968 0.004 2.2 

(±0.7) 
1943 0.07 

OBC  9.9 1,775 2.17 
(±0.73) 

1766 

General  16.4 556 2.12 
(±0.69) 

553  

Religion 
Hindu  11.8 3,490 0.014 2.13 

(±0.63) 
3474 <0.001 

Muslim  16.9 603 2.49 (±1) 590 
Others  16.5 379 2.06 

(±0.88) 
368  

Education 
No education  10.7 496 0.636 2.31 

(±0.93) 
489 <0.001 

Primary  15.1 689 2.29 
(±0.86) 

686 

Secondary  12.2 2,776 2.17 
(±0.65) 

2748 

Higher  13.5 511 1.98 
(±0.54) 

509  

Living children  

Table 2 (continued ) 

Background 
Characteristics 

Contraception use Mean ideal family size 

% n p-value Mean 
(SD) 

n p-value 

0  9.3 2,230 <0.001 2.17 
(±0.69) 

2211 <0.001 

1  16.2 1,566 2.12 
(±0.69) 

1552 

2  16.4 572 2.33 
(±0.73) 

566 

3+ 14.9 104 2.22 
(±1.15) 

103  

Wealth quintile 
Poorest  12.9 1,122 0.004 2.33 

(±0.82) 
1109 <0.001 

Poorer  12.8 1,184 2.18 
(±0.69) 

1177 

Middle  11.1 1,019 2.13 
(±0.7) 

1010 

Richer  12.1 660 2.13 
(±0.61) 

652 

Richest  16.1 487 2.03 
(±0.64) 

484  

Currently working 
No  8.9 745 <0.001 2.17 

(±0.82) 
738 0.72 

Yes  13.4 3,727 2.18 
(±0.69) 

3694  

Media exposure 
No exposure  7.9 512 0.005 2.28 

(±0.93) 
504 <0.001 

Any exposure  13.1 3,765 2.17 
(±0.68) 

3736 

Full exposure  14.3 195 2.06 
(±0.65) 

192  

Total  12.67 4,472  2.18 
(±0.01) 

4432  

Note: chi-square test is applied to estimate the p-value for contraception use and 
one-way ANOVA is applied to estimate the p-value for ideal family size. 
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not discuss family planning with health workers in the last few months 
preceding the survey, residing in an urban area, belonged to the ‘Other 
religion’ category, respondents with higher education and having more 
children. Men from the richest wealth quintile, not currently working 
and having full exposure to media also reported a significantly lower 
ideal family size than their counterparts in the corresponding groups. 

Table 3 shows the unadjusted odds ratios (UOR) and adjusted odds 
ratios (AOR) for contraceptive use among men. A higher odds ratio of 
contraceptive use is seen among men if the decision authority was ‘wife 
or both equally’. In the unadjusted model, the Odds ratios for husbands 
with at least one reason for justifying wife beating and claiming at least 
one sexual right over his wife were 24 percent (UOR = 0.769; CI =
0.631–0.937) and 28 percent (UOR = 0.724; CI = 0.571–0.917) 
respectively less than that of those who are likely to use contraception in 
the reference category. 

Similar trends were obtained with the adjusted model although the 
differences were not found to be significant. Men who agreed that 
contraception is women business and man should not worry, were 33 
percent (UOR = 0.677; CI = 0.559–0.821) and 28 percent (AOR = 0.728; 
CI = 0.586–0.903) less likely to use contraception in both models. 
However, men who agreed with the statement that women who use 
contraception become promiscuous were less likely to use contraception 
than their counterparts who did not think so. Though, significant asso-
ciation was found in both the models (Unadjusted and adjusted models). 

Furthermore, discussion about family planning with health worker in 
last few months was found significantly positively associated (AOR =
1.621; CI = 1.284–2.046) with contraceptive use among men. The 
number of living children was significantly negatively associated with 
use of contraception. The odds for contraceptive use declines with in-
crease in the number of living children. Men belonging to the richest 
wealth quintile, currently working and exposed to media also showed 
significant positive association with contraception use. 

Table 4 presents the association between young men’s views on the 
ideal number of children and their gender attitudes according to de-
mographic characteristics. To test the significance of association be-
tween predictor variables and outcome variable, linear regression was 
applied. It was found that the ideal family size had a negative association 
if decision making authority was wife or both equally than men. In both 
models, a greater positive association was found between men who had 
at least one reason to justify wife beating and a claim of least one sexual 
right over their wives as compared to the reference categories. Inter-
estingly too, among the men who agreed that ‘contraception is women’s 
business and that men should not worry’ the ideal family size was less 
than that in the view of men who disagreed with the statement. 

Further, the association between socio-demographic, economic 
characteristics and ideal family is shown in adjusted model. Age of re-
spondents, discussion of family planning with health workers in the last 
few months prior to the survey, urban residence and belonging to the 
general caste category are associated with a smaller ideal family size as 
compared to counterparts in the corresponding groups. Muslim men 
reported higher ideal family size (coefficient = 0.417, CI =

0.323–0.511) than men who were Hindus. Education status of the re-
spondents had significant negative association with ideal family size. 
Mean ideal family size decreases with increase in education level. 
Additionally, number of living children, wealth quintile, working status 
and exposure to media have significant negative association with ideal 
family size. 

4. Discussion 

Changing demographics is one of the major challenges faced by 
underdeveloped and developing countries, including India. A sharp 
decline in fertility has been observed across the globe in the last few 
decades. In India, fertility declined from 5.2 children per woman in 
1971–72 to 2.2 children in 2018 (ORGI, 2011:2013; ORGI, 2018). But 
fertility rates in states of north and central India remain well above the 

replacement level (Kulkarni, 2017; ORGI, 2018). There are several 
studies on family planning and fertility, where the focus is on women 
(Ram, 2008; James and Nair, 2005; Amin et al., 2007; Kulkarni, 2011; 
Aksan, 2014; and Chauhan & Nagarajan, 2019). But few studies have 

Table 3 
Determinant of contraception use among currently married men aged 15–24 by 
gender attitudes and socio-demographic characteristics, India 2015–16.  

Background Characteristics Current use of contraception 

UOR [95% CI] AOR [95% CI] 

Decision authority 
Husband®   
Wife or both equally 1.142 [0.933,1.398] 1.054 [0.835,1.330]  

Justify reasons for wife beating 
Not Justifying®   
At least one reason 0.769** [0.631,0.937] 0.798 [0.634,1.003]  

Husband has sexual right over wife 
No®   
At least one 0.724** [0.571,0.917] 0.773 [0.589,1.014]  

Contraception is a women business 
Disagree®   
Agree 0.677*** [0.559,0.821] 0.728** [0.586,0.903]  

Women who use contraception become promiscuous 
Disagree®   
Agree 0.795 [0.631,1.002] 1.017 [0.785,1.318] 
Age 
15–19®   
20–24  1.089 [0.672,1.766]  

Discussed family planning with health worker 
No®   
Yes  1.621*** [1.284,2.046]  

Place of residence 
Urban®   
Rural  1.25 [0.953,1.639]  

Caste 
SC/ST®   
OBC  0.825 [0.653,1.043] 
General  1.164 [0.853,1.587]  

Religion 
Hindu®   
Muslim  1.023 [0.734,1.425] 
Others  1.245 [0.885,1.753]  

Education 
No education®   
Primary  1.31 [0.852,2.014] 
Secondary  1.059 [0.720,1.558] 
Higher  1.194 [0.737,1.934]  

Living children 
0®   
1  2.211*** [1.759,2.780] 
2  2.970*** [2.223,3.968] 
3+ 2.242* [1.199,4.194]  

Wealth quintile 
Poorest®   
Poorer  1.044 [0.772,1.412] 
Middle  1.121 [0.815,1.542] 
Richer  1.298 [0.899,1.875] 
Richest  1.937*** [1.308,2.870]  

Currently working 
No®   
Yes  1.518** [1.110,2.078]  

Media exposure 
No exposure®   
Any exposure  1.649* [1.085,2.506] 
Full exposure  1.838 [0.988,3.422] 

Note: Significant level: * p < 0.05, ** p < 0.01, *** p < 0.001; 95% confidence 
intervals in brackets. UOR = Unadjusted odds ratio; AOR = Adjusted odds ratio. 
®= reference category. 
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explored the same associations among men long back. Hence, the pre-
sent study aimed to examine the association between young men’s 
gender attitudes and contraception use and their ideal family size using 
the recent national representative data. The study discloses new evi-
dence regarding the influence of gender attitudes on contraceptive use 
and ideal family size among men, and emphasis the need for information 
from men perspective. 

The study shows that prevalence of use of any method of contra-
ception was 12.7 percent among men aged 15–24 years. It was signifi-
cantly lower if the husband was the main decision maker in the family; 
gave at least one reason to justify wife beating; agreed that husbands can 
claim at least one sexual right over their wives; believes that contra-
ception is a women’s business and of no concern to men, man should not 
worry; and that women who use contraception become promiscuous. 
Empirical studies show that women married to violent husbands were 
fearful of discussing family planning (Bawah, Akweongo, Simmons, & 
Phillips, 1999; and Wilson-Williams, Stephenson, Juvekar, & Andes, 
2008). Higher levels of spousal violence result in less family planning 
behaviour, more unplanned confinements, and higher unintended 
fertility (Bawah et al., 1999; Stephenson, Koenig, & Ahmed, 2006; 
Wilson-Williams et al., 2008). Thus, just by justifying wife beating, 
males may be able to employ more marital control over contraception 
and fertility behaviour. In India, the contraceptive method most often 
used to limit their family size is female sterilization. Though both men 
and women can have permanent sterilization and vasectomy is a tech-
nically easier, safer and more effective procedure than female sterili-
zation (Glasier & Gebbie, 2008). Moreover, male involvement in family 
planning fertility decision making should be viewed in terms of not only 
the share of male method use but also men’s attitudes regarding con-
traceptive use and family size. To understand the male involvement in 
the fertility or reproductive process requires a systematic analysis of 
men’s gender attitudes toward contraceptive use and fertility behaviour. 
The results further show that men from middle economic quintile, not 
currently working and who have no media exposure reported signifi-
cantly low prevalence of contraceptive use than their counterparts in the 
corresponding groups. 

Although, number of living children was significantly negatively 
associated with contraception use. The odds for contraceptive use de-
clines with increase in the number of living children. Men belonging to 
the richest wealth quintile, who are currently working, and expose to 
media were significantly positively associated with use of contraception. 
Few studies supported and indicates that improvements in child mor-
tality, women’s schooling, and economic development are regarded as 
important contributing factors to the reduction in desired family size 
and increased use of modern contraceptive methods (Basu, 2002; Amin 
et al., 2007; Kulkarni, 2011; Aksan, 2014). 

The average number of children per men was found to be 2.18. The 
study showed that the mean ideal family size is significantly lower 
among men who did not justify wife beating, disagreed with the notion 
of husbands’ sexual rights over their wives, and also shared the view that 

Table 4 
Determinant of ideal family size among currently married men aged 15–24 by 
gender attitudes and socio-demographic characteristics, India 2015–16.  

Background 
Characteristics 

Ideal family size 

UB [95% CI] AB [95% CI] 

Decision authority 
Husband®   
Wife or both equally − 0.0846** 

[− 0.138,− 0.0309] 
− 0.027 [− 0.0818,0.0278]  

Justify reasons for wife beating 
Not Justifying®   
At least one reason 0.170*** [0.119,0.222] 0.130*** [0.0762,0.183]  

Husband has sexual right over wife 
No®   
At least one 0.0771* [0.0176,0.137] 0.00266 

[− 0.0582,0.0635]  

Contraception is a women business 
Disagree®   
Agree − 0.0860*** 

[− 0.136,− 0.0362] 
− 0.0756** 
[− 0.127,− 0.0247]  

Women who use contraception become promiscuous 
Disagree®   
Agree 0.0436 [− 0.0155,0.103] 0.0223 [− 0.0383,0.0830]  

Age 
15–19®   
20–24  − 0.0403 [− 0.138,0.0573]  

Discussed family planning with health worker 
No®   
Yes  − 0.0775* 

[− 0.141,− 0.0142]  

Place of residence 
Urban®   
Rural  − 0.0195 

[− 0.0856,0.0466]  

Caste 
SC/ST®   
OBC  − 0.0602* 

[− 0.116,− 0.00485] 
General  − 0.160*** 

[− 0.240,− 0.0789]  

Religion 
Hindu®   
Muslim  0.545*** [0.465,0.625] 
Others  0.417*** [0.323,0.511]  

Education 
No education®   
Primary  − 0.0779 [− 0.177,0.0210] 
Secondary  − 0.114* 

[− 0.201,− 0.0272] 
Higher  − 0.159** 

[− 0.272,− 0.0460]  

Living children 
0®  0 [0,0] 
1  − 0.0186 

[− 0.0722,0.0351] 
2  0.159*** [0.0827,0.236] 
3+ 0.356*** [0.191,0.522]  

Wealth quintile 
Poorest®   
Poorer  − 0.0920* 

[− 0.162,− 0.0220] 
Middle  − 0.0878* 

[− 0.163,− 0.0127] 
Richer  − 0.150** 

[− 0.240,− 0.0606] 
Richest  − 0.234*** 

[− 0.334,− 0.133]  

Currently working 
No®    

Table 4 (continued ) 

Background 
Characteristics 

Ideal family size 

UB [95% CI] AB [95% CI] 

Yes  − 0.00817 
[− 0.0741,0.0578]  

Media exposure 
No exposure®   
Any exposure  − 0.0963* 

[− 0.181,− 0.0120] 
Full exposure  − 0.13 [− 0.273,0.0121] 
Adjusted R-squared  0.1007 

Note: Significant at * p < 0.05, ** p < 0.01, *** p < 0.001; 95% confidence 
intervals in brackets. UB = Unstandardized Coefficients; AB = Standardized 
Coefficients. ®= reference category. 
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contraception is a women’s problem and not of concern to men. No 
significant difference in perceptions over the ideal family size was found 
between men who held that women who used contraception became 
promiscuous and those that did not. The finding of this study are in line 
with another study which found that values associated with male 
dominance are connected with the desire for higher fertility (Isiugo- 
Abanihe, 1994). Many studies also found that women who were more 
tolerant of wife beating have higher fertility and fertility goals (Wol-
demicael, 2007; Upadhyay and Karasek, 2010; Westoff, 2010). 

The age of respondents, discussion of family planning with health 
worker in last few months prior to the study, residence in urban areas, 
and belonging to the general caste category was consistently associated 
with smaller ideal family size than the views of the men’s counterparts 
in the other corresponding groups. Muslim men desired a bigger family 
than Hindu men. In fact, it is reported that religion is one of the major 
factors influencing contraceptive use (Central Statistical Authority, 
2001). Education status showed significant negative association with 
ideal family size. The mean ideal family size decreases with rising ed-
ucation level. Number of living children, wealth quintile, working status 
and media exposure were found to have significant negative associated 
with the ideal family size. Earlier studies also found that the number of 
children preferred by families is influenced by education, place of resi-
dence, economic status, and exposure to media (Adhikari, 2010; David 
and Atun, 2014; Sarvestani et al. 2017). 

5. Conclusion 

Men’s attitudes towards sexual rights of their wives, husband’s 
decision-making authority, men’s acceptance of wife beating, and their 
attitude towards contraceptive use by women are significant predictors 
of ideal family size and use of contraception in India. In addition, men 
play a critical role in family planning and shaping fertility behaviour, 
significantly affecting and aiding women’s empowerment within 
households. Therefore, to reduce fertility and increase contraceptive use 
limit family size, government needs to address the issue of transmission 
of traditional masculine values to the younger cohorts. It is also neces-
sary to promote gender equality through various social interventions 
which are focused on more equitable gender norm and values. 
Furthermore, by facilitating increasing interactions with community 
health worker, as well as by dissemination of information through the 
mass media, the aim of increasing contraceptive use can be achieved. 
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Abstract
Introduction The high success rates of percutaneous nephrolithotomy (PCNL) in the clearance of large renal calculi has 
made it a primary mode of surgical management in adults. Similarly, in children too PCNL has been gaining ground and the 
indications for the same are on the rise. We retrospectively evaluated the safety and efficacy of this technique, in children 
below 18 years of age.
Materials and methods We retrospectively reviewed the inpatient, outpatient records, imaging films of all children with 
renal stones undergoing PCNL at our hospital.
Results During the study period, 123 children underwent 129 PCNL at our centre for renal calculi. The mean age was 
11.06 years and 87 (70.73%) of the children were males. The size of the stones varied from 15 to 37 mms in the longest 
diameter. A complete staghorn was noted in six (4.65%) and a partial staghorn in nine (6.97%) children. Supine PCNL was 
performed in 21 (16.2%) children and remaining 102 (83.7%) children underwent PCNL in prone position. The mean drop 
in haemoglobin was 1.24 gm%. Stone clearance was achieved in 122 (94.5%) children. Post-operatively four (3.1%) children 
needed blood transfusions due to excessive bleeding.
Conclusions Refinements in percutaneous access techniques, miniaturization of instruments, and technologic advances in 
energy sources for lithotripsy have led to improvement of outcomes and have lowered the morbidity rates in children follow-
ing PCNL. It is a safe and effective means of clearing large volumes of renal calculi with minimal morbidity.

Keywords Percutaneous nephrolithotomy · Children · Renal calculi · Morbidity

Introduction

Percutaneous nephrolithotomy (PCNL) has established itself 
as a safe and effective procedure in the management of large 
stone burdens in adults. Concerns regarding the use of large 
instruments in children, damage to renal parenchyma and 
associated effects on renal function, exposure to radiation 
with the use of fluoroscopy and complications such as bleed-
ing and sepsis had made Pediatric Urologists hesitant to use 
this procedure initially [1]. As experience accumulated over 
period of time, PCNL has been presently used as either a 

monotherapy or in combination with shockwave lithotripsy 
(SWL) as a sandwich therapy in children, achieving stone- 
free rates ranging from 68 to 100% [1–3]. Currently, there 
exists no International consensus regarding the indications 
for PCNL in children. Similar to that in adults, the indica-
tions for PCNL in children include large upper tract stone 
burden (> 1.5 cm), lower pole calculi larger than 1 cm, con-
current anatomic abnormality impairing urinary drainage 
and stone clearance, or known cystine or struvite composi-
tion [4, 5].

The Clinical Research Office of the Endourological Soci-
ety (CROES) conducted a study between November 2007 
and December 2009, that included 96 centres and > 5800 
patients. Of these, 107 children aged ≤ 14 years who under-
went PCNL were analysed. The PCNL procedure was con-
ducted in 13 patients (12.1%) in the supine position; tube-
less PCNL was performed in 15 patients (14%); and balloon 
dilatation was preferred in 22 patients (20.5%). The overall 
mean operative duration was 97.02 min; blood transfu-
sion rate, fever and stone-free rates were 9, 14 and 70.1%, 
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respectively. The mean sheath size and nephrostomy tube 
size were larger in school-age children than the preschool 
children (P = 0.01 and 0.002, respectively). There was a dif-
ference in the preferred methods for confirming stone-free 
status, with ultrasonography being more preferred in the 
preschool children (P < 0.001) [6]. The authors concluded 
that PCNL could be applied safely and effectively in children 
of all age groups, and the outcomes were comparable with 
those in adults including success and complications. In this 
paper we have retrospectively reviewed our series of children 
who underwent PCNL and analysed the success rate, com-
plications and biochemical composition of the renal stones.

Materials and methods

With permission obtained from the University/Institutional 
ethical committee, we retrospectively reviewed the inpatient, 
outpatient records, imaging films of all children with renal 
stones undergoing PCNL at our hospital (Figs. 1 and 2). 
Age, gender, symptoms and clinical findings were noted. 
Similarly, the imaging films were accessed and analysed. 
The indications for surgery, positioning of the patient, instru-
ments used and blood loss was noted. Blood transfusion rate, 
complications such as fever, post-operative bleeding and 
infections were noted. Stone free rates, residual calculi and 
adjuvant procedures were also noted.

Fig. 1  a Plain X-ray KUB shows a 13 mm calculus in the Rt. kidney in a 15 yrs. old girl. b Shows pre-PCNL Rt. retrograde pyelography. c 
Shows complete clearance of stone following PCNL

Fig. 2  a CT scan shows a 14 mm Rt. renal calculus in a 9 yrs. old boy. b A pre-PCNL Rt. retrograde pyelography. c Shows complete clearance 
of stone following PCNL
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Positioning of the patient

All PCNL procedures were performed under general anaes-
thesia. Initially the child was positioned in a lithotomy posi-
tion and an initial cystoscopy was done. The affected side 
was catheterized using a 3/5 Fr open ended ureteric catheter 
and a retrograde uretero-pyelography was performed. The 
open-ended ureteric catheter was left in place for use dur-
ing the PCNL procedure. For children undergoing PCNL in 
prone position, the children were turned prone. In children 
who were planned to undergo supine PCNL, the patients 
were positioned in the typical Galdakao‐modified supine 
Valdivia (GMSV) position, with the leg of the side to be 
operated extended and the contralateral one well abducted 
(Fig. 3).

Percutaneous nephrolithotomy

Using bi-planar fluoroscopy an initial puncture into the col-
lecting system was made. The calyx offering the most direct 
access to the stone was selected for puncture. A hydrophilic 
guide wire was passed through the needle into the collecting 
system and used for further dilatation of the tract using Tef-
lon dilators as well as telescoping metallic dilators. A safety 
wire was always used. The tracts were dilated depending on 
the size of the nephroscope (10/15 Fr) for placement of an 
Amplatz sheath of 12/16 Fr inner diameter. After entering 
the system, the stone was identified and fragmented using 
either a pneumatic lithoclast or a holmium laser. Additional 
punctures were placed if required. Stone clearance was 
assessed by intra-operative fluoroscopy and endoscopy. At 
the end of the procedure, a 10/14 Fr nephrostomy tube was 
placed within the tract and clamped for 12 h or overnight. 
The following morning plain X‐ray of KUB region and 
abdominal ultrasonography was done to ensure complete 
clearance. The nephrostomy was removed in the absence 

of residual significant stone fragments. The child was dis-
charged 48–72 h after surgery. The child was called for fol-
low‐up after 2 weeks. The treatment success was defined 
as the child being free of any stone fragments (> 4 mm) by 
30 days posttreatment.

Results

During the period Jan 2010 till Dec 2019, 123 children 
underwent 129 PCNL (6 bilateral) procedures at our cen-
tre for renal calculi. The mean age was 11.06 years and 87 
(70.73%) of the children were males (Table 1). The symp-
toms included abdominal pain, fever with chills, vomiting 
and haematuria. Eight children (6.5%) had undergone inter-
ventions for urolithiasis previously which included SWL in 5 
and ureteroscopy in 3. None of the children had any skeletal 
abnormalities.

All children had normal renal function (mean pre-op cre-
atinine was 0.6 mg%, range (0.4–1.0 mg%). Pre-operative 

Fig. 3  Patients position in 
supine PCNL

Table 1  Demographics of children with Renal Calculi

0–6 yrs 7–12 yrs 13–18 yrs Total

Patients 10 86 27 123
Mean age 5.8 ± 0.42 11.79 ± 0.43 15.59 ± 2.25 11.06 ± 4.93
Male 8 61 18 87 (70.73%)
Female 2 25 9 36 (29.26%)
Previous 

interven-
tions (ipsi-
lateral)

– 2 1 3

Previous 
interven-
tions (con-
tralateral)

– 3 2 5
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evaluation in children included complete hemogram coagu-
lation profile, renal function test, ultrasonography and com-
puter tomography. Six children had bilateral renal calculi 
on imaging. The size of the stones varied from 15 to 37 
mms in the longest diameter. The stone size (Table 2) in 
terms of square mm ranged from 170 to 870  mm2. A com-
plete staghorn was noted in 6 (4.65%) and a partial stag-
horn in 9 (6.97%) children. Supine PCNL was performed 
in 21 (16.2%) children and the indications were single large 
renal pelvic calculi with/without an upper calyceal calculi 
and wide upper infundibulum. The remaining 102 (83.7%) 
children underwent PCNL in prone position.

The procedure was performed with a single tract in 118 
(91.4%) children, whereas 9 (6.97%) children required 
multiple tracts to access the calculi. The mean drop in hae-
moglobin was 1.24 gm% (Table 3). None of the children 
required intra-operative blood transfusions. Stone clearance 
was achieved in 122 (94.5%) children with intra-operative 
fluoroscopy showing complete clearance of stone fragments. 
There were residual fragments in 7 (5.4%) children which 
could not be cleared due to non-visualization or excessive 
bleeding. All these residual fragments were noted in chil-
dren with stones bigger than 20 mm. The residual frag-
ments ranged between 5 and 9 mm in size. All these chil-
dren underwent SWL 6 weeks later and clearance was noted. 
Clearance was confirmed by both ultrasonography imaging 
as well as plain X-ray KUB region.

Post-operatively 4 (3.1%) children needed blood trans-
fusions due to excessive bleeding. All these children were 
those who require multiple tracts to access the calculi and 
the stone was bigger than 21 mm. Other complications that 
were noted was post-operative fever 12 (9.3%), stent related 
symptoms 4 (3.1%) and pain with vomiting 1 (0.77%). 
Complete clearance of stone was noted in all children by 
16 weeks following PCNL. Most of the stones were calcium 
oxalate 108 (83.7%), calcium phosphate 3 (2.32%), uric acid 
9 (6.97%) and the rest 9 (6.97%) were mixed calculi. There 
were no metabolic abnormalities noticed in any of these chil-
dren. Post-operative serum creatinine done six weeks after 
this procedure showed a mean value of 0.61 mg%.

Discussion

It has been noticed that the incidence of urolithiasis is on 
the rise world over. Sas et al. [8] reported that urolithiasis 
affected around 50 cases per 100,000 children [9]. The vast 
majority of urinary stones in children are calcium stones, 
consisting of calcium oxalate and to a lesser extent calcium 
phosphate. However, urate, cysteine or struvite stones are 
less common. Just like in adults, most paediatric urinary 
stones can be managed effectively by minimally invasive 
treatment modalities such as extracorporeal shock wave 
lithotripsy (SWL), percutaneous nephrolithotomy (PCNL), 
retrograde intrarenal surgery (RIRS) [7, 10]. PCNL is cur-
rently recommended as a primary treatment option in the 
management of large renal stones (> 20 mm) and also in 
the management of lower calyceal stones > 10 mm, as per 
the guidelines of the European Association of Urology [11].

Improvements in endourologic devices, miniaturization 
of the sheaths and endoscopes, use of laser as an energy 
source has led to the use of PCNL as a safe and effec-
tive option in children. Earlier, adult instruments (24–30 

Table 2  Size of stones varied 
between < 10 and > 31 mm

Size of stone n

 < 10 mm –
 < 11–20 mm 71
 < 21–30 mm 40
 > 31 mm 18
Total 129

Table 3  Operative details

SWL Shockwave lithotripsy

Parameter n (%)

Total Patients 123
Total Procedures 129 6 patients had bilateral renal calculi
Complete Staghorn 6 (4.65)
Partial Staghorn 9 (6.97)
Supine PCNL 21 (16.2) Large pelvic calculi-16, with upper calyceal calculi-5
Single Tract 118 (91.4)
Multiple Tracts 9 (6.97)
Supracostal Puncture 2 (1.5)
Auxiliary Procedures 7 (5.4) SWL-7 (5.4)
Drop in haemoglobin (gm%) 1.24
Operative time (min) 66 (50–90)
Complications 19 (14.7) Bleeding, pain, fever, stent related symptoms
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F) were used for PCNL in children, causing several com-
plications that included drop in haemoglobin, need for 
blood transfusions, damage of the renal parenchyma, and 
increased need for postoperative analgesia. However, over 
the past two decades smaller calibre sheaths (11–20 F) 
and endoscopes are available and are in use, leading to 
decrease in morbidity. Recently Micro-PCNL or microp-
erc has also been described as another minimally invasive 
PCNL technique that is performed using a 4.8 F all-seeing 
needle [12].

The goals of surgical intervention for renal stones 
remain the same as in for adults: to achieve stone clear-
ance with the minimal number of procedures, risk con-
ferred, and complications [13]. The choice of intervention 
is determined primarily by the size and location of the 
stone, patient anatomy, and patient (and provider) prefer-
ence [13]. Secondary factors include patient comorbidi-
ties, composition of stone, and equipment availability. 
Currently, the choice of the type of surgical intervention 
is heavily influenced by the institution where the child 
obtains care [14]. As of today there exists no consensus 
regarding the maximum size of residual fragments that 

are considered clinically significant for children, and as 
a result there is no clear definition as to what constitutes 
“stone-free” status (Table 4) [13].

Children with renal stones are exposed to radiation during 
diagnostic evaluation, operative treatment, and for surveil-
lance after surgery (Table 5) [15, 16]. PCNL typically uses 
fluoroscopy, which delivers ionizing radiation and this is 
a matter of concern. Ristau et al. [17] reported the median 
fluoroscopy times for unilateral URS, bilateral URS, and 
PCNL were 1.6, 2.5, and 11.7 min, respectively. This was 
equivalent to 16.8 mSv for PCNL. For a patient undergoing 
a CT scan, PCNL, and three radiographs in a 1-year period, 
the average cumulative radiation exposure would be 32 mSv, 
and the current guidelines recommend a maximum dose of 
50 mSv in a 12-month period, and an average of < 20 mSv/
year over a 5-year period [18]. This definitely approaches 
the limits of recommended ionizing radiation exposure for a 
child requiring PCNL for a single large stone. It is a particu-
larly important to look at the cumulative radiation exposure 
in children, considering that they are more likely than adults 
to require future diagnostic imaging and surgical interven-
tions that use ionizing radiation [19].

In spite of the AUA recommendations for the use of both 
SWL and PCNL as options in the management of renal 
stones greater than 20 mm in children, several experts rec-
ommend PCNL because SWL has been found to be less 
effective than PCNL for large renal stones [13, 20]. Accu-
mulated evidence has also shown that PCNL has been con-
sidered as a first-line therapy in the treatment of renal stones 
greater than 20 mm in children, with stone clearances of 
approximately 90% [21]. Several of the contemporary 
series have shown good outcomes with PCNL in children 
(Table 6).

The stone-free rates reported in literature have range 
widely from 58 to 99% when PCNL was used as primary, 
monotherapy [28]. The reported complication rates range 
from 15 to 39% [13]. Most of these complications are of 
minor in nature, however complications greater than or equal 

Table 4  Complications as per Modified clavien classification

Grade I – 0
Grade II Post-operative bleeding 4 (3.1%)

Post- operative fever 12 (9.3%)
Pain with omitting 1 (0.77%)
Stent related symptoms 4 (3.1%)

Grade III, IV and V – 0

Table 5  Radiation exposure during PCNL

Fluoroscopy time 45–70 s
Fluoroscopy exposure mGy 90–105 mGy

Table 6  Contemporary 
outcomes of PCNL in children

PNE pneumatic lithotripsy; HOL Holmium laser lithotripsy

Author n Age (mean) Tract size Lithotrite Stone 
clearance 
(%)

Dede et al. 2015 [22] 39 5.8 12 F PNE/HOL 82
Daw et al. 2015 [23] 26 3.7 14 F HOL 77
Citamak et al. 2016 [24] 346 8.5 14–30 F PNE/HOL 73
Yadav et al. 2017 [25] 639 12.2 ≤ 2–4 F PNE/HOL 94
Pelit et al. 2017 [26] 74 1.8 17 F PNE 84
Sharma et al. 2019 [27] 20 8.4 18–22 F – 95
Nerli et al. 2018 [7] 10 11.5 18 F PNE/HOL 90
Present Series 123 11.0 12/16 F PNE/HOL 94.5
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to Clavien 3 occur in 1–16% (Table 4). Operative bleeding 
leading to need for blood transfusions in < 10% of cases 
[13]. Other complications reported include, postoperative 
fever (30%) and transfusions (24%). When efficacy rates 
were stratified using tract size (14, 20, 24 F), they were 
similar in all groups, however there were no complications 
noted in the group using 14 F tract size [29]. Onal et al. [30] 
reported on a large multi-centric study that demonstrated 
that the most significant determinants affecting complication 
rates were operative time, sheath size, mid-calyceal punc-
ture, and partial staghorn formation. Moreover, PCNL has 
not been responsible for loss of renal function or scarring 
[31].

Conclusion

PCNL in children is a safe and effective means of man-
aging renal calculi. Refinements in percutaneous access 
techniques, miniaturization of instruments, and techno-
logic advances in energy sources for lithotripsy have led to 
improvement of outcomes and have lowered the morbidity 
rates in children following PCNL.
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Abstract

Congenital salivary gland fistulas are uncommon. They develop as a result of abnormalities of the first
and second branchial arches. Operative and nonoperative methods of management have been
described. We report two rare cases of congenital parotid fistula presenting to us in infancy that were
managed surgically.

K�������: Congenital, excision, parotid gland, salivary fistula, salivary gland

I�����������

Salivary gland fistulas are rare entities which can originate from any of the salivary glands, but are
mostly parotid in origin.[1,2,3] They may infrequently arise from ectopic or accessory glands as well as
from normal parotid glands through an aberrant Stensen's duct. They may be congenital or acquired.
[1,2] Salivary fistulas in children tend to be congenital compared to adults where it usually occurs
secondary to facial and neck trauma, surgical procedures, and inflammation.[4] There are very few case
reports in the indexed English literature on congenital parotid fistulas. Most patients managed
surgically were more than 5 years of age, the youngest being 2-year-old.[5] Both our cases were infants
who were managed surgically.

C��� R����� 1

A 1-year-old girl presented with serous discharge from the right cheek since birth which increased on
chewing. On examination, there was a 1 mm × 1 mm cutaneous opening over the right cheek, 2 cm
lateral to the angle of the mouth along with bilateral preauricular skin tags [Figure 1a]. Intraoral
examination and duct opening of parotid and submandibular gland was normal on both sides. Sinogram
with a 24G cannula showed a thin tubular tract directed posteromedially from the external opening on
the cheek into the region of the Stensen's duct/parotid gland [Figure 1b]. There was no communication
with the oral cavity or mandible. Under general anesthesia, the external opening was cannulated with a
24G intravenous plastic cannula and methylene blue injected [Figure 1c]. With circumferential fine
dissection around the external opening, the fistula tract was separated from the skin and subcutaneous

Try out PMC Labs and tell us what you think. Learn More.

1

https://dx.doi.org/10.4103%2Fjiaps.JIAPS_25_20
https://www.ncbi.nlm.nih.gov/pubmed/33953513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pattanshetti%20S%5BAuthor%5D&cauthor=true&cauthor_uid=33953513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Menon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=33953513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Solanki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=33953513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saxena%20A%5BAuthor%5D&cauthor=true&cauthor_uid=33953513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC8074831/
https://ncbiinsights.ncbi.nlm.nih.gov/2021/06/02/pmc-labs/


1/18/22, 6:39 PM Congenital Parotid Fistula: Surgical Management in Two Infants and Review of Literature

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/ 2/5

fat of the cheek and brought into the oral cavity. Further intraoral dissection showed the tract initially
going vertically down for 2 cm then turning posteriomedially for 1 cm to finally opening into the right
Stensen's duct near the lower part of the parotid gland [Figure 1d]. The fistulous tract was transfixed
and ligated at its origin in the duct and excised in toto [Figure 1e]. At 1-year follow-up, she has a
negligible scar with a good cosmetic outcome [Figure 1f].

Open in a separate window
Figure 1

Pictures of case no. 1: (a) Salivary fistula 2 cm from angle of mouth. (b) Sialogram showing the fistula
tract (arrow). (c) Injection of methylene blue into fistula via 24G cannula (arrow head) and intra oral
dissection. (d) Identification of accessory duct by presence of dye. (e) Excised tract. (f) Cosmetic outcome
at 1-year follow-up

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F1/
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C��� R����� 2

An 8-month-old male child presented with salivary discharge from the right cheek since birth. On
inspection, there was a 1 mm external fistulous opening, 2 cm from the angle of the mouth with
ipsilateral preauricular appendage. Intraoral examination was normal. On sinogram, no obvious tract
could be identified. Under general anesthesia, cannulation of external fistulous opening was extremely
difficult due to its very narrow caliber. A 24G plastic cannula could be passed for only 5 mm through
which methylene blue dye was injected. Similar dissection was done as in the previous case with the
tract being dissected externally and transposed intraorally. Diffuse intraoral discoloration by the dye
was noted and insufficient length of cannula within the duct made identification of further intraoral
tract difficult and the procedure had to be abandoned. The preauricular skin tag was excised.
Postoperatively, there was local edema and a small dry ulcer over the cheek [Figure 2]. It eventually
healed with secondary intention. At 1-year follow-up, there is no external salivary discharge with good
cosmetic outcome.

Figure 2

Postoperative pictures of case no. 2 taken 1 month after surgery showing a small ulcer at the site of the
original salivary fistula

D���������

A salivary gland fistula is an anomalous connection between any of the salivary glands or their ducts
and the cutaneous surface, through which saliva is discharged.[4] Congenital parotid gland fistula
usually open on the facial skin near the angle of the mouth.[1] They can also open in the retroauricular
region, mucosa of oral cavity, and neck.

Embryologically, once the maxillary and mandibular processes that originate from first branchial arch
get fused, the normal position of parotid duct at the level of superior second molar is attained inside the
mouth.[3] Some primitive tissue of parotid gland accompanied by its duct may get isolated from its
parent tissue with an arrest in migration posteriorly and get placed anterior to the main parotid gland.
[5] This explains why congenital parotid fistulas open near the oral commissure, in the line of fusion of
maxillary and mandibular processes as seen in both our cases.[3,5] Although both our patients had right

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8074831/figure/F2/
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sided fistula with one each in a boy and a girl, literature review suggests no strong predeliction for
laterality with the left side being involved only 1.29 times more often than the right.[5] Male
dominance has been noted in a ratio of 1.67:1.[5]

If the fistula is accompanied by ipsilateral preauricular appendage and rarely mandibular hypoplasia, it
can be considered as a component of oculo-auriculo-vertebral spectrum, due to developmental
anomalies of the first two pharyngeal arches.[5] Two such cases have been reported with Goldenhar
syndrome, a hereditary disorder characterized by several other anomalies affecting the first and second
branchial arches.[6] Both our patients had congenital salivary fistula and preauricular appendages, with
no other obvious abnormalities.

Accessory parotid glands occur as a common variant in nearly 21% of the population and are generally
continuous with the Stensen's duct. The ectopic accessory parotid system (EAPS) is a term described
recently for a parotid gland fistula arising from an ectopic accessory gland and accessory parotid gland
possessing its own duct and is very rare.[3,5,7]

Conventional sinogram was done in both our cases. It delineated the tract in the first case, but was not
useful in the second. Computed tomography or magnetic resonance (MR) fistulography may delineate
the anatomy better with the latter giving superior soft-tissue resolution including detection of EAPS.
Combining conventional sinogram with MR fistulography may be the investigation of choice.[5]
However, age of the child and narrow caliber of the duct may not make these studies feasible.[8]

Although numerous conservative and operative modalities have been described, success rates are
variable. Conservative methods are directed toward reducing the parotid secretions. The surgical
procedures include those that divert the secretions into the mouth and those that decrease secretions of
parotid either by ligation or excision of duct and rarely, superficial parotidectomy. Fibrin glue has been
used for acquired post parotidectomy fistulas in adults. Recurrence is high due to inactivation of the
glue by saliva.[9] Hot hypertonic saline has also been tried in different concentrations in postsurgical
fistulas in adults but not reported in congenital fistulas.[10] Chemocauterization with 35%–50%
trichloroacetic acid has been tried in a 5-year-old girl with good cosmetic outcome, but requires general
anesthesia with multiple applications.[11]

Among the surgical methods, duct ligation can lead to postoperative pain, edema, and gland
engorgement. Patients with EAPS are better managed by complete excision of the tract along with the
ectopic gland. Superficial parotidectomy has also been performed, but it is a very radical procedure for
this condition with chances of facial nerve injury.[4] Delore's method of intraoral transposition of the
duct for salivary drainage has been successfully done by many surgeons.[1] While we were able to
completely excise the accessory duct in the first case, in the second case, the exact course of the fistula
could not be delineated. The external opening was transposed intra orally with good results. In infants
with a narrow delicate tract, this procedure may be sufficient rather than injuring the main parotid duct.
Both our cases will be kept on long-term follow-up to look for any recurrence or parotitis.
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ABSTRACT

Introduction and Aim:Co-existence of thyroid disorder and Diabetes Mellitus is no more a

coincidence. The cause and impact of thyroid disorder on glucose levels or vice versa is a well -

established fact.Hence in this study we wanted to know the glycemic status by estimating

fructosamine and glycated hemoglobin of the newly diagnosed thyroid patients without diabetes

mellitus. The aim of the study was to estimatefructosamine and glycated hemoglobin levels in newly

diagnosed subclinical hypothyroid, clinical hypothyroid and hyper thyroid patients without diabetes

mellitus.

Material and Methods:Twenty cases of subclinical hypothyroid,30 cases of hypothyroid,30 cases of

hyperthyroid   and 30 healthy participantswere included in the study. Fasting plasma glucose and

thyroid profile was estimated in suspected cases of thyroid disorder and participants with fasting

plasma glucose (FPG) more than 110 mg/dL were excluded from the study.The participants who were

eligible for an inclusion criterion were estimated for fructosamine by nitro bluetetrazolium, (NBT)

method andion-exchange high performance liquid chromatography was for glycated hemoglobin.
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Results:In Subclinical hypothyroid group there was a statistically significant increase in the mean

fasting plasma glucose, fructosamine and glycated hemoglobin levels when compared with the

controls.There was a significant increase in the mean fasting plasma glucose,fructosamine and

glycated hemoglobin(HbA1c) levels in clinical hypothyroid group when compared with the

controls.Pairwise comparison of FPG (p=0.001), fructosamine (p=0.001) and HbA1c (p=0.001) levels

with controls showed a statistically significant difference.In clinical hyperthyroid group the mean

FPG and HbA1c levels were high and low fructosamine levels when compared with the controls by

one way ANOVA.Pairwise comparison of FPG (p=0.001), fructosamine levels (p=0.001) and HbA1c

(p=0.001) levels (p=0.001) with controls showed a statistically significant difference.

Conclusion: Unidentified hyperglycemia could have an impact on thyroid disorder leading to its

complication.Hence a systematic approach to fructosamine testing(monitor the plasma glucose

concentration over 2–3 weeks) as a routine test in thyroid disorder patients, needs to be

considered.Also the management of hyperglycemia in thyroid patients without diabetes mellitus may

prove  to be beneficial.
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Abstract

AIM:

The present study explored Cynodon dactylon hydro-ethanolic extract (CDE) effect on scopolamine-
induced amnesic rats.

MATERIALS AND METHODS:

C. dactylon extract was subjected to antioxidant (DPPH and H O ) and acetylcholinesterase enzyme
tests by in vitro methods. Scopolamine (1 mg/kg, i.p) was administered to rats except for normal
control. Donepezil (3 mg/kg, p.o), CDE (100, 200, and 400 mg/kg p.o) were administered to treatment
groups. Behavioral paradigm: Morris water maze (MWM), elevated plus maze (EPM), and passive
avoidance test (PAT) were conducted. Later, rats were sacrificed and brain homogenate was tested for
levels of acetylcholinesterase, glutathione, and lipid peroxidase. Histopathology examination of cortex
and hippocampus of all the groups was done.

STATISTICAL METHOD:

The statistical methods used were ANOVA and Tukey's post hoc test.

RESULTS:

CDE antioxidant activity was demonstrated by decreasing DPPH and H O  levels confirmed through
in vitro analysis. Treatment group rats reversed scopolamine induced amnesia by improvement in
spatial memory, decreased transfer latency and increased step through latency significantly (P<0.001)
in behavior models such as morris water maze, elevated plus maze and passive avoidance task
respectively. CDE modulated acetylcholine transmission by decreased acetylcholinesterase enzyme
level (P < 0.001) and scavenging scopolamine-induced oxidative stress by increased reduced
glutathione levels and decreased lipid peroxidation levels in the rat brain. CDE and donepezil-treated
rats showed mild neurodegeneration in comparison to scopolamine-induced severe neuronal damage on
histopathology examination.
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CONCLUSION:

C. dactylon extract provides evidence of anti-amnesic activity by the mechanism of decreased
acetylcholinesterase enzyme level and increased antioxidant levels in scopolamine-induced amnesia in
rats.

Keywords: Acetylcholinesterase, antioxidant, Cynodon dactylon, dementia, neuroprotection

Introduction

Dementia is an umbrella term that includes Alzheimer's disease (AD) expressing features of
neurodegeneration that leads to memory impairment and behavioral changes that interferes with work,
social activities, and impairs a person's ability to perform routine activities. According to Alzheimer's
Disease International association, globally over 50 million people are affected by dementia and 152
million people will be living with dementia by the end of 2050.[1]

AD is a progressive disorder and has a major risk impact on the aging process. The pathological
hallmarks for AD are hypothesized such as interruption in the cholinergic neuronal system, abnormal
amyloid pathway, hyperphosphorylation of protein “tau,” and its accumulation in the brain. Hence,
multiple cellular and biochemical changes diversify pathological abnormalities.[2] The well-recognized
pathology in AD is the cholinergic neuronal loss in the basal forebrain; which is essential to regulate
cognition, sleep-wake cycle, and learning new tasks. Modulation of cholinergic transmission is
necessary in the treatment of AD; hence, acetylcholinesterase enzyme inhibitors (AChEI's) are
considered as major targets since these decrease the breakdown of acetylcholine.[3] Currently, FDA-
approved drugs such as donepezil, rivastigmine, galantamine (AChEI's), and memantine (NMDA
antagonist) slow down the progression and show symptomatic relief but do not cure AD. The donepezil
is used as the first choice of treatment which prevents hydrolysis of residual acetylcholine in the brain
along with the anti-inflammatory pathway. However, its beneficial effects are up to 36 weeks and can
cause central and peripheral cholinergic side effects for long-term therapy.[4]

Many medicinal therapies have been used in the treatment of neurological diseases since ancient times.
Cynodon dactylon (L.) Pers is included in the family Poaceae known by Bermuda grass (English),
traditionally used to treat epilepsy, dropsy, wound infections, piles, and snakebite.[5]

The preclinical studies of different types of C. dactylon extracts possess central nervous,
cardiovascular, antidiabetic, gastrointestinal, antioxidant, immunological, anti-allergic, anti-
inflammatory, antipyretic, analgesic, anticancer, dermatological, diuretic, protective, antimicrobial, and
antiparasitic activities.[6]

As per the Unani system of medicine, C. dactylon was reported as the heart and brain tonic.[7]
However, scientifically, limited literature is available regarding research of C. dactylon effects for its
potential to treat dementia so far. Hence, the present study was planned to test C. dactylon hydro-
ethanolic extract (CDE) effect on scopolamine caused amnesia in rats and may explore the potential
traditional claim for the modern treatment of dementia.

Materials and Methods

Collection plant and preparation of extract

The C. dactylon whole grass was collected from the local regions of Belagavi, Karnataka, India. The
plant was authenticated by a botanist and voucher number RMRC-1391 was deposited at ICMR-NITM,
Belagavi. Collected plants were washed carefully and dried in shade for 15 days. The powdered
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material was macerated using ethanol: water (70:30) for 7 days; the residue was refluxed by Soxhlet
apparatus up to 8–12 h. The hydro-ethanolic extract was cooled and concentrated by evaporation and
stored under refrigerated conditions, until further studies.

The CDE was screened for the presence of flavonoids, tannins, phenols, saponins, glycosides, and
alkaloids qualitatively according to protocols described by Oshadie et al.[8] Ash values, water, and
alcohol-soluble extractives were tested as described by Kokate.[9]

The quantitative estimations of total flavonoid and total phenolic contents were determined by methods
explained by McDonald et al.[10] Results were expressed for flavonoid as quercetin equivalent and
phenolic content as gallic acid equivalent.

Drugs and chemicals

All the reagents used were of analytical grade. Quercetin, acetylthiocholine iodide, donepezil
hydrochloride, DPPH, acetylcholinesterase enzyme (Source: Electrophorus electricus), Tris HCl,
DTNB, and H O  were procured from Sigma-Aldrich (USA). Gallic acid, ethanol (Hi-media, India),
and scopolamine hydrobromide (Vital Laboratories; Gujarat, India) were used.

In vitro assays

Estimation of DPPH and H O

DPPH and H O  scavenging activity of C. dactylon extract was tested as described by Teh et al.[11]
and Ruch et al.,[12] respectively. Three independent assays were carried out using ascorbic acid as a
standard control to ensure precision.

Acetylcholinesterase enzyme inhibition assay

Acetylcholinesterase activity of CDE by in vitro was measured by 96-well microplate assay using
Ellman's method described by Dhanasekaran et al.[13] The AchE enzyme inhibition was recorded in
triplicates to determine inhibition concentration  (IC ) values by linear regression analysis.

In vivo studies

Animals

The Wistar albino rats 18 months old (280–300 g; either sex) were procured from In vivo Biosciences;
Bangalore, India. Animal ethical approval was obtained from IAEC-KLECOP/CPCSEA and Reg. No-
221/Po/Re/S/2000/CPCSEA. These rats were acclimatized and housed in stainless steel cages in room
temperature 25°C ± 2°C, 12 h light-dark cycle with access to water ad libitum.

Acute oral toxicity studies

Organization for Economic Co-operation and Development guidelines, 423 (OECD 2001) was used to
determine observable adverse effects and safety of C. dactylon extract for the purpose to find out a safe
dose for further studies.[14]

The hydro-alcoholic extract of C. dactylon was dispersed in CMC (0.5%) and rats were administered as
single dose of 2000 mg/kg by gastric gavages using an oral feeding needle to rats (n = 3). Control
group rats were administered water as a vehicle. After the treatment of CDE, the number of rats
survived was considered. Symptoms of toxicity were observed and reported 24 h; further housed up to

2 2

2 2

2 2
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14 days with daily observations. Mobility, skin changes, sensitivity to pain, sensitivity to sound,
respiratory movements, and aggressiveness were the visual observations in this study. Toxic effects of
the extract were analyzed based on mortality and were expressed as LD

Preparation of drug solutions

Based on previous reports, the dried hydro-ethanolic C. dactylon extract was reconstituted in
carboxymethyl cellulose (0.5%) and administered for 15 days[15,16] and as per the previous report,
[17] the present study used scopolamine 1 mg/kg, i.p route as inducing agent for 30 days as because it
provokes cognitive impairment in animal models. Scopolamine and donepezil were dissolved in a
normal saline solution; fresh drug solutions were prepared on each day of experimentation.

Study design

Rats used for the experiment were selected randomly, (n = 6) into six groups as mentioned: Group I:
received normal saline + 0.5% CMC (normal control), Group II: scopolamine (SCO) 1 mg/kg, through
i.p route (disease control), Group III: SCO + donepezil 3 mg/kg p.o (standard control), Group IV: SCO
+ CDE 100 mg/kg p.o; Group V: SCO + CDE 200 mg/kg p.o, Group VI: SCO + CDE 400 mg/kg, p.o.
The scopolamine 1 mg/kg was administered intraperitoneally to groups II-VI for 30 day to provoke
cognitive impairment. Meanwhile, donepezil and treatment control C. dactylon extract with CMC
(0.5%) were administered from 16 to 30  day to treatment groups to intervene scopolamine-induced
amnesia.

Behavioral assessment

Morris water maze test

The water-filled circular pool with 10 cm × 10 cm immersed 2 cm under the water surface. The
individual rat was subjected to 4 times test/day for 4 days and retention of memory was tested on 30
day. During each training day, the starting place was randomized but kept the same for all the rats in
each experiment; in each trial, rats' head pointed at the sidewall when allowed to swim for 90 s to
check missing platform. Before the test, rats were habituated for training trials and were allowed to
swim. If it is not habituated, then the rat was placed manually for 30 s suppose if rats do not reach the
platform in 120 s. On day 30, the platform was taken away from position, then time spent to the search
of the missing platform is considered as probe trial referred as retrieval of memory.[18]

Elevated plus maze

This apparatus is composed of four arms (two closed and two open arms). Day 1, rats were individually
placed near the either ends of open arm. Transfer latency was considered as acquisition trial if rat
moves towards closed arm. Retention of memory of rats was recorded on day 30 using TL and
percentage time spends in the open arm.[19]

Passive-avoidance task

The apparatus has a light and dark compartment connected by an opaque guillotine door. The floors of
both compartments were made of stainless steel rods (3 mm diameter) spaced 1 cm apart. The test was
carried out according to the method followed as per Pitchaimani et al.[20] Step-through latency was
considered on day 1 as acquisition test and day 30 as a retention test.

Collection of brain sample

50.

th

th
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The cervical dislocation was performed to sacrifice rats immediately after cognitive tests. From the
skull, the brain was gently taken out then homogenized brain and centrifuged; the supernatant was
collected then used for the biochemical assays.

Biochemical assay

Acetylcholinesterase enzyme test

Brain tissue 20 mg (hippocampus)/mL of phosphate buffer (0.1 M; pH 8) was homogenized and 0.4
mL aliquot of brain homogenate was added to a cuvette containing 2.6 mL of 0.1 M phosphate buffer,
100 µL of DTNB reagent. The substrate acetylthiocholine iodide 20 µL was added. The change in
optical absorbance was measured every 2 min for 10 min at 412 nm to provide a measure of enzyme
activity.[21]

Estimation of lipid peroxidase

Lipid peroxidation (LPO) is measured by the amount of TBARS present in the hippocampus of a rat
brain. Ohkawa et al.[22] described the method was followed to test LPO. The TBARS value is
expressed as nanomoles of MDA/mg of protein.

Glutathione (reduced) level estimation

The procedure described by Ellman et al.[23] was used to estimate the level of reduced glutathione
(GSH) in brain homogenate and values were expressed in µmoles/mg of tissue.

Histopathology of rat brain

The brain tissue of the rat was collected and fixation was done using 10% neutral buffer formalin.
These were processed to obtain 4 µm paraffin-embedded sections. These different specimens were
stained using Hematoxylin and Eosin and observed under a microscope.[24]

Statistical analysis

Mean ± standard error of mean was indicated for all test values. Tukey's post hoc multiple comparison
test followed by ANOVA was used to analyze statistical differences of various groups. Mean values
were considered statistically significant if P < 0.05, P < 0.01, or P < 0.001.

Results

Phytochemical screening of Cynodon dactylon hydro-ethanolic extract

The CDE % yield was 9.47% W/W and showed the presence of phytoconstituents such as phenols,
flavonoids, tannins, saponins, and steroids. The total ash value (9.5%), acid insoluble ash (6.0%),
water-soluble extract (10.2%), and alcohol-soluble extract (4.2%) W/W were reported. The quantitative
estimation of CDE such as total phenolic and total flavonoid content was found to be 71.07ug/ml
(GAE/g) and 106 ug/ml (QE/g), respectively.

Antioxidant activities of Cynodon dactylon

The C. dactylon extract inhibits DPPH at IC  value at 255.6 ± 17.54 µg/ml as compared to ascorbic
acid IC  at 35.73 ± 0.85 µg/ml. H O  was inhibited at IC  at 56.94 ± 0.594 µg/ml as compared to
ascorbic acid 47.81 ± 0.6639 µg/ml indicated antioxidant potency.

Effect of Cynodon dactylon extract on acetylcholinesterase enzyme inhibition (in vitro analysis)

50

50 2 2 50
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C. dactylon extract inhibited the AChE enzyme significantly with IC  value (38.47 ± 2.56 µg/ml) as
compared to donepezil (2.23 ± 0.141 µg/ml). This showed that the possibility of C. dactylon extract
may act on the cholinergic pathway. Hence, in vivo studies were further tested.

Acute oral toxicity studies

Observations from normal rats and CDE administered groups showed the absence of mortality. The
extract was found to be safe at 2000 mg/kg; therapeutic doses 100, 200, and 400 mg/kg were selected
depending on oral toxicity studies for further studies.

Effect of Cynodon dactylon extract on spatial memory in Morris water maze test

Figure 1 explains escape latency in seconds using Morris water maze (MWM) as task to evaluate the
restoration of spatial memory. Figure 1a shows training trials for 7 days before commencing treatment
to rats; which expressed significant decreased escape latency on day 7 as compared to day 1 of the
training trail. Figure 1b shows the donepezil and C. dactylon extract treatment to respective groups
intervened and showed a decrease in escape latency significantly compared to scopolamine-induced
rats. Figure 1c shows that the scopolamine induction elevates escape latency significantly (P < 0.001)
as compared to normal control, donepezil (3 mg/kg), and C. dactylon extract at 100, 200, and 400
mg/kg treatment expressed significant decreased escape latency (P < 0.001) as compared to
scopolamine-induced rats. Figure 1d represents a probe trial in which scopolamine-induced rats showed
decreased time spent in the target quadrant as compared to normal control rats; while donepezil and
CDE-treated rats demonstrated increased time spent in the target quadrant (P < 0.001) compared to
scopolamine-induced rats significantly. These observations indicate improvement in spatial memory.

Open in a separate window
Figure 1

Data were represented as mean ± SEM (n = 6), (a) escape latency (s) of rats during training trials, (b)
escape latency expressed by rats for every 7 days of treatment, (c) Probe trial (time spent to reach target
quadrant) compared to acquisition trial, (d) time spent in target quadrant by rats on probe trial. *As
compared to normal control group, ***Compared to scopolamine control group. P < 0.001 was considered
as statistically significant. SEM = Standard error of mean

Effect of Cynodon dactylon extract on transfer latency in elevated plus maze task

Figure 2a shows the effect of CDE on the TL and Figure 2b expresses the percentage time spent in
open arms following 5 min of exploration in an elevated plus-maze. The scopolamine-induced rats
showed increased TL as compared to normal group rats. The donepezil (3 mg/kg) and C. dactylon
extract treatment at 100, 200, and 400 mg/kg doses showed a significant decrease in TL as compared to
scopolamine-induced rats.
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Open in a separate window
Figure 2

Data were represented as mean ± SEM (n = 6), (a) transfer latency (s) of rats on elevated plus maze, (b)
percentage time spent by rats in the open arm of EPM, (c) step-through latency of rats in the passive
avoidant test: * As compared to the normal control group, ***Compared to the scopolamine control group.
P < 0.001 was considered as statistically significant. SEM = Standard error of mean , EPM = Elevated plus
maze

Scopolamine-induced rats reduced percentage time spent (P < 0.001) at open arms as compared to
normal control rats significantly. However, donepezil, CDE at selected therapeutic doses showed
increased time spent percentage in open arms, respectively, as compared to scopolamine-induced rats.
This indicates that C. dactylon extract shows retention of short-term memory.

Effect of Cynodon dactylon extract on passive avoidance task

On day 30 (Retention trial) SCO administered rats showed significantly decreased (P<0.001) step
through latency and this could indicate an increased fear aggravated behaviour. However, treatment
groups, namely donepezil (3 mg/kg), CDE-100, 200, and 400 mg/kg doses showed that increased step-
through latency indicates the improved nondeclarative memory as shown in Figure 2c.

Effect of Cynodon dactylon extracts on acetylcholinesterase enzyme activity

Rats administered with scopolamine increased AChE enzyme activity expressed as micromoles
hydrolyzed/min/g (24.71 ± 0.9231; P < 0.001) compared to normal group rats (7.263 ± 0.4508)
significantly. The donepezil treated group was considered as a standard treatment showed decreased
AChE level as 8.099 ± 0.75; P < 0.001 as compared to SCO induced rats. The rats treated with C.
dactylon at 100 mg/kg, 200 mg/kg, and 400 mg/kg significantly inhibited AChE levels by (P < 0.001;
14.04 ± 1.77, 11.34 ± 0.49, 9.326 ± 0.33), respectively, when compared to scopolamine-induced
animals. Hence, the C. dactylon extract could improve cholinergic transmission by decreasing the
acetylcholinesterase enzyme level as shown in Figure 3.

Open in a separate window
Figure 3

Modulation of acetylcholinesterase enzyme level in rat brain: Data were represented as mean ± SEM (n =
6), * As compared to the normal control group, ***Compared to the scopolamine control group. P < 0.001
was considered as statistically significant

Antioxidant activity of Cynodon dactylon extract on reduced glutathione levels
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Scopolamine administered rats showed significantly decreased glutathione level (P < 0.001; 0.53 ±
0.05) compared with normal control rats (1.39 ± 0.05). The rats treated with donepezil (1.23 ± 0.115; P
< 0.001), C. dactylon extract significantly increased (0.87 ± 0.15; 1.04 ± 0.06; 1.18 ± 0.036: P < 0.001)
GSH levels as compared to SCO-induced rats as shown in Table 1.

Table 1

Antioxidant activity of Cynodon dactylon hydro-ethanolic extract in rat brain homogenate.
Mean±SEM, P<0.001 was considered as statistically signifcant, *As compared to normal
control, #As compared to scopolamine control group. MDA=Malondialdehyde, CDE=Cynodon
dactylon hydro ethanolic, GSH=Reduced glutathione, LPO=Lipid peroxidation,
SCO=Scopolamine, SEM=Standard error.

Group GSH reduced (mmoles/mg of

protein)

LPO level (nmoles of MDA/mg of

protein)

Normal 1.39±0.05182 12.82±2.867

Scopolamine 0.53±0.05763 * 39.53±3.059 *

SCO+Donepezil 1.23±0.1158 11.75±1.970 

SCO+CDE

(100mg/kg)

0.87±0.1523 19.23±4.054 

SCO+CDE

(200mg/kg)

1.04±0.06591 17.09±3.169 

SCO+CDE

(400mg/kg)

1.18±0.03694 16.03±2.745 

Open in a separate window

Effect of Cynodon dactylon extract on lipid peroxidation levels

The animals induced with scopolamine reported a significant increase in (P < 0.001; 39.53 ± 3.05) in
MDA levels in comparison with normal rats (12.82 ± 2.86). Interestingly, C. dactylon extract
administered at therapeutic doses to rats (P < 0.001; 19.23 ± 4.05,17.09 ± 3.16,16.03 ± 2.75) and the
donepezil (P < 0.001; 11.75 ± 1.97) significantly reduced MDA level which indicates decreased LPO
in the brain in contrast to scopolamine-induced rats as shown in Table 1.

Impact of Cynodon dactylon extract on rat brain histology

H and E-stained brain tissue sections showed normal healthy neurons in the cortex part of normal
control rats. The scopolamine-induced rats showed severe neuronal damage which was noted by the
presence of gliosis and neuronophagia. C. dactylon extract treated rats showed mild damage to neurons,
with vacuolated degeneration as shown in Figure 4. The standard control donepezil treated group
showed mild neuronal damage and vacuolated degeneration.

# #

# #

# #

# #
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Open in a separate window
Figure 4

Histopathology of rat brain (cerebral cortex) section) with H and E ×400 (a) Normal control group
showing normal histological finding. (Black arrow- Normal Neuron). (b)SCO (1mg/kg) (Black arrow-
severe neuronal degeneration, neuronophagia and blue arrow pyknotic nucleus) (c) CDE (100mg/kg) +
SCO group showing moderate neuronal degeneration with neurophagia with congestion of blood vessels.
(Black arrow Moderate edema and Blue arrow shows moderate neurodegeneration) (d) CDE (200mg/kg) +
SCO showing neuronal degeneration. (Black arrow-mild neuronal degeneration) e) CDE (400mg/kg) +
SCO group (Black arrow show mild congestion and blue arrow shows mild neurodegeneration) (f)
Donepezil (3mg/kg) + SCO group showing minimal neuronal degeneration. (Black arrow - Mild
congestion, Blue arrow minimal neurodegeneration). *CDE: Cynodon dactylon hydroethanolic extract;
SCO: Scopolamine

The hippocampus region was histologically normal in normal control rats and scopolamine induction
showed severe neuronal damage with perivascular edema. The donepezil-treated rats showed moderate
pyramidal cell damage with perivascular edema, whereas C. dactylon extract-treated rats showed mild
damage to neurons with few pyknotic cells and mild edema compared to scopolamine-induced rats'
brain histology as shown in Figure 5.
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Figure 5

Histopathology of rat brain (hippocampus)section) with H and E ×400 (a) Normal control group showing
normal histological finding. (Black arrow- Normal Neuron). (b)SCO (1mg/kg) (Black arrow- severe
neuronal degeneration, neuronophagia and blue arrow pyknotic nucleus) (c) CDE (100mg/kg) + SCO
group showing moderate neuronal degeneration with neurophagia with congestion of blood vessels. (Black
arrow Moderate edema and Blue arrow shows moderate neurodegeneration) (d) CDE (200mg/kg) + SCO
showing neuronal degeneration. (Black arrow-mild neuronal degeneration) e) CDE (400mg/kg) + SCO
group (Black arrow show mild congestion and blue arrow shows mild neurodegeneration) (f) Donepezil
(3mg/kg) + SCO group showing minimal neuronal degeneration. (Black arrow - Mild congestion, Blue
arrow minimal neurodegeneration). *CDE: Cynodon dactylon hydroethanolic extract; SCO: Scopolamine

Discussion

The current study explored the CDE effect on scopolamine-induced amnesic rats. Briefly, C. dactylon
extract was subjected to preliminary phytochemical investigation further in vitro, in vivo, and
biochemical estimations were carried out to find the ability of the C. dactylon extract to show anti-
amnesic effect by the cognitive modulation, inhibition of AchE, and antioxidant activity in rats.

The CDE phytochemical investigation complies with earlier reports of Madan Kumar et al. who
observed that the C. dactylon extract showed the active constituents such as flavonoids, tannins,
alkaloids, phytosterols, saponins, glycosides, phenols, proteins, and carbohydrates.[25]

The in vitro study revealed CDE scavenges activity of free radical by inhibition of DPPH and this was
supported by a previous report[26] and phenolic phytoconstituents present in CDE may be responsible
for DPPH scavenging action.

C. dactylon extract scavenges hydrogen peroxide and confirmed promising antioxidant property. The
hydrogen peroxide is a neutral molecule formed during the dismutation of superoxide by superoxide
dismutase which freely diffuses out of the lipid bilayer, thereby targeting other biomolecules.
Polyphenols of C. dactylon may have scavenging property.[27]

Memory loss is a common feature of the elder population; to depict this condition, aged animals can be
served as natural model of dementia which has been shown to develop neuropathology, oxidative stress
followed by memory impairment similarly observed in patients affected with AD.[28]

Along with this, the current study used scopolamine hydrobromide as to induce amnesia in rats, since
earlier reports suggests that SCO binds to cholinergic receptor non- selectively and blocks the
transmission of Ach which leads to memory loss. SCO increases oxidative stress which disturbs
antioxidant defense system.[29]

Results of in vivo studies include rats administered by scopolamine showed increased step-through
latency and escape latency in passive avoidance test and MWM, respectively, along with reduced TL in
elevated plus maze (EPM) tests, whereas rats treated with donepezil and C. dactylon extracts showed
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decreased step-through latency, escape latency, and increased TL in the aforementioned behavioral
tasks. These findings emphasize traditional claim, especially in the cognitive-enhancing properties of
C. dactylon.[30]

This study confirmed that scopolamine-induced group showed the decline in memory by increased
levels of AChE enzyme, thus indicating signs of dementia. Interestingly, the effect of CDE was
administered at doses (100, 200, and 400 mg/kg) showed a decrease in AChE levels in the
hippocampus which confirmed the protection of cholinergic neurons affected by scopolamine-induced
amnesia in rats. These current observations were pertinent as per the previous reports of Poojary et al.
and Rai et al.[27,31] Another research showed promising reports of C. dactylon aqueous extract
improving cognition in amnesia induced by scopolamine in the zebrafish model.[32]

The important biomarkers, GSH (reduced) and LPO of the rat brain, show the antioxidant defense to
regulate reactive oxygen species generated in neurons. Aging is an unavoidable part of the living
system, considered as a risk factor for chronic diseases including AD and oxidative stress is a natural
factor associated with the aging population. In the brain, GSH an antioxidant plays to scavenge damage
of neurons against oxidative stress, alongside neurotoxicity occurs due to free radicals mediation
possessed by the activity of LPO as per many earlier researcher's suggestions.[33] The current study
explained that rats induced by scopolamine imbalanced antioxidants and show decreased GSH
(reduced) and increased LPO (MDA levels). In contrast to the response of scopolamine-induced
oxidative stress, CDE protected neuronal damage by increased GSH (reduced) and decreased LPO
activity. These outcomes were apparently relevant with the report of Rai et al.[31] Moreover, other
recent reports that the aqueous extract of C. dactylon potentiated antioxidant status by decreasing LPO
levels along with the increased activity of Na  /K  ATPase and Mg  ATPase enzymes and protected
brain regions from neurotoxicity induced by aluminum trichloride.[34]

H and E-stained sections are the most commonly used dye-based technique for histopathological
examination of the rat brain. Majority of the neuronal changes in the cerebral cortex and hippocampus
region can be demonstrated using these stains.

The reports of histopathological interventions show severe neuronal damage induced by scopolamine
and administration of donepezil and CDE showed mild neuronal damage in dose-dependent manner as
compared with scopolamine-induced rats. These reports were confirmed by earlier reports of Barai et
al.[35]

Essential assessments may typically be performed in H and E-stained neuronal tissues; however, to
characterize unique cell responses as well as to discern modifications, special histological stains may
be required. Congo red, thioflavin S stains bind to characteristic β-pleated sheet conformation of
amyloid; hence, they can be used to detect different forms of AD. Routine staining cannot differentiate
between astrocytes and glial cells, and antibody-based immunohistochemical stain like glial fibrillary
acidic protein (GFAP) has been used to demonstrate the glial scar in a large number of studies.
Immunohistochemical detection of GFAP typically marks most parts of the brain because it identifies
both resting and active astrocytes, but it is helpful in analyzing changing astrocyte activity patterns.
Hence, dye-based techniques and antibody-based techniques coherently are useful in detecting AD.[36]

Drugs such as Galantamine is a natural alkaloid extracted from Galanthus nivalis L. Rivastigmine is a
synthetic alkaloid, the structure is similarly modelled on that of natural physostigmine. Hence, FDA
approved drugs show anticholinergic effect similar to natural origin compounds including flavanoids
and phenolic acid.[37]

+ + 2+
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For developing effective and safe anti-AD drugs through modulating enzyme-based targets, flavonoids
play attractive lead compounds.[38] C. dactylon phytoconstituents play important role in preventing
various neurological disorders. This is attributed due to active constituents such as alkaloids,
carotenoids, saponins, flavonoids, phytosterols, and proteins in plant. Several flavonoids have been
investigated effectively to treat AD. According to Muthukrishnan et al.,[39] HPLC analysis of C.
dactylon revealed the identification of different flavonoids. Among these, quercetin was found as major
flavonoid, followed by apigenin kaempferol, rutin, and catechin. Predominantly, β-carotene, luteolin,
and zeaxanthin were also present. Near future, there is scope for bioactivity-guided fraction which may
help to identify the lead compound (s) responsible for this activity, which eventually may be a target for
AD treatment.

Conclusion

The current study showed that scopolamine administration confirmed signs related to amnesia by
increased levels of acetylcholinesterase enzyme and oxidative stress; eventually damaging cholinergic
pathways which are essential for learning and memory in rats. Meanwhile; the C. dactylon extract
provides evidence of anti-amnesic activity by the mechanism of decreased AChE enzyme levels and
increased antioxidant levels in amnesia induced by scopolamine in rats; which may be attributed due to
the presence of phytoconstituents singly or in their combinations in the extract.
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Abstract

Importance/Background: During current public health emergency of COVID-19 pandemic,
repurposing of existing antiviral drugs may be an efficient strategy since there is no proven effective
treatment. Published literature shows Remdesivir has broad-spectrum antiviral activity against
numerous RNA viruses and has been recently recognized as a promising therapy against SARS-CoV-2.

Methods: A systematic search was conducted for full length manuscripts published between inception
and July 19th, 2020 focussing on efficacy and safety of Remdesivir in COVID-19. The primary
outcomes were defined as mortality rate and median days to recovery based on the available pooled
data. The secondary outcome was adverse events rate and drug discontinuation rate.

Statistical Analysis: All outcomes were performed using Comprehensive Meta-Analysis software
package (Bio stat, Englewood, NJ, USA).

Results: A total of 1,895 patients from 9 studies were included in this qualitative synthesis. In patients
treated with Remdesivir, the mean recovery time was 15.84 days (95% CI 11.68–20, SE 2.12; I  =
97.24) and the pooled mortality rate was 11.3% (95% CI 7.9–16%; I  = 74.85). However, treatment
with Remdesivir was associated with adverse effects (55.3%, 95% CI 31.5–76.9%; I  = 97.66)
eventually warranting the discontinuation of the drug (17.8%, 95% CI 8.6–33.1%; I  = 95.64). The
meta-analysis of three clinical trials indicated that administration of Remdesivir significantly reduces
the mortality compared to the placebo (OR 0.70, 95% CI 0.58–0.84, p ≤ 0.001; I  = 16.6).

Conclusions and Relevance: The result of contemporary meta-analysis suggests mortality benefit with
Remdesivir in COVID-19 and median recovery time was over 2 weeks. The pooled mortality with
Remdesivir was found to be very low, and this analysis can shed light on this potential treatment for
COVID-19 patients.

Keywords: Remdesivir (GS-5734), COVID-19, SARS-CoV-2, mortality, systematic review, meta-
analysis
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Highlights

What We Already Know About This Topic

- COVID-19 is global pandemic and Remdesivir is emerging as a promising therapeutic drug.

- Preliminary clinical trial results propose that there may be a satisfactory safety profile and
better clinical outcome for Remdesivir group compared with placebo or standard of care;
however, data is limited at the current time.

What This Article Tells Us That Is New

- Our systematic review and meta-analysis provides a detailed overview of existing literature on
Remdesivir in COVID-19 to evaluate the mortality benefits and adverse events.

Introduction

The city of Wuhan in China initially noted and reported the first case of coronavirus, termed as SARS-
CoV-2, in December 2019 (1). The World Health Organization (WHO) confirmed the coronavirus
outbreak as a worldwide public health emergency on January 30th, 2020, and a pandemic on March
11th, 2020 (2). The WHO estimated that significant illness could happen in as high as 13.8%, and as
high as 6.1% could be serious (3). The 2019–2020 pandemic has infected more than 12 million people
(4). This has resulted in more than 550,000 fatalities and correspond to a crude case mortality rate of
~4.57% (4, 5).

In current medical and public health emergency, the rapid detection of effective treatment option
against SARS-CoV-2 remains challenge. The utilization of existing antiviral drugs and screening of
available databases could be considered as an efficient strategy. Remdesivir, an antiviral drug, has been
recently recognized as a potential therapy against SARS-CoV-2 (6, 7). On April 21st, 2020,
“Solidarity,” an international clinical trial, was launched by the World Health Organization (8). The aim
of the study is to compare four treatment options, including Remdesivir, to find effective therapies. On
May 1st, 2020, the U.S. Food and Drug Administration allowed the emergency use of Remdesivir for
the management of COVID-19 in critically ill hospitalized patients (9).

Given the limited information known about Remdesivir in COVID-19, our systemic review and meta-
analysis provide a detailed overview of existing literature on Remdesivir in COVID-19 to evaluate the
benefits and adverse events. This may help plan future randomized controlled trials with an appropriate
size to establish the efficacy and safety of Remdesivir.

Methods

Search Method and Strategy

A systematic search was conducted from COVID19 inception through July 19th, 2020, for full-length
articles focusing on the efficacy and safety of Remdesivir in COVID-19. The search strategy consisted
of keywords “Remdesivir,” “SARS-CoV-2,” and “COVID-19” across the COVID 19 database provided
by WHO Global Research Database, CDC COVID-19 Research Articles Downloadable Database, and
LitCovid database. All available databases were automatically searched from inception through July
2020 for articles describing the outcomes of COVID-19 which include Medline (Ovid and PubMed),
Embase, Academic Search Complete, CAB Abstracts, Africa Wide Information, Global Health,
ProQuest Central, PsycInfo, Cochrane Library, Scopus, the Virtual Health Library, CINAHL,
SciFinder, and LitCovid. Other literature sources such as the Euro surveillance, China CDC Weekly,
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Homeland Security Digital Library, ClinicalTrials.gov, bioRxiv (preprints), medRxiv (preprints),
chemRxiv (preprints), and SSRN (preprints) were searched as well. After a thorough search was
performed, full-length articles meeting the inclusion criteria were evaluated. Subsequently, a manual
search of the references of the included articles was accomplished. Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines were used [(10); Figure 1].

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7873594/figure/F1/
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Figure 1

PRISMA study flow diagram.

The inclusion criteria for the systematic review are as follows:

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7873594/figure/F1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7873594/figure/F1/
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1. Studies reporting outcomes such as mortality and adverse events of Remdesivir in hospitalized
patients with COVID-19.

2. Full text, peer-reviewed articles (Meta-analysis, case-studies and case series, systematic reviews,
randomized controlled trials).

Once the studies met the inclusion criteria, each study was reviewed by two reviewers (KM and IG)
independently, and disagreements were discussed amongst all author-reviewers and resolved via a
consensus. Subsequently, the data was collected and tabulated using Microsoft Excel. The included
data was checked for accuracy by all authors. Studies focussing on patients <18 years of age, pregnant
females, and studies limited to particular co-morbidities and organ dysfunctions were excluded to avoid
selection bias. Also, in-vitro studies not pertaining to the efficacy of Remdesivir in COVID-19 were
excluded from quantitative synthesis (Supplementary Table 1). The data was extracted from publicly
available studies; thus, IRB approval was not necessary.

Outcomes

Primary outcomes were defined as Mortality benefit for the patients on Remdesivir in COVID-19. The
mortality rate was evaluated in comparison to the control group (placebo or no Remdesivir). The
defined secondary outcome was pooled adverse events rate, pooled mortality rate, the median time to
recovery, and pooled drug discontinuation rate.

Statistical Analysis

All outcomes were analyzed utilizing the Comprehensive Meta-Analysis software package (Biostat,
Englewood, NJ, USA) (11). The final pooled risk estimates were obtained using random effects models
(12). Raw data for events and non-events from each study were used to calculate crude odd's ratio (OR)
for each study with respective 95% confidence intervals (CI) by using a random-effects model (12). To
evaluate continuous outcomes, the median was converted to mean by a previously validated method
(13). Subsequently, the estimates for mean recovery time were obtained using the random effects
model. The Cochrane Q and the I  statistics were evaluated to estimate heterogeneity between studies
(14). P < 0.10 for the chi-square test and I  < 20% were interpreted as low-level heterogeneity (14).
The possibility of publication bias was estimated using funnel plots and with Egger's test (15).

Risk of Bias

Two authors (KM and IG) independently assessed the risk of bias of each study included. All
disagreements were discussed with all the authors, and the decision was made via a consensus.
Cochrane tool for Risk of Bias (16) was used for Randomized controlled trials, and Correlation of
Quality measures with estimates of treatment effects in meta-analyses of randomized controlled trials
tool (17) was used for quality assessment of the same (Table 1A: Quality assessment and Risk of Bias
assessment for RCT).

2
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Table 1A

Quality assessment for RCT studies.

Open in a separate window

Non-randomized studies were evaluated using the NIH Quality Assessment Tool for Case Series
Studies (18). Quality assessments were conducted independently, and discrepancies were resolved by
consensus (Table 1B: Quality Assessment of Case series).

Study ID Biegel et al. Wang et al. Hsu et al. Goldman et 

DOI 10.1056/NEJMoa2007764 10.1016/S0140
6736(20)31022-
9

10.1101/2020.05.02.20088559 10.1056/NEJ

Correlation of quality measures with estimates of treatment effects in meta-analyses of randomized cont

Study question
well-defined in
introduction
and methods

Adequate Adequate Adequate Adequate

Study question
well defined
anywhere in
the article

Adequate Adequate Adequate Adequate

Placebo
control

Adequate Adequate Not Defined Not described

Appropriate
outcome
studied

Adequate Adequate Adequate Adequate

Multicenter
Study

Multicenter Multicenter Single-center Multicenter

Study country United States (45 sites),
Denmark (8), the United
Kingdom (5), Greece (4),
Germany (3), Korea (2),
Mexico (2), Spain (2),
Japan (1), and Singapore

(1).

China Taiwan United States
France, Germ
Kong, Italy, J
the Netherlan
Singapore, Sp
Sweden, Swi

Taiwan, and t
Kingdom.

Adequate
selection
criteria

Adequate Adequate Adequate Adequate

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7873594/table/T1/?report=objectonly
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Table 1B

NIH quality assessment tool for case series studies.

Study ID Grein
et al.

Kajawski
et al.

1. Was the study question or objective clearly stated? Yes Yes

2. Was the study population clearly and fully described, including a case definition? Yes Yes

3. Were the cases consecutive? Yes Yes

4. Were the subjects comparable? Yes Yes

5. Was the intervention clearly described? Yes Yes

6. Were the outcome measures clearly defined, valid, reliable, and implemented
consistently across all study participants?

Yes Yes

7. Was the length of follow-up adequate? Yes Yes

8. Were the statistical methods well described? N/A N/A

9. Were the results well described? Yes Yes

Quality rating (Good, Fair, and Poor) Good Good

Open in a separate window

Results

Search Results

The initial library search identified potentially relevant citations from PubMed, Medline, CENTRAL,
EMBASE, Scopus, Web of Sciences, and clinical trial registries, comprised of 1,46,756 articles.
Subsequently, 61,660 duplicates were removed. Out of the remaining 85,096 articles, 8,806 were
focusing on the treatment of COVID-19, out of which 680 articles described Remdesivir. A total of 82
articles fulfilled the inclusion criteria, while 598 did not. The remaining manuscripts were scrutinized
further, and 48 were further excluded: 39 due to non-relevance to the objective of the manuscript while
9 being in-vitro studies. Out of the remaining 34 articles, 26 were additionally excluded due to unclear
evidence, unavailable outcome, and no reference regarding Remdesivir treatment. Thus, 9 studies were
included in their entirety as shown in the qualitative synthesis, and 7 in the quantitative synthesis (2
Case series, 3 Randomized controlled trials, and 2 open-labeled prospective studies) as 2 case reports
were excluded due to non-suitability for qualitative synthesis (Figure 1).

Study Characteristics

A total of 1,895 patients from 9 articles (6, 19–26) were included in qualitative synthesis, and 7 studies
were included for quantitative synthesis. Out of these, 1,237 patients were treated with Remdesivir, and
656 were not treated with Remdesivir. Among these articles, a total of three studies compared
outcomes of Remdesivir in COVID-19 with placebo treatment; two were double-blinded randomized
controlled trials (19, 24) while one was a simulated two-arm controlled study (22). A randomized open-
label study by Goldman et al. (20) compared outcomes of 5 days course vs. 10 days course of

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7873594/table/T2/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7873594/figure/F1/
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Remdesivir. Similarly, another, open-label study also reported clinical outcomes on the 10th and 28th
day of Remdesivir treatment (26). The other included studies were 2 case series (6, 23), including the
study describing the compassionate use of Remdesivir in COVID-19. The study characteristics and
outcomes are mentioned in Table 2.

Table 2

Study characteristics and outcomes.

Open in a separate window

Study Type of study Total
patients

Treatment
arm

Control
arm

Defined
outcome

Average
recovery
time

Grein et al. (6) Case series 53 53 0 Decrease of 2
points or more
on 6 point
ordinal scale
or discharge at

day 28

18 days

Kujawski et al./COVID-
Investigation Team (23)

Case series 12 (7
hospitalized)

3 4 Recovery in
clinical
symptoms and
maintaining
SpO2 above

94

Mean 14
days (6–
37 days)

Holshue et al. (21) Case report 1 1 0 Clinical
improvement
and
radiological
findings

resolution

2 days

Hillaker et al. (25) Case report 1 1 0 Clinical
improvement
and
radiological
findings

resolution

2–4 days

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7873594/table/T3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7873594/table/T3/?report=objectonly
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Mortality Benefits in Remdesivir Treated Patients

Pooled Mortality Rate in Remdesivir Treated Patients

Recovery Time in Remdesivir Treated Patients

Dose and Treatment Regimen of Remdesivir

According to the INMI COVID-19 Treatment Group (ICOTRE Guidelines), the standard dose of
Remdesivir is a loading dose of 200 mg given as an intravenous (IV) infusion over 30 min and a
maintenance dose of 100 mg per day for 10 days (27). This dosing regimen was consistent with all the
articles included in the analysis except one. Goldman et al. (20) compared the outcomes of a 5 vs. 10-
day IV Remdesivir course in a randomized trial and found that clinical improvement on an ordinal
scale was similar in both groups (P = 0.14).

Primary Outcomes

Three studies described mortality in patients treated
with Remdesivir compare to No-Remdesivir. Wang et al. (24) reported 28-day mortality; Beigel et al.
(19) described 14-day mortality; and Hsu et al. (22) observed a statistically significant reduction of
death using Remdesivir.

The meta-analysis on the available 3 RCTs indicated that the administration of Remdesivir significantly
reduces the mortality in comparison to placebo (OR 0.70, 95% CI 0.58–0.84, p < 0.0001; I  = 16.59) (
Figure 2).

Figure 2

Remdesivir and mortality outcome.

Secondary Outcomes

The pooled mortality from all studies in patients
treated with Remdesivir was 11.3% (95% CI 7.9–16%; I  = 74.85) (Supplementary Figure 1A). Wang
et al. (24) reported the highest mortality rate (14%), while Beigel et al. (19) described the lowest
mortality rate (7.1%).

In patients treated with Remdesivir, the pooled mean
recovery time from five studies was 15.84 days (95% CI 11.68–20.00, SE = 2.125) (Supplementary
Figure 1B). As per the studies included in the analysis, average days of hospitalization in patients

2
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Adverse Effects of Remdesivir

treated with Remdesivir ranged between 14 and 37 days. A 4-day reduction in hospital length of stay
was noted by Beigel et al. (19) with a 31% shorter recovery time in the treatment arm compared to
placebo (Table 2). According to Hsu et al. (22), Remdesivir treated patients had a 33% (95% CI 28–
38%) increased odds of discharge than the control group and had a shorter hospital stay (Table 2). Hsu
et al. (22) also found that the severity of COVID-19 was directly associated with a longer recovery
time (Table 2). The shortest recovery time was noted in the case-report by Holshue et al. (21), were
within 48 h of administration of Remdesivir, the clinical condition of the patients improved remarkably.
This result was also reflected by the resolution of these patient's pulmonary lesions within 48–72 h
[(21); Table 2].

The pooled adverse event rate from six studies with Remdesivir was
55.3% (95% CI 31.5–76.9%; I  = 97.66) (Supplementary Figure 1C). Common adverse effects reported
are constipation, increased total bilirubin, increased aminotransferase levels (reversible), infusion site
reactions, hypoalbuminemia, hypokalaemia, anemia, thrombocytopenia, hypoglycaemia, and pyrexia.
Serious adverse effects reported are multiple-organ-dysfunction syndrome, septic shock, and acute
kidney injury (Table 2).

Discontinuation Rate

The pooled Remdesivir discontinuation rate from five studies with Remdesivir was 17.8% (95% CI
8.6–33.1%; I  = 95.64) (Supplementary Figure 1D). The reasons for discontinuation of Remdesivir
were the serious adverse effects in all the cases, and no drop cases reported in any studies (Table 2).

Publication Bias

The funnel plot along with Egger's test (as shown in Supplementary Figure 2) revealed no publication
bias. However, as there were <10 studies included in the analysis; thus publication bias cannot be
completely excluded.

Quality Assessment of Included Studies

The quality of the studies was assessed using the Cochrane Risk of Bias Tool for RCTs [(16); Table 1A
]. All RCTs had adequate selection criteria. Hsu et al. (22) did not report adequate concealment,
whereas Goldman et al. (20) also did not describe concealment measures. Wang et al. (24) reported
adequate measures of randomization. Overall, the modified risk of bias tool showed that the included
studies had low to medium risk bias.

The NIH Quality Assessment Tool (18) for Case Series was used for case series (Table 1B). Both
included studies reported and fully described the population with adequate follow up. Therefore, both
the studies were rated as useful on the scale.

Narrative Synthesis in-vitro Studies

Remdesivir is a broad-spectrum antiviral agent that demonstrated in vitro and in vivo activity against
RNA viruses (Supplementary Table 1). Remdesivir has also established broad-spectrum antiviral
activity against an array of RNA virus families including Coronaviridae [SARS, MERS, and other CoV
(alpha-FIP, beta-MHV, SARS1, MERS, SARS-2, and delta)], Filoviridae (Flaviviridae-Marburg and
Ebola, VHF), Paramyxoviridae [Paramyxovirus (Mumps and Para-influenza), Pneumovirus (RSV),
Morbillivirus (Measles), and Henipavirus (Nipah, Hendra)] (28–36); Supplementary Table 2.

Discussion

2
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To combat the urgent medical and public health emergency due to COVID-19, the use of existing
antiviral drugs based on systematic review and meta-analysis provides the most trustworthy data
regarding the outcomes of Remdesivir in COVID-19. As the information about this promising drug is
limited to small sample size trials and studies, we conducted a meta-analysis and systematic review to
provide high-quality evidence on the outcomes of Remdesivir in COVID-19. This provides an
overview of Remdesivir's in-vitro studies and analyses published clinical data regarding Remdesivir's
use in COVID-19.This is the first systematic review and meta-analysis to provide evidence on the
efficacy and safety of Remdesivir in COVID-19.

Recently, the results from the first randomized, double-blind, placebo-controlled clinical trial using
Remdesivir in COVID-19 was published (24). The study suggested a non-significant reduction in the
median time to clinical improvement. However, the study may have been underpowered to detect
significant differences. The Adaptive COVID-19 Treatment Trial (ACTT) (19) reported a significant
reduction in recovery time in the Remdesivir group as compared to the placebo group. Additionally, the
study reported a decrease in mortality amongst Remdesivir cohort as compared to placebo (19). A
decision was then made by the National Institute of Allergy and Infectious Diseases (NIAID) to end
this trial earlier than expected due to significant benefit of Remdesivir determined in the interim
analysis (37). Similar to these findings, our result also supports the published data and confirms that
Remdesivir may even reduce mortality compared with placebo or standard of care and improves time
to recovery.

Our analysis also suggests a lower pooled mortality rate of 11.3% (95% CI 7.9–16%, I  = 74.85) in
COVID-19 patients. One of the reasons for lower pooled mortality could be that at the beginning of the
pandemic, due to potential side effects of Remdesivir, many of the most serious patients may not have
been considered to treatment and later, the inclusion of the drug in treatment protocols in less severely
ill, may have introduced a confounding factor as Remdesivir treated patients are less severe.

The study which contributed significantly to the mortality benefit in our meta-analysis was the study by
Hsu et al. (22). They reported 29% (95% CI 22–35%) reduction in odds of mortality with Remdesivir
and a 39% decrease in the risk for the combined endpoint of severe status and death compared to the
control group (22). This suggests that Remdesivir might be more effective as compared to the use in
Ebola (34). A possible explanation of the improved clinical outcomes with Remdesivir could be the
multiple mechanisms of action such as mutagenesis, chain termination, and perturbation of natural
nucleotide triphosphate pools (33, 38). This has been shown in multiple prior in vitro studies
(Supplementary Table 2). Remdesivir has revealed antiviral and clinical effects against SARS-CoV-1
and MERS-CoV infections in various animal models (28, 29, 31, 32, 35).

Even though some studies suggested that Remdesivir could be effective at a relatively low micro molar
concentration compared with its cytotoxic concentration (29, 31), the safety of the drug in humans is
still uncertain. The pooled adverse event rate from all studies with Remdesivir was 55.3% (95% CI
31.5–76.9%; I  = 97.66). Even though some patients reported severe adverse events in the Remdesivir
group compared with the placebo cohort, a higher number of patients discontinued Remdesivir (24).
However, it is unknown if the liver enzyme abnormalities are a consequence of the COVID-19 itself or
related to the drug. However, these abnormalities were also noticed in healthy volunteers, which may
indicate that Remdesivir could be the culprit. Similar to Remdesivir, other nucleoside analogs are
known to lead to liver enzyme elevations (39, 40). The most frequent mechanism postulated for
increase the liver enzyme elevation is the inhibition of mitochondrial DNA synthesis. The subsequent
mitochondrial dysfunction leads to multiple manifestations such as liver enzyme elevation, myopathy,
pancreatitis or bone marrow suppression (39, 40). Another mechanism could be via hypersensitivity
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reaction or the production of toxic metabolites (39). However, these elevations tend to be idiosyncratic
and uncommon, whereas liver enzyme elevations are frequently described in Remdesivir cohort. We
observed that the Remdesivir discontinuation rate is relatively high 17.8% (95% CI 8.6–33.1%; I  =
95.64). The most common reason for discontinuation of the drug was worsening respiratory failure or
acute respiratory distress syndrome (24). Other reasons being elevated liver enzymes (24). The adverse
events rate and drug discontinuation rate should be interpreted with caution, as causality cannot be
inferred.

The strengths of our study lie in the modest number of patients across the included studies. The meta-
analysis relies on shared subjectivity rather than objectivity and deals with the main effects so that
results can be generalized to the target population.

Despite a large number of patients in the analysis, the meta-analysis has some limitations. A limitation
of our meta-analysis based on mortality rate is inherent to the methodology. Summarizing large
amounts of varying information that are useful for clinical outcomes in terms of a single number may
ignore essential differences between studies. However, this limitation is a controversial aspect of meta-
analysis (41). However, a meta-analysis generalizes results despite differences in primary research and
does not merely report a summary effect. We observed a significant amount of heterogeneity in our
studies primarily related to recovery time, pooled adverse event rate, and drug discontinuation rate.
This observed heterogeneity might be due to the geographical location of the studies along with the
clinical practice differences in the COVID-19 care. Another reason for heterogeneity could be the
dissimilar time periods in the background of the evolving clinical evidence. The timing of Remdesivir
therapy in COVID-19 may also influence outcomes, as seen in ACTT-1 trial (19). However, we were
unable to pool data according to the severity of COVID-19 subgroups due to lack of available
information. We would like to mention that our study predominantly describes the clinical data and
incidence rates in hospitalized patients. Also the number of included studies is very few, and the
analysis relied on data from case-series and clinical trials in the early phase, with a low level of
evidence. Lastly, case series could also have publication bias. However, the case series were not
utilized for evaluation of primary outcome and therefore less likely to influence the results overall.
Even though no publication was found on visual examination of the funnel plot, further studies are
needed to confirm the same. Larger scale studies (42) estimating the various systemic involvements are
needed to confirm the findings.

Conclusion

Our systemic review and meta-analysis suggest that there may be a favorable risk-benefit profile for
Remdesivir compared with placebo in severe COVID-19 infection. Presently, there are no
pharmacologic therapies that have shown significant benefit in COVID-19. The present COVID-19
management strategy is focused on providing supportive care and preventing complications (43, 44).
Effective agents are, therefore, urgently required to relieve the burden on healthcare systems. The
larger observational studies (42) and clinical trials are warranted to confirm these findings
(Supplementary Table 3).
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ACTT the Adaptive COVID-19 Treatment Trial

ALT alanine aminotransferase

AST aspartate aminotransferase

CI confidence Interval

COVID 19 Coronavirus Disease 2019

DNA deoxyribonucleic acid

FDA Food and Drug Administration

HIV Human Immunodeficiency Virus

HR Hazard Ratio

IV intravenous

MERS Middle Eastern Respiratory Syndrome

MERS-CoV 1 Middle Eastern Respiratory Syndrome Coronavirus 1

NJ New Jersey

NIH National Institute of Health

NAID National Institute of Allergy and Infectious Diseases

OR Odds Ratio

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analysis

PREVAIL study Partnership for Research on Ebola Virus in Liberia study

PALM study PAmoja TuLinde Maisha study

RNA ribonucleic acid

RCT Randomized Clinical Trial

RSV Respiratory Syncytial Virus

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2

SARS-CoV-1 Severe Acute Respiratory Syndrome Coronavirus 1

USA United States of America

VHF Viral Hemorrhagic Fever

WHO World Health Organization.
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PREGNANCY

Pregnancy Outcomes and Blood Pressure  
Visit-to-Visit Variability and Level in Three  
Less-Developed Countries
Laura A. Magee ,* Jeffrey Bone ,* Salwa Banoo Owasil , Joel Singer , Terry Lee , Mrutunjaya B. Bellad,  
Shivaprasad S Goudar , Alexander G. Logan , Salésio E. Macuacua , Ashalata A. Mallapur , Hannah L. Nathan ,  
Rahat N. Qureshi , Esperança Sevene , Andrew H. Shennan , Anifa Valá, Marianne Vidler , Zulfiqar A. Bhutta ,  
Peter von Dadelszen ; The CLIP Study Group†

ABSTRACT: In pregnancy in well-resourced settings, limited data suggest that higher blood pressure (BP) visit-to-visit variability 
may be associated with adverse pregnancy outcomes. Included were pregnant women in 22 intervention clusters of the CLIP 
(Community-Level Interventions for Preeclampsia) cluster randomized trials, who had received at least 2 prenatal contacts from 
a community health worker, including standardized BP measurement. Mixed-effects adjusted logistic regression assessed 
relationships between pregnancy outcomes and both BP level (median [interquartile range]) and visit-to-visit variability (SD 
and average real variability [ARV], adjusted for BP level), among all women and those who became hypertensive. The primary 
outcome was the CLIP composite of maternal and perinatal mortality and morbidity. Among 17 770 pregnancies, higher 
systolic and diastolic BP levels were associated with increased odds of the composite outcome per 5 mm Hg increase in BP 
(odds ratio [OR], 1.05 [95% CI, 1.03–1.07] and OR, 1.08 [1.06–1.11], respectively). Higher BP visit-to-visit variability was 
associated with increased odds, per a SD increase in BP variability measure, of (1) hypertension (systolic: OR, 2.09 [1.98–
2.21] for SD and 1.52 [1.45–1.60] for ARV; diastolic: OR, 2.70 [2.54–2.87] for SD and 1.86 [1.76–1.96] for ARV); and (2) 
the composite outcome (systolic: OR, 1.10 [1.06–1.14] for SD and 1.06 [1.02–1.10] for ARV; diastolic: OR, 1.07 [1.03–1.11] 
for SD and 1.06 [1.02–1.09] for ARV). In 3 less-developed countries, higher BP level and visit-to-visit variability predicted 
adverse pregnancy outcomes, providing an opportunity for high-definition medicine. (Hypertension. 2021;77:1714–1722. 
DOI: 10.1161/HYPERTENSIONAHA.120.16851.) • Data Supplement

Key Words: blood pressure ◼ morbidity ◼ mortality ◼ preeclampsia ◼ pregnancy

Hypertension in pregnancy is a systolic blood pressure 
(BP) of 140 mm Hg or higher and diastolic BP of 90 
mm Hg or higher.1 There is a continuous relationship 

between higher BP and worse maternal outcomes,2–5 but 
severe pregnancy hypertension (systolic BP of at least 160 
mm Hg or diastolic BP of at least 110 mm Hg), in particular, 
is associated with elevated maternal and perinatal risk.6

Outside pregnancy, BP level7 and its oscillations 
between measurements (ie, variability) are associated 
with cardiovascular risk.8 In a high-quality review of 19 

observational cohort studies and 17 clinical trial cohorts, 
higher long-term systolic BP visit-to-visit variability in 
office settings was associated with higher: all-cause mor-
tality (hazard ratio, 1.15 [95% CI, 1.09–1.22]), cardiovas-
cular disease mortality (1.18 [1.09–1.28]), cardiovascular 
disease events (1.18 [1.07–1.30]), coronary heart dis-
ease (1.10 [1.04–1.16]), and stroke (1.15 [1.04–1.27]).8 
BP variability reflects the integrated impact of environ-
ment (eg, noise), behavior (eg, lifestyle), and biology (eg, 
intrinsic arterial and cardiopulmonary reflexes).9
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As in nonpregnant individuals, BP in pregnancy 
varies over a 24-hour period, with the pattern 
associated with hypertensive disease onset.10 BP 
variability may also moderate adverse pregnancy 
outcomes. In a secondary analysis of CHIPS trial 
data (Control of Hypertension In Pregnancy Study, 
URL: https://www.clinicaltrials.gov; Unique identi-
fier: NCT01192412)11 from outpatient women with 
chronic or gestational hypertension, higher BP level 
predicted adverse events.12 While higher BP visit-to-
visit variability (adjusted for BP level) was associ-
ated with increased odds of severe hypertension and 
preeclampsia; greater diastolic BP visit-to-visit vari-
ability was associated with fewer adverse perinatal 
outcomes, suggesting a possible fetal advantage of 
variability.

To enable high-definition medicine in less-devel-
oped settings, we studied the relationship between 
pregnancy outcomes and both BP level and long-term 
visit-to-visit variability in the CLIP (Community-Level 
Interventions in Preeclampsia) cluster randomized trials 
(URL: https://www.clinicaltrials.gov; Unique identifier: 
NCT01192412).13–16

METHODS
This was an unplanned secondary analysis of data from the 
22 intervention clusters of the CLIP cluster randomized trials, 
aimed at externally validating findings from the CHIPS trial.12 
Data can be accessed through the CLIP trials data access 
committee (Text S1 in the Data Supplement).

The CLIP Trials
The CLIP trials were conducted in 2014 to 2017 in India 
(N=6 intervention clusters), Pakistan (N=10), and Mozambique 
(N=6).13–16 The unit of randomization (cluster) was the local 
administrative unit.

All pregnant women aged 15 to 49 years (12–49 years 
in Mozambique) were identified in their community by 
trained community health workers. All women provided writ-
ten informed consent to participate. The trial was unmasked 
given the nature of the intervention, aimed at addressing the 
3 delays in triage, transport, and treatment related to pre-
eclampsia. First, community engagement addressed barriers 
and facilitators to accessing care. Second, existing cadres of 
community health workers were trained to task-share preg-
nancy hypertension-oriented care at CLIP contacts in wom-
en’s homes, using the CLIP PIERS (Preeclampsia Integrated 
Estimate of Risk Score) on-the-Move (POM) digital health 
application for risk stratification.17

Community health workers (1) responded to emergency 
conditions, if relevant; (2) took women’s BP and assessed 
dipstick proteinuria at the first and any hypertensive con-
tact; (3) administered oral methyldopa 750 mg for BP of at 
least 160/110 mm Hg; (4) administered 10 g intramuscular 
magnesium sulfate for suspected severe preeclampsia; and 
(5) and referred to a comprehensive emergency obstetric 
care facility.

Standardized BP measurement by trained community 
health workers used a semiautomated pregnancy- and pre-
eclampsia-validated oscillometric device (Microlife 3AS1-
2).18 Having rested for 5 minutes, women’s BP was measured 
at least twice; all readings were entered into the POM appli-
cation, which averaged the first and second readings and if 
they differed by >10 mm Hg, a third reading was requested 

Nonstandard Abbreviations and Acronyms

ARV average real variability
BP blood pressure
CHIPS  Control of Hypertension In Pregnancy 

Study
CLIP  Community-Level Interventions for 

Preeclampsia
OR odds ratio
PIERS  Preeclampsia Integrated Estimate of 

Risk Score
POM PIERS on-the-move

Novelty and Significance

What Is New?
• This is the first study to consider the relationship 

between changes in blood pressure levels at differ-
ent prenatal visits and how they affect pregnancy 
outcomes. This study is also the first to include both 
unselected and hypertensive women in low resource 
settings.

What Is Relevant?
• In a large study of pregnant women that took place 

across three countries, both higher blood pressure lev-
els and greater variation in prenatal visit blood pres-
sure measurements were associated with higher rates 

of adverse maternal and perinatal outcomes. This was 
the case for both women with normal and high blood 
pressure levels.

Summary
Variation in both systolic and diastolic blood pressure 
measurements between prenatal visits is associated 
with a progression to high blood pressure. Changes 
occurring in blood pressure levels during pregnancy 
are associated with adverse outcomes for both moth-
ers and babies and may be useful as an indicator to 
provide preventative care to women in need.

https://www.clinicaltrials.gov
https://www.clinicaltrials.gov
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and the second and third readings averaged. The planned 
frequency of prenatal POM-guided CLIP contacts was every 
4 weeks, at minimum.

Trained surveillance teams conducted regular surveys 
of households (every 3–6 months), except in India where a 
prospective population-based surveillance system was estab-
lished. The primary outcome was a composite of all-cause 
maternal and perinatal mortality and morbidity. Maternal death 
or morbidity occurred during or within 42 days of pregnancy; 
morbidity was one or more life-threatening complications of 
pregnancy, defined as a serious end-organ complication of 
preeclampsia (eg, eclampsia), another major cause of mater-
nal mortality/morbidity (ie, obstetric sepsis or vaginal fistula), 
or receipt of a life-saving intervention. Perinatal death was 
stillbirth, early or late neonatal mortality, and morbidity a com-
posite of problems that could be ascertained in community 
(eg, seizure or feeding difficulty). For detailed definitions, see 
Table S2 in the Data Supplement.

Overall coordination and data management were by 
the Preeclampsia–Eclampsia Monitoring, Prevention and 
Treatment research group at the University of British 
Columbia, Canada. Ethical approvals were granted by 
the University of British Columbia (H12-03497) and 
relevant in-country research ethics boards (Aga Khan 
University, Pakistan, 2590-Obs-ERC-13; KLE University, 
India, MDC/IECHSR/2011-12/A-4, ICMR 5/7/859/12-
RHN; and Centro de Investigação em Saúde de Manhiça 
(CIBS-CISM/038/14) and Mozambique National Bioethic 
Committee (219/CNBS/14). The trials are registered 
at URL: https://www.clinicaltrials.gov (Unique identifier: 
NCT01911494) and the related individual participant data 
meta-analysis on PROSPERO (CRD42018102564).

BP Level and Variability
We included CLIP participants in pregnancy, from enrollment 
until follow-up for the CLIP primary outcome, who had at least 
2 antenatal contacts by community health workers (prerequi-
site for determining BP variability, see below).

Mean systolic and diastolic BP levels were the mean of rel-
evant values taken at all POM-guided CLIP contacts between 
enrollment and delivery.

Within-participant visit-to-visit BP variability was assessed 
using all POM-guided CLIP contacts after enrollment until 
delivery. We evaluated 2 measures of BP visit-to-visit variabil-
ity used outside pregnancy: (1) within-participant SD to reflect 
dispersion of measurements around mean BP and (2) average 
real variability (ARV) as the average of the absolute successive 
difference of all BP values, reflecting changes over short time 
intervals (so a decrease by 4 mm Hg and then an increase by 
6 mm Hg would represent an ARV of 5). We adjusted for mean 
BP level, as higher levels are associated with more variability. 
Any correlation was explored between BP variability and num-
ber of measurements.

Statistical Analyses
In our primary analysis, relationships were explored between 
each major CLIP outcome and both BP level and visit-to-
visit variability, using values before the outcomes: progres-
sion to hypertension (systolic BP of at least 140 mm Hg or 
a diastolic BP of at least 90 mm Hg, based on an average of 

2 measurements), composite of maternal or perinatal mortality 
or morbidity (primary outcome), composite maternal outcome 
(mortality or morbidity) and composite perinatal outcome (still-
birth, early or late neonatal death, or neonatal morbidity) to 
evaluate whether the direction of effect on maternal outcomes 
was the same. In addition, we further examined the relation-
ship between each major CLIP outcome and BP variability only 
among women who became hypertensive to see if BP variabil-
ity could add further information to BP level.

Data were summarized as median and interquartile range 
and counts (percentages) for continuous and categorical vari-
ables, respectively.

The mean BP level-outcome relationship was explored by 
mixed-effects logistic regression. Adjustment was made for 
country and cluster (each as a random effect), maternal age 
at enrollment, maternal education, parity, and gestational age 
at enrollment. The odds ratio (OR) for each outcome was cal-
culated per 5 mm Hg increase in mean BP from enrollment 
until delivery.

The BP variability-outcome relationship was evaluated for 
all women, and specifically for women who developed preg-
nancy hypertension, by mixed-effects logistic regression, 
adjusted for average BP level (defined as the mean of the BP 
readings used to define visit-to-visit variability) and the vari-
ables described above for BP level analyses. The change in 
the scale of the OR was calculated per SD increase in both 
metrics of BP variability to compare the relative importance of 
one measure with another. Correlation between BP visit-to-visit 
variability and the number of measurements was assessed by 
Spearman correlation (r).

In sensitivity analyses: (1) for all outcomes, we excluded 
BP values within 7, 14, 21, and 28 days before delivery to 
minimize the extent to which BP variability may be an artifact 
of the outcomes themselves (ie, reverse causality); (2) for all 
outcomes, we added further adjustment for the final ante-
natal BP measurement, to account for BP trajectory; (3) for 
all outcomes, we excluded repeat pregnancies for the same 
woman; and (4) for progression to hypertension, we incor-
porated diagnoses based only on trial surveillance data for 
women who became hypertensive after their last POM-guided 
visit. A P<0.05 was considered statistically significant, without 
adjustment for multiple comparisons.

All statistical analyses were performed using and R 3.5.3 (R 
Development Core Team, Vienna, Austria). J. Bone had access 
to all data and takes responsibility for its integrity and the data 
analysis.

RESULTS
Patients
Of 36 008 pregnancies enrolled in CLIP intervention 
clusters, 20 819 were followed-up to the primary out-
come and had at least one POM contact,13–16 of whom 
17 770 pregnancies had at least 2 antenatal POM-
guided contacts and were eligible for this analysis (green 
boxes, Figure 1). Approximately half (9534, 53.6%) of 
women had POM-guided CLIP visits at least monthly. 
Hypertension developed in 1893 (10.7%) of pregnan-
cies, and 751 developed hypertension antenatally and 

https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.120.16851
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had at least one subsequent antenatal POM-guided visit 
(gray boxes, Figure 1).

Some baseline maternal characteristics and out-
comes differed between countries (Table). On average, 
women were older (late 20s) in Pakistan, enrolled ear-
liest in pregnancy in India and latest in Mozambique, 
and most were parous. Slightly more than half of Indian 
and Mozambican, but about a third of Pakistani, women 
had a basic education. On average, women had vaginal 
births at term, in facility. The primary composite outcome 
occurred in approximately one-quarter of pregnancies, 
with at least half related to perinatal mortality or mor-
bidity. Women eligible for these analyses were represen-
tative of the study population with regards to baseline 
characteristics and outcomes (Table S3).

BP Level
Among all women, mean systolic and diastolic BP levels 
were similar between countries (Table). Higher systolic 
(Figure 2A) and diastolic (Figure 2B) BP levels were 
associated with increased odds of developing the com-
posite CLIP primary outcome and its components for all 
but neonatal morbidity (Table S4).

BP Variability and Outcomes
BP variability, assessed by SD or ARV, was similar 
between countries, for all women and for those who 
developed hypertension. There was no relationship 
between the number of BP measurements and vari-
ability, measured by SD (systolic BP r=0.078, diastolic 
BP r=0.079) or ARV (systolic BP r=−0.117, diastolic 
BP r=−0.18). Likewise, there was no relationship 
between the number of BP measurements per week 
enrolled in trial and any of the variability measures 
(r<0.001 in all cases).

Among all women, higher BP visit-to-visit variability 
(adjusted for country and cluster as random effects, and 
maternal age at enrollment, maternal education, parity, 
gestational age at enrollment, and mean BP level) was 
associated with increased odds of developing hyperten-
sion, the CLIP primary outcome, the maternal and perina-
tal composites, and most of their components (Figure 3; 
Table S5), including maternal mortality and stillbirth. The 
findings were evident for systolic and diastolic BP and 
both measures of variability.

Sensitivity analyses that removed BP values 7 or 
more days before delivery showed the association 
between BP variability and outcomes was largely lost 

Figure 1. Inclusion of participants 
from each of 3 CLIP trials 
(Community-Level Interventions in 
Preeclampsia).
POM indicates PIERS (Preeclampsia 
Integrated Estimate of Risk Score) on-
the-Move
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for systolic BP but retained for diastolic BP for maternal 
death and stillbirth; there was little change in relation-
ships between variability and perinatal outcomes (Table 

S6). Further adjustment for the last BP before delivery 
slightly attenuated the association between BP vari-
ability and maternal outcomes, but there was no change 

Table. Characteristics of All Included CLIP Pregnancies by Country (Median [Interquartile Range] and N (%), 
Unless Otherwise Specified)

Characteristics Overall (N=17 770) India (N=5355) Pakistan (N=8895) Mozambique (N=3520)

Characteristics at enrollment

 Maternal age, y 25 [22–30] 23 [20–25] 28 [25–30] 24 [19–30]

 GA at enrollment, wk 16.4 [11.0–22.8] 10.4 [8.0–14.1] 17.9 [13.2–22.9] 24.6 [19.3–30.5]

 Nulliparous 5032 (28.3%) 1948 (36.4%) 2036 (22.9%) 1048 (29.8%)

 Basic education 7231 (40.7%) 3090 (57.7%) 2078 (23.4%) 2063 (58.6%)

N POM-guided visits 5 [3–7] 9 [5–12] 4 [3–5] 4 [3–6]

Postenrollment BP, mm Hg

 BP level

  All women N=17 770 N=5355 N=8895 N=3520

   Mean sBP 105.9 [100.5–111.7] 104.3 [99.8–109.3] 106.7 [100.8–112.8] 106.7 [101.0–112.8]

   Mean dBP 66.4 [62.5–70.7] 65.8 [62.6–69.3] 67.3 [63.0–72.0] 65.6 [61.5–69.3]

  Hypertensive women* N=751 N=291 N=281 N=179

   Mean sBP 118.5 [111.0–127.3] 113.8 [108.2–119.2] 126.3 [119.0–134.0] 116.3 [110.1–126.0]

   Mean dBP 78.0 [72.1–85.3] 74.3 [70.1–79.0] 84.3 [78.0–91.1] 75.6 [69.0–85.3]

 BP variability

  All women N=17 770 N=5355 N=8895 N=3520

   SD of sBP 6.27 [4.19–8.77] 6.08 [4.35–8.30] 6.36 [4.16–8.89] 6.43 [3.90–9.34]

   ARV of sBP 6.67 [4.43–9.83] 5.83 [4.17–8.00] 7.2 [4.75–10.60] 7.00 [4.20–10.57]

   SD of dBP 5.28 [3.54–7.50] 5.14 [3.67 7.11] 5.48 [3.54–7.68] 5.13 [3.21–7.44]

   ARV of dBP 5.67 [3.75–8.20] 5.00 [3.57–7.00] 6.00 [4.0–,9.00] 5.50 [3.50–8.33]

  Hypertensive women* N=751 N=291 N=281 N=179

   SD of sBP 11.56 [7.39–16.00] 11.97 [8.68–15.52] 10.73 [6.40–14.36] 13.13 [7.84–17.59]

   ARV of sBP 10.11 [7.00–14.67] 8.75 [6.66–11.17] 11.00 [6.67–16.00] 13.33 [8.00–20.29]

   SD of dBP 10.56 [7.68–13.99] 10.86 [8.90–13.58] 9.71 [6.36–13.00] 11.42 [7.13–16.53]

   ARV of dBP 9.30 [6.49–14.00] 8.40 [6.36–10.71] 9.50 [6.33–15.50] 12.25 [7.37–17.00]

Outcomes

 GA at birth, wk 39.0 [37.0–40.4] 39.0 [37.0–40.6] 39.0 [36.9–40.0] 39.0 [36.9–40.1]

  Birth <37 wk 4688 (22.5%) 3857 (21.7%) 299 (24.2%) 180 (24.0%)

 Facility births 16,949 (81.4%) 14,812 (83.4%) 1077 (87.1%) 657 (87.5%)

 Cesarean delivery 3469 (16.7%) 3090 (17.4%) 308 (24.9%) 187 (24.9%)

 Progression to hypertension 1893 (10.7%) 621 (11.6%) 862 (9.7%) 410 (11.6%)

 Primary outcome† 4085 (23%) 1050 (19.6%) 2471 (27.8%) 564 (16%)

  Maternal composite 1696 (9.5%) 301 (5.6%) 1098 (12.3%) 297 (8.4%)

   Maternal death 43 (0.2%) 36 (0.2%) 4 (0.3%) 4 (0.5%)

   Maternal morbidity 2029 (9.7%) 1679 (9.4%) 141 (11.4%) 87 (11.6%)

  Perinatal composite 2929 (16.5%) 859 (16%) 1745 (19.6%) 325 (9.2%)

   Stillbirth 817 (3.9%) 661 (3.7%) 97 (7.8%) 64 (8.5%)

   Early NND 700 (3.4%) 578 (3.3%) 47 (3.8%) 32 (4.3%)

   Late NND 166 (0.8%) 137 (0.8%) 18 (1.5%) 9 (1.2%)

   Neonatal morbidity 2196 (10.5%) 1888 (10.6%) 170 (13.8%) 95 (12.6%)

ARV indicates average real variability; BP, blood pressure; CLIP, Community-Level Interventions for Preeclampsia; dBP, diastolic blood pressure; 
GA, gestational age; NND, neonatal death; POM, PIERS (Preeclampsia Integrated Estimate of Risk Score) on-the-Move; and sBP, systolic blood 
pressure.

*Eligible hypertensive women had at least one subsequent CLIP POM-guided CLIP visit with BP readings after presentation with hypertension.
†The CLIP primary outcome was a composite of maternal (mortality or morbidity) and perinatal (stillbirth, early or late neonatal death, or morbid-

ity) adverse outcomes.
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for perinatal outcomes (Table S7). Exclusion of the 926 
repeat pregnancies left the outcomes unchanged (Table 
S8). When progression to hypertension included diagno-
ses from trial surveillance, its relationship with BP vari-
ability remained highly significant (P<0.001; Table S9).

Among women who became hypertensive before birth, 
from that point onward in pregnancy, higher BP variability 
was associated with increased odds of the CLIP primary 
outcome, as well as the maternal composite, maternal mor-
tality, maternal morbidity, and perinatal morbidity (Figure 4; 
Table S10); this was especially true of systolic BP variabil-
ity. Planned sensitivity analyses were not possible as too 
few women who became hypertensive remained in their 
communities and had ongoing POM-guided CLIP visits.

DISCUSSION
In CLIP intervention clusters in resource-limited settings, 
higher postenrollment BP level and visit-to-visit variabil-
ity (adjusted for BP level) from standardized measure-
ments was associated with more adverse maternal and 
perinatal outcomes. Prediction of hypertension was par-
ticularly good for BP variability based on SD rather than 
ARV. However, there was evidence that particularly for 
maternal outcomes, at least some of the BP variability 
detected was an early part of the outcome (and may 
enable early response). A similar (particularly for sys-
tolic BP visit-to-visit variability), albeit attenuated, pattern 
of effect with outcomes was seen among women who 
developed hypertension.

In this era of electronic health records, we envision 
that BP variability could be computed and incorporated 
into personalized maternity care and as a woman’s BP 
values are evaluated on an ongoing basis at each ante-
natal care contact. Of note, as outlined in the results, 
there was no relationship between the number of BP 
measurements and variability (measured by SD or ARV) 
or the number of BP measurements per week women 
were enrolled in the trial and any of the variability mea-
sures. While our observations are important clinically, 
introduction into clinical care would require establish-
ment of normative ranges associated with the absence 
of adverse maternal and perinatal outcomes associated 
with pregnancy hypertension or other complications 
that derive from placental dysfunction (eg, abruption 
or stillbirth). Our findings should encourage this, as the 
CLIP trials illustrated that the computing power of digi-
tal technology, in the hands of those outside the tradi-
tional medical model (and therefore, potentially, women 
themselves), can be harnessed to achieve personalized 
medicine.19 The limitation is human resource capacity, 
which in the CLIP trials, related to use of the existing 
workforce, for scalability.

There is a known continuous relationship between 
higher BP and more adverse maternal outcomes, regard-
less of the hypertensive disorder of pregnancy.2,3,5 Our 

Figure 2. Relationship among all pregnant women, between 
adverse pregnancy outcomes and higher systolic and 
diastolic blood pressure (sBP and dBP) levels.
A, Adverse outcomes and sBP. B, Adverse outcomes and dBP. The 
results are adjusted for country and cluster (as random effects), 
maternal age at enrollment, maternal education, parity, gestational 
age at enrollment, and mean BP level.
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data confirm this relationship in resource-constrained 
settings. This is true even when accounting for treatment 
goals and antihypertensive therapy20 and has led to calls 
for use in pregnancy of the American College of Car-
diology/American Heart Association cutoff of 130/80 
mm Hg for stage 1 hypertension.21

To our knowledge, ours is the first article to report 
the relationship between visit-to-visit BP variability and 
pregnancy outcomes among both unselected and hyper-
tensive pregnancy, and in resource-limited settings. 
Specifically, we have shown a relationship between visit-
to-visit BP variability and maternal mortality and stillbirth. 
Our findings extend the results of limited publications.

Among unselected pregnancies in China (N=14 702), 
long-term visit-to-visit BP variability (by SD and coeffi-
cient of variation and adjusted for BP level and important 
covariates) was predictive of gestational hypertension 
and preeclampsia22; systolic variability was most strongly 
related to development of hypertension, in contrast 
to systolic and diastolic variability that were predictive 
among CLIP participants in South Asia and sub-Saharan 

Africa. Other pregnancy outcomes were not reported, 
and the impact not presented of excluding almost half 
of women with fewer than 3 visits in each of the second 
and third trimesters. In a nested case-control study (484 
hypertensive and 3679 normotensive controls matched 
by propensity score), higher BP visit-to-visit variability, 
adjusted for BP level, was associated with more maternal 
and fetal complications.23 Neither study formally exam-
ined the impact of including BP measurements close to 
delivery (or occurrence of the outcome).

Among women with hypertension in the CHIPS 
trial12; higher visit-to-visit BP variability (adjusted for 
BP level and covariates) was associated with more 
adverse maternal outcomes (ie, severe hypertension 
and progression to preeclampsia), with evidence that 
the relationship was based, at least in part, on BP val-
ues close to delivery, as seen in our CLIP data for the 
maternal mortality and morbidity composite. However, 
higher BP variability may have been associated with 
improved perinatal outcomes, particularly for diastolic 
BP, in contrast to CLIP. First, CHIPS was undertaken 

Figure 3. Relationship among all 
pregnant women, between adverse 
pregnancy outcomes and higher 
systolic and diastolic blood pressure 
(BP) variability*.
The results are adjusted for country and 
cluster (as random effects), maternal age 
at enrollment, maternal education, parity, 
gestational age at enrollment, and mean 
BP level. ARV indicates average real 
variability.

Figure 4. Relationship among 
hypertensive pregnant women, 
between adverse pregnancy 
outcomes and higher systolic 
and diastolic blood pressure (BP) 
variability.
The results are adjusted for country and 
cluster (as random effects), maternal age 
at enrollment, maternal education, parity, 
gestational age at enrollment, and mean 
BP level. ARV indicates average real 
variability.
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primarily in more-developed country sites where fetal 
surveillance and neonatal care were routinely available, 
compared with rural Asian and African communities in 
CLIP. The alternative explanation that higher BP vari-
ability in CHIPS may have improved uteroplacental 
perfusion is not supported by our CLIP findings. Sec-
ond, CHIPS treated to a target diastolic BP which may 
have led to differences not seen in CLIP with regards 
to associations between systolic and diastolic variabil-
ity and outcomes.

The mechanism is unknown for the relationship 
between visit-to-visit BP variability and either cardio-
vascular risk outside pregnancy or adverse pregnancy 
outcomes. The pathophysiology proposed has included 
arterial remodeling and antihypertensive agent (with cal-
cium channel blockers associated with less variability),24 
as well as environmental and behavioral influences (such 
as lack of sleep), and cardiovascular homeostasis.25 
Whether the mechanisms are the same outside and in 
pregnancy is also unknown.

Our major strengths are population-based recruit-
ment, large sample size, standardized BP measure-
ment using a pregnancy-validated device,18 analysis of 
unselected and hypertensive pregnancies without selec-
tion for timing of BP measurements and accounting for 
the impact of measurements close to birth and report-
ing of preeclampsia and mortality and morbidity. We used 
accepted measures of BP variability, could not identify a 
relationship between the frequency of BP measurement 
and BP variability, and adjusted for BP level and relevant 
baseline characteristics.

Limitations include community-only BP values. As 
published, community health workers were unable to 
provide the protocol-specified frequency of contacts, 
particularly the weekly visits from 36 weeks, so we may 
have missed some term-onset hypertension.26 Once 
hypertensive, the minority of women continued with care 
in their communities; this, plus presumed use of antihy-
pertensive therapy, may have either limited our power to 
examine the BP variability-outcome relationship among 
women with hypertension or attenuated that relationship. 
Basic maternal characteristics were available for our 
adjusted analyses and as many women booked only after 
20 weeks, some with chronic hypertension (1%–2% of 
pregnancies) may have been unrecognized as previously 
hypertensive. We did not have details about antihyper-
tensives used once hypertension was diagnosed; while 
nifedipine has been associated with less 24-hour BP 
variation than labetalol in women with chronic hyperten-
sion,27 nifedipine is uncommonly used for hypertension in 
Countdown 2030 countries. No biological samples were 
collected to enable exploration of other pathophysiologi-
cal pathways underlying the BP variability-outcome rela-
tionships. Finally, while emphasizing 95% CI to identify 
associations of potential interest, multiple comparisons 
were made.

PERSPECTIVES
In pregnancy, both higher BP level and variability are 
adverse prognostic markers for mothers and babies in 
resource-constrained settings. The increasing use of 
digital technology in global health care now provides us 
with the opportunity to harness the information provided 
by other aspects of BP beyond level, to provide high-def-
inition medicine to those pregnant women most at risk.

ARTICLE INFORMATION
Received December 15, 2020; accepted February 25, 2021.

Affiliations
Department of Women and Children’s Health, School of Life Course Sciences, 
Faculty of Life Sciences and Medicine (L.A.M., H.L.N., A.H.S., P.v.D.) and GKT 
School of Biomedical Sciences (S.B.O.), King’s College London, United Kingdom. 
Department of Obstetrics and Gynaecology, BC Children’s Hospital Research In-
stitute (L.A.M., J.B., M.V., P.v.D.) and Centre for Health Evaluation and Outcome 
Sciences, Providence Health Care Research Institute (J.S., T.L.), University of Brit-
ish Columbia, Vancouver, Canada. KLE Academy of Higher Education and Re-
search’s J N Medical College, Belagavi, Karnataka, India (M.B.B., S.S.G.). Depart-
ment of Medicine, University of Toronto, Canada (A.G.L.). Centro de Investigação 
em Saúde de Manhiça, Manhiça, Mozambique (S.E.M., E.S., A.V.). S Nijalingappa 
Medical College, Hanagal Shree Kumareshwar Hospital and Research Centre, 
Bagalkote, Karnataka, India (A.A.M.). Centre of Excellence, Division of Woman 
and Child Health, Aga Khan University, Karachi, Pakistan (R.N.Q., Z.A.B.). Depart-
ment of Physiological Sciences, Clinical Pharmacology, Faculdade de Medicina, 
Universidade Eduardo Mondlane, Maputo, Mozambique (E.S.). Centre for Global 
Child Health, Hospital for Sick Children, Toronto, Canada (Z.A.B.).

Acknowledgments
The secondary analyses were conceived by L.A. Magee and P. von Dadelszen, 
with an active contribution by J. Bone, T. Lee, and J. Singer. J. Bone performed the 
analyses. All authors participated in the interpretation of the results, their interpre-
tation and write-up, and approved the final version of the article.

Sources of Funding
This trial was funded by the University of British Columbia, a grantee of the Bill & 
Melinda Gates Foundation (OPP1017337).

Disclosures
None.

APPENDIX
CLIP Trials Study Group
CLIP Trials Working Group: Esperança Sevene , Eusébio Macete, Khátia Mun-
guambe, Charfudin Sacoor, Anifa Vala , Helena Boene, Felizarda Amose, Rosa 
Pires, Zefanias Nhamirre, Marta Macamo, Rogério Chiaú, Analisa Matavele, Faus-
tino Vilanculo, Ariel Nhancolo, Silvestre Cutana, Ernesto Mandlate, Salésio Macu-
acua, Cassimo Bique, Sibone Mocumbi, Emília Gonçálves, Sónia Maculuve, Ana 
Ilda Biz, Dulce Mulungo, Orvalho Augusto, Paulo Filimone, Vivalde Nobela, Corsi-
no Tchavana, Cláudio Nkumbula

Rahat Qureshi , Zulfiqar A Bhutta , Zahra Hoodbhoy, Farrukh Raza, Sana 
Sheikh, Javed Memon, Imran Ahmed, Amjad Hussain

Mrutunjaya B Bellad, Umesh S Charantimath, Shivaprasad S Goudar , 
Geetanjali M Katageri, Avinash J Kavi, Amit P Revankar, Ashalata A Mallapur ,  
Umesh Y Ramdurg, Shashidhar G Bannale, Vaibhav B Dhamanekar, Geetanjali 
I Mungarwadi, Narayan V Honnungar, Bhalachandra S Kodkany, Anjali M Joshi, 
Uday S Kudachi, Sphoorthi S Mastiholi, Chandrappa C Karadiguddi, Gudadayya S 
Kengapur, Namdev A Kamble, Keval S Chougala

Jeffrey Bone , Dustin T Dunsmuir, Sharla K Drebit, Chirag Kariya, Mai-Lei 
Woo Kinshella, Tang Lee, Jing Li, Mansun Lui, Beth A Payne, Diane Sawchuck, 
Sumedha Sharma, Domena K Tu, Marianne Vidler , Ugochi V Ukah, Laura A 
Magee , Peter von Dadelszen

CLIP Trial Steering Committee: J Mark Ansermino, Ana Pilar Betrán, Richard 
Derman, Shafik Dharamsi, France Donnay, Sharla Drebit, Guy Dumont, Susheela 

https://orcid.org/0000-0001-9025-4052
https://orcid.org/0000-0003-3229-0754
https://orcid.org/0000-0002-3215-3445
https://orcid.org/0000-0003-0637-599X
https://orcid.org/0000-0002-8680-7053
https://orcid.org/0000-0003-3779-189X
https://orcid.org/0000-0001-7704-1677
https://orcid.org/0000-0002-7633-8812
https://orcid.org/0000-0002-1355-610X
https://orcid.org/0000-0003-4136-3070


PR
EG

NA
NC

Y

1722  May 2021 Hypertension. 2021;77:1714–1722. DOI: 10.1161/HYPERTENSIONAHA.120.16851

Magee et al BP Level, BP Variability, and Pregnancy Outcomes

M Engelbrecht, Veronique Fillipi, Tabassum Firoz, William Grobman, Marian Knight, 
Ana Langer, Simon Lewin, Gwyneth Lewis, Craig Mitton, Nadine Schuurman, An-
drew Shennan , Joel Singer , Jim Thornton, Hubert  Wong

CLIP Trial Executive Committee: Olalekan O Adetoro, Mrutunjaya M Bellad, 
Zulfiqar A Bhutta , Peter von Dadelszen , Shivaprasad S Goudar , Laura 
A Magee , Ashalata A Mallapur , Khátia Munguambe, Beth A Payne, Rahat 
Qureshi , Charfudin Sacoor, Esperança Sevene , Sumedha Sharma, John O 
Sotunsa, Marianne Vidler

CLIP Data Safety and Monitoring Board (DSMB): Romano Nkumbwa Byaru-
hanga, Brian Darlow, Eileen Hutton, Mario Merialdi, Lehana Thabane

REFERENCES
 1. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, 

Hall DR, Warren CE, Adoyi G, Ishaku S; International Society for the Study 
of Hypertension in Pregnancy (ISSHP). The hypertensive disorders of preg-
nancy: ISSHP classification, diagnosis & management recommendations 
for international practice. Pregnancy Hypertens. 2018;13:291–310. doi: 
10.1016/j.preghy.2018.05.004

 2. Davey DA, MacGillivray I. The classification and definition of the hyperten-
sive disorders of pregnancy. Am J Obstet Gynecol. 1988;158:892–898. doi: 
10.1016/0002-9378(88)90090-7

 3. Stone P, Cook D, Hutton J, Purdie G, Murray H, Harcourt L. Measure-
ments of blood pressure, oedema and proteinuria in a pregnant popula-
tion of New Zealand. Aust N Z J Obstet Gynaecol. 1995;35:32–37. doi: 
10.1111/j.1479-828x.1995.tb01826.x

 4. von Dadelszen P, Payne B, Li J, Ansermino JM, Broughton Pipkin F, Côté AM, 
Douglas MJ, Gruslin A, Hutcheon JA, Joseph KS, et al; PIERS Study Group. 
Prediction of adverse maternal outcomes in pre-eclampsia: development 
and validation of the fullPIERS model. Lancet. 2011;377:219–227. doi: 
10.1016/S0140-6736(10)61351-7

 5. Payne BA, Hutcheon JA, Ansermino JM, Hall DR, Bhutta ZA, Bhutta SZ, 
Biryabarema C, Grobman WA, Groen H, Haniff F, et al; miniPIERS Study 
Working Group. A risk prediction model for the assessment and triage of 
women with hypertensive disorders of pregnancy in low-resourced set-
tings: the miniPIERS (Pre-eclampsia Integrated Estimate of RiSk) multi-
country prospective cohort study. PLoS Med. 2014;11:e1001589. doi: 
10.1371/journal.pmed.1001589

 6. Magee LA, von Dadelszen P, Singer J, Lee T, Rey E, Ross S, Asztalos E, 
Murphy KE, Menzies J, Sanchez J, et al; CHIPS Study Group*. The CHIPS 
Randomized Controlled Trial (Control of Hypertension in Pregnancy Study): 
is severe hypertension just an elevated blood pressure? Hypertension. 
2016;68:1153–1159. doi: 10.1161/HYPERTENSIONAHA.116.07862

 7. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospective Stud-
ies Collaboration. Age-specific relevance of usual blood pressure to vas-
cular mortality: a meta-analysis of individual data for one million adults in 
61 prospective studies. Lancet. 2002;360:1903–1913. doi: 10.1016/ 
s0140-6736(02)11911-8

 8. Stevens SL, Wood S, Koshiaris C, Law K, Glasziou P, Stevens RJ, McManus  
RJ. Blood pressure variability and cardiovascular disease: systematic review 
and meta-analysis. BMJ. 2016;354:i4098. doi: 10.1136/bmj.i4098

 9. Mena LJ, Felix VG, Melgarejo JD, Maestre GE. 24-hour blood pressure vari-
ability assessed by average real variability: a systematic review and meta-
analysis. J Am Heart Assoc. 2017;6:e006895.

 10. Ayala DE, Hermida RC. Ambulatory blood pressure monitoring for the early 
identification of hypertension in pregnancy. Chronobiol Int. 2013;30:233–
259. doi: 10.3109/07420528.2012.714687

 11. Magee LA, von Dadelszen P, Rey E, Ross S, Asztalos E, Murphy KE, 
Menzies J, Sanchez J, Singer J, Gafni A, et al. Less-tight versus tight con-
trol of hypertension in pregnancy. N Engl J Med. 2015;372:407–417. doi: 
10.1056/NEJMoa1404595

 12. Magee LA, Singer J, Lee T, McManus RJ, Lay-Flurrie S, Rey E, Chappell LC, 
Myers J, Logan AG, von Dadelszen P. Are blood pressure level and vari-
ability related to pregnancy outcome? Analysis of control of hypertension 

in pregnancy study data. Pregnancy Hypertens. 2020;19:87–93. doi: 
10.1016/j.preghy.2019.12.002

 13. Bellad MB, Goudar SS, Mallapur AA, Sharma S, Bone J, Charantimath US, 
Katageri GM, Ramadurg UY, Mark Ansermino J, Derman RJ, et al; CLIP 
India Working Group (Table S1). Community level interventions for pre-
eclampsia (CLIP) in India: a cluster randomised controlled trial. Pregnancy 
Hypertens. 2020;21:166–175. doi: 10.1016/j.preghy.2020.05.008

 14. Qureshi RN, Sheikh S, Hoodbhoy Z, Sharma S, Vidler M, Payne BA, 
Ahmed I, Mark Ansermino J, Bone J, Dunsmuir DT, et al; CLIP Pakistan 
Working Group. Community-level interventions for pre-eclampsia (CLIP) 
in Pakistan: a cluster randomised controlled trial. Pregnancy Hypertens. 
2020;22:109–118. doi: 10.1016/j.preghy.2020.07.011

 15. Sevene E, Sharma S, Munguambe K, Sacoor C, Vala A, Macuacua S, 
Boene H, Mark Ansermino J, Augusto O, Bique C, et al; CLIP Mozambique 
Working Group. Community-level interventions for pre-eclampsia (CLIP) in 
Mozambique: a cluster randomised controlled trial. Pregnancy Hypertens. 
2020;21:96–105. doi: 10.1016/j.preghy.2020.05.006

 16. von Dadelszen P, Bhutta ZA, Sharma S, Bone J, Singer J, Wong H, 
Bellad MB, Goudar SS, Lee T, Li J, et al; CLIP Trials Working Group. 
The Community-Level Interventions for Pre-eclampsia (CLIP) cluster 
randomised trials in Mozambique, Pakistan, and India: an individual par-
ticipant-level meta-analysis. Lancet. 2020;396:553–563. doi: 10.1016/ 
S0140-6736(20)31128-4

 17. Lim J, Cloete G, Dunsmuir DT, Payne BA, Scheffer C, von Dadelszen P, 
Dumont GA, Ansermino JM. Usability and feasibility of PIERS on the move: 
an mHealth app for Pre-Eclampsia Triage. JMIR Mhealth Uhealth. 2015;3:e37. 
doi: 10.2196/mhealth.3942

 18. Nathan HL, de Greeff A, Hezelgrave NL, Chappell LC, Shennan AH. An 
accurate semiautomated oscillometric blood pressure device for use in 
pregnancy (including pre-eclampsia) in a low-income and middle-income 
country population: the Microlife 3AS1-2. Blood Press Monit. 2015;20:52–
55. doi: 10.1097/MBP.0000000000000086

 19. Torkamani A, Andersen KG, Steinhubl SR, Topol EJ. High-definition medi-
cine. Cell. 2017;170:828–843. doi: 10.1016/j.cell.2017.08.007

 20. Magee LA, Rey E, Asztalos E, Hutton E, Singer J, Helewa M, Lee T, 
Logan AG, Ganzevoort W, Welch R, et al. Management of non-severe preg-
nancy hypertension - A summary of the CHIPS Trial (Control of Hyper-
tension in Pregnancy Study) research publications. Pregnancy Hypertens. 
2019;18:156–162. doi: 10.1016/j.preghy.2019.08.166

 21. Bakris G, Ali W, Parati G. ACC/AHA Versus ESC/ESH on hyper-
tension guidelines: JACC guideline comparison. J Am Coll Cardiol. 
2019;73:3018–3026. doi: 10.1016/j.jacc.2019.03.507

 22. Jieyu L, Yingying C, Tian G, Jiaxiang W, Jiawen L, Yingjie G, Qingzhou Y, 
Haoyue T, Jieyun Y, Chenwei P. Visit-to-visit blood pressure variability is 
associated with gestational hypertension and pre-eclampsia. Pregnancy 
Hypertens. 2019;18:126–131. doi: 10.1016/j.preghy.2019.09.009

 23. Kim SA, Lee JD, Park JB. Differences in visit-to-visit blood pressure vari-
ability between normotensive and hypertensive pregnant women. Hypertens 
Res. 2019;42:67–74. doi: 10.1038/s41440-018-0112-7

 24. Miyauchi S, Nagai M, Dote K, Kato M, Oda N, Kunita E, Kagawa E, Yamane A, 
Higashihara T, Takeuchi A, et al. Visit-to-visit blood pressure variability and 
arterial stiffness: which came first: the chicken or the egg? Curr Pharm Des. 
2019;25:685–692. doi: 10.2174/1381612825666190329122024

 25. Parati G, Ochoa JE, Lombardi C, Bilo G. Assessment and management 
of blood-pressure variability. Nat Rev Cardiol. 2013;10:143–155. doi: 
10.1038/nrcardio.2013.1

 26. Magee LA, Sharma S, Nathan HL, Adetoro OO, Bellad MB, Goudar S, 
Macuacua SE, Mallapur A, Qureshi R, Sevene E, et al; CLIP Study Group. 
The incidence of pregnancy hypertension in India, Pakistan, Mozam-
bique, and Nigeria: a prospective population-level analysis. PLoS Med. 
2019;16:e1002783. doi: 10.1371/journal.pmed.1002783

 27. Shawkat E, Mistry H, Chmiel C, Webster L, Chappell L, Johnstone ED, 
Myers JE. The effect of labetalol and nifedipine MR on blood pressure 
in women with chronic hypertension in pregnancy. Pregnancy Hypertens. 
2018;11:92–98. doi: 10.1016/j.preghy.2017.12.007

https://orcid.org/0000-0001-5273-3132
https://orcid.org/0000-0002-7220-4382
https://orcid.org/0000-0003-0637-599X
https://orcid.org/0000-0003-4136-3070
https://orcid.org/0000-0002-8680-7053
https://orcid.org/0000-0002-1355-610X
https://orcid.org/0000-0003-3779-189X
https://orcid.org/0000-0002-3215-3445
https://orcid.org/0000-0001-9025-4052
https://orcid.org/0000-0002-7633-8812


1 23

Indian Journal of Otolaryngology and
Head & Neck Surgery
 
ISSN 2231-3796
 
Indian J Otolaryngol Head Neck Surg
DOI 10.1007/s12070-020-02292-z

Diagnostic Positional Tests and
Therapeutic Maneuvers in the
Management of Benign Paroxysmal
Positional Vertigo

Swathi Vadlamani, Srinivas Dorasala &
Sunil Narayan Dutt



1 23

Your article is protected by copyright and all

rights are held exclusively by Association of

Otolaryngologists of India. This e-offprint is

for personal use only and shall not be self-

archived in electronic repositories. If you wish

to self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



OTHER ARTICLES

Diagnostic Positional Tests and Therapeutic Maneuvers
in the Management of Benign Paroxysmal Positional Vertigo

Swathi Vadlamani1 • Srinivas Dorasala2
• Sunil Narayan Dutt3

Received: 10 November 2020 / Accepted: 24 November 2020

� Association of Otolaryngologists of India 2021

Abstract Benign Paroxysmal Positional Vertigo (BPPV),

the most common vestibular disorder characterized by

recurrent, brief episodes of vertigo, is attributed to the

presence of otoconia in the semicircular canals. Two

mechanisms contribute to its cause-canalolithiasis (otoco-

nia freely mobile in the semicircular canal) and cupu-

lolithiasis (otoconia adherent to the cupula). Posterior

semicircular canal is the most common canal involved.

Although the occurrence of BPPV in lateral and superior

semicircular canal is rare, with the advancement in diag-

nostic techniques, their incidence is being reported in the

past few years. Various diagnostic tests and therapeutic

maneuvers have been described in the management of

BPPV. The present report is a comprehensive review of the

tests and maneuvers for BPPV written as a guide intended

to help the clinicians in the accurate diagnosis and appli-

cation of a canal-specific treatment maneuver for BPPV. A

simplified algorithmic approach (‘‘The Bangalore BPPV

Algorithm’’) for the management of BPPV is described.

Keywords Benign Positional Paroxysmal Vertigo

(BPPV) � Positional tests � Therapeutic maneuvers �
Canalolithiasis � Cupulolithiasis

Introduction

Benign Paroxysmal Positional Vertigo (BPPV) is the most

common vestibular disorder characterized by recurrent,

brief episodes of positional vertigo (spinning sensation

produced by the changes in the head position relative to the

gravity). It accounts for approximately 20–30% of the

referrals to vestibular clinics and approximately 17%-42%

of patients with vertigo have BPPV [1].

BPPV is caused by the aberrant stimulation of the

vestibular receptors within the semi-circular canals. Two

mechanisms, canalolithiasis, in which the otoconia are

freely floating within the semicircular canals and cupu-

lolithiasis, where the migrated otoconia become fixed upon

the cupula of the semicircular canal, are considered in the

pathogenesis of BPPV [2].

Otoconia are calcium carbonate crystals attached to the

macula. They are substances with greater specific gravity

than the endolymph and are thus subject to movement with

changes in the direction of the gravitational force. Once the

otoconia enter the semicircular canals, they move in the

endolymph when the attitude of the head is changed rela-

tive to gravity and cause endolymphatic fluid movement or

pressure changes leading to displacement of the cupula.

The debris can either fall towards or away from the

ampulla, creating ampullopetal or ampullofugal deflection

of the cupula. Stimulation of the vestibular nerves as a

result of deflection of the cupula is the cause of the vertigo

perceived [3].

Posterior Semicircular Canal (PSC) is the most common

canal involved accounting for 80–90% cases. Lateral

Semicircular Canal (LSC) is involved in 5–15% cases and

Superior Semicircular Canal (SSC) in less than 2% cases

[4]. Bilateral and multi-canal involvement although sig-

nificantly rare, have been reported in the literature [5].
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Diagnosis

The diagnosis of BPPV rests on the typical elements in the

patient’s history and the characteristics of the nystagmus

elicited by the diagnostic positional tests.

History

• The symptoms are usually described by the patient as a

rotational or spinning sensation during changes of head

position relative to gravity such as rolling over in bed or

tilting the head to look upward [1, 6–14]. Diagnostic

suggestions in the history include [15];

• Attacks of positional vertigo lasting for about a minute

and provoked by turning in bed and with head

movements.Prolonged mild unsteadiness or subjective

imbalance in between the attacks of vertigo is less well

recognized in the literature but commonly encountered

in clinical practice.

• Alternative complaints may be lightheadedness, dizzi-

ness, nausea, palpitations or the feeling of being ‘‘off

balance’’.

• Attacks lasting for a longer time (more than a few

minutes) are considered atypical and warrant consider-

ation of alternate diagnosis.

• An elderly patient with vague complaints of imbalance

and dizziness can also have BPPV and therefore

deserves positional testing.

• Any preferred sleep position of the patient should be

asked for, as BPPV sometimes may be on the side

which the patient prefers to sleep [16].

Clinical Examination

A complete neuro-otological examination is necessary,

considering the possibility of occurrence of more than one

vestibular disorder in one patient [17, 18]. While the

diagnostic positional tests are described in detail, the other

tests are considered out of scope of the current article and

hence mentioned under the following five blocks [3].

1. Oto-neurological Examination: General Examination

of the Patient, Clinical and Audiological Examination

of the Ear and Examination of Cranial Nerves

2. Tests for Vestibulo-Ocular-Reflex (VOR): Head

Impulse, Nystagmus in primary and eccentric gaze,

Test of Skew (HINTS), examination of eye move-

ments (saccades, smooth pursuit and optokinetic),

VOR suppression test, and Dynamic Visual Acuity

(DVA) (Oscillopsia) test.

3. Tests for Vestibulo-Spinal Reflex (VSR): Tandem

gait, Romberg’s test, Unterberger’s test.

4. Tests for cerebellar dysfunction.

5. Diagnostic positional tests.

Diagnostic Positional Tests

Diagnostic positional tests work by moving the head in

planes parallel to the individual semicircular canals which

result in provocation of symptoms of vertigo and produc-

tion of a characteristic nystagmus. The features of the

nystagmus allow the clinician to identify which semicir-

cular canal is involved.

Dix-Hallpike Test (Fig. 1)

This is a test performed by the clinician where the patient is

moved through a set of specified head positions to elicit the

nystagmus that is characteristic of PSC-BPPV (up-beating,

torsional nystagmus with upper poles of both the eyes (iris)

beating towards the affected side). The test involves the

patient sitting on a bed with legs outstretched. The exam-

iner stands beside the patient.

Step 1: The patient’s head is turned 45� towards one

side (in the yaw plane).

Step 2: The patient is made to lie down rapidly, with the

examiner holding the head (still turned at an angle of 45�)
in such a way that it is extended by about 20� beyond the

edge of the bed. In this position, the characteristics of the

nystagmus are noted (Tables 1, 2). This is performed ini-

tially on the right side and if the result is negative, the test

is repeated on the left side. This completes the Dix-Hall-

pike test.

It is recommended to wait for a full minute before

declaring that the patient does not have nystagmus. When

nystagmus is present, it is important to wait until the

nystagmus completely disappears. Frenzel/Micheal gog-

gles or Video-Nystagmo-Graphy (VNG) may be used for

optimal visualization and recording of nystagmus. The test

is to be avoided in certain situations like cervical spondy-

losis, severe kyphoscoliosis, limited cervical range of

motion, spinal cord injuries, cervical radiculopathies, low

back aches and morbid obesity [8, 9, 19]. A side-lying test

can be performed as an alternative in these conditions. In

this, first the patient’s head is turned 458 away from the

side to be tested. Then the patient is briskly laid on the side

being tested, during which the nystagmus is recorded.

Next, the patient is made to sit slowly with the head in the

same position [12].

Pagnini-McClure Test (Barany test) (Fig. 2)

LSC-BPPV was first described by McClure in 1985

[19, 20]. It is the second most common type of BPPV. It
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tends to resolve more quickly and often spontaneously

when compared to PSC-BPPV and may also occur fol-

lowing successful repositioning of PSC-BPPV, when the

mobile otoconia that have now reached the utricular sac

find their way to the LSC causing canal conversion

(although this appears alarming at first, the conversion is

easy to treat with maneuvers meant for LSC-BPPV)

[8, 21]. The characteristic nystagmus in LSC-BPPV is

provoked by supine bilateral head turns (in the yaw plane)

(though inappropriately referred to as Supine Roll Test)

[19]. Two nystagmus findings reflect two distinct types of

LSC-BBPV. Geotropic and Apogeotropic LSC-BPPV. In

geotropic form, an intense horizontal nystagmus (beating

towards the undermost ear) is produced when the patient is

turned towards the affected side. As it beats towards the

earth, it is called as geotropic form of LSC-BPPV. When

the patient is turned towards the healthy side, horizontal

nystagmus is again produced beating towards the under-

most ear (again geotropic but the direction of nystagmus

has now changed). The side with the strongest nystagmus

(more in severity) is the affected side. Apogeotropic variant

of LSC-BPPV reported later by Pagnini et al.is character-

ized by a shorter latency, prolonged duration horizontal

nystagmus, but the direction beats away from the under-

most ear [20]. Geotropic LSC-BPPV is thought to be

caused by otoconial debris moving under the influence of

gravity (canalolithiasis) within the long arm of the LSC,

stimulating utriculopetal endolymph flow in supine posi-

tion with the affected ear down. Apogeotropic LSC-BPPV

is caused either by the adherence of otoconia to the cupula

of the lateral canal (cupulolithiasis) or by the presence of

otoconia close to the ampulla [22]. The debris moving in

Fig. 1 Dix-Hallpike Test

demonstrated for the right side

Table 1 Diagnostic tests for BPPV

Canal Optimal test

Posterior semicircular canal Dix-Hallpike Test

Lateral semicircular canal Pagnini-McClure Test

Superior semicircular canal Supine Straight Head Extension Test

Table 2 Characteristics of the nystagmus to be noted during clinical

examination

Nystagmus Description

Latency Recorded in seconds. No latency indicates

cupulolithiasis

Intensity Measured by the peak Slow Phase Velocity (SPV) in

Videonystagmography or by subjective rating on

direct clinical examination

Direction Up/Down-beating: With reference to patient’s forehead

Horizontal: With reference to patient’s right or left

Torsional: With reference to the beating direction of

upper pole of the iris

Progression Crescendo-decrescendo/constant intensity/decrescendo

Duration Lasting for less than 1 min: Canalolithiasis

Lasting for greater than 1 min: Cupulolithiasis

Fatigability Fatigable: If the nystagmus dies down on maintaining

the same position.Non-fatigable indicates

cupulolithiasis or central causes

Reversal Any reversal of nystagmus in the same position and in

the reversal of provoking position is to be noted

Habituation Less intense nystagmus seen on repetition of the test is

described as nystagmus showing habituation. More

intense nystagmus indicates facilitation of response

(seen in migraine)
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the canal but closer to the ampulla can show mixed char-

acteristics appearing as apogeotropic on Pagnini-McClure

test and geotropic (nystagmus beats towards the affected

ear) on bowing the head forward in seating position.

Spontaneous conversions between geotropic and apo-

geotropic varieties are common and should not cause

alarm.

The Pagnini-McClure test starts with the patient lying

down in supine position. The examiner stands at the head

end of the table and turns the patient’s head in yaw plane

908 to each side. Examiner then looks for the nystagmus on

each side which can be geotropic or apogeotropic. The side

of the BPPV is determined by the strength of the nystag-

mus. In geotropic form, the side with the strongest nys-

tagmus is the affected ear whereas in apogeotropic form,

the side opposite the strongest nystagmus is the affected

ear.

Supine Straight Head Extension Test (Fig. 3)

Honrubia et al.first described the possibility of SSC-BPPV

in patients with down-beating nystagmus during the supine

straight head extension test [23]. Bertholon et al.observed

that most of the patients with positional down-beating

nystagmus had no radiological pathology and hence they

were assumed to be due to SSC-BPPV [24]. The test

involves extension of the neck of the patient to at least 308
(or to the extent that the patient’s neck safely allows, as

previously determined in the sitting position by the

patient’s active head extension range) beyond the table in

supine straight position while the examiner observes for the

nystagmus standing at the head end of the table. Appear-

ance of a down-beating, torsional or often vertical nys-

tagmus is indicative of SSC-BPPV. Side of the BPPV is

decided based on the direction of the down-beating

nystagmus. If the upper pole of the eyes (iris) beat towards

the right, it is considered as right SSC-BPPV. As the

occurrence of SSC-BPPV is rare, its division into

canalolithiasis and cupulolithiasis forms has currently not

been described in the literature and is hence not discussed

here.

To summarize, the above three tests, Dix-Hallpike,

Pagnini-McClure and Supine Straight Head Extension

Tests are helpful in diagnosis of the canal, the side and the

type of otolith dysfunction involved (canalolithiasis/

cupulolithiasis). However, it is notable that the type of test

does not decide the canal involved, but the characteristic

nystagmus does.

Therapeutic Maneuvers

The development of therapeutic treatment maneuvers for

BPPV is probably the most important breakthrough in the

field of neurotology and arguably in the entire field of

medicine. The aim of physical therapy is to eliminate the

episodes of positional vertigo by dislodging the otoconial

debris from the semicircular canals and placing them back

into the utricle. Since the development of the classic

Canalolith Repositioning Maneuver (CRM), numerous

therapeutic procedures have been described by various

authors. The present report is a review of the commonly

performed treatment maneuvers for BPPV written as a

ready comprehensive guide intended to assist the clinicians

in the management of BPPV.

Cawthrone, in 1944, first introduced head and body

exercises as a treatment for vertigo, rationale of which was

based on central nervous system compensation for

peripheral labyrinthine dysfunction [25]. Although this

cannot address BPPV, it is likely to have sown the seed of

Fig. 2 Pagnini-McClure Test
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thinking towards physical maneuvers as an approach to

managing vertigo. Brandt and Daroff in 1980 provided a

mechanical means to promote loosening and dispersal of

otolith debris from the cupula [26]. While these exercises

were based on habituation and adaptation, the maneuvers

discussed below work on ‘‘liberating’’ the otoconia from

the cupular attachment or move the free-floating otoconia

out of the involved canal, back into the utricular sac.

Epley’s Maneuver (PSC-Canalolithiasis) (Fig. 4)

Designed and instituted in 1979 by Epley, this maneuver

has been the most widely accepted treatment of choice for

PSC-Canalolithiasis [27, 28].

Step 1: The patient is placed in the upright position with

the head turned 45� (in the yaw plane) towards the affected

ear (the ear that was positive on the Dix-Hallpike testing).

The patient is rapidly laid back to the supine head-hanging

20� position (with the head turned 458) which is maintained

for one minute or until the nystagmus stops.

Step 2: The head is turned 90� towards the other

(unaffected) side and held for about one minute or until the

nystagmus stops, whichever is longer.

Step 3: The head is turned a further 90� which neces-

sitates the patient’s body to turn from the supine position to

the lateral decubitus position making the patient’s head

nearly in the facedown position (‘‘shoulder pointing to the

roof, eyes looking at the floor’’). This is also held for one

minute or until the vertigo stops, whichever is longer.

Step 4: The patient is brought into the upright sitting

position with ‘‘chin to chest’’. Some clinicians also rec-

ommend a gentle jump from the examination couch to the

floor that may push the crystals finally into the utricle.

(‘‘Leap of faith’’ jump).

A modification of Epley’s maneuver was tested by J C

Li in 60 patients. It involves simultaneous application of a

mastoid oscillator during the various positions of the

Epley’s maneuver. A hand-held, low intensity vibrator is

used as mastoid bone oscillator. Mastoid vibration helps in

movement of the otoconia within the semicircular canal or

detachment of otoconia adhered to the canal wall and

improves the success rate of Epley’s maneuver to 97%

[29]. Mastoid vibration can also be useful at the time of

Dix-Hallpike test, when the patient’s history suggests

BPPV on a particular side but there is no objective nys-

tagmus on examination. Use of a mastoid oscillator in such

a case may help in conversion of the subjective vertigo to

objective nystagmus, which is beneficial for the accurate

diagnosis of BPPV.

Semont’s Maneuver (PSC-Cupulolithiasis

and Canalolithiasis) (Fig. 5)

The maneuver (also called liberatory maneuver) utilizes the

inertial and gravity forces to liberate the otoconia from the

cupula and place them back into the utricular sac [30]. It is

the recommended maneuver for PSC-Cupulolithiasis, but

can also be used for canalolithiasis.

Step 1: The patient sits on a table with the head turned

458 away from the affected side (in the yaw plane).

Step 2: The patient is then quickly put into the side-

lying position, towards the affected side, with the head

turned up (nose up).

Step 3: The patient is quickly moved through a rapid

1808 arc to the opposite side-lying position with the head

facing down, during which the head remains in the same

position (nose dive).

Step 4: The patient is then brought back up to the sitting

position slowly. Each position is maintained for about 30 s

or until the nystagmus stops, whichever is longer.

Both Semont’s and Epley’s maneuvers are equally

effective in the treatment of PSC-Canalolithiasis [31, 32].

Lempert’s Barbeque-Roll Maneuver (Geotropic

LSC-BPPV) (Fig. 6)

The maneuver is employed for geotropic form of LSC-

BPPV and is performed after the diagnosis of LSC-

Canalolithiasis has been made by Pagnini-McClure test.

First described in 1996 by Lempert, the maneuver starts

with the patient in supine position. Then, the patient rolls

his/her head (or full body) to the unaffected side. Rolling is

continued in the same direction until his/her head is com-

pletely prone. The maneuver can either be ended here

Fig. 3 Supine Straight Head

Extension Test
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(270� roll) or completed until the final roll (full 360�) and
then the patient sits [33]. Some authors describe a stag-

gered barbeque roll maneuver where the head is first turned

908 for 30 s followed by the body at every step.

Each position is held for 30 s or until the nystagmus

stops, whichever is longer.

Gufoni Maneuver (Geotropic LSC-BPPV) (Fig. 7)

The maneuver was first developed by Gufoni in 1998, the

article published in English by Appiani et al.in 2001 [34].

Either Gufoni or Lempert’s maneuver can be used for the

treatment of geotropic LSC-BPPV.

Step 1: The patient is taken from the sitting position to

the straight side-lying position on the unaffected side for

about 30 s.

Step 2: Then the patient’s head is quickly turned 45�-
60� towards the ground and held in this position for about

1 min.

Step 3: The patient then sits up with the head held

toward the shoulder on the unaffected side until the body is

fully upright and then the head is straightened.

Fig. 4 Epley’s Maneuver for Right Posterior Semicircular Canal-Canalolithiasis

Fig. 5 Semont’s Liberatory

Maneuver for Right Posterior

Semicircular Canal-

Canalolithiasis/Cupululithiasis
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Response rate with the Lempert’s maneuver has been

reported to be between 50 and 100%. Casani et al.reported

an efficacy of 93% with Gufoni maneuver, while a study by

Kim et al. showed 69% results with Gufoni maneuver and

61% results with Lempert’s Barbeque-roll maneuver

[35, 36].

Modified Gufoni or Appiani Maneuver

(Apogeotropic LSC-BPPV) (Fig. 8)

The maneuver developed by Gufoni for apogeotropic LSC-

BPPV was clinically tested by Appiani et al.[37].

Step 1: The patient is taken from the sitting position to

the straight side-lying position on the affected side for

about 30 s.

Fig. 6 Lempert’s Barbeque-Roll Maneuver for Geotropic Right Lateral Semicirucular Canal BPPV

Fig. 7 Gufoni Maneuver for

Geotropic Right Lateral

Semiciruclar Canal BPPV
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Step 2: The head is turned, nose up, 45�-60� and held in

that position for about a minute, which would free the

debris from the canal side of the cupula (or from being

lodged in the anterior arm of the LSC) [20].

Appiani maneuver is used to convert the apogeotropic

form of LSC-BPPV into geotropic form, which is subse-

quently treated with Gufoni maneuver after a waiting

period of 30 min [38]. Other tests and maneuvers for LSC-

BPPV reported in the literature are mentioned in the

Table 3 [39–43].

Yacovino Maneuver (SSC-BPPV) (Fig. 9)

Considering the rarity of its occurrence, the diagnosis and

treatment of SSC-BPPV is challenging. Diagnosis is made

by finding of a down-beating nystagmus with a vertical or

ideally with a torsional component in a supine straight head

extension test. Due to the co-planar orientation of the left

posterior canal with the right superior canal, a left Dix-

Hallpike test can provoke a right SSC-BPPV. However, a

left–right lateralisation is less specific in SSC-BPPV as in

the other canal types [24, 44]. Yacovino maneuver can

used as an effective maneuver for treatment of SSC-BPPV

of either side, the mean success rate of which is reported to

be 78.8% [45].

Step 1: Yacovino maneuver is the continuation of

straight head extension test where the head is brought down

at least 308 below the horizontal triggering a down-beating

nystagmus.

Step 2: Once the nystagmus ceases, the patient’s head is

quickly moved forward ‘‘chin to chest’’ with vertex near

the vertical axis.

Step 3: After another 30 s, head and body are brought

into the sitting position [46]. In contrast to other maneuvers

for SSC-BPPV, Yacovino maneuver is side-independent

and does not require identification of the affected ear.

Few other studies that have demonstrated results of

maneuvers for SSC-BPPV are mentioned in the Table 4

[23, 47–49].

Home Exercises

Home treatments for BPPV are considered in the following

conditions [14, 50, 51]:

1. As an additional vestibular rehabilitation therapy after

treatment with repositioning maneuvers.

2. BPPV resistant to repositioning maneuvers.

3. For residual complaints of generalized dizziness after

repositioning maneuvers.

4. For those who refuse repositioning maneuvers and

who are inaccessible for a complete treatment.

5. When the side of the BPPV is unclear.

The home maneuvers that can be performed are 1. Ep-

ley’s Maneuver 2. Semont’s Maneuver and 3. Brandt-

Daroff Exercises. Since the maneuvers are safe and eco-

nomical, their repeated application in the consequent ses-

sions is recommended for patients who are not symptom

free after the first treatment. Modified Epley’s maneuver

Fig. 8 Appiani Maneuver for

Apogeotropic Right Lateral

Semicircular Canal BPPV, to

convert the apogeotropic form

to geotropic form
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and modified Semont’s maneuver as described by Radke

et al.can also be performed, efficacy of which ranges from

60%-90% [52]. The Brandt and Daroff exercises involve a

sequence of rapid lateral head/trunk tilts repeated serially

to promote loosening and dispersion of the debris towards

the utricle. In this, the patient starts in a sitting position

moving quickly to the right side-lying position with head

rotated 45� facing upward (nose up). This position is

maintained until the vertigo stops and then the patient sits

for about 30 s. Then the patient moves rapidly to a left

side-lying position with the head rotated 45� facing upward

(nose up) [26]. The exercises are repeated in three sessions,

three times a day for two weeks. Each session involves five

repetitions of the exercise. With the advent of canal-

specific maneuvers for BPPV, the use of Brandt-Daroff

exercises is limited.

Single applications of the Epley’s or the Semont’s

maneuver relieves 80–90% patients, so some patients

require repetition of the maneuvers until the positional

vertigo resolves [53–55]. The repetition of the maneuvers

can either be done by the therapist at the clinic or be taught

to the patient to perform at home with the help of a care-

giver. The rate of successful treatment of BPPV reaches to

90%-98% after the performance of subsequent

Table 3 Other tests and maneuvers for Lateral Semicircular Canal BPPV (LSC-BPPV)

Other Tests and maneuvers for Lateral Semicircular Canal BPPV

Lying down Test: Horizontal nystagmus seen when the patient is moved to supine straight position facing up (beats away from the affected ear

in geotropic and towards the affected ear in apogeotropic LSC-BPPV)

Bow and lean Test: On bending forwards in sitting position, the nystagmus beats towards the affected ear in geotropic LSC-BPPV and away

from the affected ear in apogeotropic LSC-BPPV

Nuti’s Maneuver: Repeated lateral rotation of the head in supine position to move the otoliths from anterior arm of the canal to the posterior

arm

Vannucchi-Asperella Maneuver: Prolonged forced position maneuver where the patient lies on the affected side for approximately 12 h

Zuma’s Maneuver: First, the patient is in the sitting position and then is laid down on the affected side and held in this position for 3 min.

Then, the head is rotated 90� toward the ceiling and held in this position for another 3 min. Then, the head is turned 90� toward the

unaffected side and held in this position for another 3 min. Finally, the head is tilted slightly forward and then the patient is brought to the

sitting position

Fig. 9 Yacovino Manuver for

the treatment of Superior

Semicircular Canal BPPV
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repositioning maneuvers [56]. Therefore, for persistent

BPPV, repeat repositioning maneuvers can be performed as

a preferred treatment and for treatment failures refractory

to multiple maneuvers, surgical plugging of the posterior

semicircular canal can be considered [19].

Summary and Conclusions

A systematic step-by-step approach to the diagnosis and

treatment is essential for the optimum management of

BPPV. The diagnosis of BPPV is based on the history and

the characteristic nystagmus seen in the positional test.

Canal specific treatment with a repositioning maneuver is

to be performed (Table 5). A practical algorithmic

approach named as ‘‘The Bangalore BPPV Algorithm’’,

being used at our center is described (Fig. 10). Following

are the key points to be necessarily considered during the

management of BPPV.

1. Every dizzy patient needs to be tested for the possi-

bility of BPPV.

2. The canal affected by BPPV is based on the direction

of the nystagmus observed but not the positional test

employed. For example, on performing Dix-Hallpike

test, if the patient shows horizontal nystagmus, it is

considered as LSC-BPPV but not PSC-BPPV.

3. Reversal of the provoking position can cause reversal

of the direction of nystagmus. Intense, positionally

evoked nystagmus can show reversal of direction even

when same position is maintained.

4. Horizontal nystagmus is described as the direction of

the fast phase with respect to the patient’s right and

left. Torsional nystagmus is described as the beating

direction of the upper pole of the iris with respect to

patient’s right and left, and vertical nystagmus is

described as the direction with respect to patient’s

forehead. Up-beating nystagmus is towards the fore-

head and down-beating away from the forehead (but

not with respect to the earth and sky).

Table 4 Other maneuvers for Superior Semicircular Canal BPPV (SSC-BPPV)

Other maneuvers for Superior Semicircular Canal BPPV

Honrubia’s
Maneuver

Reverse Epley’s Maneuver

Kim’s Maneuver The head is turned 458 away from the affected ear and then the patient is brought to supine position and lowered to 308
below the horizontal. Next, the head is elevated while lying in a supine position and then returned to a sitting position with

the chin tilted downwards. Efficacy of the maneuver was found to be 96.7%

Rahko’s Maneuver The patient lies on the healthy side. The head is first tilted downwards 458, then moved to 458 up in the supine position, thus

accomplishing a 1808 flip. Each position is maintained for 30 s and finally the patient sits up

Crevit’s Maneuver Forced prolonged position maneuver: Requires admission of the patient in the hospital. The patient is rapidly moved from

sitting to supine position with head extended as far as possible so that the vertex is 608 below the horizontal. Head is

supported in this position for 30 min. Then, the head is moved quickly forwards with vertex near the vertical. This is the

forced position in which patient is kept for 24 h

Table 5 Diagnostic tests, characteristics of the nystagmus and therapeutic maneuvers in the management of BPPV (Described for the right side.

Opposite is to be performed for left side BPPV)

Type of pathology Diagnostic test Nystagmus Therapeutic maneuver

Canalolithiasis of

right posterior

semicircular canal

Dix- Hallpike Test-right

side

Up-beating, right torsional(upper pole of the iris

beating to the right) nystagmus lasting for less than

1 min with a latency of onset

Right Epley’s Maneuver/ Right

Semont’s Maneuver

Cupulolithiasis of

right posterior

semicircular canal

Dix-Hallpike Test-right

side

Up-beating, right torsional nystagmus lasting for

more than 1 min

Right Semont’s Maneuver

Canalolithiasis of

right lateral

semicircular canal

Pagnini-McClure Test Horizontal geotropic nystagmus stronger with right

ear down

Lempert’s Barbeque- Roll Maneuver/

Gufoni Maneuver

Cupulolithiasis of

right lateral

semicircular canal

Pagnini-McClure Test Horizontal apogeotropic nystagmus stronger with left

ear down without latency

Modified Gufoni/ Appiani Maneuver.

Followed by Gufoni Maneuver (after a

30 min waiting period)

Right superior

semicircular canal

BPPV

Supine Straight Head

Extension Test/Left

Dix-Hallpike Test

Down-beating, torsional or vertical nystagmus Yacovino Deep Head Hanging

Maneuver
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5. Following types of nystagmus are described in the

provoking test for each type of canal involvement.

A. Horizontal nystagmus for lateral canals. B. Tor-

sional up-beating nystagmus for posterior canals.

C. Torsional down-beating nystagmus for superior

canals.

6. Intractable BPPV unresponsive to repeated reposi-

tioning maneuvers can be managed by surgical

correction with posterior semicircular canal occlusion

or singular nerve resection [57, 58].

7. Accurate diagnosis of the involved canal and appli-

cation of an appropriate therapeutic maneuver is

essential in the management of BPPV. The treatment

maneuvers help in reducing adverse events associated

with undiagnosed BPPV, minimize the costs and

maximize the quality-of-life of the individuals with

BPPV.
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Abstract

The SARS-CoV-2 is a new coronavirus responsible for the COVID-19 disease

and has caused the pandemic worldwide. A large number of cases have over-

whelmed the healthcare system worldwide. The COVID-19 infection has been

associated with a heightened risk of thromboembolic complications. Various

mechanisms are leading to the high thrombotic risk in COVID-19 patients

such as inflammation, endotheliitis, hyperviscosity, and hypercoagulability.

We searched PubMed, EMBASE, and CINAHL from January 2020 to

December 2020. We used the following search terms: COVID-19,

coagulopathy, and thrombosis. We reviewed the epidemiology, clinical

features, mechanisms, and treatment of COVID-19-associated coagulopathy.

KEYWORD S
COVID-19, endotheliitis, heparin, microthrombosis, thrombosis

1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic is
caused by the severe acute respiratory syndrome corona
virus-2 or SARS-CoV-2, which is a single-strand positive-
sense RNA virus that belongs to the genera of
betacoronaviridae. The virus is named corona because
of the presence of a crown-like halo on electron micros-
copy. The SARS-CoV-2 showed �96% sequence homol-
ogy with the bat coronavirus RaTG13.1,2 The high
sequence homology may point towards bats origin of the
virus and the possibility of species jumping. The
sequence homology to SARS-CoV and MERS-CoV are
79.6% and 33.84%, respectively.1 The virus entry inside
the cell depends on the interaction between the viral
spike protein or “s” protein and the human angiotensin-

converting enzyme 2 (ACE2).3 The ACE2 protein is a
membrane-bound receptor expressed on the surface of
lung alveolar epithelial cells (Type II pneumocyte) and
enterocytes of the small intestine that explains the route
of entry in COVID-19 infection.4 The serine protease
TMPRSS2 primes the S protein for binding with the
ACE2 receptor. Li et al.5 reported the highest level of
ACE2 expression in the small intestine, testis, kidneys,
heart, thyroid, and adipose tissue, indicating that SARS-
CoV-2 may infect various extrapulmonary organs. In
December 2019, local health authorities in China
reported a cluster of patients with mysterious pneumonia
cases of unknown cause, which was initially linked to a
seafood wholesale market in Wuhan, China. Zhu et al.6

identified the causative agent as a novel coronavirus
(2019-nCoV) from samples of airway epithelial cells.
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From Wuhan, the disease spreads globally. Person-
to-person transmission via droplets and contact is the
main means of transmission. COVID-19-associated
coagulopathy (CAC) is an important feature of
COVID-19 infection and may cause respiratory complica-
tions and death.

1.1 | Pathophysiology of
COVID-19-associated coagulopathy

COVID-19 coagulopathy involves both the venous and
arterial system, and it develops due to coagulation activa-
tion by several factors that affect Virchow’s triad:
endotheliitis, hypercoagulopathy, and stasis. The hyper-
inflammation of COVID-19 infection itself may lead to a
hypercoagulable state by activating the coagulation path-
way and inactivating the anticoagulation and fibrinolysis
pathway. Hypoxia due to COVID-19 lung pathology may
lead to vasoconstriction and hyperviscosity of the blood.7

Moreover, hypoxia can shift the anti-inflammatory
and anti-thrombotic properties of basal endothelium
towards a proinflammatory and prothrombotic
phenotype by altering the expression of transcription
factors such as hypoxia-inducible factor-1 (HIF-1).8

Figure 1 shows the various pathogenesis mechanisms of
COVID-19-associated coagulopathy.

1.2 | Endothelium and SARS-CoV-2

The endothelium has an important role in mediating
neutrophilic inflammation and microvascular

thrombosis. Endothelial cells inhibit coagulation through
several mechanisms. They display several anticoagulants
substances such as proteoglycans, heparan sulfate, and
thrombomodulin. Moreover, they sequester von
Willebrand factor (vWF) within their storage granules as
Weibel–Palade bodies (WPB). They also synthesize and
release nitric oxide (NO), which inhibits platelet
activation.9 Endothelial dysfunction shifts the vascular
endothelium from an anticoagulant to a procoagulant
state. SARS-CoV-2 can directly infect endothelial cells of
various organs via ACE2 receptors and can cause
endotheliitis and its dysfunction. Varga et al.10 noted the
presence of viral inclusions in endothelial cells of various
organs associated with diffuse endothelial inflammation
and apoptosis. Autopsy study has also confirmed severe
endothelial injury and the presence of intracellular viral
particles.11 Goshua et al.12 reported significantly high
levels of marker of endothelial and platelet activation in
hospitalized patients with COVID-19, which increased
further with disease severity. The plasma mean vWF was
565% [SD 199] in 48 patients admitted to the ICU versus
278% [133] in 20 non-ICU patients, p < 0.0001. Similarly,
the soluble P-selectin level was 15�9 ng/ml [4.8] versus
11�2 ng/ml [3.1], p = 0.0014, in ICU and non-ICU
patients, respectively. They also reported a significant
correlation between endotheliopathy and mortality.
Escher et al.13 similarly reported markedly high vWF
levels (vWF: antigen 555%, vWF: activity 520%) and
Factor VIII levels (clotting activity of 369%) along with a
continued rise in D-dimer levels in a patient with severe
COVID-19 infection. All these indicate widespread
activation of endothelial cells in COVID-19 infection.
Endothelial cell activation is triggered by various

F I GURE 1 Various pathogenesis

mechanisms of COVID-19-associated

coagulopathy
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pathways such as proinflammatory cytokines, hypoxia,
complement, and neutrophil extracellular traps
(NETosis), resulting in the release of vWF and P-selectin.
The vWF promotes thrombosis by binding to platelet
receptors and thus activate platelet adhesion and aggre-
gation.14 They may also cause thrombotic micro-
angiopathy.15 Moreover, along with angiopoitein-2, vWF
regulate angiogenesis also, characteristically seen in
COVID-19 infection.16 Sugiyama et al.17 had shown that
experimental influenza infection of human endothelial
cells promotes platelet-endothelial adhesion and also
induces shedding of cell surface anticoagulants. In the
future, we need to study the role of antiplatelet agents on
the outcome of respiratory viral infections.

1.3 | Platelets and COVID-19

Thrombocytopenia in COVID-19 is usually mild. Huang
et al.18 reported a platelet count below 100 � 109/L only
in 5% of hospitalized patients and 8% of those in ICU.
The mechanisms of preserved platelet counts include an
increased thrombopoietin production by liver activation
and excessive platelet production by megakaryocytes in
the lungs.19 Significant thrombocytopenia, if occurs, is
due to the consumption of platelets by the formation of
pulmonary thrombi.19 Lippi et al.20 in a meta-analysis
of nine studies involving 1779 COVID-19 patients
(399 with severe disease) reported a significantly lower
platelet count in patients with severe disease (weighted
mean difference �31 � 109/L; 95% CI: �35 to
�29 � 109/L). Subsequently, a subgroup analysis com-
paring patients by survival reported lower platelet count
correlated with mortality. Manne et al.21 have reported
an increased gene expression and activation of platelets
in COVID-19 infection, which also supports its role in
thrombosis. Because platelets lack SARS-CoV-2 ACE2
receptors, the activation of platelets may be mediated by
an increased mitogen-activated protein kinases (MAPK)
pathway activation and thromboxane generation.

1.4 | Inflammothrombiosis

Profound inflammation seen in COVID-19 infection
is the most likely cause of thrombus formation and
the process is called immunothrombosis or
thromboinflammation. The central component of
thromboinflammation is the loss of normal anti-
inflammatory and antithrombotic functions of endothe-
lium. Endothelial cells prevent thrombus formation in
healthy individuals by exerting their antiplatelet,

anticoagulant, and anti-inflammatory actions. Inflamma-
tory damage to endothelial cells due to SARS-CoV-2 leads
to the following consequences: loss of anticoagulant sur-
face, fibrin formation, release of endothelial granules and
deposition of vWF, leukocyte recruitment, and comple-
ment activation. Apart from its effects on endothelium,
the inflammatory pathway may also activate coagulation
via other mechanisms: complement activation, NETosis,
activation of monocytes.22

1.5 | Role of complement in thrombosis

The complement pathway is an important component of
the innate defence system and helps in viral clearance.
However, complement activations have several down-
stream deleterious effects such as inflammation, apopto-
sis, and thrombosis. Magro et al.23 reported autopsy
findings from five decedents with severe COVID-19 infec-
tions and ARDS and observed evidence of complement-
mediated microvascular injury. They noted marked depo-
sition of C5b-9, C4d, and Mannan-binding lectin serine
protease (MASP)-2 supporting a generalized activation of
alternate and lectin-based pathways. There was also evi-
dence of co-localization of SARS-CoV-2 and activated
complement components. There are several mechanisms
proposed about how the complement pathways are acti-
vated in COVID-19 infection. Zhou et al.24 had shown
that Mannose-binding lectin (MBL) binds to a site on
SARS-CoV “S” glycoprotein, which does not interfere
with the viral binding with ACE2 receptors. This binding
activated the lectin pathway. Complement activation
may occur without interaction with the viral S protein.
One important pathway is the Renin–Angiotensin–
Aldosterone pathway. The ACE2 receptors undergo
down-regulation after SARS-CoV-2 binding, resulting in
an accumulation of angiotensin II and Angiotensin-
(1–7).25 The high angiotensin II and Angiotensin-(1–7)
lead to the generation of reactive oxygen species (ROS)
formation and complement activation. It also interferes
with the antioxidant mechanism. Activated complement
and its products may promote thrombus formation by
various mechanisms. It causes activation of platelets,
endothelial cells, induction of tissue factors, secretion of
VW factor, and enhanced expression of P-selectin. The
lectin pathway activates thrombin and fibrinolysis
inhibitor.26 Therefore, the SARS-CoV-2 infection has the
potential to drive complement-mediated inflammation,
endothelial injury, and thrombosis. Diurno et al.27 in a
case series from Italy have reported efficacy of
eculizumab in COVID-19-associated ARDS with a fall in
inflammatory parameters.
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1.6 | Neutrophils extracellular traps

Neutrophils extracellular traps (NETs) are extracellular
tangles of DNA released by Neutrophils and are enriched
with granules-derived antimicrobial peptides and
enzymes.28 The purpose is to contain the infection, but
NETs also play a role in microthrombi formation by prov-
ing a scaffold and by promoting the propagation of
thrombus. They do so by causing platelet and RBC adhe-
sion and by concentrating effector proteins and coagula-
tion factors.29,30 Neutrophils bound to NETs in an active
stage digests major coagulation inhibitors antithrombin
III and tissue factor pathway.31 Zuo et al.32 reported sig-
nificantly elevated levels of NETs in 50 hospitalized
patients with COVID-19 compared with healthy controls.
Heparin destabilizes NETs by removing histone moiety,
suggesting an additional antithrombotic effect of
heparin.28

1.7 | Hyperviscosity

Maier et al.33 reported hyperviscosity in 15 COVID-19
patients and four patients with a viscosity above 3.5 cP
had a documented thrombus. Hyperviscosity develops
due to an increase in fibrinogen levels and can promote
thrombosis as one of the components of Virchow’s triad,
and it can also damage the endothelium.34 Fibrinolysis
resistance is another potential mechanism of
COVID-19-associated coagulopathy.35 Children may be
less prone to COVID-19-associated coagulopathy.36 It is
due to a higher α2-Macroglobulin (α2-M) level, which is
a protease inhibitor and is having antithrombin activity.37

Being localized on the luminal surface of the
endothelium, α2-M may protect the development of
SARS-CoV-2-induced thrombophlebitis.

1.8 | Macrophage activation syndrome
in COVID-19 pneumonia

Macrophage activation syndrome (MAS) or secondary
haemophagocytic lymphohistocytosis may develop in
COVID-19 patients and is characterized by highly ele-
vated CRP and hyperferritinaemia, coagulopathy, and
abnormal liver function.38,39

1.9 | Thrombotic microangiopathy

This is characterized by microvascular thrombosis,
microangiopathic haemolytic anaemia (MAHA), and
thrombocytopenia. On autopsy, microvascular thrombus

has been detected in COVID-19 infection. COVID-19
patients may show decreased haemoglobin, increase in
LDH, and bilirubin, and a decrease in haptoglobin along
with schistocytes.40 Features suggestive of thrombotic
thrombocytopenia purpura (TTP) and haemolytic
uraemic syndrome (HUS) have also been reported in the
literature.41

1.10 | Antiphospholipids syndrome

Antiphospholipids syndrome is characterized by throm-
botic complications, particularly in young patients. The
COVID-19 patients had shown the presence of anti-
phospholipids antibodies such as lupus anticoagulant
and anticardiolipin, and anti-β2-glycoprotein antibodies
have been detected in COVID-19 patients. The character-
istics laboratory parameter includes prolonged aPTT.
However, the lupus anticoagulant data should be
analysed with care in patients with COVID-19 infection
with underlying inflammation as markedly high CRP
may cause false-positive result if CRP sensitive reagents
are used.42,43

2 | CLINICAL MANIFESTATIONS
OF COVID-19-ASSOCIATED
COAGULOPATHY

COVID-19 infection is a state of hyperinflammation and
systemic hypercoagulability characterized by a tendency
of venous, arterial, and microvascular thrombosis.
Another characteristic of CAC is the frequent occurrence
of catheter-associated thrombosis and clotting of
vascular access catheter and dialysis circuits. The risk of
thrombosis is high in hospitalized COVID-19 patients
and in particular patients admitted in the intensive care
unit (ICU). Patients may develop myocardial infarction,
and the culprit lesion is not identified by coronary
angiography in approximately 40% of patients with
COVID-19 with an acute ST-elevation myocardial
infarction (STEMI).44

Thrombotic phenomenon seen in COVID-19
infection:

1. Microthrombosis of various organs, often leading to
organ dysfunction (lung, kidney, and liver, etc.);

2. Venous thromboembolism (VTE): pulmonary
embolism (PE) and deep vein thrombosis (DVT);

3. Stroke: large vessels and often young patients45;
4. Myocardial infarction, often in absence of culprit

lesions;
5. Thrombosis occurs despite routine thromboprophylaxis.46
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The evidences for COVID-19-associated coagulopathy
are the following evidences: high D-dimer, increase VTE
prevalence, cerebrovascular accident (CVA) (case reports)
and microthrombosis (autopsy studies). D-dimer is the
degradation product of cross-linked fibrin and is mea-
sured by two different assays based on molecular weight:
fibrinogen equivalent unit (FEU) and D-dimer unit
(DDU). The normal reference range is <500 ng/ml FEU.
The source of elevated D-dimer in COVID-19 infection is
excessive fibrinolysis. Fibrinolysis of the fibrin deposited
in the intra-alveolar space in acute lung injury patients
may also raise the D-dimer levels.47 The fibrinolysis pro-
cess is being mediated by the urokinase-type plasmino-
gen activator (uPA) secreted by the alveolar epithelial
cells.48 The endothelial cells damaged by inflammation
may also elevate the D-dimer levels in COVID-19 infec-
tion.10 The CD169+ macrophages are also important in
SARS-CoV-2 viral spread within the body49 and are
responsible for D-dimer generation.

Elevated D-dimer on admission is a poor prognostic
marker and is associated with severe disease and in-
hospital mortality. In a retrospective study from China,
which included 1099 COVID-19 patients, a D-dimer
≥0.5 μg/ml was observed among 60% of patients with
severe disease compared with 43.2% patients with mild
disease (p = 0.002). Patients who attained the primary
composite endpoint (admission to an intensive care unit,
the use of mechanical ventilation, or death) had a higher
D-dimer level compared with those who did not (69.4%
vs.44.2%). However, thrombocytopenia defined as a plate-
let count of less than 150 � 109/L was seen in only 36.2%
of patients of COVID-19 disease.50 Huang et al.18 in a
prospective study of 41 COVID-19 positive cases reported
a significantly high D-dimer level and PT on admission
in ICU patients compared with those in the wards
(D-dimer level: 2.4 and 0.5 mg/L, respectively,
p = 0.0042). The corresponding PT values were 12.2 and
10.7 s, respectively (p value = 0.012). Zhou et al.51 in a
multivariable regression analysis of 191 COVID-19
patients reported an odds ratio of 18.42 (2.64–128.55,
p = 0.0033) of in-hospital mortality for patients with a
D-dimer of >1 μg/ml. Other factors included older age
(OR: 1.10, 95% CI: 1.03–1.17, p value = 0.0043) and
higher sequential organ failure score (SOFA) score
(OR: 5.65, 95% CI: 2.61–12.33, p = <0.0001). A low plate-
let count (<100 � 109/L) and a high prothrombin time
(PT) (≥16 s) levels were observed in 20% and 13% of non-
surviving patients, respectively.

Tang et al.52 in a retrospective-designed study from
Wuhan, China, reported a difference in coagulation
profiles in patients with COVID-19 infection between
survivors and nonsurvivors. They reported an overall
mortality of 11.5%. The coagulation profiles of the

nonsurvivors on admission were as follows: a signifi-
cantly higher D-dimer (2.12 mg/L vs. 0.61 mg/L,
p value < 0.001) and fibrin degradation product (FDP)
levels, a significantly longer PT and aPTT levels com-
pared with survivors. However, the fibrinogen level was
elevated in both the group. They also reported the pro-
gression of coagulopathy to overt DIC as indicated by the
International Society on Thrombosis and Haemostasis
(ISTH) DIC score of ≥5 in 71.4% of nonsurvivors com-
pared with 0.6% of survivors only. Petrilli et al.53 in a
single-centre prospective cohort study conducted on 5279
COVID-19 patients admitted to a hospital in New York
City reported that a D-dimer level of >2500 ng/ml was
more strongly associated with critical illness than age or
comorbidities (odds ratio: 3.9, range 2.6 to 6.0).

VTE risk is high in patients with COVID-19, and ICU
patients with severe COVID-19 infections have a higher
incidence of VTE than patients admitted in the general
wards and historic ICU rates, despite standard VTE pro-
phylaxis. The prevalence is heterogeneous in various
studies. The majority of studies were retrospective in
nature and including inpatients in ICU. Moreover, there
was inconsistent use of thromboprophylaxis also. Llitjos
et al.54 screened 26 severe COVID-19 patients in two
French intensive care units (ICU) by complex duplex
ultrasound (CDU). All patients were on anticoagulation:
prophylactic anticoagulation in eight (31%) patients and
therapeutic anticoagulation in 18 (69%) patients. The
cumulative incidence of peripheral VTE was 69%, which
included six patients with PE (23%). The VTE incidence
in the prophylactic and therapeutic anticoagulation
group was 100% and 56%, respectively (p = 0.03). Klok
et al.46 evaluated the cumulative incidence of venous and
arterial thrombotic events, including DVT, PE, ischaemic
strokes, and myocardial infarction in 184 patients admit-
ted to the ICU. All patients received nandroparin (2850
to 5700 IU per day based on body weight) prophylaxis.
The composite incidence of thrombotic events was 31%
(95% CI: 20–41) and arterial thrombosis was 3.7% (95%
CI: 0–8.2). Computed tomography-diagnosed pulmonary
embolism was the most frequent thrombotic complica-
tion (n = 25, 81%). Age and coagulopathy defined as
prolongation of PT > 3 s and aPTT > 5 were the
independent predictors of thrombotic events. DIC was
not detected in any patient. Helms et al.55 in a French
prospective study involving 150 critically ill COVID-19
patients reported thrombotic complications developed in
64 patients and majority of them had a pulmonary embo-
lism (16.7%) despite thromboprophylaxis. Patients with
COVID-ARDS develop significantly higher thrombotic
complications than non-COVID-ARDS (11.7% versus
2.1%, p value <0.008). Among 29 patients undergoing
renal replacement therapy, 28 (96.6%) developed circuit
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clotting, and three out of 12 patients requiring extracor-
poreal membrane oxygenator (ECMO) developed circuit
thrombotic occlusions. The authors reported the presence
of Lupus anticoagulant in 50 of 57 patients tested (87.7%).
None of the COVID-19-associated ARDS developed DIC.
Al-Samkari et al.56 retrospectively analysed the incidence
of thrombotic and haemostatic complications of 400 hos-
pitalized COVID-19 patients from the United States.
Radiographically confirmed VTE was 4.8% (95% CI: 2.9–
7.3), 3.1% in noncritically ill patients and 7.6% in criti-
cally ill patients. Overall incidence of VTE was 9.5%. All
patients were receiving standard-dose throm-
boprophylaxis. Arterial thrombosis was detected in 2.8%.
They also reported an overall bleeding rate of 4.8%, and it
was 7.6% among critically ill patients. Elevated D-dimer
(D-dimer > 2500 ng/ml) had an odds ratio of 6.79 for
thrombosis. Thrombosis was also associated with inflam-
matory markers.

Another striking complication of COVID-19 infection
is the occurrence of acute large vessel occlusion in
patients less than 50 years of age presenting with
ischaemic strokes. Among the five patients reported in
the case series by Oxley et al.,45 the youngest one was
33 years of age and the mean National Institute of Health
stroke scale (NIHSS) score was 17, suggestive of severe
large vessel stroke. In the Klok et al.46 series, out of
184 patients, 65 patients were diagnosed with PE, five
developed ischaemic strokes, and two patients had arte-
rial thrombosis. Beyrouti et al.57 published a case series
of six COVID-19 patients with ischaemic stroke with the
youngest patient of age 53 years. Most patients had severe
disease and various underlying comorbidities. They
reported the following distinct characteristics:

1. Large vessel occlusion in all patients and in three, it
involves multiple territories;

2. Ischaemic stroke developed in two patients despite on
thromboprophylaxis;

3. Majority of patients had a very high D-dimer level
(>7000 μg/L);

4. Concurrent VTE developed in two patients;
5. Majority developed ischaemic stroke 8–24 days after

symptoms onset, indicating a delayed onset of
COVID-19-associated stroke;

6. Concurrent venous thromboembolism may occur;
7. Positive lupus anticoagulant without a history of

antiphospholipid syndrome.

Annie et al.58 in database-based research from the
United States found a low incidence of stroke of 0.7%
among young patients ≤50 years of age; however,
patients who developed stroke had a grim prognosis.
In a systematic review, Wijeratne et al.59 observed that

patients with higher neutrophil–lymphocytes ratios on
admission had a shorter interval between infective
symptoms of COVID-19 and clinical manifestations of
ischaemic stroke. The prognosis was also poor as 75%
of patients with acute ischaemic stroke died or were
severely disabled. An ischaemic stroke usually
occurs 8–24 days after symptom onset but may also
occur in the early phase of the disease. The
mechanisms of ischaemic stroke in COVID-19 infection
are the hypercoagulable state, vasculitis, and
cardiomyopathy.60

Zhang et al.61 documented antiphospholipid anti-
bodies in three ICU patients with multiple hemispheric
infarcts. Antiphospholipid antibodies consist of lupus
anticoagulant (LA), anticardiolipin antibody, and anti-ß2
glycoprotein 1 antibody. They also reported concomitant
elevation of PT, aPTT, fibrinogen, D-dimer, and CRP.
Bowles et al.62 found LA in 31 of 34 (91%) COVID-19
patients who had an elevated aPTT; however, the
frequency of VTE was 6%. The significance of LA and
APLA in COVID needs further exploration.

2.1 | Microvascular thrombi

Two types of microthrombi have been reported in the lit-
erature: hyaline platelet-fibrin thrombi located in capil-
laries and arterioles and laminated fibrin clots seen in
preacinar and large intra-acinar arteries.63,64 Fox et al.65

performed autopsies on four decedents from New
Orleans, LA, and reported small vessel occlusion due to
fibrin-platelets accumulation and microangiopathy along
with haemorrhage. They also noted the absence of
thromboembolism in the pulmonary arteries at the
hilum. Microscopic examination also revealed CD61
+ megakaryocytes within alveolar capillaries, actively
producing platelets. In another autopsy series,
Ackermann et al.11 observed distinctive vascular changes
in COVID-19 pneumonia. They compared autopsy find-
ings of COVID-19 patients with lungs obtained on
autopsy from patients with ARDS secondary to influenza
A (H1N1) infection and age-matched, uninfected control
lungs. They reported a ninefold higher prevalence of
microthrombi and a twofold increase in angiogenesis
in COVOID-19 infection compared with influenza
infection (p value <0.001). There was also evidence of
endotheliitis. Similarly, Menter et al.66 published the
autopsy findings of COVID-19 patients from Switzerland
and noticed microthrombi of alveolar capillaries in 45%
of patients. Microvascular thrombi are not a unique fea-
ture in patients with COVID-19 infection and have been
observed in ARDS due to various causes. 64 Microvascu-
lar thrombosis in patients with COVID-19 infection may

1264 SARKAR ET AL.



cause hypoxemic respiratory failure with preserved
compliance.

2.2 | COVID-19 coagulopathy versus
sepsis-induced disseminated intravascular
coagulation (DIC)

COVID-19-associated coagulopathy differs from the clas-
sical sepsis-induced DIC. Delabranche et al. proposed a
three-step model in the natural history of sepsis-induced
coagulopathy (SIC): adaptive haemostasis, thrombotic
DIC, and fibrinolytic DIC.67 Phase of adaptive
haemostasis is characterized by an increase in platelet
count, and fibrinogen production, shortening of PT and
activated partial thromboplastin time (aPTT). The inhibi-
tion of fibrinolysis by plasminogen activator inhibitor-1
(PAI-1) results in a low D-dimer level. The thrombotic
DIC phase is characterized by a prolonged clotting time
(PT and aPTT) with a high platelet and fibrinogen con-
sumption leading to a decrease in their levels. D-dimer is
also moderately increased. The stage of fibrinolytic DIC
shows very low levels of fibrinogen, platelets, a prolonged
PT and aPTT, and very high D-dimers. Microangiopathic
haemolytic anaemia may also be seen. Therefore, the
classical laboratory findings include reduced platelet
counts and fibrinogen levels, an increase in PT, aPTT,
and D-dimer levels. The COVID-19-associated
coagulopathy, in contrast, shows a more profound rise in
the D-dimer level. The PT and aPTT time remains either
normal or mildly elevated. The fibrinogen level is ele-
vated in COVID-19 infection unlike in sepsis-induced
DIC where the level is decreased. This is the reason why
thrombosis is more common in COVID-19 infection
rather than bleeding. The platelet count is usually normal
or there is mild thrombocytopenia. Huang et al.18

reported a platelet count of less than 100 � 109/L in only
5% of 41 hospitalized COVID-19 patients from China.
The absence of thrombocytopenia indicates that CAC is
not a consumptive coagulopathy unlike DIC. Another
reason for a lack of thrombocytopenia is
proinflammatory cytokines secreted in COVID-19
patients which increase platelet counts.68 Table 1 shows
the distinguishing features of disseminated intravascular
coagulation and COVID-19- associated coagulopathy.

3 | LABORATORY
INVESTIGATIONS

The ISTH recommends measurement of the following
parameters in decreasing order of importance: D-dimer,
PT, and platelet count in all patients presenting with

COVID-19 infection.69 Other parameters are aPTT, INR,
fibrin degradation products, and fibrinogen. The D-dimer
and fibrinogen if showing a rising trend should be moni-
tored on daily basis. Worsening of D-dimer indicates
severe disease and poor prognosis.

3.1 | Rotational thromboelastometry

There are various point-of-care (POC) coagulation moni-
toring devices that assess the viscoelastic properties of
whole blood, for example, thrombelastography (TEG®),
rotation thrombelastometry (ROTEM®), and Sonoclot®

analysis.70 This technique has the advantage of measur-
ing the clotting process, starting with fibrin formation
and continue through to clot retraction and fibrinolysis
at the bedside of the patients.71 Pavoni et al.72 in a
retrospectively-designed study analysed 40 critically ill
Italian patients by rotation thrombelastometry
(ROTEM®) on the day of admission, days 5 and 10. The
VTE was detected in 20% of patients. The whole blood
thromboelastometry showed evidence of hyp-
ercoagulability such as a shortened clotting time (CT),
shortened clot formation time (CFT), and increase in
maximum clot firmness (MCF). No evidence of secondary

TABL E 1 The distinguishing features of disseminated

intravascular coagulation and COVID-19-associated coagulopathy

Parameters DIC
COVID-19
coagulopathy

D-dimer Increased Profoundly increased

PT Frequently
Increased

Normal or increase

aPTT Frequently
Increased

Normal or increase

Platelet count Frequently
low

Normal,
thrombocytopenia
rare

Fibrinogen Decrease Increase initially, may
decrease in later
stage

Fibrin
degradation
products
(FDPs)

Increased Increased

Consumptive
coagulopathy

Seen Rare

vWF Increased increased

Antithrombin
(AT)

Decreased Increased

Outcome Bleeding Thrombosis
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hyperfibrinolysis was seen. The hypercoagulable state
persists initially for the first 5 days. It starts decreasing
10 days later and does not return to the normal values.
Panigada et al.73 evaluated 24 severe COVID-19 patients
by thromboelastography and observed a hypercoagulable
state rather than DIC. There was a decrease in R (time to
fibrin formation) and K (time to 20-min clot) values and
increased K (speed to clot) angle and MA (clot strength).
The fibrinogen level and D-dimer levels are increased.

3.2 | Prevention and management of
COVID-19-associated coagulopathy

Anticoagulant therapy was associated with decreased
mortality in COVID-19 patients. In a retrospective study,
Tang et al.74 evaluated the effect of prophylactic anti-
coagulation on 28-day mortality in a cohort of
449 patients with severe COVID-19 infection, 99 patients
received prophylactic VTE anticoagulation for at least
7 days. Ninety-seven (22%) patients had an ISTH SIC
score of >4. Overall, they could not detect any difference
in 28-day mortality between heparin users and
nonheparin-treated patients. However, when stratified by
D-dimer level and SIC score, they observed 28-day mor-
tality benefit with heparin use only in patients with an
elevated D-dimer sixfold higher than ULN (32.8%
vs. 52.4%, p value 0.017) and SIC ≥ 4 (40.0% vs. 64.2%,
p value 0.029). Patients with a high D-dimer or meeting
SIC criteria (Table 2) have a better prognosis with anti-
coagulation therapy. However, the authors did not men-
tion the incidence of VTE. Yin et al.75 in a retrospective
study had shown a significant decrease in 28-day mortal-
ity in heparin users compared with nonusers when the
D-dimer level was more than six times the upper limit of
normal (>3.0 μg/ml) (32.8% vs. 52.4%, p = 0.017).
Paranjpe et al.76 evaluated the effect of in-hospital
treatment dose anticoagulation and survival in 2773

COVID-19 patients in New York and found benefit in a
subset of patients requiring intubation (n = 395). The in-
hospital mortality and median survival in the anticoagu-
lant group were 29.1% and 21 days as compared with
62.7% and 9 days, respectively, in those who did not
receive treatment dose anticoagulation. Major bleeding
has been reported in 3% of cases. This study also found
that the anticoagulated group required invasive mechani-
cal ventilation to a significantly high number. However,
the authors did not mention the rationale of anti-
coagulation therapy, so this is difficult to interpret.
Table 2 shows the ISTH-proposed SIC scoring.78 Heparin
has several other potential benefits that seem attractive
in the setting of COVID-19 infection. It has antivirals:
anti-inflammatory, endothelial protection activity.79

SARS-CoV-2 viral entry inside cells is mediated by bind-
ing of the viral spike protein to ACE2 receptors. Cell sur-
face heparan sulfate is one co-factor for viral entry.80

Heparin being a glycosaminoglycan similar to heparin
may bind with the spike protein and impair viral entry.

3.3 | Venous thromboembolism
prophylaxis

In patients with COVID-19-related acute illness who do
not have suspected or confirmed VTE, the American
Society of Hematology (ASH) 2021 recommends prophy-
lactic dose thromboprophylaxis over intermediate-
intensity or therapeutic-intensity thromboprophylaxis.81

ISTH interim guidance on recognition and management
of coagulopathy in COVID-19 also recommended throm-
boprophylaxis with low molecular weight heparin
(LMWH) in all hospitalized COVID-19 patients except in
the presence of active bleeding, platelet counts less than
25 � 109/L, or fibrinogen less than 0.5 g/L.69 The bleed-
ing risk should always be assessed routinely. In a retro-
spective analysis, Nadkarni et al.82 reported the following
major bleeding rates: 3.0% in patients on therapeutic anti-
coagulation, 1.7% in patients on prophylactic
anticoagulation compared with 1.9% in patients who
were not receiving any anticoagulation. Patients with a
contraindication to pharmacological prophylaxis should
receive mechanical thromboprophylaxis, for example,
intermittent pneumatic compression devices. However,
they should be regularly reassessed for switching over to
pharmacological prophylaxis. LMWH is preferred over
UFH as the latter requires frequent monitoring and
increasing healthcare staff contact with patients.
Alhazzani et al.83 in a systematic review and meta-
analysis that included seven trials with 7226 medical-
surgical ICU patients in 2013 observed that compared
with UFH, LMWH reduced the rates of pulmonary

TAB L E 2 The International Society of Thrombosis and

Haemostasis (ISTH) proposed “sepsis-induced coagulopathy” (SIC)
scoring77

Item Score Range

Platelet count (�109/L) 1 100–150

2 <100

PT-INR 1 1.2–1.4

2 >1.4

SOFA score 1 1

2 ≥2

Total score for SIC ≥4
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embolism (risk ratio, 0.62 [95% CI: 0.39, 1.00]; p = 0.05;
I = 53%) and symptomatic pulmonary embolism (risk
ratio, 0.58 [95% CI: 0.34, 0.97]; p = 0.04). However, there
was no significant differences in major bleeding and
DVT. Factors that may help in deciding the choice of
anticoagulants include availability, resources required,
familiarity, minimization of personal protective
equipment (PPE) use, renal function, a history of
heparin-induced thrombocytopenia, concerns about
gastrointestinal tract absorption, and drug–drug interac-
tions.81 Fondaparinux may be considered in patients with
a history of heparin-induced thrombocytopenia. Pharma-
cological thromboprophylaxis with heparin reduces
mortality in patients with SIC score >4 or D-dimer >6
times the ULN.74 Pharmacological thromboprophylaxis
for outpatients with COVOID-19 infection is not
routinely recommended; however, thromboprophylaxis
may be considered in patients with immobility, particu-
larly when other risks factors for VTE such as the history
of prior VTE or malignancy are present.84

3.4 | Hospitalized patients with severe
COVID-19

The incidence of VTE is particularly high in severe
COVID-19 patients, and the threshold for ordering inves-
tigation for VTE should be low, particularly in patients
with sudden, rapid deterioration in oxygen saturation
(unexplained), tachypnoea, unilateral leg symptoms, and
hypotension. Screening for DVT can be done by point of
care ultrasounds (POCUS) in the ICU.85 Patients with
COVID-19-related critical illness who do not have
suspected or confirmed VTE, the ASH 2021 guideline rec-
ommends prophylactic dose thromboprophylaxis over
intermediate-intensity or therapeutic-intensity throm-
boprophylaxis.81 The randomized, multicentric INSPIRA-
TION trial randomly assigned 600 people with critical
COVID-19 admitted in the ICU to receive intermediate-
dose (enoxaparin, 1 mg/kg daily) or standard-dose pro-
phylactic (enoxaparin, 40 mg daily). The intermediate-
dose prophylactic did not improve a composite outcome
of thrombosis, use of ECMO, or mortality within 30 days
(hazard ratio [HR] 1.06; 95% CI: 0.83 to 1.36).86 The
intermediate-dose cohort also had an increased, although
statistically nonsignificant trend towards bleeding. There-
fore, the routine use of intermediate-dose prophylactic is
not recommended. The preprint version of the three
randomized trials (REMAP-CAP, ACTIV-4a, ATTACC)
that included 1074 hospitalized patients with severe
COVID-19 reported that the therapeutic-dose anti-
coagulation did not improve the hospital survival com-
pared with the standard prophylactic dosing (64.3

vs. 65.3%, adjusted odds ratio [OR] 0.88; 95% CI: 0.67 to
1.16). The median organ support-free days were 3 days
(interquartile range �1, 16) and 5 days (interquartile
range �1, 16), respectively, in patients assigned to thera-
peutic anticoagulation versus usual care pharmacological
thromboprophylaxis (adjusted odds ratio 0.87, 95%
credible interval [CrI]: 0.70–1.08, posterior probability of
futility [odds ratio < 1.2] 99.8%). The major bleeding was
reported in 3.1% of patients on therapeutic dosing and
2.4% of those assigned to standard prophylaxis. The
difference was not statistically significance.87 Throm-
boprophylaxis should be given for the entire duration of
the hospital stay. Figure 2 shows the thromboprophylaxis
at various sites of care.

3.5 | Indications for therapeutic-dose
anticoagulation (e.g., enoxaparin 1 mg/kg
every 12 h)88–90

Therapeutic dose anticoagulation should only be used in
patients with proven VTE unless there is a contraindica-
tion to anticoagulation. Patients with strongly suspected
VTE in whom a standard computed tomography with
pulmonary angiography (CTPA) or ventilation/perfusion
(V/Q) scan is not feasible, the following may be sufficient
to initiate treatment:

1. Evidence of DVT (confirmed by POCUS);
2. Consider PE in the case of:

a. Sudden unexplained deterioration in respiratory status
(acute worsening of oxygenation, blood pressure,
tachycardia with chest imaging findings are not
consistent with worsening COVID-19 pneumonia or
fluid overload);

b. Marked increase/rising D-dimer from priors;

c. Point of care transthoracic echocardiography showing
presence of clot in transit in the main pulmonary
artery or intra-cardiac, evidence of acute, otherwise
unexplained right heart strain and high clinical
suspicious for PE;

d. Recurrent clotting of intravascular access devices
(arterial lines, central venous catheters) or extracorpo-
real circuits (continuous renal replacement therapy,
extracorporeal membrane oxygenation [ECMO])
despite prophylactic-intensity anticoagulation. The
intensity of anticoagulation may be increased after
assessment of individual patient’s bleeding risk;

e. Hospitalized COVID-19 patients who are already
receiving therapeutic anticoagulation with direct-
acting oral anticoagulant or warfarin (for atrial
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fibrillation, prosthetic heart valves and history of
previous VTE), therapeutic-dose enoxaparin should be
used.

3.6 | Standard prophylactic dose

Enoxaparin 40 mg subcutaneously once daily is given.
Patients with BMI > 40 should receive enoxaparin 40 mg
subcutaneously every 12 h.91 Patients with renal insuffi-
ciency should have their enoxaparin dose modified or
should receive UFH. Fondaparinux should be used
2.5 mg daily if creatinine clearance >50 ml/min and
1.5 mg daily if creatinine clearance is between 20 and
50 ml/min.92

3.7 | Intermediate-intensity
anticoagulation

Enoxaparin 40 mg subcutaneously every 12 h is given if
BMI < 40 or 0.5 mg/kg subcutaneously every 12 h should
be given especially if the patient is obese.

3.8 | High-intensity anticoagulation

Enoxaparin 1 mg/kg subcutaneously every 12 h is
administered when creatinine clearance above 30 ml/min.

if creatinine clearance is less than 30 ml/min, Enoxaparin
1 mg/kg subcutaneously once daily or IV UFH
should be given. Monitoring of UFH should be based
on anti-Xa assay as APTT level is often raised in
COVID-19.93

3.9 | Patients on chronic anticoagulation
therapy

Patients who are on chronic anticoagulation therapy
are at risk of contracting SARS-CoV-2 infection due to
frequent hospital visits. Their hospital visit due to peri-
odic INR testing should be minimized. The American
College of Chest Physicians’ guideline suggested that a
12-week INR testing interval may be appropriate.91

Other options would be to use portable coagulometers,
which the patient can use at home. Warfarin may also
be switched to a direct oral acting anticoagulant
(DOAC) except in patient with an antiphospholipid
syndrome or those who are on mechanical valve
prostheses, valvular atrial fibrillation, and breastfeeding
patients.92 Stable COVID-19 patients who are on a
DOAC may continue it but should switch if any sign of
progression of COVID-19 infection occurs. Stable
COVID-19 patients on warfarin should be considered
switching over to LMWH/UFH. Similarly, unstable
COVID-19 patients should be switched over to LMWH/
UFH for the better ability to monitor.

F I GURE 2 Thromboprophylaxis in COVID-19 patients at various sites of care
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4 | DIAGNOSIS OF PE

Diagnosis of PE is difficult in COVID-19 patients due to
the issues of getting the radiological investigations as
shifting the patients outside the ICU for imaging is often
difficult and may contaminate the surroundings.93 As the
incidence of VTE is high in COVID-19, the clinical
threshold for ordering investigation should be low. A pre-
sumptive diagnosis of PE should be considered in
patients with sudden, unexplained hypoxemia, hypoten-
sion, tachycardia, tachypnoea, increasing A-a gradient,
increasing oxygen requirements disproportionate to the
radiological severity of pneumonia, and new right
ventricular strain on bedside echocardiography. The
European Society of Radiology and the European Society
of Thoracic Imaging94 suggested that if supplemental oxy-
gen is needed in patients with limited disease extension,
contrast-enhanced CT should be performed to rule out
PE. Therapeutic anticoagulation may be initiated even
with a presumptive diagnosis. The duration of anti-
coagulation in suspected or confirmed VTE cases should
be 3–6 months. Treatment of VTE should consider the
following factors: renal function and bleeding risk
(e.g., thrombocytopenia), drug–drug interactions, and the
issues with monitoring.

5 | OUTPATIENT
THROMBOPROPHYLAXIS

Gervaise et al.95 evaluated retrospectively evaluated
72 nonhospitalized COVID-19 patients who were referred
to the emergency department for CTPA and observed
acute PE in 18% of COVID-19 patients. Routine outpa-
tient prophylaxis is not recommended. However, there is
a possibility of potential benefits in patients with underly-
ing comorbidities or past/family history of VTE or
thrombophilia. However, future clinical trials will answer
this question.

5.1 | Extended thromboprophylaxis

Bajaj et al.96 in a systematic review and meta-analysis of
five trials including 40 247 patients hospitalized for acute
medical illness reported the beneficial effects of extended
postdischarge thromboprophylaxis by 4 to 6 weeks period
in reducing symptomatic or fatal VTE events. However,
there was an increased risk of major or fatal bleeding. In
another systematic review and meta-analysis, Chiasakul
et al.97 reported that extended prophylaxis significantly
decreased the risk of symptomatic VTE (RR = 0.52; 95%
CI: 0.36–0.76, I2 = 38%) but not VTE-related death

(RR = 0.80; 95% CI: 0.60–1.09, I2 = 0%). However, it
significantly increased the risk of major bleeding
(RR = 2.04; 95% CI, 1.42–2.91, I2 = 23%). An exploratory
analysis of Mariner study regarding the role of extended
duration rivaroxaban therapy of 10 mg once a day for
45 days among hospitalized medically ill patients showed
a 28% reduction in fatal and major thromboembolic
events without a significant increase in major bleeding
risk.98 Roberts et al.99 reported a postdischarge VTE rate
of 4.8 per 1000 discharges after 1877 discharges compared
with 3.1 per 1000 discharges in 2019 among non-COVID
patients (after 18 159 discharges) within 42 days after dis-
charge. The odds ratio for postdischarge VTE associated
with COVID-19 compared with control was 1.6 (95% CI:
0.77–3.1). Therefore, routine postdischarge prophylaxis is
not recommended in all patients with COVID-19.
However, all hospitalized COVID-19 patients should be
routinely screened for extended thromboprophylaxis.

The following criteria may be used to select a patient
for extended thromboprophylaxis

• Modified International Medical Prevention Registry on
Venous Thromboembolism (IMPROVE) VTE risk
score ≥4; or

• Modified IMPROVE VTE risk score ≥2 and D-dimer
level >2 times the upper limit of normal.100,101

Any decision to use postdischarge VTE prophylaxis
for patients with COVID-19 should include consideration
of the individual patient’s risk factors for VTE, including
reduced mobility, bleeding risks, and feasibility. Partici-
pation in clinical trials is also encouraged. Table 3 shows
the modified IMPROVE-VTE risk score.102

The following drugs may be used for extended
postdischarge prophylaxis.103,104

TABL E 3 Modified IMPROVE-VTE risk score102

VTE risk factor
VTE risk
score

Previous VTE 3

Known thrombophilia 2

Current lower limb paralysis or paresis 2

History of cancer excluding non-melanoma skin
cancer present at any time in the past 5 years
(cancer must be in remission to meet
eligibility criteria)

2

ICU/CCU stay 1

Complete immobilization ≥1 day 1

Age ≥60 years 1
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a. Rivaroxaban: 10 mg orally once daily for 31 to 39 days.
Dose modification: It should not be used with a creati-
nine clearance (CrCl) of <30 ml/min;

b. Betrixaban: 160 mg orally loading dose, followed by
80 mg once daily thereafter for 35 to 42 days. Dose
modification: if CrCl 15–29 ml/min, 80 mg orally
loading dose, followed by 40 mg once daily;

c. Enoxaparin 40 mg subcutaneously once a day. Dose
modification: if CrCl 15–29 ml/min, Enoxaparin 30 mg
subcutaneously once a day, if CrCl <15 ml/min, con-
sider other options.

The American College of Cardiology (ACC) suggested
extended thromboprophylaxis with LMWH or DOACs
for a maximum period of 45 days in case of high risk for
VTE such as D-dimer level of more than two times the
upper limit of normal or presence of active cancer and a
low risk of bleeding.

5.2 | Drug–drug interactions

LMWH, UFH, and Fondaparinux can be given safely
with other COVID-19 drugs as there are no proven
interactions. Moreover, the anti-inflammatory effects of
Heparin could have a potential benefit.105 Lopinavir–
ritonavir inhibits CYP3A4 and P-gp and increases
the blood level of direct Xa inhibitors such as
apixaban and rivaroxaban.106 Similarly, chloroquine/
hydroxychloroquine increases the blood level of direct Xa
inhibitors.

5.3 | Role of thrombolysis in patients
with COVID-19

Wang et al.107 in a small case series of three patients with
COVID-19-associated ARDS studied the role of tPA. The
tPA dose used was 25 mg given intravenously over 2 h
followed by a 25-mg tPA infusion over the subsequent
22 h. Anticoagulation therapy was withheld during tPA
infusion. All three patients showed an initial improve-
ment in PaO2/FiO2 ratio; however, the improvement was
durable in only one patient. There were no bleeding
events. Thrombolytic therapy has also been associated
with bleeding complications. There is currently no high-
quality evidence for thrombolysis in COVID-19 patients.
Therefore, thrombolytic should be used only in the fol-
lowing clinical conditions such as ST-elevation myocar-
dial infarction, acute ischaemic stroke, or high-risk
(massive) PE with haemodynamic compromise.93

5.4 | COVID-19 and heparin resistance

Heparin resistance is defined as the need for 35 000 units
of heparin (UFH)/day.77 Causes include antithrombin
deficiency, presence of heparin-binding proteins (platelet
factor4, histidine-rich glycoprotein, vitronectin, fibronec-
tin), and elevated factor VIII and fibrinogen, which affect
aPTT. White et al.108 reported heparin resistance in 80%
of ICU admitted COVID-19 patients and a suboptimal
peak anti-Xa following therapeutic anticoagulation in
100% patients where it was measured. Patients with hepa-
rin resistance should be monitored with anti-Xa rather
than aPTT. Dutt et al.109 evaluated anti-FXa activity in
hospitalized COVID-19 patients who were receiving
enoxaparin 40 mg once a day with normal creatinine
clearance and platelet counts. They compared the 4-h
postdose anti-FXa between the ward and ICU patients.
About 95% of ITU patients failed to achieve the target
anti-FXa activity (0.2–0.4 IU/ml) compared with 27% of
ward patients. This study suggests two things: first ITU
patients with COVID-19 required augmented pharmaco-
logical thromboprophylaxis. Second, anti-FXa-guided
LMWH dosing is important even in the ward patients as
approximately 30% showed suboptimal anti-FXa levels
with standard dosing. Monitoring inaccuracies regarding
measurement of anti-FXa and aPTT may occur in
patients with COVID-19 and severe illness. Elevated
fibrinogen and elevated factor FVIII falsely lower the
aPTT levels whereas hypertriglyceridemia increases anti-
FXa level and antiphospholipid antibodies increases
levels of both anti-FXa and aPTT.110

5.5 | Choice of agents

There is no study comparing various anticoagulant
agents in COVID-19 infection. However, data extrapo-
lated from the study done in patients with acute
medical illness had shown no benefit of direct oral
anticoagulant (DOACs) drugs over LMWH. Neumann
et al.111 in a systematic review reported that the use of
DOACs was not associated with a reduction in the risk
of PE or symptomatic DVT in comparison with
LMWH. Moreover, there was an increased risk of
major bleeding (RR 1.70; 95% CI: 1.02–2.82). The Chest
guideline recommends LMWH, Fondaparinux, or UFH
over the use of DOACs in acutely ill hospitalized
patients with COVID-19. In acutely ill hospitalized
patients with COVID-19, LMWH and Fondaparinux
should be preferred over UFH as it will prevent expo-
sure of HCWs.112,113
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5.6 | Conclusions

COVID-19 infection is associated with a higher incidence
of the thromboembolic phenomenon and the incidence is
particularly high in ICU patients. COVID-19-associated
coagulopathy is a predictor of poor outcome. All hospital-
ized COVID-19 patients should be advised pharmacologi-
cal thromboprophylaxis unless there is contraindication.
The role of intermediate to high dose throm-
boprophylaxis needs further well-designed study.
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Abstract

In E.N.T clinical practice, patients with nasal obstruction due to deviated nasal septum is a common
presentation. Nasal airway obstruction is a common cause of upper airway obstruction further leading
to obstructive and hypoxic manifestations. Mean platelet volume (MPV) levels increase in hypoxic
conditions. MPV is one of the platelet activation index which reflects the platelet production rate.
Present prospective study conducted in the department of Otorhinolaryngology and Head and Neck
surgery, Gandhi Medical College and Hamidia Hospital, Bhopal, on 63 patients with the clinical
evidence of DNS and 63 healthy age matched subjects as control group, aimed to evaluate the
relationship between MPV levels and nasal obstruction due to deviated nasal septum (DNS). The
diagnosis of patients with DNS was based on anterior rhinoscopy and endoscopic nasal examination.
Blood samples were collected before surgical correction. In present study, the authors found that there
is preponderance of DNS in the age group of 25–45 years being the most active age group, males
having the higher incidence. Majority of cases of DNS being left sided and of obstructed type. MPV
were significantly higher in patients with DNS than the control group. Among the cases MPV being
higher in females and in the impacted type of DNS. Present study reemphasized the concept that MPV
is increased in chronic nasal obstruction due to DNS and this increase is in accordance with the severity
of DNS.

Keywords: Mean platelet volume (MPV) , Deviated nasal septum (DNS), Nasal obstruction, Chronic
hypoxia

Introduction

Chronic nasal obstruction owing to deviated nasal septum leads to increased upper respiratory tract
resistance and this in turn leads to chronic hypoxia because of alveolar hypoventilation [24, 28]. It is
well known that constant hypoxia for long time can cause changes in coagulation and in platelet
number and function. Mean platelet volume (MPV) that is related to function and activation of platelets
is increased and as an indicator of larger, more reactive platelets resulting from an increased platelet
turnover, it may therefore represent a risk factor for overall vascular mortality, including myocardial
infarction [5, 21, 30].
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The exact mechanism of platelet activation in patients with alveolar hypoxia is not clear. The most
probable mechanism is the augmented sympathetic activity with increased concentrations of
epinephrine and norepinephrine as a result of hypoxemia. As a result, elevated circulating
catecholamines may cause concentration dependent platelet activation [4, 6, 7, 24].

Another mechanism is that chronic intermittent hypoxia can cause platelet activation directly. In
addition, the inflammation and endothelial dysfunction due to chronic hypoxia in DNS can cause
platelet activation [7, 24, 28]. It has been shown that MPV values were elevated in inflammatory
diseases [8].

MPV is a parameter used as a platelet activation marker. It is an average measure of the total number of
platelets in the blood [9, 12]. MPV that is related to function and activation of platelets has been used
as a marker of atherosclerosis [17] The role of high MPV as a potential risk factor for arterial
thrombosis has been a matter of intense debate [8, 19]. There are studies which found that MPV values,
considered as a marker of atherosclerosis, were elevated in patients with deviated nasal septum (DNS)
[24, 28].

Whatever the cause, restoration of hypoxia can improve platelet function and cardiovascular morbidity
and mortality subsequently in DNS induced hypoxia [24, 28].

The present study is a prospective study comparing the mean platelet volume in patients with DNS
having chronic nasal obstruction.

Methods

The study is a prospective observation carried out on 63 patients attending the department of
Otorhinolaryngology and Head and Neck surgery, Gandhi Medical College and Hamidia hospital,
Bhopal (M.P.), India, from April 2013 to March 2014. All the patients with clinical evidence of nasal
obstruction were evaluated with nasal endoscopy.

Inclusion criteria includes all patients presenting with complaints of nasal obstruction which on anterior
rhinoscopy and nasal endoscopy were diagnosed to have deviated nasal septum. DNS was classified as
Simple = S, Obstructed = O, Impacted = I. Further patients were also categorised on the basis of the
type of direction of DNS, left sided = L, right sided = R, S shaped = S, C shaped = C, associated with
spur = Sp.

Exclusion criteria includes those with Hypertension, CAD, cancer, infectious or autoimmune disease,
diabetes mellitus, disease that potentially affected blood pressure COPD, Hypercholesterolemia, any
relevant drug history including nonsteroidal anti-inflammatory drugs, corticosteroids, obesity and
bleeding diathesis [24, 28].

EDTA blood samples drawn at admission of the patient were analyzed in an automated hematology
analysis system. All patient’s sample were processed within 2 h after venipuncture, as recommended in
the literature to avoid bias due to excessive platelet swelling [3, 4, 17]. Typically, the mean platelet
volume ranges between 7.2 to 11.7 fl. This is roughly equivalent to tiny spheres that range in size from
2.65 to 2.8 micrometer in diameter [12].

Results

Present study includes 63 cases, out of which, 35 cases (55.55 %) were males while 28 cases (44.45 %)
were females. Male to female ratio being 1.25:1. Among 63 controls, 32 (50.79 %) were males and
31(49.21 %) females with Male to Female ratio of 1.03:1. Among the cases, MPV was found higher in
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females as compared to males (9.43 ± 0.97 fl v/s 8.84 ± 0.95 fl, p < 0.001). Among the controls, MPV
was found higher in females as compared to males (8.42 ± 0.88 fl v/s 7.63 ± 0.92 fl, p < 0.001) (Table 1
).

Table 1

Sex distribution

Sex No. of
cases

Percentage of
cases (%)

MPV in
cases (fl)

No. of
controls

Percentage of
controls (%)

MPV in
controls (fl)

Male 35 55.55 8.64 ± 0.95 32 50.79 7.8 ± 0.88

Female 28 44.45 9.43 ± 0.97 31 49.21 8.2 ± 0.91

Total 63 100 63 100

Open in a separate window

In present study maximum number of cases, 28 cases (44.44 %) was reported in the age group of 26–
35 years, followed by 17 cases (26.98 %) in age group of 15–25 years, 13 cases (20.63 %) in age group
of 36–45 years and five cases (07.93 %) in the age group of more than 45 years. The mean age of
presentation among cases was 30.4 years. Among controls, majority i.e. 44 (69.84 %) were in the age
group of 26–35 years followed by 12 (19.05 %) in the age group of 36–45 years, 5 (07.94 %) in age
group of 36–45 years and 2 (3.17 %) above 45 years of age. The association between MPV &
increasing age showed a decrease in the levels with increasing age (Table 2).

Table 2

Age distribution

Age groups (in
years)

No. of
cases

Percentage
(%)

MPV (fl) No. of
controls

Percentage
(%)

MPV (fl)

15–25 17 26.98 8.89 ± 1.04 05 07.94 7.68 ± 0.86

26–35 28 44.44 9.07 ± 0.96 44 69.84 7.89 ± 0.92

36–45 13 20.63 9.05 ± 0.88 12 19.05 8.24 ± 0.94

>45 05 07.93 8.86 ± 0.98 02 03.17 7.63 ± 0.98

Total 63 100 63 100

Open in a separate window

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571477/table/Tab1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571477/table/Tab1/?report=objectonly
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In this study, 32 cases (50.79 %) were of Obstructed type of DNS, 19 cases (30.15 %) of Impacted type
and 12 cases (19.04 %) of Simple type. MPV was maximum in Impacted type of DNS (10.34 ± 1.07)
and in decreasing order in Obstructed and Simple types (9.39 ± 0.98, 8.24 ± 1.05 respectively) (Table 3
).

Table 3

Classification

Type of DNS No. of cases Percentage (%) MPV (fl)

Simple 12 19.04 8.57 ± 1.05

Obstructed 32 50.79 9.39 ± 0.98

Impacted 19 30.15 10.34 ± 1.07

Total 63 100

Open in a separate window

In present study, 32 cases (50.79 %) were of Left sided DNS, 27 cases (42.86 %) of Right sided DNS;
S shaped DNS was found in four cases (06.35 %) (Table 4).

Table 4

Direction of DNS

Direction No. of Cases Percentage (%)

Left 32 50.79

Right 27 42.86

S shaped 04 06.35

Total 63 100

Open in a separate window

MPV was higher in cases with DNS as compared to 63 controls (9.87 ± 0.98 fl v/s 8.24 ± 0.95 fl,
p < 0.001) (Table 5).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571477/table/Tab3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571477/table/Tab3/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571477/table/Tab4/
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Table 5

MPV comparison in cases and control

Variable Cases (n = 63) Control (n = 63)

MPV (fl) 9.87 ± 0.98* 8.42 ± 0.95

Open in a separate window

* p < 0.001 compared to the control group

MPV Mean Platelet Volume

The incidence of the type of DNS in different sex was also studied but the observation was statistically
not significant and there was no significant association found between MPV & the direction of DNS.

Discussion

DNS is one of the commonly encountered clinical finding in patients presenting with nasal obstruction
[1, 6, 10]. Chronic hypoxia as a result of nasal obstruction leads to changes in platelet function [7, 26,
30]. It has been shown that MPV is the most accurate measure of the size of platelets and thus their
function [18, 19, 26].

In the literature, there are several articles regarding association of MPV to atherosclerosis and
incidence of coronary artery disease [5, 17, 21, 31]. Several recent studies have pointed out the
relationship between increased mean platelet volume and a variety of diseases including cardiovascular
and thrombotic risk [19, 21, 31]. There are also studies correlating MPV and chronic respiratory
insufficiency in cases with Obstructive Sleep Apnoea [7, 30]. MPV is an easy and quick platelet
activity indicator, a reliable marker of inflammation and thrombotic risk [8, 19].

However, best to our knowledge, limited numbers of studies exist in literature suggesting a relationship
between MPV and DNS [24, 28].

In present study, MPV was found increased in patients with DNS similar to studies by Sagit et al. and
Ulu S et al. [24, 28] owing to chronic nasal obstruction induced hypoxia and this increase was found in
relation with the severity of obstruction similar to previous study [28].

Majority of cases (50.79 %) were of moderate severity as in Obstructed type of DNS followed by
severe obstruction as in Impacted type of DNS (30.15 %) and then mild i.e. simple type (19.04 %) of
deviation (23 %). Similar findings were recorded in previous study [15] wherein moderate deviation in
53 % followed by severe (25 %) and mild (22 %) were reported.

The age predilection in the present study showed that majority of patients (44.44 %) fell in the age
group of 26–35 years followed by 26.98 % in the 15–25 years with the mean age of 30.4 years. In
various other studies, mean age of 31.5 years [14], 33.5 years [11] has been reported. These findings by
different investigators are in keeping with our findings.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4571477/table/Tab5/?report=objectonly
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In this study male to female ratio of 1.25:1 has been observed. Ratio of 1.8:1 [15] and 2.2:1 [13] have
been reported in previous studies. Preponderance in males can be reasoned out by the fact that most
common etiology of deviated nasal septum is nasal trauma which occur more frequently in males [1,
10, 22].

In the present study, MPV levels were found higher in females similar to study of Masanori S. et al.
and Min et al. [20, 22]. The work of Kadikoylu et al. [16] also observed that MPV increases in women
with iron deficiency anaemia. The reduction of body iron in menstruating women plays a role in their
lower haemoglobin levels, but is probably related also to their higher platelet count in that moderate
iron deficiency is known to stimulate platelets production. A hormonal hypothesis is also proposed yet
to be proven in humans [20, 23, 25].

In the present study MPV was found to decrease with increasing age but after a certain age limit and to
further establish this older population need to be studied. The observation about platelet count decline
in older age has been already reported in other studies. Concerning the mechanisms that are responsible
for the age-related changes, this decrease may reflect a reduction in hematopoietic stem cell reserve
during aging or a survival advantage in subjects with lower platelet counts. However, these are only
hypotheses and further investigation is required to identify the mechanisms underlying age-related
changes [29].

A higher prevalence of left sided defects was found similar to previous studies [1, 14, 15, 22, 27].

Conclusion

The present study demonstrated that patients with chronic nasal obstruction owing to DNS had
increased MPV values, compared to controls. Future prospective studies with standardized
measurements may clarify the physiological mechanisms which regulate MPV within the
megakaryocytes and the clinical role of MPV in thromboembolic and cardiovascular complications of
DNS.
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Objectives: Data from point prevalence surveys (PPSs) in India are scarce. Conducting PPSs is especially chal-
lenging in the absence of electronic medical records, a lack of dedicated resources and a high patient load in
resource-poor settings. This multicentre survey was conducted to provide background data for planning and
strengthening antimicrobial stewardship programmes across the country.

Methods: This inpatient PPS was conducted over 2 weeks in May 2019 simultaneously across five study centres
in India. Data about patient characteristics, indications for antimicrobials use and details of each antimicrobial
prescribed including supportive investigation reports were collected in predesigned forms.

Results: A total of 3473 admitted patients in wards and ICUs were covered across five study centres. Of these,
1747 (50.3%) patients were on antimicrobials, with 46.9% patients being on two or more antimicrobials. Out of
the total antimicrobials prescribed, 40.2% of the antimicrobials were prescribed for community-acquired infec-
tion requiring hospitalization followed by surgical prophylaxis (32.6%). Third-generation cephalosporins and
drugs from the ‘Watch’ category were prescribed most commonly. Only 22.8% of the antimicrobials were based
on microbiology reports.

Conclusions: The survey demonstrated a high use of antimicrobials in admitted patients with a considerable
proportion of drugs from the ‘Watch’ category. The targets for interventions that emerged from the survey were:
improving surgical prophylaxis, decreasing double anaerobic cover, initiating culture of sending cultures and de-
escalation with targeted therapy.

Introduction

The association between antimicrobial consumption and emer-
gence of resistance is well established.1 Several studies in India
have reported increasing resistance to antimicrobials, especially
carbapenems, polymyxins and other last-resort antimicrobials.2–4

A report by O’Neill5 in 2016 showed that nearly 700 000 deaths per
year were attributable to antimicrobial resistance (AMR) and it was
projected that, by 2050, AMR-related deaths would reach 10 mil-
lion, higher than cancer (8.2 million) and diabetes (1.5 million)
combined.

The consumption of antimicrobial agents has increased global-
ly over the last decade, with a 65% increase in global antibiotic
consumption between 2000 and 2015, which is likely to increase
up to 200% by 2030.6 India ranked among the highest consumers
of antimicrobials, with a 103% increase in its antimicrobial con-
sumption from 2000 to 2015.6

WHO has described AMR as a ‘profound threat to human health’
and in 2015 released the Global Action Plan on Antimicrobial
Resistance and encouraged member countries to develop their
own national strategic plans for AMR.7 India launched its National
Action Plan on AMR (2017–21) in April 2017 in response to WHO’s
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mandate and listed the development of an effective antimicrobial
stewardship programme as one of the key objectives in its stra-
tegic priorities, in line with the Global Action Plan on Antimicrobial
Resistance.8

In India, policy documents on antimicrobial stewardship have
been developed,4,9–13 with initiatives from the Indian Council of
Medical Research (ICMR).10–13 However, implementation of anti-
microbial stewardship programmes across the country is still in its
nascent stage. For the healthcare set-ups where such a pro-
gramme is running, one or more of the following activities are
being carried out and largely in select units/wards: prospective
audit and feedback, training of resident doctors on rational use of
antimicrobials, dose optimization, limited formulary restrictions
and guidelines. Universal implementation and mechanisms to as-
sess the impact of these activities are largely lacking for want of
resources for the same. Antimicrobial consumption and the way
antimicrobial stewardship or infection control practices affect it
remains inadequately and inconsistently measured.

A point prevalence survey (PPS) is a validated tool to measure
the success or progress of an antimicrobial stewardship pro-
gramme while also helping in identifying targets for intervention.
According to WHO, a PPS can be useful in collecting information on
prescribing practices of antibiotics and other information relevant
to treatment and management of infectious diseases in hospital-
ized patients and complements surveillance of antimicrobial con-
sumption.14 Conducting a PPS is a massive exercise, especially in
tertiary care centres.14 This becomes especially challenging in the
absence of electronic medical records, a lack of dedicated resour-
ces and a high patient load in resource-poor settings.15

Data from PPSs in India are scarce.16–18 ICMR initiated this mul-
ticentre study as a part of undertaking various activities related to
antimicrobial stewardship.8,19 As a first step, patterns of antimicro-
bial use were studied in order to formulate strategies for antimicro-
bial stewardship. The current study reports the findings of a PPS
done in these collaborating study centres.

Methods
This PPS was conducted over 14 days (15 May 2019 to 28 May 2019, exclud-
ing Sundays) simultaneously across five tertiary care teaching hospitals in
India [Postgraduate Institute of Medical Research (PGIMER), Chandigarh,
Institute of Post Graduate Medical Education and Research (IPGMER),
Kolkata, Government Medical College and Hospital (GMC), Vadodara, All
India Institute of Medical Sciences (AIIMS), Bhopal and Ruxmaniben
Deepchand Gardi Medical College (RDGMC), Ujjain]. Ethics Committee ap-
proval was obtained from the respective centres for undertaking the
survey.

Centres
All five centres are tertiary care centres with a moderate to high patient
load (range of 7000 to nearly 0.1 million admissions annually), with no sys-
tem of comprehensive electronic medical records. The centres had been
brought together for conducting studies on antimicrobial utilization and
improving antimicrobial use by ICMR. Details of the centres are available as
Supplementary data at JAC Online.

The study followed the standard PPS methodology as described by the
Global Point Prevalence Survey of Antimicrobial Consumption and Resistance
(January 2019 version).20,21 Details of the methodology are available as
Supplementary data at JAC Online.

Data collection tools
Separate forms described by the Global Point Prevalence Survey of
Antimicrobial Consumption and Resistance were employed for collection of
data regarding ward details (a paper-based form) and patient and prescrip-
tion details (a digital form). The details of microbiology lab results and
device-related data were included in an optional form. See Supplementary
Methodology, Figure S1 and Figure S2 (available as Supplementary data at
JAC Online).

The electronic data capture system had a provision for recording up to
five antimicrobials, irrespective of class. In addition to this, the survey team
was provided with paper record systems, if the number exceeded five anti-
microbials. The decision to include up to five antimicrobials was based on
the results of pilot studies. The use of antimicrobials was categorized as em-
pirical, prophylactic or test-based.

The data were collected from patient’s medical records and bedside
treatment charts and additional information (if required) was obtained
from the floor resident or the consultant in charge.

Three out of the five centres have institutional treatment guidelines for
most but not all infections (PGIMER, IPGMER and AIIMS), one centre does
not have such guidelines (GMC) but follows State Government guidelines
and one centre has treatment guidelines for all infections (RDGMC).

Inclusion criteria
All admitted patients present in the ICU/ward, receiving at least one anti-
microbial, admitted before 8:00 a.m. on the day of data collection were
included. These included neonates born on that day before 8:00 a.m.

Exclusion criteria
The following patients were excluded: (i) outpatients and patients in emer-
gency units; (ii) patients admitted after 8.00 a.m.; (iii) those scheduled to be
discharged; and (iv) those posted for surgical intervention on the day of
data collection.

Data consolidation and analysis
Data from individual centres were uniformly cleaned, collated and sum-
marized and sent to the nodal centre (PGIMER) for final analysis.

The following parameters were analysed (i) number (%) of patients on
antimicrobials; (ii) number (%) of antimicrobials used empirically, prophy-
lactically or test-based; (iii) number (%) of antimicrobials used for
community-acquired infections (CAIs), hospital-acquired infection (HAIs),
medical prophylaxis, surgical prophylaxis, unknown and other; (iv) number
of patients receiving double anaerobic cover and double cover for Gram-
negative infection; (v) number (%) of patients on designated antimicrobials
(percentage calculated out of those who are on antimicrobials) [the follow-
ing antimicrobials or antimicrobial class were considered as designated:
carbapenems, polymyxins, systemic antifungals, vancomycin/teicoplanin,
tigecycline, minocycline and linezolid; a consensus was built by investiga-
tors for the list of designated antimicrobials; they were selected from the
‘Watch’ and ‘Reserve’ categories and systemic antifungals; and use of these
antimicrobials has been a matter of concern for the involved centres]; and
(vi) a set of quality indicators as described by the Global Point Prevalence
Survey of Antimicrobial Consumption and Resistance were also included
(details are available as Supplementary data at JAC Online).20

Statistical analysis
The data were collected on Epi Info version 7 (CDC) and then exported to
Microsoft Excel for further analysis. Only descriptive statistics were used for
summarizing the data. Discrete data were expressed as counts or
percentages.
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Results

All five centres completed the mandatory forms, while three
centres (PGIMER, AIIMS and RDGMC) also completed the optional
form for microbiology data. A total of 3473 admitted patients were
included in the study. Of these, 1747 (50.3%) patients were on
antimicrobials (Table 1). The study recorded 2834 antimicrobial
prescriptions with an average of 1.62 antimicrobials per patient
(1.4–2.2, range of number of antimicrobials = 0–5).

Of the total 1747 patients, 53% patients were on at least one
antimicrobial and 12.3% (6.5%–30.9%) on three or more antimi-
crobials (Table 1). While most of antibiotic use was empirical
(40.1%), 37.1% of use was prophylactic and 22.8% of use was
test-based (Table 1). Third-generation cephalosporins (24.5%)
were the most commonly prescribed antimicrobials, followed by
imidazole derivatives (11.2%) and b-lactam/b-lactamase inhibi-
tors (10.2%) (Figure 1); 80.6% of antimicrobial prescriptions were
from the WHO Essential Medicines List, of which 57.9% of use was
from the ‘Watch’ category, 38.0% of use was from the ‘Access’ cat-
egory and 4.07% of use was from the ‘Reserve’ category (Figure
S3); and 77.9% of overall antimicrobial prescriptions were adminis-
tered parenterally (Table 1).

The most common indications for antimicrobial use were CAIs
(40.2%) requiring hospitalization, followed by surgical prophylaxis
(32.6%) and HAIs (13.5%) (Table S1 and Figure S4). However, data
from individual centres showed a variation in the indication of use
(Figure 2, Table S1 and Figure S4). Surgical prophylaxis for more
than 24 h was observed in 85.9% of patients (Table S1).

The top 10 diagnostic categories that accounted for 56.6% of
antimicrobial use included prophylaxis for obstetric and gynaeco-
logical conditions (8.49%), prophylaxis for skin, soft tissue and
bone/joints (7.36%), prophylaxis for gastrointestinal tract (6.60%),
obstetric/gynaecological infections (5.3%), pneumonia (5.23%),

sepsis (5.16%), intra-abdominal conditions (4.91%), gastrointes-
tinal infections (4.88%), other causes not explained by existing list
(4.67%) and skin and soft tissue infections (3.96%) (Figure S5).

A total of 250 instances of HAI were recorded in the study, sur-
gical site infection (SSI) being the most common HAI. However,
data from individual centres revealed variable rates of different
categories of HAI. See Figure 3 and Table S1.

Out of the three centres that collected data on culture and sus-
ceptibility reports, 153 reports were available on the days of sur-
vey. MDR organisms reported were Escherichia coli (27.9%),
Klebsiella pneumoniae (17.5%), Pseudomonas aeruginosa (14.9%),
Acinetobacter baumannii (9.7%) and MRSA (11.6%). Targeted ther-
apy was used for 72.08% of MDR organisms (Figure 4).

Nearly 2.7% of antimicrobialprescriptions were prescribed as
double anaerobic cover. The drug combinations mainly included
piperacillin/tazobactam with metronidazole (1.2%), meropenem
with metronidazole (0.9%) and piperacillin/tazobactam with clin-
damycin (0.3%). Also, 7.1% of antimicrobial prescriptions included
double cover for Gram-negative organisms (3% to 15.9%) (Figure
S6), consisting of colistin with meropenem (4.61%), piperacillin/
tazobactam with colistin (0.8%) and piperacillin/tazobactam with
levofloxacin (0.78%).

Out of the patients receiving antimicrobials, the percentage of
patients on designated antimicrobials ranged from less than 1% to
20.2%, with highest use recorded for carbapenems (11.3%)
(Table 2).

Discussion

This multicentre PPS brought forth several important findings.
Foremost, the antimicrobial use across the study centres was rea-
sonably high. Such high use of antimicrobials has been reported in
an earlier survey conducted in India including 16 hospitals in the

Table 1. Patterns of antimicrobial use

Centre
PGIMER,

Chandigarh
IPGMER,
Kolkata

AIIMS,
Bhopal

GMC,
Vadodara

RDGMC,
Ujjain Total

Type of hospital public public public public private –

Total no. of inpatients in previous year (2017–18) 98 180 88 401 7058 72 389 48 160 314 188

Total no. of occupied beds 1164 728 299 680 602 3473

ICU 186 43 8 44 12 293

medical wards 374 373 144 300 270 1441

surgical wards 380 158 145 336 320 1339

combined wards 224 174 2 0 0 400

Total no. of patients on antimicrobials 594 279 142 302 430 1747

Total no. of antimicrobial prescriptions 950 440 317 489 638 2834

Average no. of antimicrobials/patient 1.59 1.57 2.23 1.61 1.48 1.62

No. of patients on 1 antimicrobial 323 153 40 150 261 927

No. of patients on 2 antimicrobials 185 102 58 119 141 605

No. of patients on�3 antimicrobials 86 24 44 33 28 215

No. of antimicrobials given as empirical therapy 615 223 47 107 144 1136

No. of antimicrobials given as definitive therapy 110 31 10 54 440 645

No. of antimicrobials given as prophylactic therapy 225 186 260 328 54 1053

No. of antimicrobials administered parenterally 769 257 273 378 531 2208

These data were collected during the study time period (15 May 2019 to 28 May 2019, excluding Sundays).
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private sector where a prevalence of 57.4% was noted.16 When
compared with European or American countries, the consumption
of antimicrobials was relatively high, as reported consumption in
such surveys ranges from 25% to 34%.22–24 However, with respect
to other developing economies in Africa and Asia, the use was
comparable.25,26

The present survey included four tertiary care hospitals from
the public sector and one from a private set-up. Four of the five
centres have nearly half a million admissions every year, highlight-
ing the large volumes of patients in inpatient settings alone. While
the hospital staff and the management of these four centres is
supported by the Government, in the private-sector hospital this is
solely borne by a privately managed trust. The public hospitals
included in the study represent large tertiary care centres in India
that have the capacity to handle critically ill patients with comor-
bidities and have a large patient load but limited resources and the
private hospital included in the study represents a typical trust-run

private medical college, offering inpatients most diagnostic and
curative services at subsidized rates.

It should be noted that, in the five study centres, more than
one-tenth of patients received three or more antimicrobials. The
majority of the antimicrobial use was from the ‘Watch’ category of
the WHO Essential Medicines List. The high burden of antimicro-
bials was not confined to ICUs alone in some study centres. This
may be explained by the fact that limited availability of ICU beds
often necessitates management of the critically ill in wards. It was
interesting to note that the majority of the use of antimicrobials
was empirical. Although all the included centres have functioning
microbiology laboratories, the use of test-based antimicrobial pre-
scriptions was relatively less on the day of the survey. Being referral
hospitals, these centres often receive patients who are already on
antimicrobials from other hospitals, which makes culture positivity
yield less efficient. Furthermore, for the patients admitted through
emergency departments, appropriate cultures may not be sent

Figure 1. Overall antimicrobial consumption by class according to WHO ATC classification. ‘Others’ includes A07AA11 rifaximin, J01CF b-lactamase-
resistant penicillins, P02C antinematodal agents, J01XE nitrofuran derivatives, J01DF monobactams, J01BA amphenicols, J01DI other cephalosporins
and penems, P01B antimalarials and D06AX09 mupirocin. Total number of antimicrobials = 2834 (PGIMER, 950; IPGMER, 440; AIIMS, 317; GMC, 489;
and RDGMC, 638). This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.
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Figure 2. Antimicrobial use by indication. Complete data provided in Table S1. All percentages calculated out of total number of antimicrobials:
PGIMER, 950; IPGMER, 440; AIIMS, Bhopal, 317; GMC, 489; and RDGMC, 638. MP, medical prophylaxis; SP, surgical prophylaxis. This figure appears in
colour in the online version of JAC and in black and white in the print version of JAC.

Figure 3. Types of HAI. Complete data provided in Table S1. HAI classified according to Global Point Prevalence Survey of Antimicrobial Consumption
and Resistance methodology.20,21 Intervention-related HAI includes central line-associated bloodstream infection, ventilator-associated pneumonia
and catheter-associated urinary tract infection. Total instances of HAI: PGIMER, 66; IPGMER, 31; AIIMS, Bhopal, 3; GMC, 5; and RDGMC, 145. CDAD,
C. difficile-associated diarrhoea; HAP, hospital-acquired pneumonia; LTCF, long-term care facility. This figure appears in colour in the online version
of JAC and in black and white in the print version of JAC.
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because of overcrowded emergency departments and resource
constraints. A long turnaround time of microbiology reports can
further delay the implementation of de-escalation and targeted
therapy. Working towards a ‘culture of sending cultures’ and using
the laboratory reports for de-escalation can be an important inter-
ventional strategy for antimicrobial stewardship.27

While CAI accounted for the majority of antimicrobials used,
surgical prophylaxis followed closely. Prophylaxis was continued
for more than 24 h in more than 80% of all cases on surgical
prophylaxis. An important reason cited for continuing the prophy-
lactic regimen was post-operative fever. This practice was not in
consonance with the guidelines available for surgical prophylaxis
in these centres, implying the necessity for implementation of
guidelines. The public-funded hospitals often receive patients with
complications of surgeries conducted in other hospitals or have to

carry out emergency surgeries for cases in whom the possibility of
infection cannot be ruled out. The medical records in such cases
note the administered antimicrobials as prophylactic, although
these may very well be given as empirical management of a sus-
pected infection. In addition to the above factors, fear of litigation
for post-operative infection may be an important driver for anti-
microbial use in private set-ups. Targeting surgical prophylaxis is
often considered as a ‘low-hanging fruit’ for antimicrobial steward-
ship.28 Our data suggest that it would be worthwhile to target im-
provement in surgical prophylaxis practices for decreasing
antimicrobial use.

HAIs continue to remain important drivers for antimicrobial use,
particularly so in resource-limited settings, where infections due to
MDR pathogens are quite common.2–4,9 There is indeed a wide
variation in HAIs across centres, with two centres (AIIMS and GMC)

Figure 4. Microbiological data on and targeted therapy for MDR organisms. All values are given as percentages. The data are from three out of five
centres [two centres (GMC and IPGMER) did not capture this information as it was optional]. Total numbers of isolates (denominators): PGIMER, 99;
AIIMS, Bhopal, 36; and RDGMC, 18. Ps. aeruginosa, P. aeruginosa; S. marcescens, Serratia marcescens; E. faecium, Enterococcus faecium. This figure
appears in colour in the online version of JAC and in black and white in the print version of JAC.

Table 2. Use of designated antimicrobials in patients on antimicrobial therapy

PGIMER,
Chandigarh

IPGMER,
Kolkata

AIIMS,
Bhopal

GMC,
Vadodara

RDGMC,
Ujjain Total

Total number of patients on antimicrobials 594 279 142 302 430 1747

No. (%) of patients on antifungals 35 (5.8) 6 (2.1) 0 0 0 41 (2.3)

No. (%) of patients on polymyxins 39 (6.5) 2 (0.7) 3 (2.1) 0 0 44 (2.5)

No. (%) of patients on carbapenems 120 (20.2) 23 (8.2) 2 (1.4) 26 (8.6) 26 (6) 197 (11.3)

No. (%) of patients on linezolid 8 (1.3) 12 (4.3) 7 (4.9) 15 (4.9) 15 (3.4) 57 (3.3)

No. (%) of patients on vancomycin/teicoplanin 100 (16.8) 13 (4.6) 3 (2.1) 10 (3.3) 10 (2.3) 136 (7.8)

No. (%) of patients on tigecycline/minocycline 5 (0.8) 5 (1.7) 2 (1.4) 0 0 12 (0.7)

A multicentre PPS of antimicrobial use in a lower middle-income country JAC

1099

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/76/4/1094/6084576 by All India Institute of M

edical Sciences Bhopal user on 30 M
arch 2021



reporting a very low incidence of HAI. The low incidence of HAI
could be a consequence of failure to classify the infection as HAI by
the clinician. This has to be seen in light of the fact that awareness
about AMR has gained impetus only in the last few years. The prac-
tice of placing infection in the broad categories of HAI or CAI has a
bearing on using the appropriate antimicrobials and should be deli-
berated upon by those writing antimicrobial prescriptions.

For larger hospitals, which receive critically ill patients referred
from other centres, HAIs from other hospitals accounted for 3.8% of
total HAIs. RDGMC reported a high incidence of HAIs, which was
largely driven by SSI. The annual incidence of SSI for this centre lies in
the range of 5%–6%. Incidentally, Clostridioides difficile-associated
diarrhoea was nearly negligible, which may be due to a lack of avail-
ability of diagnostics for C. difficile. Long-term care facilities are rather
uncommon in India and this may be the reason for a relatively lesser
number of HAIs rendering from such a source. Reducing HAIs could
be an important way of further reducing antimicrobial use. There
have been major initiatives, such as the ‘KAYAKALP’ Initiative by the
Government, for implementing surveillance of HAIs and infection
control measures in hospitals.29 With increasing awareness, hospital
infection control committees are beginning to work along with anti-
microbial stewardship committees. These initiatives will hopefully
start showing results in the years to come.

The drugs from the ‘Watch’ category of the WHO Essential
Medicines List accounted for 80.56% of prescriptions, with third-
generation cephalosporins being the most commonly used. The
use of designated antimicrobials (antibiotics and antifungals) is
also a matter of concern. The use of polymyxins was relatively
higher in larger centres, mainly for the management of HAI due to
MDR pathogens, particularly K. pneumoniae and A. baumannii. The
use of designated antimicrobials was largely targeted; however, it
is difficult to say if it was appropriate or not. While the prevalence
of MDR organisms could be an important driver for the use of des-
ignated antimicrobials, misuse cannot be ruled out. Serious condi-
tions, such as sepsis, could be an additional driver for the use of
designated antimicrobials. Remarkably, the use of tigecycline,
minocycline and linezolid could at best be regarded as limited con-
sidering the nature of patients managed in these hospitals.

The practice of redundant antimicrobial use was fairly com-
mon. In one study centre, double anaerobic cover was more than
7%. Double cover for suspected or proven Gram-negative infec-
tions (3%–15.9%) was a bigger concern. There are very limited
indications for empirical or test-based use of more than one anti-
microbial agent for Gram-negative infections. However, the prac-
tice seems fairly common and needs deeper evaluation.

The survey had some limitations. Firstly, not all centres
extracted microbiological and device-related data. Occasionally
some discordance was noted in the categorization of antimicrobial
usage as empirical or prophylactic by the prescribing clinician and
study team members. However, it was decided to go by the re-
sponse given by the clinician; correct categorization as empirical or
prophylactic will form an important component of future training
to the resident trainees. In the absence of a hospital information
system for communication of microbiology reports, the reports
were verbally communicated in some situations, with the final
reports following later. However, test-based classification was con-
sidered only if the reports were available in the file.
Appropriateness of antimicrobials, beyond the quality indicators
mentioned above, was not determined for the present survey. One

of the reasons was that guidelines were either patchily available or
were in the process of being revised. Further, the centres are work-
ing on a tool for assessment of appropriateness of an antimicrobial
prescription, which is intended to be used for the next survey. It is
very important that standard forms are used for recording anti-
microbial prescriptions for admitted patients, with training pro-
vided to medical graduates and postgraduates on how to fill in
these forms. Extracting information from paper files and treat-
ment charts and asking the floor resident about information that is
not available in the files makes it very arduous for the audit teams.
Routinely maintained electronic medical record systems are very
desirable, but, in limited-resource settings, they remain to be
prioritized.

In conclusion, this PPS showed a high use of antimicrobials in
admitted patients. The findings of the survey were helpful
in generating baseline data for identifying strategies for
interventions directed at reducing antimicrobial use and for
evaluating the impact of future interventions. The targets
for interventions that emerged were: improving surgical
prophylaxis, decreasing double anaerobic cover, initiating
culture of sending cultures and de-escalation with targeted
therapy. The data generated from this study will help enable
other centres with settings such as our own to replicate this
study design and help in evaluating the impact of various anti-
microbial stewardship interventions.
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A B S T R A C T   

Background: In-Vitro/Cellular evidence is the backbone and vital proof of concept during the development of 
novel therapeutics as well as drugs repurposing against COVID-19. Choosing an ideal in-vitro model is vital as the 
virus entry is through ACE2, CD147, and TMPRSS2 dependant and very specific. In this regard, this is the first 
systematic review addressing the importance of specific cell lines used as potential in-vitro models in the isola-
tion, pathogenesis, and therapeutics for SARS− COV-2. 
Methods: We searched 17 literature databases with appropriate keywords, and identified 1173 non-duplicate 
studies. In the present study, 71 articles are included after a careful, thorough screening of the titles and their 
abstracts for possible inclusion using predefined inclusion/exclusion criteria (PRISMA Guidelines). 
Results: In the current study, we compiled cell culture-based studies for SARS-CoV-2 and found the best 
compatible In-Vitro models for SARS-CoV-2 (Vero, VeroE6, HEK293 as well as its variants, Huh-7, Calu-3 2B4, 
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Caco-2 are the most widely used in-vitro models for SARS-CoV-2.   
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1. Introduction 

1.1. Overview of Corona viruses and the current outbreak of COVID-19 

Corona viruses (CoVs) have a long history and are the part of family 
Coronaviridae (subfamily Coronaviridae). They spread infection espe-
cially through t respiratory tract’s involvement (both lower and upper 
respiratory tract) with the symptoms of common cold, pneumonia, 
bronchiolitis, rhinitis, pharyngitis, sinusitis, diarrhea (Chang et al., 
2016; Paules et al., 2020). Till date, a total of seven human Corona virus 
strains have been identified, [229E, NL63, OC43, HKU1, severe acute 
respiratory syndrome- Corona virus (SARS-CoV), middle east respiratory 
syndrome-corona virus (MERS-CoV), and severe acute respiratory syn-
drome - corona virus 2 (SARS-CoV-2) or 2019-novel Corona virus 
(2019-nCoV) (Paules et al., 2020). Though CoVs were known to cause 
milder symptoms, the outbreak of these three strains were deadly with 
high mortality and shown very adaptive potential as per environmental 
conditions and classified as “emerging viruses.” COVID-19 was initially 
named “2019-nCoV.” but later on, it was changed to “SARS-CoV-2′′ due 
to high similarity with severe acute respiratory syndrome corona virus 
(SARS-CoV) as per the recommendation of the Corona virus Study Group 
(CSG) of the International Committee on Taxonomy of Viruses (ICTV) 
(Coronaviridae Study Group of the International Committee on Taxon-
omy of V, 2020). Corona viruses (CoVs) are single-stranded positively 
sense RNA viruses of the family Coronaviridae (subfamily Coronavir-
inae). Their genome is the largest among all RNA viruses, with a size 
range between 26.2 and 31.7 kb. They are either pleomorphic or 
spherical with a diameter of 80–120 nm and distinguished by bears 
club-shaped projections of glycoproteins on their surface. CoVs genome 
consists of six to ten open reading frames (ORFs) (Belouzard et al., 
2012), and their genetic material is highly susceptible to frequent 
recombination process, resulting in new strains with alteration in their 
virulence (Hilgenfeld, 2014). The most important structural proteins of 
SARS− COV-2 are spike (S) protein, which is a trimeric, membrane (M) 
protein, envelop (E) protein, and the nucleocapsid (N) protein, and all of 
them are potential drug development targets. Some viruses, such as 
beta− COvs, also have hemagglutinin esterase (HE) glycoprotein 
(Belouzard et al., 2012). The RNA genome of CoV has seven conserved 
genes (ORF1a, ORF1b, S, OEF3, E, M, and N) arranged in 5′ to 3′: 
ORF1a/b alone covers two-third part of its RNA genome. It is responsible 
for the production of two viral replicase polyproteins which are PP1a 
and PP1ab. Further processing gives rise to sixteen mature nonstructural 
proteins (NSPs) and play a crucial role in various viral functions, 
including the formation of the replicase transcriptase complex (McBride 
et al., 2014). The rest of the virus’s genomic part encodes the mRNA, 
which produces its other essential structural proteins, including spike, 
envelope, membrane, and nucleocapsid (McBride et al., 2014). HE is 
another essential envelop-associated protein that is expressed by specific 
CoV strains (Structure, 2016). The entire RNA genome of corona virus is 
packed with nucleocapsid protein under covered with envelope (Guo 
et al., 2008). 

1.2. Mechanism of SARS-CoV-2 entry into target cells and the importance 
of cell culture models 

When SARS-COV-2 enters into the body, the primary target cells are 
the enterocytes and pneumocytes (Guo et al., 2008; Gu and Korteweg, 
2007; Hoffmann et al., 2020; Chan et al., 2020a; Corman et al., 2019; 
Iwata-Yoshikawa et al., 2019; Kleine-Weber et al., 2019). In contrast, 
other target cells include kidney tubular epithelial cells, cerebral 
neuronal cells, and immune cells (Guo et al., 2008; Gu and Korteweg, 
2007). SARS-CoV-2 entry and infection into the host cells take place 
through host cell factors, angiotensin-converting enzyme-2 (ACE2), and 
subsequent proteolytic cleavage on the Spike protein by transmembrane 
protease serine 2 (TMPRSS2),which is responsible for membrane fusion 
(Hoffmann et al., 2020). In the case of ACE-2, after recognizing the 

receptor, the virus genome and its nucleocapsid are released in the 
cytoplasm of the target cells. Two viral polyproteins (pp1a and pp1b) 
encoded by ORF1a and ORF1b genes are further processed by proteases 
into 16 NSPs and play a crucial role in the formation of the replication 
transcription complex (teVelthuis et al., 2012). This takes command 
over host translational machinery for the production of their own pro-
teins (Stobart et al., 2013). All NSPs have their specific functions 
required starting from their entry into the target cell to suppression of 
target gene expression to replicate and translate their genome and 
necessary proteins and specific functions of NSPs and their cellular 
production (teVelthuis et al., 2012; Stobart et al., 2013; Wang et al., 
2016; Egloff et al., 2004; Hu et al., 2017; Bouvet et al., 2014; Narayanan 
et al., 2000; de Wit et al., 2016; Nieto-Torres et al., 2011; Prajapat et al., 
2020). Similarly, a recent study suggested that entry and viral spread 
among other organs such as lungs of the infected host also depend on 
serine protease TMPRSS-2 activity in S protein priming of SARS-CoV-2 
(Hoffmann et al., 2020). It is suggested that SARSCoV infection 
further leads to a surge of pro-inflammatory cytokines and chemokines, 
and causes severe pulmonary tissue damage (Ding et al., 2004), deteri-
orating lung function and cause lung failure (Du et al., 2009). Both 
host-directed therapies and virus-directed therapies are under investi-
gation with variable success. The most important among the virus 
directed therapies, are Lopinavir/Ritonavir combination, hydroxy-
chloroquine, chloroquine, remdesivir as we discussed in our previous 
studies (Prajapat et al., 2020; Sarma et al., 2020a, b; Sarma et al., 2021). 
Owing to the ease of the development process, repurposed drugs are 
taking the lead role in the fight against the covid with preliminary ev-
idence generated in in-vitro, leading to further preclinical and clinical 
trials. In-vitro experimental model systems are required to confirm the 
safety, efficacy, standardization and validation of new potential drug in 
combinatorial doses of existing anti-viral drugs for COVID-19. Being the 
cornerstone of the preliminary evidences generation/preliminary proof 
of concept studies/repurposing of existing drugs/evaluation of new 
chemical entities, in-vitro studies are taking a lead role in the evidence 
generation process against SARS-CoV-2. The importance of detailed 
knowledge of the in-vitro systems would help the best system for optimal 
drug evaluation. Towards this effort, it is the first systematic review 
addressing the utility of different cell culture systems as potential in-vitro 
models for repurposing and drugs development, vaccine development, 
isolation and pathogenesis of SARS-COV-2. 

2. Methods 

2.1. Objective 

Elucidation of potential In-Vitro models to combat and understand 
the pathogenesis of SARS-COV-2 

2.2. Criteria for including studies in this review 

In the systematic review, we included in-vitro studies (both primary 
culture and cell line experiments), which involved viral culture of SARS- 
CoV-2 for any purpose. Only original studies providing details of the 
culture process were included. On the other hand, review articles and 
other study designs were excluded. 

2.3. Search strategy 

A total of 17 literature databases (PubMed, Embase, Wiley Online 
Library, OVID, SCOPUS, Google Scholar, Epistemonikos, CINAHL, Web 
of Science, TRIP, Cochrane CENTRAL, Science Direct, Virtual Health 
Library, CNKI and journals including Nature, Mediterranee-infection. 
com/pre-prints-ihuand SSRN preprints) were searched using the key-
words COVID-19, 2019-nCoV, novel corona virus, SARS-CoV-2, in-vitro, 
cell lines, cell culture and culture techniques. We included all search 
studies 19th April 2020, without any language restriction. We also 
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searched references of all the included articles for identification of ar-
ticles with possible inclusion. 

2.4. Selection of studies 

After searching databases and removing duplicates, two authors (HK 
and SK) independently screened the titles/abstracts using predefined 
inclusion/exclusion criteria. For relevant articles, full-texts were ob-
tained for further evaluation. In case of any discrepancy, BM was con-
sulted, and the issue was resolved. 

2.5. Data extraction 

Data extraction was done separately by two authors (HK and SK). In 
articles published in a language other than english, google translate was 
used to identify relevant data. 

3. Results and discussion 

3.1. Details of included studies 

After searching a total of 17 literature databases, we identified 1173 
relevant articles, which were screened for title and abstract. Following 
which 272 articles were selected for full-text screening and finally a total 
of 71 articles were selected for the systematic review. For the review 
process, various cell lines have been used for SARS-CoV-2 isolation, 
pathogenesis and therapeutic purpose. The details of the selection pro-
cess and PRISMA chart are included (Fig. 1). For studying the patho-
genesis and evaluation of vaccines and therapeutics against SARS− COV- 
2, suitable, rapid, and safe experimental models are a current necessity 

that could combat the present clinical disease (Gretebeck and Subbarao, 
2015; Yong et al., 2019). Various animal models are utilized for 
SARS-CoV studies, such as golden Syrian hamsters, rabbits, guinea pigs, 
mouse, ferrets, and non-human primates like rhesus macaques, mar-
mosets, and cats (Lu et al., 2013; Martina et al., 2003; Lamirande et al., 
2008; Roberts et al., 2008; Falzarano et al., 2014; Du et al., 2016; 
Enjuanes et al., 2016). The virus specificity to the ACE-2 receptor and 
TMPRSS-2 (both SARS-CoV-2 and SARS-CoV) was found to be a signif-
icant hindrance in developing the animal models for SARS-CoV-2. In this 
regard, based on the literature available regarding SARS-CoV-2 cellular 
binding and viral spread in the infected host, we tried to compile the 
available compatible in-vitro experimental model systems. Although 
there are some studies where the viral load of SARS-CoV was either not 
detected or identified very low, all cells are not susceptible to these vi-
ruses (Chan et al., 2013). In the present study, we compiled various 
human and other primates based cell lines used since the outbreak of 
SARS-CoVs and the compiled list of these cell lines is given in Table 1. 

3.2. In-vitro model platforms for SARS-CoV-2 

Cell culture models can replicate the different properties and func-
tions of the various organs specific cells in in-vitro conditions and are the 
key to successfully translating research findings into real-world medical 
applications. Based on the receptor-specific cellular infection of SARS- 
CoV-2, the selection of a suitable experimental model becomes essen-
tial for further studes. SARS-CoV-2 and SARS-CoV represent highly 
similar genetic makeup with a similarity of approximately 70 %. Both 
SARS CoV and SARS-CoV-2 share a similar entrance system in the target 
cells as all the target cells with ACE-2, CD147 and TMPRSS-2, are sus-
ceptible to SARS-CoV-2 infection. In a recent study, the expression of 

Fig. 1. Prisma flow chart of the included studies.  
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Table 1 
Showing the list of cell lines, their origin, availability and purpose of use for SARS-CoV-2.  

Organ/ Tissue Experimental 
Models: Cell 
Lines 

Origin/ Details of 
culture model 

Drug/vaccine Evaluated with reference Availability Remark    

Drug Screening Vaccine/Antibodies 
Production/Immune 
Response/Genes 
Expression 

Virus Isolation, 
Expression /Other 
purpose   

Kidney 

Vero E6 Cercopithecus 
aethiops, Kidney 

Chloroquine ( 
Capobianchi et al., 
2020) 
Ritonavir (Xiong et al., 
2020a) 
CVL218 (Weston et al., 
2020) 
HTS of various drugs ( 
Choy et al., 2020) 
Lopinavir (Liu et al., 
2020a) 
Emetine (Liu et al., 
2020a) 
Homoharringtonine ( 
Liu et al., 2020a) 
Carmofur (Dai et al., 
2020) 
Peptidomimetic 
Aldehydes (Liu et al., 
2020b) 
Hydroxychloroquine ( 
Zhijian et al., 2020) 
Nelfinavir (Xiong et al., 
2020b) 
DHODH Inhibitors ( 
Wang et al., 2020a) 
Remdesivir (Caly et al., 
2020b; Weston et al., 
2020; Liu et al., 2020a;  
Andreani et al., 2020) 
Lianhuaqingwen ( 
Andreani et al., 2020) 
EIDD-2801 (Yoshikawa 
et al., 2010) 

Immune Response ( 
Fukushi et al., 2006) 
Antibodies Production 
(Pu et al., 2020) 
Virus induced Genes 
Expression reversal ( 
Xiong et al., 2020a) 
MAbs screening ( 
Fintelman-Rodrigues 
et al., 2020) 

Pathogenesis and 
Transmission ( 
Hoffmann et al., 
2020; Chan et al., 
2020b; Zhou et al., 
2020; Matsuyama 
et al., 2020) 
Viral 
Enhanced Virus 
Isolation ( 
Matsuyama et al., 
2020) 
Virus Isolation ( 
Chan et al., 2020b;  
Xiao et al., 2020;  
Harcourt et al., 
2020) 

ATCC Cat #CRL- 
1586 

Most commonly 
used cell lines in 
case of SARS- 
CoV-2 are Vero, 
Vero E6 and 
HEK293 T 
Characteristic: 
High expression 
of ACE2 and 
TMPRSS2. 

Vero 
Cercopithecus 
Aethiops, 
Kidney 

Atazanavir (Ge et al., 
2020) 
Fluphenazine (Yao 
et al., 2020) 
Dihydrochloride (Yao 
et al., 2020) 
Benztropine Mesylate ( 
Yao et al., 2020) 
Amodiaquin 
Hydrochloride (Yao 
et al., 2020) 
Chlorpromazine 
Hydrochloride (Yao 
et al., 2020) 
Toremifene Citrate ( 
Yao et al., 2020) 
Amodiaquin 
Dihydrochloride 
Dihydrate (Yao et al., 
2020) 
Thiethylperazine 
Maleate (Yao et al., 
2020) 
Mefloquine 
Hydrochloride (Yao 
et al., 2020) 
Triparanol (Yao et al., 
2020) 
Terconazole Vetranal ( 
Yao et al., 2020) 
Anisomycin (Yao et al., 
2020) 
Gemcitabine 
Hydrochloride (Yao 

Immune Response (Pan 
et al., 2020) 
Vaccine Production ( 
Mantlo et al., 2020) 
Type I IFNs as target of 
Antiviral Therapy ( 
Anderson et al., 2020) 
MTHFD1 as a target of 
Antiviral Therapy ( 
Xing et al., 2020) 

Pathogenesis and 
Transmission ( 
Matsuyama et al., 
2020) 
Virus Isolation ( 
Caly et al., 2020a;  
TT-Y et al., 2020) 
Viral Virus 
susceptibility ( 
Thevarajan et al., 
2020) 

ATCC Cat# CRL- 
1586; RRID: 
CVCL_0574 

(continued on next page) 
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Table 1 (continued ) 

Organ/ Tissue Experimental 
Models: Cell 
Lines 

Origin/ Details of 
culture model 

Drug/vaccine Evaluated with reference Availability Remark    

Drug Screening Vaccine/Antibodies 
Production/Immune 
Response/Genes 
Expression 

Virus Isolation, 
Expression /Other 
purpose   

et al., 2020) 
Imatinib Mesylate (Yao 
et al., 2020) 
Fluspirilene (Yao et al., 
2020) 
Clomipramine 
Hydrochloride (Yao 
et al., 2020) 
Hydroxychloroquine 
Sulfate (Yao et al., 
2020; Touret et al., 
2020) 
Promethazine 
Hydrochloride (Yao 
et al., 2020) 
Emetine 
Dihydrochloride 
Hydrate (Yao et al., 
2020) 
Chloroquine Phosphate 
(Yao et al., 2020) 
Tamoxifen Citrate (Yao 
et al., 2020) 
Baicalein (Jin et al., 
2020) 

VeroE6/ 
TMPRSS2 

Cercopithecus 
aethiops, Kidney   

Enhanced Virus 
Isolation ( 
Matsuyama et al., 
2020) 

ATCC Cat #CRL- 
1586 

Vero/hSLAM Cercopithecus 
aethiops, Kidney 

Ivermectin (Sheahan 
et al., 2020a)   

ATCC Cat #CRL- 
1586 

HEK 293 Homo sapiens, 
Embryonic Kidney  

Vaccine Production ( 
Mantlo et al., 2020) 

Viral Pathogenesis 
and Transmission ( 
Hoffmann et al., 
2020) 

ATCC Cat #CRL- 
1573 

293 T Homo sapiens, 
Embryonic Kidney 

Teicoplanin (Wu et al., 
2020) 

Vaccine Production ( 
Mantlo et al., 2020) 
MAbs screening ( 
Fintelman-Rodrigues 
et al., 2020) 
Immune Response (Ye 
et al., 2020; Ju et al., 
2020) 
MAb Production (Li 
et al., 2020; Sun et al., 
2020) 
Vaccine Production 
and Antibodies 
Response (Mossel 
et al., 2005) 
ACE2 Gene Expression 
(Zhang et al., 2020a) 

Virus Isolation ( 
Xiao et al., 2020) 
Virus susceptibility 
(Thevarajan et al., 
2020) 
MTHFD1 as a 
target of Antiviral 
Therapy (Xing 
et al., 2020) 
Antiviral CRISPR ( 
Wang et al., 2020b) 
Viral Pathogenesis 
and Transmission ( 
Gao et al., 2020) 

ATCC® CRL- 
11,268 

293 FT Homo sapiens, 
Embryonic Kidney 

DHODH Inhibitors ( 
Wang et al., 2020a) 

MAbs production (Li 
et al., 2020)   

293 T-ACE2 Homo sapiens, 
Embryonic Kidney  

Vaccine Production 
and Antibodies 
Response (Mossel 
et al., 2005) 

Viral Pathogenesis 
(Gao et al., 2020)  

LLC-MK2 Macaca mulatta, 
Kidney 

Virus susceptibility ( 
Chan et al., 2013)   

ATCC CCL-7.1 

MDCKII Canine, 
Kidney 

DHODH Inhibitors ( 
Wang et al., 2020a)  

Viral Pathogenesis 
and Transmission ( 
Hoffmann et al., 
2020) 
Virus susceptibility 
(Thevarajan et al., 
2020) 

ATCC Cat# CRL- 
2936; RRID: 
CVCL_B034 

BHK-21 Mesocricetus 
auratus, Kidney 
fibroblast  

MAbs screening ( 
Fintelman-Rodrigues 
et al., 2020)  

ATCC Cat# CCL- 
10; RRID: 
CVCL_1915 

(continued on next page) 
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Table 1 (continued ) 

Organ/ Tissue Experimental 
Models: Cell 
Lines 

Origin/ Details of 
culture model 

Drug/vaccine Evaluated with reference Availability Remark    

Drug Screening Vaccine/Antibodies 
Production/Immune 
Response/Genes 
Expression 

Virus Isolation, 
Expression /Other 
purpose   

COS-7 cells Cercopithecus 
aethiops, 
Kidney Fibroblast, 
SV0 Transformed  

Antibodies Production 
(Pu et al., 2020)  

ATCC CRL-1651 

PaKi Chiroptera, 
Kidney, 
Primary Pteropus 
alecto kidney cells   

MTHFD1 as a 
target of Antiviral 
Therapy (Xing 
et al., 2020) 

NA 

293 F Derivative of HEK 
293 Cells  

MAb Production (Li 
et al., 2020; Sun et al., 
2020)  

ThermoFisher, 
Cat #R79007 

HK2 Homo sapiens, 
Human 
papillomavirus 16 
(HPV-16) 
transformed 

Remdesivir (Hamming 
et al., 2004)   

ATCC® CRL-2190 

NRK-49F Rattus norvegicus, 
Kidney Fibroblast 
Normal 

Remdesivir (Hamming 
et al., 2004)   

ATCC® CRL-1570 

Respiratory 

Calu-3 

Homo sapiens, 
Lung 
Adenocarcinoma 
Epithelial Type II 
Cells   

Viral Pathogenesis 
and Transmission ( 
Hoffmann et al., 
2020; Matsuyama 
et al., 2020) 

ATCC Cat# HTB- 
55; RRID: 
CVCL_0609 

Most commonly 
used cell lines in 
case of SARS- 
CoV-2 are Calu-3 
and Calu-3 2B4 
Characteristic: 
High expression 
of ACE2 and 
TMPRSS2. 

Calu-3 2B4 

Homo sapiens, 
Lung 
Adenocarcinoma 
Epithelial Cells 

EIDD-2801 (Yoshikawa 
et al., 2010)   

ATCC Cat# HTB- 
55; RRID: 
CVCL_0609 

A549 

Homo sapiens, 
Lung 
Adenocarcinoma 
Epithelial Type II 
Cells 

ATAZANAVIR (Ge 
et al., 2020) 
DHODH Inhibitors ( 
Wang et al., 2020a) 
Teicoplanin (Wu et al., 
2020) 

ACE2 Gene Expression 
(Zhao et al., 2020b) 

Viral Pathogenesis 
and Transmission ( 
Matsuyama et al., 
2020; Hoffmann 
et al., 2020) 
Antiviral CRISPR ( 
Wang et al., 2020b) 

ATCC Cat# CRM- 
CCL-185; RRID: 
CVCL_0023 

NCI-H1299 
Homo sapiens, 
Lung, carcinoma 
Epithelial Cells   

Viral Pathogenesis 
and Transmission ( 
Hoffmann et al., 
2020) 

ATCC Cat# CRL- 
5803; RRID: 
CVCL_0060 

BEAS-2B 
Homo sapiens, 
Lung, Epithelial 
virus transformed   

Viral Pathogenesis 
and Transmission ( 
Hoffmann et al., 
2020) 

ATCC Cat# CRL- 
9609; RRID: 
CVCL_0168 

Hep2 

Homo sapiens 
HeLa 
contaminant, 
Carcinoma  

Vaccine Production ( 
Mantlo et al., 2020)  

ATCC CCL-23 

Primary 
culture of type 
II alveolar cells 
(AT2] 

Homo sapiens, 
Lung Alveolar 
Tissue  

ACE2 Gene Expression 
(Poschet et al., 2020)  N/A 

IB3− 1 and its 
derivative S9 

Homo sapiens, 
Immortalized 
Bronchial 
Epithelial Cells 

Azithromycin and 
Ciprofloxacin (Wang 
et al., 2020c)   

ATCC CRL-2777 

KMB17 

Homo sapiens, 
Lung, human 
embryonic lung 
fibroblast-like 
cells  

Vaccine Production ( 
Mantlo et al., 2020)  

http://www. 
biofeng.com/x 
ibao/xibaozh 
u/KMB-17.html 

Liver Huh-7  

Teicoplanin (Wu et al., 
2020) 
DHODH Inhibitors ( 
Wang et al., 2020a) 
Remdesivir (Wu et al., 
2020) 
Chloroquine (Wu et al., 
2020) 
Lianhuaqingwen ( 
Andreani et al., 2020) 

Vaccine Production ( 
Mantlo et al., 2020) 

Virus Isolation ( 
Xiao et al., 2020) 
Virus susceptibility 
(Thevarajan et al., 
2020; Fang et al., 
2020) 
Viral Pathogenesis 
and Transmission ( 
Hoffmann et al., 
2020; Gao et al., 

JCRB Cat# 
JCRB0403; RRID: 
CVCL_0336 

Most commonly 
used cell lines in 
case of SARS- 
CoV-2 is Huh-7 
cells 
Characteristic: 
High expression 
of ACE2 and 
TMPRSS2. 

(continued on next page) 
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Table 1 (continued ) 

Organ/ Tissue Experimental 
Models: Cell 
Lines 

Origin/ Details of 
culture model 

Drug/vaccine Evaluated with reference Availability Remark    

Drug Screening Vaccine/Antibodies 
Production/Immune 
Response/Genes 
Expression 

Virus Isolation, 
Expression /Other 
purpose   

2020; Kaye, 2006;  
Zhang et al., 
2020a; Zhao et al., 
2020c) 

HepG-2 Homo sapiens, 
Hepatocellular 
carcinoma  

Vaccine Production ( 
Mantlo et al., 2020) 
Genes Expression (Xu 
et al., 2020b) 

Virus susceptibility 
(Thevarajan et al., 
2020) 

ATCC HB-8065 

Hep1− 6 Mus musculus, 
Hepatoma Epithelial 
Cells  

Vaccine 
Production ( 
Mantlo et al., 
2020)  

ATCC® CRL-1830 
HL7702 Homo sapiens, 

Liver-Cancer Cell Line  
Vaccine 
Production ( 
Mantlo et al., 
2020)  

https://web.expa 
sy.org/cellosa 
urus/CVCL_6926 
RHT6.0 macaque liver cells  Vaccine 

Production ( 
Mantlo et al., 
2020)  

NA 
X9.0 Scandentia, 

Immortalized Tree 
shrew liver cells  

Vaccine Production ( 
Mantlo et al., 2020)   

X9.5 Scandentia, 
Immortalized 
tree shrew 
liver cells  

Vaccine Production ( 
Mantlo et al., 2020)   

C3A Homo sapiens, 
Derivative of 
Hep-G2  

Genes Expression (Xu 
et al., 2020b)  

ATCC® CRL- 
10,741 

Intestinal Caco-2 Homo sapiens, 
Colorectal 
adenocarcinoma 
Epithelial Cells 

Darunavir (Zebin et al., 
2020) 

Vaccine Production ( 
Mantlo et al., 2020) 

Viral Pathogenesis 
and Transmission ( 
Hoffmann et al., 
2020) 

ATCC Cat# HTB- 
37; RRID: 
CVCL_0025 

High ACE2 
expression 

Immune Cells MT-2 cell Homo sapiens, 
T cell leukemia 
cells   

Viral Pathogenesis 
(Gao et al., 2020) 

Sigma-Aldrich Cat 
#08,081,401  

Stems Cells DYR0100 Homo sapiens, 
Human Induced 
Pluripotent Stem 
[IPS] Cells   

Differentiation 
assay (Cong et al., 
2020) 

ATCC ACS-1011  

Embryo NIH3T3 Mus musculus, 
Embryo Fibroblast  

Vaccine Production ( 
Mantlo et al., 2020)  

ATCC Cat# CRL- 
1658; RRID: 
CVCL_0594  

Ovary CHO-K1 Cricetulus griseus 
[Hamster] 
Ovary 
epithelial-like  

Vaccine Production ( 
Mantlo et al., 2020) 

Virus susceptibility 
(Thevarajan et al., 
2020) 

ATCC CCL-61  

skin 
A357 

Homo sapiens, 
malignant 
melanoma  

Vaccine Production ( 
Mantlo et al., 2020)  ATCC CRL-1619  

HACAT 
Homo sapiens, 
Keratinocyte  

Vaccine Production ( 
Mantlo et al., 2020)  

https://clsgmbh. 
de/pdf/hacat.pdf 

Leukemia LR7 Rattus norvegicus, 
Murine LR7 cells   

Viral Life Cycle ( 
Snijder et al., 
2020a,b) 

c-WRT-7-LR 
(RRID: 
CVCL_J367)  

Cervix 

HeLa- 
CEACAM1a 
cells 

Homo sapiens, 
Variant of HeLa 
Cells   

Viral Life Cycle ( 
Snijder et al., 
2020a,b)  

HeLa-hACE2: 
High ACE2 
expression HeLa-hACE2 

Homo sapiens, 
Variant of HeLa 
Cells   

Viral Pathogenesis 
and Transmission ( 
Zhou et al., 2020)  

BALB/c 
immortalized 
cell line 

17Cl1 
Mus musculus, 
Breed/subspecies: 
BALB/c   

Viral Replication 
and Pathogenesis ( RRID:CVCL_VT75  

(continued on next page) 
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ACE-2 has been quantified organ wise explaining these organ/tissue- 
specific cells as potential in-vitro models for drug screening against 
COVID-19 as its entry into the target cells occur through S-protein-ACE 
receptor binding (Xu et al., 2020a). ACE-2 is a type I transmembrane 
metallocarboxypeptidase enzyme that plays a key role in the 
renin-angiotensin system (RAS), and the majority of it expresses in the 
renal tubular epithelium of the kidney, lungs, gastrointestinal tract, 
vascular endothelium, and Leydig cells of testes (Kuba et al., 2013; Jiang 
et al., 2014; Ksiazek et al., 2003; Harmer et al., 2002). SARS-CoV-2 and 
target cells binding occur through spike protein–ACE-2 receptor inter-
action similar to SARSCoV (Hoffmann et al., 2020; Li et al., 2003). Most 
of the used in-vitro models rely on the expression of ACE-2 and 
TRMPSS-2 by the cellular system and isolation, pathogenesis and all the 
drugs/new chemical entities evaluated upon them (Table 1). 

3.2.1. Kidney cell lines as in vitro model system for Covid19 

3.2.1.1. Vero and vero E6 cell lines. Vero and Vero E6 cells are one of the 
most extensively used kidneys based epithelial cell lines for the culture 
of SARS-CoV-2 due to the presence of high expression of ACE-2 receptors 
as we have already discussed that SARS-CoV-2 entry in the cells takes 
place through S-protein-ACE2 receptors binding. The Vero cell line was 
established by Japanese scientists Yasumura and Kawakita in 1962 from 
Chlorocebus sp. of African green monkeys. Vero E6 or Vero 1008 cell 
line is the clone of Vero 76 cells and is a better option than Vero cells as it 
shows some contact inhibition and imitates properties more like primary 
cells. Immediately after the outbreak of SARS-CoV-2, several scientific 
groups used Vero and Vero E6 cells for their identification, pathogenesis 
as well as transmission studies (Hoffmann et al., 2020; Chan et al., 
2020b; Zhou et al., 2020; Matsuyama et al., 2020),isolation (Chan et al., 
2020b; Xiao et al., 2020; Caly et al., 2020a; TT-Y et al., 2020; Harcourt 
et al., 2020; Chan et al., 2020c; Capobianchi et al., 2020; Nie et al., 
2020), and virus susceptibility (Thevarajan et al., 2020).Vero and Vero 
E6 cell lines are used for the immune response (Pan et al., 2020; Fukushi 
et al., 2006; Zheng et al., 2020), antibodies production (Pu et al., 2020), 
vaccine production (Mantlo et al., 2020), Type I IFNs as a target of 
antiviral therapy (Anderson et al., 2020), MTHFD1 as a target of Anti-
viral Therapy (Xing et al., 2020), virus-induced genes expression 
reversal (Xiong et al., 2020a), and mAbs screening (Fintelman-Ro-
drigues et al., 2020). Vero cells were found to be the best screening 
models for new drugs as well as for already available anti-viral drugs for 
their repositioning as shown in Table 1(Xiong et al., 2020a; Ge et al., 
2020; Weston et al., 2020; Yao et al., 2020; Touret et al., 2020; Choy 
et al., 2020; Liu et al., 2020a; Jin et al., 2020; Dai et al., 2020; Liu et al., 
2020b; Zhijian et al., 2020; Xiong et al., 2020b; Wang et al., 2020a; Caly 
et al., 2020b; Sheahan et al., 2020a; Runfeng et al., 2020; Andreani 
et al., 2020; Su et al., 2020; Ohashi et al., 2020; Yamamoto et al., 2004; 
Abbott et al., 2020). Some of the drugs, such as Hydroxychloroquine, 
Ivermectin, Nelfinavir, lopinavir, emetine, Remdesivir, and homo-
harringtonine have shown effectiveness against SARS-CoV–2 in Vero 
and Vero E6 cells. TMPRSS-2 is another recently discovered mode of 
SARS-Cov-2 entry into the target cells and further spread to other organs 
(Hoffmann et al., 2020). In another recent study on Vero and Vero E6 
cells, where Vero E6 cells expressing TMPRSS-2, enhanced the isolation 

of SARS-CoV-2 (Matsuyama et al., 2020). However, this is a new and 
unexplored area, and more studies are required in this direction to target 
the TMPRSS-2 based viral spread and might be a potential therapeutic 
target for drug development against SARS-Cov-2. 

3.2.1.2. HEK293 and its variant cell lines. Other important kidney- 
specific cell lines that have been used for SRS-CoV2 studies include 
the HEK293 cell line for vaccine production (Mantlo et al., 2020), viral 
pathogenesis, and transmission (Hoffmann et al., 2020). 293 T cell line 
is derived from HEK293 cell line. It is very useful for various studies such 
as antiviral CRISPR (Wang et al., 2020b), virus isolation, (Dai et al., 
2020), MTHFD1 as a target of anti-viral therapy (Xing et al., 2020), virus 
susceptibility (Thevarajan et al., 2020), viral pathogenesis/transmission 
(Gao et al., 2020), vaccine production (Mantlo et al., 2020), immune 
response (Ye et al., 2020; Ju et al., 2020), mAb production (Li et al., 
2020; Sun et al., 2020), mAbs screening (Fintelman-Rodrigues et al., 
2020), vaccine production and antibodies response (Mossel et al., 2005), 
ACE-2 gene expression in target cells (Zhang et al., 2020a),for drug 
screening like Teicoplanin (Wu et al., 2020). Similarly, 293 FT cell line 
is used for screening of DHODH Inhibitors (Wang et al., 2020a), MAbs 
production (Li et al., 2020), and 293 F used for monoclonal antibodies 
production (Li et al., 2020; Sun et al., 2020); whereas, 293 T-ACE-2 cell 
line for vaccine production and antibodies response (Mossel et al., 2005) 
and viral pathogenesis (Gao et al., 2020). 

3.2.1.3. Other kidney cell lines as in vitro model system. Other kidney- 
specific cell lines used for SARS-CoV-2 study include LLC-MK2 for 
virus susceptibility (Chan et al., 2013); MDCKII cell line for the 
screening of DHODH Inhibitors (Wang et al., 2020a), virus susceptibility 
(Pan et al., 2020), and viral pathogenesis and transmission (Hoffmann 
et al., 2020);BHK-21 cell line for MAbs screening (Fintelman-Rodrigues 
et al., 2020);COS-7 cells for antibodies production (Pu et al., 2020); PaKi 
cell line for MTHFD1 as a target of Antiviral Therapy (Xing et al., 2020); 
and HK2 as well as NRK-49 F cell lines for Remdesivir drug screening 
(Hamming et al., 2004). 

3.2.2. Respiratory cell lines as in vitro model system for Covid19 
In the lungs, the majorities of the ACE-2-expressing cells (~83 %) are 

alveolar type II cells and may serve as in vitro Model system for Covid 19 
studies (Zhao et al., 2020a; Zhang et al., 2020b). Similarly, oral and 
nasal epithelial cells also showed higher expression of ACE-2 receptors 
of SARS-CoV-2 (Sungnak et al., 2020; Sheahan et al., 2020b). 

3.2.2.1. Calu-3 and Calu-3 2B4 cell line. Calu-3 is a lung adenocarci-
noma epithelial cell line used for various SARS-CoV-2 studies (Mat-
suyama et al., 2020; Yoshikawa et al., 2010). Among Calu-3 and its 
clonally derived Calu-3 2B4, ACE-2 expression was checked, and 
comparatively, 2B4 have higher ACE2 expression (Lokugamage et al., 
2020), suggesting them a better model system for SARS-CoV2. It has 
been used to check the viral pathogenesis and transmission (Hoffmann 
et al., 2020; Matsuyama et al., 2020; Hikmet et al., 2020) and for drug 
screening of EIDD-2801 (Yoshikawa et al., 2010). 

3.2.2.2. Other respiratory cell lines. Other respiratory systems based In 

Table 1 (continued ) 

Organ/ Tissue Experimental 
Models: Cell 
Lines 

Origin/ Details of 
culture model 

Drug/vaccine Evaluated with reference Availability Remark    

Drug Screening Vaccine/Antibodies 
Production/Immune 
Response/Genes 
Expression 

Virus Isolation, 
Expression /Other 
purpose   

Spontaneously 
immortalized cell 
line 

Snijder et al., 
2020a,b)  
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Vitro Model systems are A549 cell line for ACE2 gene expression (Zhao 
et al., 2020b), and for drug screening of ATAZANAVIR (Ge et al., 2020), 
Teicoplanin (Wu et al., 2020), DHODH inhibitors (Wang et al., 2020a); 
NCI-H1299 and BEAS-2B cell lines for viral pathogenesis and trans-
mission cell line for vaccine production (Mantlo et al., 2020); Primary 
culture of type II alveolar (AT2) cells for ACE2 gene expression (Poschet 
et al., 2020); IB3− 1 and its derivative S9 cells for the screening of Azi-
thromycin and Ciprofloxacin (Wang et al., 2020c); and KMB17 cells for 
vaccine production (Mantlo et al., 2020). Hep-2 cell line shown signif-
icant CoVs viral titer and have ACE2 receptor (Hoffmann et al., 2020; 
Wang et al., 2020a), and susceptible to SARS-CoV2; however, in another 
study, A549 cells did not show TMPRSS2 expression, required for S 
protein processing and viral spread (Matsuyama et al., 2020). 

3.2.3. Hepatic cell line as a model of SARS-CoV-2 culture 

3.2.3.1. Huh7 cells. Huh7 cell line is derived from liver carcinoma of a 
57-year-old Japanese male in 1982 and is a potential in vitro model 
system for drug screening against many viruses. A recent study shows 
that SARS-CoV-2 efficiently enters into the Huh-7 cells through ACE-2 
receptor binding as a potential in vitro study model (Kaye, 2006). In a 
recent study published in Cell Research, Huh-7 cell line is used as in-vitro 
drug screening model to check the therapeutic potential of Remdesivir 
and chloroquine against SARS-CoV-2 (Caly et al., 2020b). In another 
study, Li Runfeng et al., used Huh-7 cell line to screen the anti-viral and 
anti-inflammatory activity of Lianhuaqingwen exerts (Andreani et al., 
2020). Based on viral load, SARS-CoVs replication in Huh-7 is compar-
atively higher (Kaye, 2006; Fang et al., 2020), and suggested to be an 
ideal in-vitro model system. In other studies, Huh-7 has been used for 
Virus Isolation (Xiao et al., 2020), virus susceptibility (Thevarajan et al., 
2020; Sungnak et al., 2020; Fang et al., 2020), Viral Pathogenesis and 
Transmission (Hoffmann et al., 2020; Gao et al., 2020; Zhang et al., 
2020a; Kaye, 2006; Zhao et al., 2020c), Vaccine Production (Mantlo 
et al., 2020), gene expression (Chan et al., 2013), and for drugs 
screening such as Teicoplanin (Wu et al., 2020), and DHODH Inhibitors 
(Wang et al., 2020a). 

3.2.3.2. Other liver cell lines. Other liver-based cell lines that have been 
used for SARS-CoV2 susceptibility are HepG2, Hep1− 6, HL7702, 
RHT6.0, X9.0, X9.5, and C3A. HepG2 is used to check the SARS-CoV2 
Virus susceptibility (Thevarajan et al., 2020), infection-induced target 
cells gene expression (Xu et al., 2020b) while in another study for vac-
cine production (Mantlo et al., 2020). Similarly, other cell lines, such as 
Hep1− 6, HL7702, RHT6.0, X9.0, X9.5, and C3A are used for vaccine 
production (Mantlo et al., 2020). 

3.2.4. Intestinal based in vitro model system for Covid19 
Intestinal ACE-2 receptor expression (De Meyer et al., 2020) and are 

very susceptible to 2019-nCoV infection. Caco-2 cell line has shown very 
high CoVs viral titer (Zhang et al., 2020a). It has been used for viral 
pathogenesis and transmission (Hoffmann et al., 2020), vaccine pro-
duction (Mantlo et al., 2020), and drug repurposing and screening 
studies of Darunavir (Zebin et al., 2020) against Covid-19 and has 
proven to be a good in-vitro model system. 

3.2.5. Other cells as in vitro model system for Covid19 
There are several other cell lines that have been used for SARS-CoV-2 

studies such as T cell leukemia (MT-2) cells derived from co-culturing of 
human cord leukocytes and leukemic T-cells, shown susceptibility to 
SARS-CoV2 infection (Wang et al., 2020b); Stems Cells based cell line 
DYR0100 for Differentiation assay (Zebin et al., 2020); Embryo specific 
NIH3T3 cell line for vaccine production (Pu et al., 2020); Ovary specific 
CHO-K1 cell line for vaccine production (Pu et al., 2020) and virus 
susceptibility (Nie et al., 2020); skin based A357 and HACAT cell lines 
for vaccine production (Pu et al., 2020); leukemic LR7 cell line for Viral 

Life Cycle (Cong et al., 2020); cervix cell line HeLa based clones 
HeLa-CEACAM1and HeLa-hACE2 cells for Viral Life Cycle (Cong et al., 
2020) and for viral pathogenesis and transmission (Zhou et al., 2020); 
and BALB/c immortalized cell line 17Cl1 for viral replication and 
pathogenesis (Snijder et al., 2020a,b). 

4. Conclusion 

Together In a nut-shell, cells expressing the ACE2 receptor and 
TMPRSS-2 could be potential In-Vitro models for all types of studies 
against SARS-Cov-2, including molecular or biochemical studies of a 
virus, repurposing of drugs and their dose standardization, vaccine 
production, efficacy, and safety profile of newly identified lead mole-
cules. In this regard, the knowledge of suitable cell lines becomes 
essential, and Vero E6, Huh-7, 293 T, Calu-3, and Caco-2 cell lines have 
shown high potential as in-vitro models to combat the COVID-19. 

Authorship contributions 

Please indicate the specific contributions made by each author (list 
the authors’ initials followed by their surnames, e.g., Y.L. Cheung). The 
name of each author must appear at least once in each of the three 
categories below. 

Category 1 
Conception and designof study: Subodh Kumar, Phulen Sarma, 

Bikash Medhi; acquisition of data: Hardeep Kaur, Manisha Prajapat, 
Anusuya Bhattacharyya, Nishant Shekhar, Harpinder Kaur, Seema 
Bansal, Saniya Mahendiratta, Harvinder Singh; analysis and/or inter-
pretation of data:, Pramod Avti, Vidya M. Mahalmani, Ajay Prakash, 
Anurag Kuhad. 

Category 2 
Drafting the manuscript: Subodh Kumar, Phulen Sarma, Hardeep 

Kaur, Manisha Prajapat, Anusuya Bhattacharyya, Nishant Shekhar, 
Harpinder Kaur, Seema Bansal, Saniya Mahendiratta, Vidya M. Mahal-
mani, Harvinder Singh; revising the manuscript critically for important 
intellectual content: Subodh Kumar, Phulen Sarma, Pramod Avti, Ajay 
Prakash, Anurag Kuhad, Bikash Medhi. 

Category 3 
Approval of the version of the manuscript to be published (the names 

of all authors must be listed): Subodh Kumar, Phulen Sarma, Hardeep 
Kaur, Manisha Prajapat, Anusuya Bhattacharyya, Pramod Avti, Nishant 
Shekhar, Harpinder Kaur, Seema Bansal, Saniya Mahendiratta, Vidya M. 
Mahalmani, Harvinder Singh, Ajay Prakash, Anurag Kuhad, Bikash 
Medhi. 

Ethical approval and consent to participate 

Not Applicable 

Consent for publication 

Yes, the Manuscript is submitted with the consent of all authors.ss 

Availability of supporting data 

Yes 

Funding 

Nil. 

Declaration of Competing Interest 

None of the authors declared any conflict of interest. 

S. Kumar et al.                                                                                                                                                                                                                                  



Tissue and Cell 70 (2021) 101497

10

Acknowledgment 

Support of Experimental Pharmacology Laboratory (EPL) team, 
Dept., of Pharmacology, PGIMER Chandigarh is highly acknowledged. 

References 

Abbott, T.R., Dhamdhere, G., Liu, Y., Lin, X., Goudy, L., Zeng, L., et al., 2020. 
Development of CRISPR as a prophylactic strategy to combat novel coronavirus and 
influenza. bioRxiv 2020, 03.13.991307.  

Anderson, D.E., Cui, J., Ye, Q., Huang, B., Zu, W., Gong, J., et al., 2020. Orthogonal 
genome-wide screenings in bat cells identify MTHFD1 as a target of broad anti-viral 
therapy. bioRxiv 2020, 03.29.014209.  

Andreani, J., Le Bideau, M., Duflot, I., Jardot, P., Rolland, C., Boxberger, M., et al., 2020. 
In vitro testing of combined hydroxychloroquine and azithromycin on SARS-CoV-2 
shows synergistic effect. Microb. Pathog. 145, 104228. 

Belouzard, S., Millet, J.K., Licitra, B.N., Whittaker, G.R., 2012. Mechanisms of 
coronavirus cell entry mediated by the viral spike protein. Viruses. 4 (6), 
1011–1033. 

Bouvet, M., Lugari, A., Posthuma, C.C., Zevenhoven, J.C., Bernard, S., Betzi, S., et al., 
2014. Coronavirus Nsp10, a critical co-factor for activation of multiple replicative 
enzymes. J. Biol. Chem. 289 (37), 25783–25796. 

Caly, L., Druce, J., Roberts, J., Bond, K., Tran, T., Kostecki, R., et al., 2020a. Isolation and 
rapid sharing of the 2019 novel coronavirus (SARS-CoV-2) from the first patient 
diagnosed with COVID-19 in Australia. Med. J. Aust. 

Caly, L., Druce, J.D., Catton, M.G., Jans, D.A., Wagstaff, K.M., 2020b. The FDA-approved 
drug ivermectin inhibits the replication of SARS-CoV-2 in vitro. Antiviral Res. 178, 
104787. 

Capobianchi, M.R., Rueca, M., Messina, F., Giombini, E., Carletti, F., Colavita, F., et al., 
2020. Molecular characterization of SARS-CoV-2 from the first case of COVID-19 in 
Italy. Clin. Microbiol. Infect. 

Chan, J.F., Chan, K.H., Choi, G.K., To, K.K., Tse, H., Cai, J.P., et al., 2013. Differential cell 
line susceptibility to the emerging novel human betacoronavirus 2c EMC/2012: 
implications for disease pathogenesis and clinical manifestation. J. Infect. Dis. 207 
(11), 1743–1752. 

Chan, J.F., Yuan, S., Kok, K.H., To, K.K., Chu, H., Yang, J., et al., 2020a. A familial cluster 
of pneumonia associated with the 2019 novel coronavirus indicating person-to- 
person transmission: a study of a family cluster. Lancet 395 (10223), 514–523. 

Chan, J.F., Zhang, A.J., Yuan, S., Poon, V.K., Chan, C.C., Lee, A.C., et al., 2020b. 
Simulation of the clinical and pathological manifestations of Coronavirus Disease 
2019 (COVID-19) in golden Syrian hamster model: implications for disease 
pathogenesis and transmissibility. Clin. Infect. Dis. 

Chan, J.F., Yip, C.C., To, K.K., Tang, T.H., Wong, S.C., Leung, K.H., et al., 2020c. 
Improved molecular diagnosis of COVID-19 by the novel, highly sensitive and 
specific COVID-19-RdRp/Hel real-time reverse Transcription-PCR assay validated in 
vitro and with clinical specimens. J. Clin. Microbiol. 58 (5). 

Chang, C.K., Lo, S.C., Wang, Y.S., Hou, M.H., 2016. Recent insights into the development 
of therapeutics against coronavirus diseases by targeting N protein. Drug Discov. 
Today 21 (4), 562–572. 

Choy, K.T., Wong, A.Y., Kaewpreedee, P., Sia, S.F., Chen, D., Hui, K.P.Y., et al., 2020. 
Remdesivir, lopinavir, emetine, and homoharringtonine inhibit SARS-CoV-2 
replication in vitro. Antiviral Res. 178, 104786. 

Cong, Y., Ulasli, M., Schepers, H., Mauthe, M., V’Kovski, P., Kriegenburg, F., et al., 2020. 
Nucleocapsid protein recruitment to replication-transcription complexes plays a 
crucial role in coronaviral life cycle. J. Virol. 94 (4). 

Corman, V.M., Lienau, J., Witzenrath, M., 2019. Coronaviruses as the cause of 
respiratory infections. Internist (Berl) 60 (11), 1136–1145. 

Coronaviridae Study Group of the International Committee on Taxonomy of V, 2020. The 
species Severe acute respiratory syndrome-related coronavirus: classifying 2019- 
nCoV and naming it SARS-CoV-2. Nat. Microbiol. 5 (4), 536–544. 

Dai, W., Zhang, B., Jiang, X.-M., Su, H., Li, J., Zhao, Y., et al., 2020. Structure-based 
design, synthesis and biological evaluation of peptidomimetic aldehydes as a novel 
series of antiviral drug candidates targeting the SARS-CoV-2 main protease. bioRxiv 
2020, 03.25.996348.  

De Meyer, S., Bojkova, D., Cinati, J., Van Damme, E., Buyck, C., Van Loock, M., et al., 
2020. Lack of anti-viral activity of darunavir against SARS-CoV-2. medRxiv 2020, 
04.03.20052548.  

de Wit, E., van Doremalen, N., Falzarano, D., Munster, V.J., 2016. SARS and MERS: 
recent insights into emerging coronaviruses. Nat. Rev. Microbiol. 14 (8), 523–534. 

Ding, Y., He, L., Zhang, Q., Huang, Z., Che, X., Hou, J., et al., 2004. Organ distribution of 
severe acute respiratory syndrome (SARS) associated coronavirus (SARS-CoV) in 
SARS patients: implications for pathogenesis and virus transmission pathways. 
J. Pathol. 203 (2), 622–630. 

Du, L., He, Y., Zhou, Y., Liu, S., Zheng, B.J., Jiang, S., 2009. The spike protein of SARS- 
CoV–a target for vaccine and therapeutic development. Nat. Rev. Microbiol. 7 (3), 
226–236. 

Du, L., Tai, W., Zhou, Y., Jiang, S., 2016. Vaccines for the prevention against the threat of 
MERS-CoV. Expert Rev. Vaccines 15 (9), 1123–1134. 

Egloff, M.P., Ferron, F., Campanacci, V., Longhi, S., Rancurel, C., Dutartre, H., et al., 
2004. The severe acute respiratory syndrome-coronavirus replicative protein nsp9 is 
a single-stranded RNA-binding subunit unique in the RNA virus world. Proc. Natl. 
Acad. Sci. U.S.A. 101 (11), 3792–3796. 

Enjuanes, L., Zuniga, S., Castano-Rodriguez, C., Gutierrez-Alvarez, J., Canton, J., Sola, I., 
2016. Molecular basis of coronavirus virulence and vaccine development. Adv. Virus 
Res. 96, 245–286. 

Falzarano, D., de Wit, E., Feldmann, F., Rasmussen, A.L., Okumura, A., Peng, X., et al., 
2014. Infection with MERS-CoV causes lethal pneumonia in the common marmoset. 
PLoS Pathog. 10 (8), e1004250. 

Fang, B., Liu, L., Yu, X., Li, X., Ye, G., Xu, J., et al., 2020. Genome-wide data inferring the 
evolution and population demography of the novel pneumonia coronavirus (SARS- 
CoV-2). bioRxiv 2020, 03.04.976662.  

Fintelman-Rodrigues, N., Sacramento, C.Q., Lima, C.R., da Silva, F.S., Ferreira, A.C., 
Mattos, M., et al., 2020. Atazanavir inhibits SARS-CoV-2 replication and pro- 
inflammatory cytokine production. bioRxiv 2020, 04.04.020925.  

Fukushi, S., Mizutani, T., Saijo, M., Kurane, I., Taguchi, F., Tashiro, M., et al., 2006. 
Evaluation of a novel vesicular stomatitis virus pseudotype-based assay for detection 
of neutralizing antibody responses to SARS-CoV. J. Med. Virol. 78 (12), 1509–1512. 

Gao, T., Hu, M., Zhang, X., Li, H., Zhu, L., Liu, H., et al., 2020. Highly pathogenic 
coronavirus N protein aggravates lung injury by MASP-2-mediated complement 
over-activation. medRxiv 2020, 03.29.20041962.  

Ge, Y., Tian, T., Huang, S., Wan, F., Li, J., Li, S., et al., 2020. A data-driven drug 
repositioning framework discovered a potential therapeutic agent targeting COVID- 
19. bioRxiv 2020, 03.11.986836.  

Gretebeck, L.M., Subbarao, K., 2015. Animal models for SARS and MERS coronaviruses. 
Curr. Opin. Virol. 13, 123–129. 

Gu, J., Korteweg, C., 2007. Pathology and pathogenesis of severe acute respiratory 
syndrome. Am. J. Pathol. 170 (4), 1136–1147. 

Guo, Y., Korteweg, C., McNutt, M.A., Gu, J., 2008. Pathogenetic mechanisms of severe 
acute respiratory syndrome. Virus Res. 133 (1), 4–12. 

Hamming, I., Timens, W., Bulthuis, M.L., Lely, A.T., Navis, G., van Goor, H., 2004. Tissue 
distribution of ACE2 protein, the functional receptor for SARS coronavirus. A first 
step in understanding SARS pathogenesis. J. Pathol. 203 (2), 631–637. 

Harcourt, J., Tamin, A., Lu, X., Kamili, S., Sakthivel, S.K., Murray, J., et al., 2020. 
Isolation and characterization of SARS-CoV-2 from the first US COVID-19 patient. 
bioRxivorg 2020, 03.02.972935.  

Harmer, D., Gilbert, M., Borman, R., Clark, K.L., 2002. Quantitative mRNA expression 
profiling of ACE 2, a novel homologue of angiotensin converting enzyme. FEBS Lett. 
532 (1-2), 107–110. 
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A B S T R A C T

Background: Healthcare workers, especially the young medical students, can play a significant role in providing
the recommendations to prevent or manage cervical cancer (CC) caused by human papilloma virus (HPV).
However, it is often observed that the awareness about the knowledge of CC and HPV is limited in the medical
students, who are part of the front-line support for managing the patients.
Objective: To evaluate the knowledge, attitude, and acceptance of CC and HPV vaccine among medical students.
Method: ology: In this cross-sectional study, 297 medical students of the age group>18 years were included.
Their knowledge regarding cervical cancer (risk factors, screening and prevention) was explored through a
questionnaire. The acceptability of HPV vaccine among girls was also assessed. Descriptive statistics, chi-square
test and regression method were used to analyze the study data with p < 0.05 considered as statistically
significant.
Results: Knowledge regarding cervical cancer and HPV vaccine was 2.38 times more in MBBS III-year subjects
than compared to MBBS II year (p > 0.0001). Proportion of subjects willing for vaccination in future was high
among females (p > 0.0001). Age (p = 0.047) and education (p > 0.0001) were the only variables significant
after application of logistic regression model.
Conclusion: The study suggests that the overall awareness and knowledge about CC, HPV and HPV vaccination
was high among college students and associated with sex, education and also family background. This study
inferred that a vast majority of subjects were fairly aware of CC, but the knowledge of risk factors and prevention
techniques was lacking.

1. Introduction

Cervical cancer (CC) is the fourth most frequent cancer in women
and eighth most commonly occurring cancer overall with an estimated
5,70,000 new cases in 2018 representing 6.6% of all female cancers.
Lower income countries have the highest burden with nearly 80% cases
of CC and in low and middle-income countries, approximately 90% of
deaths have occurred from CC.1 India has a population of 436.76 mil-
lion women, aged 15 years and older, who are at the risk of developing
CC of which annually, 1,22,844 women are diagnosed with CC and
67,477 die due to CC. It is the second most common cancer among
women in the reproductive age group.2

CC is caused by the human papilloma virus (HPV); HPV-16 and
HPV-18 are predominantly responsible for 70%–80% of the total cases.2

Based on Indian studies, about 82.7% of invasive CCs have shown the
presence of HPVs 16 or 18.2 As evidence, CC is a major public health
issue in India which creates the need to spread awareness among the

female population regarding its risk factors and preventive measures.
There is an urgent need to sensitize them to the disease through health
education and screening programs. Though Pap smear is the conven-
tional screening method, it is less known among the rural regions.
Another barrier to the diagnosis of CC is the stigma faced by the
women, especially in rural area, when discussing the problem and the
screening procedure.3

CC can be prevented and cured through a comprehensive approach
comprising of prevention, early diagnosis, application of various
screening methods and treatment measures.4 The health care profes-
sionals (HCP) play a vital role in prevention and spreading awareness
regarding CC and HPV vaccines. HCPs including the paramedical staff
comprise the most visible front-line personnel providing health edu-
cation to the patients and the general population.5

There is an urgent need to create awareness among medical students
as they are the future doctors who will work for the betterment of the
society. Knowledge regarding CC and HPV vaccination among medical
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students is also important for their own well-being. Therefore, the
current study was designed to assess the awareness and knowledge
regarding CC and HPV Vaccination among Medical Students and also to
know about the acceptability of HPV vaccination among female med-
ical students.

2. Materials and methods

This cross-sectional study was conducted among 297 medical stu-
dents (152 MBBS Phase II students and 145 MBBS Phase III students)
from a medical college in Belagavi during the period of 1st October to
December 31, 2019. The study was approved by the Institutional Ethics
Committee (EC No: MDC/DOME/148) and Informed consent was ob-
tained from all the participants before the c commencement of the
study.

Pre-designed, pre-tested questionnaire was used as study tool and
information regarding sociodemographic profile of study participants,
their knowledge regarding CC—risk factors, screening, and prevention
were assessed. Knowledge regarding CC vaccine and the acceptability
of HPV vaccine among girls was also assessed. The assessment of the
knowledge was performed using a score-based method. The correct
answer was scored “2”, near correct “1” and incorrect or don't know
was scored as “0”.

Data was analyzed using R software version 3.6.0 and Excel.
Continuous variable like age was represented in mean ± SD form. The
study population was characterized by using descriptive statistics and
expressed as percentages. Chi-square test was applied to test the asso-
ciation between the baseline characteristics and the score was obtained.
Odds ratio was calculated to estimate the knowledge over score for
different variables and regression analysis was applied. One-sample
proportion test was used to assess the willingness to get vaccinated. P-
values< 0.05 were considered to be statistically significant.

3. Results

The study included students with the mean age of 20.45 ± 1.23
years (18–25 years), predominantly females (58.2%) and MBBS II year

Fig. 1. Distribution of subjects according to source of information.

Table 1
Knowledge of students regarding cervical cancer.

Questions Number of
subjects (%)

Is cervical cancer preventable? Yes 246 (82.8%)
No 8 (2.7%)
Don't know 43 (14.5%)

What is the etiology of cervical cancer? * Bacteria 16 (5.39%)
Virus 171 (57.57%)
Fungus 3 (1.01%)
Don't know 42 (14.14%)

What is the mode of transmission of cervical
cancer*?

Sexual
contact

156 (52.52%)

Blood borne 40 (13.47%)
Injections 25 (8.42%)
Vertical 29 (9.76%)
Don't know 80 (26.94%)

Can cervical cancer be identified in the early
stages?

Yes 228 (76.77%)
No 14 (4.71%)
Don't know 45 (15.15%)

What are the risk
factors for
cervical cancer?

Long term use of
hormonal contraceptives

Yes 190 (63.97%)
No 33 (11.11%)
Don't know 68 (22.89%)

Early sexual intercourse Yes 130 (43.77%)
No 90 (30.30%)
Don't know 70 (23.57%)

Multiple sexual partners Yes 214 (72.05%)
No 30 (10.10%)
Don't know 49 (16.49%)

Poor hygiene Yes 240 (80.80%)
No 15 (5.05%)
Don't know 38 (12.79%)

Smoking Yes 135 (45.45%)
No 62 (20.87%)
Don't know 93 (31.31%)

Abbreviations: * multiple responses
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(51.2%) students. Out of the total sample, 295 students (99.3%) had no
family history of CC. Majority of the participants obtained the in-
formation about CC through standard medical literature such as text-
books (65.3%), followed by internet forums (43.8%) and radio broad-
casts (2%) (Fig. 1).

Assessment of knowledge using questionnaire revealed that the
majority of the students were having knowledge about the prevention
of CC, its causative agent being virus, mode of transmission being
sexual contact, and major risk factors being long-term use of hormonal
contraceptives, early sexual intercourse, multiple sexual partners, poor
hygiene and smoking. The students also acknowledged that the cervical
cancer can be detected in its early stages (Table 1).

With respect to screening, vaccination and preventive methods, the
students were knowledgeable with the essential information. However,
they had poor knowledge with respect to the types of vaccine available
in India, number of doses required for age>16 years, options of vac-
cination to those with HPV infection, and choice of multiple partners
after vaccination (Tables 2 and 3).

4. Discussion

Cancer is an invincible disease among which CC is the most common
gynecological cancer affecting the women of age group between 15 and
44 years old. There are different modalities of treatment of cancers.
Researchers have found that vaccines could be helpful in the prevention
of certain cancers. But the knowledge about HPV, its association with
CC and the preventable measures are low among the Indian medical
students.4 Thus, the current study was conducted to evaluate the overall
knowledge and attitude of II and III year MBBS students in the Belagavi
region.

The mean age of the subjects in the present study was 20.55 years.
The study results also indicated that females had more information
regarding screening and preventive measures of CC. Majority of the
students (57.57%) were aware of the availability of the HPV vaccine
through sources like word of mouth, internet, magazine etc. This
finding was similar to the study done by Pandey et al.(2012).6 In a
study conducted by Durusoy et al.(2010) on HPV vaccine awareness

and willingness of the first-year students observed that the knowledge
amongst them was poor and only 11.6% females intended to be vac-
cinated whereas in this study, 79.79% subjects were aware of vaccine
and 36 subjects had already been vaccinated as well as 234 subjects
were aware about pap smear.7 In the study, only 85.55% students
showed willingness for HPV vaccination as compared to 88% in a study
done by Mehta et al.(2013).8 The study conducted by Zimet et al.(2007)
showed that 48% of the non-vaccinated population were unlikely to go
for vaccination and the reasons cited were that they were married and
in a monogamous relationship.9 Similarly, most of the students in this
study were unwilling to consent for vaccination as they had doubts
regarding the efficacy of the vaccine. In the study, students of MBBS III-
year subjects illustrated good knowledge regarding cervical cancer and
HPV vaccination as compared to MBBS II-year subjects. Similar findings
were addressed in the study conducted by Tripathy et al. (2015).10

Female medical students had a significant knowledge score than the
male students. Moreover, they also had very good knowledge regarding
screening, preventive measures of CC and were more willing to get
vaccinated in future. Similar findings were observed in the studies
conducted by Fu et al.(2014), Boehner et al. (2003) and Blumenthal
et al. (2012) where female students have answered most of the ques-
tions correctly and showed a positivity towards HPV vaccination.11–14

The present study reported that there was no association of age, sex,
family history, parents occupation and education which was commen-
surate with the observations of Swarnapriya K et al. (2015).15

The present study was an initiative to evaluate the level of knowl-
edge among the II and III year MBBS students about CC and its related
factors. It has also added new insights to the existing literature.
Prevention of the CC can be done through HPV vaccination and testing
which is recommended women for all age groups, but despite of the
recommendations it has been notified that HPV vaccination rate and
screening were very low as stated by Perkins et al. (2013) Therefore the
study also has attempted to educate and spread awareness about the
vaccination and screening which has anticipated to have a positive
impact on the students.

Future studies can increase the impact by conducting a multi-centric
study, including medical interns, post-graduates and nursing students

Table 2
Knowledge of students regarding screening and preventive measures of cervical cancer.

Questions Number of subjects (%)

What are the screening techniques for cervical cancer? Pap smear 234 (78.78%)
Blood Culture 7 (2.35%)
PCR 6 (2.02%)
Don't know 42 (14.14%)

What is the screening interval? Once in a year 135 (45.45%)
Once in two years 30 (10.10%)
Once in three years 43 (14.47%)
Don't know 81 (27.27%)

What are the preventive methods against cervical cancer? Sexual relationship with a single partner Yes 164 (55.22%)
No 54 (18.18%)
Don't know 74 (24.91%)

Personal hygiene Yes 260 (87.54%)
No 7 (2.35%)
Don't know 23 (7.744%)

Vaccination Yes 275 (92.60%)
No 2 (0.67%)
Don't know 18 (6.06%)

Regular scanning for cervical cancer Yes 257 (86.53%)
No 7 (2.35%)
Don't know 26 (8.75%)

Barrier methods for contraception Yes 211 (71.04%)
No 23 (7.74%)
Don't know 58 (19.52%)

Good nutrition Yes 237 (79.79%)
No 13 (4.37%)
Don't know 43 (14.48%)
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across the country.

5. Conclusion

The study suggests that the overall awareness and knowledge about
CC, HPV and HPV vaccination was high among college students and

associated with sex, education and also family background. This study
inferred that a vast majority of subjects were fairly aware of CC, but the
knowledge of risk factors and prevention techniques was poor. less. As a
breach in the knowledge regarding HPV infection and vaccination was
apparent a more integrated teaching approach regarding HPV carci-
nogenesis, vaccination and CC is crucial. HPV education should be
systematically incorporated in college curriculums to increase the
awareness of HPV vaccination among medical students. Considering the
small sample size and convenient sampling strategy used in this study,
we look forward to undertaking a larger survey, to disseminate more
knowledge and information regarding CC and HPV vaccination, which
can help in many outgrowths.
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Table 3
Knowledge of students regarding cervical cancer vaccine.
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Are vaccines available in India? Yes 237 (79.79%)
No 7 (2.35%)
Don't
know

49 (16.49%)

What are the type of vaccines available in
India?

1 20 (6.73%)
2 52 (17.50%)
3 17 (5.72%)
Don't
know
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31–50 18 (6.06%)
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active girl?
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No 20 (6.73%)
Don't
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No 69 (23.23%)
Don't
know

69 (23.23%)

Can vaccines be administered to those
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Yes 95 (31.98%)
No 78 (26.26%)
Don't
know

116 (39.06%)

Post- vaccination, can one have multiple
sexual partners?

Yes 54 (18.18%)
No 119 (40.06%)
Don't
know

120 (40.40%)

Is cervical cancer screening required
following vaccination?

Yes 198 (66.66%)
No 16 (5.39%)
Don't
know

77 (25.92%)

Will you recommend it to others? Yes 239 (80.47%)
No 3 (1.01)
Don't
know

38 (12.79)

Abbreviations: * multiple responses. M: Monte-Carlo simulation used to obtain
p-value.
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Background. Complete diagnostic autopsy (CDA) is considered to be the gold-standard procedure that aids in determination of 
cause of death in stillbirths and neonatal deaths. However, CDA is not routinely practiced in South Asian countries due to religious 
beliefs, lack of expertise, and lack of resources. Minimally invasive tissue sampling (MITS) has been recommended as a less muti-
lating and less expensive alternative to CDA for obtaining tissues for analysis. The present study aims to evaluate the yield of lung 
tissue and histological findings using MITS as part of a cause of death analysis for stillborns and preterm neonatal deaths.

Methods. Data were collected during an observational multicenter prospective study called the Project to Understand and 
Research Preterm birth and Stillbirth (PURPOSe) conducted in India and Pakistan. After obtaining written informed consent from 
parents, the eligible stillbirths and neonatal deaths were subjected to MITS using a standard protocol. The tissues were obtained from 
both lungs for histological and microbiological analysis.

Results. At both sites, a total of 453 stillbirths and 352 neonatal deaths underwent MITS. For stillbirths and neonatal deaths, the 
yield of lung tissue using MITS was high (92%). Intrauterine fetal distress and respiratory distress syndrome were the leading lung 
pathologies reported in stillbirths and neonatal deaths, respectively.

Conclusions. MITS appears to be a reasonable alternative to CDA in obtaining and evaluating lung tissue to inform accurate 
cause of death analysis in stillbirth and preterm deaths.

Keywords.  autopsy; lung pathology; minimally invasive tissue sampling (MITS); India; Pakistan.

In recent years, there has been increasing interest in deter-
mining the cause of death (COD) for both fetal and neonatal 
deaths, especially in low-income countries where the vast 
majority of these deaths occur [1, 2]. It has been estimated 
that 98% of the world’s fetal deaths and a similar proportion 
of the neonatal deaths occur in these countries [3, 4]. Most 
of these deaths occur in South Asia and sub-Saharan Africa. 
As a first step in reducing these deaths, it is crucial to know 
the main causes. While there are many estimates of causes 
of fetal and neonatal deaths in these locations, most of these 
estimates were created without the benefit of the most accu-
rate investigations to determine COD that are often available 
in high-income countries [5]. These investigations include 
organ tissue histological examination, as done in a complete 

diagnostic autopsy, and polymerase chain reaction (PCR) 
evaluation or bacterial culture to assess different pathologic 
organisms.

Unfortunately, these tests are rarely performed in low- and 
middle-income countries (LMICs). The reasons for the lack of 
testing include expense, lack of trained health workers able to 
perform these tests, and various parental issues including the 
need for burial immediately after death and not wanting the de-
ceased fetus or infant to be mutilated [6, 7]. Hence, a rapidly 
performed and less disfiguring procedure to help determine 
COD would be useful under such circumstances, especially if 
the procedure itself would cost less to perform.

Minimally invasive tissue sampling (MITS) is an alternative 
to complete diagnostic autopsy to help determine the COD 
[8–10]. MITS has been performed in different settings and with 
different protocols, and its validity and usefulness have been as-
sessed [11–18]. Most of the comparative studies have been done 
in adults and older children, with less experience in fetuses and 
infants [16–18]. Preliminary studies in perinatal deaths suggest 
that, of the many tissues able to be examined, examination of 
the lung is the easiest to perform and likely provides the most 
information.
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As a part of a study to determine the COD in preterm neo-
natal and fetal deaths [19], we sought to evaluate the usefulness 
of MITS in obtaining specimens to determine the spectrum of 
lung findings in preterm neonatal and fetal deaths. We were es-
pecially interested in the lung findings in these infants because 
our prior research showed that pulmonary conditions contrib-
uted to a large proportion of deaths in these fetuses and infants 
[11, 20].

METHODS

Study Setting and Design

The study was conducted as part of the Project to Understand 
and Research Preterm Pregnancy Outcomes and Stillbirths in 
South Asia (PURPOSe) [19]. This prospective multicenter ob-
servational study was conducted in 5 hospitals across 2 geo-
graphic regions in India and Pakistan from July 2018 to February 
2020. All preterm live-born infants with a gestational age (GA) 
of less than 37 completed weeks and a postnatal age of less than 
or equal to 28 days were screened and, if eligible, consented and 
enrolled. Fetal deaths of all GAs greater or equal to 20 weeks 
fulfilling the eligibility criteria were enrolled. For the PURPOSe 
study, fetal death was defined as any infant born at 20 weeks’ 
gestation or more with no signs of life, including no heartbeat, 
respiration, or movements. Preterm neonatal deaths were those 
with signs of life at birth of any GA less than 37 weeks and who 
died on or before the 28th day of postnatal life. Ultrasound, last 
menstrual period, and the new Ballard score were used to esti-
mate GA and to confirm that an infant was less than 37 weeks.

Ethical Approvals

The study protocol was approved by the ethical review commit-
tees of participating institutions in India (Jagadguru Jayadeva 
Murugarajendra Medical College, Davangere, and Jawaharlal 
Nehru Medical College, Belagavi) and Pakistan (Aga Khan 
University, Jinnah Postgraduate Medical Center, and the 
National Institute of Child Health, Karachi). All procedures 
were conducted as per hospital protocol following receipt of 
written informed consent from parents.

Minimally Invasive Tissue Sampling Procedures

Pre-structured, validated standard operating procedures 
were followed for the study. All pathologists involved in the 
study completed training on the basic concepts and proced-
ures of MITS. For each consented participant, a MITS pro-
cedure was performed using a prepared kit (consisting of a 
Bard monopty biopsy needles, placemat, and study labels). 
After anthropometric measurements and external exami-
nation, punctures were made aiming at the targeted organs. 
Multiple cores of tissue were collected from both lungs and 
were put in separate containers labeled as right and left. The 
detailed techniques for the MITS procedure are described 
elsewhere [21].

Histopathological Analyses

Tissue specimens were fixed in 10% neutral buffered formalin 
for 24 hours, processed, and 4–5 micron-thin sections were 
taken and stained with hematoxylin and eosin as per standard 
procedures. Additional special stains including Masson’s tri-
chrome, periodic acid Schiff, and Gomori’s methanamine silver 
were used, as required.

Training, Data Collection, Entry, and Analysis

Pathologists at both sites received training in MITS from an 
expert who also provided teaching on reading the pathological 
specimens. The pathologists followed standard procedures to 
assess and describe their findings. A standard format was used 
to report the MITS results, which included a checklist of major 
histopathological findings and pathological diagnoses. A team 
composed of a pathologist and a pathology resident reviewed 
and analyzed the samples from the MITS. Sampling success 
of the MITS method was defined as the presence of any lung 
tissue on embedded tissue, regardless of measurement of size or 
number. Data were entered into dedicated research computers 
using the data management system developed for this study and 
edits applied.

RESULTS

Figure 1 portrays the overall study population that was included 
in the MITS pulmonary substudy at each site. After exclusions 
for lack of consent and other reasons, there were MITS fetal 
death evaluations for 222 (59% of fetal deaths enrolled) in India 
and 231 (38% of fetal deaths enrolled) in Pakistan. For preterm 
neonatal deaths, after exclusions, 211 neonatal deaths (64% of 
neonatal deaths enrolled) in India and 141 (29% of neonatal 
deaths enrolled) in Pakistan had a MITS evaluation completed. 
The mean age of death for India was 2.0 days (SD: 3.1 days) and 
for Pakistan was 3.2 days (SD: 4.8 days) (data not shown).

Table 1 displays the success of obtaining lung tissue with 
MITS for fetal deaths in India and Pakistan considering GA and 
birth weight. In India for fetal deaths, the overall success rate 
was 87.8%, and in Pakistan, the overall success rate was 99.6%. 
In India, the success rate appeared to improve slightly as the GA 
or birth weight increased. In Pakistan, because of the overall 
high success rate, there was no demonstrable trend in success 
rate by either GA or birth weight.

Table 2 displays the success rate for obtaining lung tissue with 
MITS for preterm neonatal deaths in India and Pakistan con-
sidering GA and birth weight. In India for preterm neonatal 
deaths, the overall success rate was 92.4%, and in Pakistan, the 
overall success rate was 99.3%. There were no obvious relation-
ships to success of obtaining pulmonary tissue by GA or birth 
weight in either location.

Table 3 displays the lung findings in fetal deaths in India and 
Pakistan in tissues obtained by MITS. In India, the most common 
conditions were aspirated material (16.7%) and intra-alveolar 
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hemorrhage (7.7%). In Pakistan, about half (49.8%) of the still-
births were reported to have aspirated material.

Table 4 displays the pulmonary findings in neonatal deaths 
in India and Pakistan in tissues obtained by MITS. In India, 
the 2 most common findings were intra-alveolar hemor-
rhage (22.7%) and hyaline membranes (16.1%) followed by 

aspirated material and by interstitial inflammation and neu-
trophilic infiltrate in the alveoli. In Pakistan, the findings 
of intra-alveolar hemorrhage and hyaline membranes were 
common as was interstitial inflammation and alveolar neu-
trophilic infiltration. Aspirated material was also commonly 
found as well.

Figure 1. Study enrollment and eligibility. Abbreviation: MITS, minimally invasive tissue sampling.

Table 1. Success of Minimally Invasive Tissue Sampling in Obtaining Fetal Lung Tissue by Birth Weight and Gestational Age

Fetal Deaths

 

India Pakistan

MITS Cases, n Cases With Lung Tissue, n (% Sampled) MITS Cases, n Cases With Lung Tissue, n (% Sampled)

Total 222 195 (87.8) 231 230 (99.6)

Gestational age (weeks)     

 20.0–27.6 32 28 (87.5) 14 13 (92.9)

 28.0–36.6 106 91 (85.8) 120 120 (100.0)

 ≥37 84 76 (90.5) 66 66 (100.0)

Birth weight (g)     

 <1000 44 35 (79.5) 17 16 (94.1)

 1000–2499 125 111 (88.8) 149 149 (100.0)

 ≥2500 53 49 (92.5) 65 65 (100.0)

Abbreviation: MITS, minimally invasive tissue sampling.
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DISCUSSION

The most common adverse pregnancy outcomes include fetal 
deaths and the consequences of preterm birth, including neonatal 
death. Understanding the causes of these conditions is crucial to 
defining the interventions likely to reduce these adverse outcomes. 
This is especially true in LMICs where the vast majority of these 
adverse outcomes occur. Methods to explore COD can range from 
a brief evaluation of clinical history to a full-fledged autopsy with 
histologic examination of multiple tissues and PCR of multiple tis-
sues and fluids to enable a determination of the organisms involved 
in the death. A full evaluation of the placenta as well as a karyotype 
and a search for various red blood cell anomalies and inborn errors 
of metabolism are often included. This type of analysis is beyond 
the capabilities and resources of nearly all low-resource settings. 
For this reason, we have given extensive thought about the tests 
likely to provide the most information related to COD in low-
resource settings for stillbirth and preterm neonatal death.

Clearly, the clinical history and, especially for stillbirths, histo-
logical placental evaluation are the most important factors [22]. 

But, in our view, knowledge of the histology of the lung is also 
crucial to understanding why fetuses and preterm infants die. 
Therefore, in trying to find an appropriate balance between feasi-
bility and cost, while trying to limit the evaluations to those likely 
to provide the most useful information, we have come to believe 
that, in sites with limited resources, to discern COD for fetuses and 
preterm newborns, the most useful test, after the clinical history 
and placental examination, is a histological evaluation of the lung. 
PCR evaluation of the placenta and membranes as well as lung 
tissue may often provide additional useful information. The use of 
MITS seems like the ideal way to obtain that lung tissue, in that 
MITS is relatively inexpensive and can be performed quickly and 
by medical staff with limited training. There is also no mutilation 
of the fetus/infant, which is a concern for many parents. For these 
reasons, we present our results on lung evaluation in the case of 
fetal and neonatal deaths using MITS.

There are several published studies comparing complete diagnostic 
autopsies with MITS in their ability to determine certain histological 
findings [12–18]. Concordance between these methods is generally 
described as reasonable but far from perfect. The biggest differences 

Table 2. Success of Minimally Invasive Tissue Sampling in Obtaining Lung Tissue by Birth Weight and Gestational Age in Preterm Neonatal Deaths

Preterm Neonatal Deaths

 

India Pakistan

MITS Cases, n Cases With Lung Tissue Sampled, n (%) MITS Cases, n Cases With Lung Tissue Sampled, n (%)

Total 211 195 (92.4) 141 140 (99.3)

Gestational age (weeks)     

 20.0–27.6 59 54 (91.5) 56 56 (100.0)

 28.0–36.6 152 141 (92.8) 85 84 (98.8)

 ≥37 0 0 (0.0) 0 0 (0.0)

Birth weight (g)     

 <1000 72 70 (97.2) 43 43 (100.0)

 1000–2499 134 120 (89.6) 94 93 (98.9)

 ≥2500 4 4 (100.0) 4 4 (100.0)

Abbreviation: MITS, minimally invasive tissue sampling.

Table 3. Histological Lung Findings by Minimally Invasive Tissue 
Sampling in Fetal Deaths in India and Pakistan

MITS Completeda

 India (n = 222) Pakistan (n = 231)

Hyaline membranes 0 (0.0) 0 (0.0)

Intra-alveolar hemorrhage 17 (7.7) 4 (1.7)

Interstitial inflammation 0 (0.0) 6 (2.6)

Viral cytopathic effect 0 (0.0) 0 (0.0)

Necrosis 0 (0.0) 5 (2.2)

Necrotizing granuloma 0 (0.0) 0 (0.0)

Non-necrotizing granuloma 0 (0.0) 0 (0.0)

Aspirated material 37 (16.7) 115 (49.8)

Neutrophilic infiltrate in alveoli 2 (0.9) 4 (1.7)

Intra-alveolar hemosiderosis 1 (0.5) 14 (6.1)

Fibrin 1 (0.5) 9 (3.9)

Data are presented as n (%). Abbreviation: MITS, minimally invasive tissue sampling.
aMore than 1 finding could be identified per study subject.

Table 4. Histological Lung Findings by Minimally Invasive Tissue 
Sampling in Preterm Neonatal Deaths in India and Pakistan

MITS Completeda

 India (n = 211) Pakistan (n = 141)

Hyaline membranes 34 (16.1) 29 (20.6)

Intra-alveolar hemorrhage 48 (22.7) 34 (24.1)

Interstitial inflammation 11 (5.2) 32 (22.7)

Viral cytopathic effect 0 (0.0) 2 (1.4)

Necrosis 0 (0.0) 1 (0.7)

Aspirated material 12 (5.7) 26 (18.4)

Neutrophilic infiltrate in alveoli 5 (2.4) 32 (22.7)

Intra-alveolar hemosiderosis 4 (1.9) 3 (2.1)

Fibrin 4 (1.9) 30 (21.3)

Data are presented as n (%). Abbreviation: MITS, minimally invasive tissue sampling.
aMore than 1 response could be identified per study subject.
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are found with congenital anomalies and conditions in which the 
pathological findings are not evenly distributed in the tissue—such as 
hyaline membrane disease versus segmental pneumonia [11].

In general, the success rate in obtaining lung tissue and the find-
ings in the PURPOSe study are similar to those reported elsewhere. 
Because of lung size and location, obtaining lung tissue is generally 
more successful than obtaining any other tissue, with the possible 
exception of liver tissue [9]. Most studies find lung tissue more valu-
able for determining COD than any other tissue, with the exception 
of placental tissues in the case of stillbirths.

As part of the overall study, we determined that the consent 
rates for MITS in India and Pakistan in cases of fetal and neo-
natal death were generally above 50%. The data in this paper 
show that, when MITS was attempted, 90% or more of the time 
lung tissue was obtained. The findings in stillbirths emphasized 
that aspirated material (suggesting gasping in an episode of as-
phyxia) was commonly associated with fetal deaths. In preterm 
neonatal deaths, the findings of hyaline membranes and pulmo-
nary hemorrhage were common as were white blood cells in the 
interstitial tissue and alveoli, suggesting infection.

There were differences in the frequency of these findings 
between  India and Pakistan. We cannot determine whether  
the reason for the differences in reported prevalence of some 
of the findings was caused by differences in tissue interpre-
tation by the pathologist or if there were actual differences in 
the frequency of the findings between the sites. In favor of the 
latter explanation is that the fetal and neonatal mortality rates 
in India and Pakistan were very different—almost 2-fold greater 
in Pakistan—so it would not be surprising if conditions such 
as asphyxic episodes and infections were far more common 
in Pakistan [23]. The pathologists in both sites had in-person 
training in diagnosing each of these conditions by the same 
trainer with refresher training approximately every 3  months. 
The findings were reviewed by several pathologists at each site.

In this study, we did not attempt to use the information obtained 
from MITS to arrive at a COD. As explained above, determining 
COD is more complicated than just evaluating the histology of 1 or 
several organs and at a minimum requires information about the 
clinical history so that the findings from the histology can be placed 
in context. Although we performed multiplex PCR in the lung tis-
sues obtained in this study, we do not believe this technology will 
be available to most of the sites conducting MITS lung evaluations.

In conclusion, a MITS lung biopsy can be performed on fetuses 
and neonatal deaths of any GA and weight and will nearly always 
result in obtaining tissues that may be useful in determining COD.
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Introduction

Ectopic pregnancy (EP) is a life threatening emergency commonly 
being managed by primary care physicians where diagnosis is 
often be missed at the first contact. Any women in reproductive 
age group with lower abdominal pain and vaginal bleeding often 
raises the suspicion of  ectopic pregnancy but Sometimes women 
may present with nonspecific symptoms unaware of  ongoing 
pregnancy can also present with hemodynamic shock. Since 
the maternal mortality is associated with higher number of  risk 
factors and also with high risk pregnancies, ectopic pregnancy 

being one of  them, this study becomes very useful to compile 
all the risk factors associated with ectopic pregnancy. For the 
practice of  primary care physician patients with early pregnancy 
with risk factors should be referred to tertiary care centre to rule 
out ectopic pregnancy.[1]

It has always challenged ingenuity of  the Obstetrician and 
Gynecologist by its bizarre clinical picture. A study done by 
Hoover et al. estimated that the EPs increased with age; it was 
0.3% in girls and women aged 15 to 19 years and1% among 
women aged 35 to 44 years.[2]

An accurate history and physical examination and its correlation 
to the modern diagnostic technology are important in the 
diagnosis of  ectopic pregnancy. To diagnose ectopic pregnancy, 
one has to be “ectopic minded”. Despite a rising incidence, the 
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related morbidity and mortality is declining in the developed 
countries due to well organized health ‑ care delivery system, 
due to early recognition and treatment of  ectopic pregnancies. 
The ectopic pregnancy mortality ratio declined by 56.6% from 
1.15 to 0.50 deaths per 100,000 live births between 1980‑1984 
and 2003‑2007 and is estimated to further decrease.[3] The most 
frequent causes of  death for women with EP are hemorrhage, 
infection, and anesthetic complications.[4]

According to Mayo clinic 2020 guidelines suggested that some 
things which makes more likely to have an ectopic pregnancy 
which are: Previous ectopic pregnancy, Inflammation or 
infection, Fertility treatments (IVF), Tubal surgery, choice of  
birth control (IUD) and smoking.[5]

The present study was done to understand the clinical 
presentation, risk factors, associated maternal morbidity and 
mortality and various treatment modalities

Materials & Methods

A cross sectional study was conducted for a period of  one 
year with clearance from the Institutional Ethical Committee. 
Ethical committee approval obtaine on Date:22/09/2012/
(Ref:SDMIEC:0384:2012). All patients who were diagnosed as 
ectopic pregnancy in the reproductive age group of  15‑44 years 
were included with written informed consent. They were 
evaluated by complete history, clinical examination and relevant 
investigations and managed according to the condition of  patient 
either medical, surgical or both.

Patients in shock were treated and then taken for surgery. 
Blood transfusion was given preoperative, intra‑operative 
or postoperative as per the requirement of  individual cases. 
Management plan was decided based on the individual case. 
Medical management was done for patients who fulfilled 
criteria for medical management and were treated with 
methotrexate (single/multidose regimen). Some, based on their 
general condition were posted for surgical management, either 
laparotomy or laparoscopic procedure. The site of  ectopic 
gestation, status of  the fallopian tube, contralateral tube, ovaries 
and uterus were noted. Depending on the condition of  the tube, 
a decision for removal of  the tube i.e., unilateral Salpingectomy/
salpingostomy/salpingotomy was made. Salpingectomy was 
combined with contra lateral tubectomy in patients who did not 
wish to conceive. In cases with obvious pathological findings on 
the opposite side, the diseased adnexa were removed. Specimen 
was sent for histopathology for confirmation.

Prophylactic antibiotics were given to all patients at the time 
of  induction of  anesthesia. Patients were observed in the 
postoperative period for the development of  fever, abdominal 
pain, and distension of  the abdomen and wound sepsis. Blood 
transfusion given if  required. Patients were discharged with an 
advice to come for follow up after 2 weeks.

Results

In the present study, 42 cases of  ectopic pregnancy were observed 
and treated. The maternal age ranged from 19 to 36 years. The 
maximum number of  ectopic gestation in the present series 
occurred between the age group 26 to 30 years (38.10%). The 
youngest age was 19 years and oldest 36 years. The distribution 
of  cases in relation to parity, maximum number of  cases was 
nulliparous, 16 patients (38.10%). Majority of  the cases i.e 
19 (45.24%) belonged to socioeconomic class.[3]

Among the risk factors, white discharge per vagina was found to be 
most common (36.0%), followed by tubectomy (11.0%) [Graph 1]. 
The triad of  symptoms i.e., amenorrhea, pain abdomen and per 
vaginal bleeding was seen in 40.47% of  patients. Amenorrhea 
followed by pain abdomen was the most common symptoms. 
Other symptoms like nausea, vomiting and syncopal attacks were 
observed in 14 out of  42 patients i.e., 33.33%.

When site of  presentation to mode of  presentation was 
compared, amenorrhea and pain abdomen were still the most 
common symptoms seen in patients having ectopic pregnancy 
in ampullary region and bleeding per vagina was seen in 50% of  
cases [Table 1 and 2].

In ruptured ectopic pregnancy, amenorrhea (90%) and pain 
abdomen (86.3%) were the most common symptoms. In tubal 
abortion, pain abdomen (75.0%), the common symptom, 
andin unruptured ectopic pregnancies, amenorrhea was 
common (78.5%) [Table 3].

Table 1: Mode of presentation
Symptoms No of  cases Percentage
Amenorrhea 35 83.33
Pain abdomen 31 73.81
Bleeding 25 59.52
others 14 33.33

Graph 1: Risk Factors in Ectopic Pregnancy
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Out of  42 patients only 7 patients presented with shock. Pallor 
was seen in 52.4%. Of  the 7 patients who presented with shock, 
3 patients had ampullary pregnancy, and one each had isthmal, 
fimbrial, corneal and ampullary‑isthmal pregnancy. Only onein 
shock had tubal abortion .

Tenderness was a common feature seen in ruptured, unruptured 
and tubal abortion, but distension and guarding were seen more 
in ruptured than in unruptured and tubal abortion [Table 4].

Bleeding per vagina was seen only in 16.67% of  the cases. 
Cervical motion tenderness was present in 54.7%. Urine 
pregnancy test was positive in 97.62% of  cases which aided in 
diagnosis. All patients underwent ultrasonography and it was 
found to be unruptured in 54.76% cases.

Among 42 cases, ectopic pregnancy more commonly found on 
right side & the most common site was ampullary region of  
fallopian tube, followed by fimbrial and isthmal region and least 
common was in cervix and ovary i.e., one each [Table 5].

Surgery was the primary modality of  treatment in 88.09% of  patients 
and secondary modality had medical management in 7.1% of  cases.

Most of  the cases had laparoscopic unilateral salpingectomy (35.0%), 
and 15% had open unilateral salpingectomy, and 10% of  
patients had bilateral salpingectomy and 10% of  the patients 
underwent tubal ligation on contralateral side and only one 
patient had undergone D&C for cervical pregnancy [Table 6]. 
Blood transfusion had to be done in 47.62% of  the cases 
either preoperatively, intraoperatively or postoperatively 
[Figures 1 and 2].

Discussion

Although the incidence of  ectopic pregnancy has remained 
static in recent years,[4] In this study the rate was found to be 
10.7/1000 deliveries or 1 in 325 deliveries. In the present study 
38.1% of  patients are in age group of  26‑35 years. In a study 
conducted by Panchal et al. 71.66% patients were in age group 
of  21‑30 years of  age, this may be because this is the period 
of  maximum fertility and use of  contraception is infrequent 
and occasional among these women.[7] Poonam et al. showed 
peak incidence in 26‑30 years.[8] Biologic explanations for such 
variation in ectopic pregnancy incidence rates are anatomic and 
functional age‑related changes of  the fallopian tubes and also 
repeated pelvic inflammatory disease that may induce tubal 
damages and predispose women to ectopic pregnancy.[9]

In the present study, maximum cases occurred between 
parity 0 and 2, maximum patients were nulliparous (38.10%). 
In Panchal et al. study 80% of  patients were of  more than two 
parity.[6] In study of  Rashmi A. Gaddagi & Chandrashekhar 
et al., 27% were nulliparous, 10.8% were primiparous and the 
rest (62.2%) were multiparous[Table 7].[10]

In the present study, 11.9% of  the patients had no risk factors, 
and the most common risk factor was history WDPV which was 
seen in 47.62% of  patients.

History of  PID was seen in 5 patients accounting for 11.9% of  
all risk factors. According to studies by Savitha Devi, Rose et al. 
and Rashmi AGaddagi & Chandrashekhar, the incidence of  PID 

Table 3: Mode of presentation and the conditionof the 
tube

Mode of  
presentation

Condition of  the tube
Ruptured 

(22)
Tubal 

Abortion (4)
Unruptured 

(14)
P

Amenorrhea 20 (90%) 2 (50%) 11 (78.5%) P>0.05
Pain Abdomen 19 (86.3%) 3 (75%) 8 (57%) P<0.05
Bleeding 11 (50%) 2 (50%) 8 (57%) P<0.001
Others 11 (50%) 2 (50%) 1 (7%) P<0.001

Table 4: Abdominal examination and the condition ofthe 
tube

Abdominal 
examination

Condition of  the ectopic pregnancy
Ruptured 

(22)
Tubal 

Abortion (4)
Unruptured 

(14)
P

Tenderness (25) 16 (64.0%) 2 (8.0%) 7 (28%) P>0.05
Distension (8) 5 (62.5%) 2 (25.0%) 1 (12.5%) P>0.05
Guarding (9) 6 (66.66%) 1 (11.0%) 2 (22.22%) P>0.05

Table 5: Site of ectopic pregnancy on laparotomy/
laparoscopy

Site of  ectopic pregnancy No. of  cases Percentage
Ampullary 26 61.90
Isthmal 4 9.52
Cervical 1 2.38
Ovary 1 2.38
Fimbrial 5 11.90
Cornual 2 4.76
Ampullary + Isthmal 3 7.14
Total 42 100

Table 2: Site distribution and mode of presentation
Mode of  
Presentation

Site of  Presentation
Ampullary (26) Isthmal (4) Ovary (1) Fimbrial (5) Cervical (1) Cornual (2) Ampulla + Isthmal (3) P

Amenorrhea 17 (65.3%) 4 (100%) 1 (100%) 4 (80%) 1 (100%) 2 (100%) 3 (100%) P>0.05
Pain Abdomen 17 (65.3%) 3 (75%) 1 (100%) 4 (80%) ‑ 2 (100%) 2 (66.6%) P>0.05
Bleeding 13 (50%) 2 (50%) 0 3 (60%) 1 (100%) 1 (50%) 3 (100%) P>0.05
Others 12 (46.1%) 0 0 0 ‑ 2 (100%) 0 P>0.05
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as a risk factor is 25%, 34.4% and 8.1% respectively.[10‑12] PID 
following gonococcal, chlamydial and other bacterial infection 
causes a 3.3‑ 6fold increased risk of  ectopic pregnancy.[13] 
Chlamydia trachomatis infection causes trachoma, an ocular 
infection that leads to blindness, and sexually transmitted diseases 
which includes pelvic inflammatory disease, chronic pelvic pain, 
ectopic pregnancy and epididymitis.[14]

According to Shah JP et al. ectopic pregnancy was more after 
postpartum tubal ligation because edematous congested friable 
tube increases the chance of  incomplete occlusion of  tubal 
lumen.[15] All these studies show that genital infections i.e., PID, 
particularly following chlamydial infections and recent change 
in sex life can cause pelvic inflammation and tubal damage in 
younger age groups causing more incidence of  ectopic pregnancy 
in young, nulliparous or low parity woman.

In the present study, history of  infertility was seen in 4 patients, 
contributing 9.52% of  risk factors. The study conducted by 
Panchal et al. (2011), infertility was seen in 7 patients contributing 
to 11.66% of  risk factors.[5] According to Rashmi A Gaddagi & 
Chadrashekhar, Savitha Devi and Rose et al., a positive history 
of  infertility was present in 16.21%, 48.07% and 15.1% patient’s 
respectively.[10‑12]

Although tubal pregnancy has been recognized for three and 
half  centuries, the problem of  accurate and early diagnosis has 
not been solved. The symptoms and signs of  ectopic pregnancy 
often range from indefinite to bizarre clinical picture. In the 
present study classical triad of  symptoms was seen in 40.47% 
of  patients. Amenorrhea (83.33%) was the most common 
complaint followed by pain abdomen (73.81%). Bleeding per 
vagina was seen in 59.5% of  patients. Other symptoms like 
nausea, vomiting, syncopal attacks were observed in 33.33% of  
patients. In the present study, 7 patients (16.66%) presented with 
shock as compared to 40.5% of  patients in the study by Rashmi 
A Gaddagi & Chandrashekhar.[10]

Tenderness was the most common abdominal finding seen in 
59.2% of  patients and cervical motion tenderness was present 
in 54.76% of  patients. These two findings were also significantly 
present in the study by Rashmi A Gaddagi &Chandrashekhar.[7] 
Also in their study 97.3% of  patients had positive urine pregnancy 
test compared to this study where 41 patients out of  42 
i.e., 97.62% of  patients was positive. In only one patient, urine 
pregnancy test was negative. A small proportion of  diagnosed 
ectopic pregnancies will resolve spontaneously without 
treatment, especially those with low and rapidly declining HCG 
levels.[16] Although other potential serum biomarkers have been 

Table 6: Surgical procedure
Procedure No. of  Cases Percentage
Unilateral salpingectomy (open) 6 15.00
Bilateral salpingectomy (open) 3 7.50
Unilateral salpingo‑oophorectomy (open) 1 2.50
Salpingectomy with contralateral tubal ligation (open) 2 5.00
Salpingo‑oophorectomy. with contralateral tubectomy (open) 1 2.50
Open salpingostomy 2 5.00
Laparoscopic U/L salpingectomy 14 35.00
Laparoscopic salpingostomy 4 10.00
Laparoscopic bilateral salpingectomy 3 7.50
Laparoscopic right ovariotomy 1 2.50
Laparoscopic salpingectomy with contralateral tubal ligation 1 2.50
Dilatation and curettage 1 2.50
Segmental isthmic resection (open) 1 2.50
Total 40 100

Table 7: Etiology/Risk factors
Risk factors Rose et al.[9] (2002) Panchal et al.[5] (2011) Rashmi A Gaddagi & Chandrashekhar[7] (2012) Present study (%)
None 32.2 25 37.83 11.90
Tubectomy 5.4 16.21 14.29
PID 34.4 55 8.1 11.90
Infertility ‑ 11.6 16.21 9.52
Previous‑ectopic pregnancies 3.2 ‑ 2.7 2.38
IUCD 21.5 ‑ 12.81 9.52
D&C 19.35 ‑ 18.91 9.52
IUCD + D&C ‑ ‑ 18.91 4.76
D&C + Appendectomy ‑ ‑‑ 2.7 2.38
Tuberculosis ‑ ‑ ‑ 2.38
D&C + Infertility ‑ ‑ ‑ 4.76
WDPV ‑ ‑ ‑ 47.62
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proposed,[17] none of  these have been used in common clinical 
practice. New biomarkers with clinical utility would be helpful in 
improving the diagnosis of  ectopic pregnancy, with the potential 
benefits of  greater safety and reduced diagnostic costs.[18,19]

Widespread availability of  ultrasound imaging in the past two 
decades has dramatically changed the practice of  obstetrics and 
gynaecology.[20] Despite this, around half  of  the women with an 
eventual diagnosis of  ectopic pregnancy are not diagnosed at 
their first presentation.[19,21] Early diagnosis reduces the risk of  
tubal rupture and allows more conservative medical treatments 
to be employed.[22]

Diagnosis can be straightforward when a transvaginal ultrasound 
scan (TVS) positively identifies an intra uterine pregnancy or 
ectopic pregnancy.[23] However, TVS lacks the ability to identify 
the location of  a pregnancy in a significant number of  women 
and such women are currently diagnosed as having a ‘pregnancy 
of  unknown location’.[24,25]

In this study ultrasonography was done in all patients. Ruptured 
ectopic pregnancy was seen in 45.24% of  patients and unruptured 
in 54.76%. Ultrasound revealed ruptured ectopic pregnancy in 
43.2% of  the cases; an unruptured pregnancy in 8.1% of  the 
cases and a terogenous mass in 40.5% of  the cases.

Summary

The present study was done to understand the risk factors, 
maternal morbidity and mortality associated with ectopic 
pregnancy.

The incidence rate of  ectopic pregnancy was found to be 
10.7/1000 deliveries or 1 in 325 deliveries. The present study 
shows that 89.9% of  the study subjects has risk factors associated 
with ectopic pregnancy and the most common risk factor was 
history WDPV which was seen in 47.62% of  patients. Out of  
42 patients 20 had WDPV, 6 patients underwent tubectomy, PID 
was seen in 5 patients.

Conclusion

In institutional settings, ectopic pregnancy accounted for 1% 
of  total deliveries. More than half  of  all women with ectopic 
pregnancies presented with acute abdomen and required 
emergency laparotomy/laparoscopy. All the cases were diagnosed 
with a high index of  clinical suspicion and the USG findings 
added to the diagnosis. It is therefore important that all the 
clinicians should be sensitive to the fact that in the reproductive 
age group, any women presenting with pain in the lower 
abdomen, diagnosis of  ectopic pregnancy should be entertained 
irrespective of  the presence or absence of  amenorrhea, whether 
or not she has undergone sterilization. Though the recent 
trend in the management of  ectopic pregnancy is the use of  
a conservative surgical or medical line of  management, radical 
surgery or salpingectomy was the treatment modality which was 
used in the present study. This was mainly because majority (80%) 
of  the cases was referred or they came late to the hospital after 
the ectopic pregnancy had ruptured.

Importance of  TVS for unruptured ectopic pregnancy at early 
stage, further complications can be avoided. Due to advanced 
diagnostic techniques, conservative treatment is also possible 
and with recent surgical technique, the morbidity and mortality 
has drastically reduced. Because the vast majority of  women 
with EP are now hemodynamically stable, medical management 
with MTX has become a first‑line therapy. As EPs are directly 
related to pelvic infections, especially sexually associated ones, 
prevention should be the watchword.

It is important to know when the patient should be referred to 
tertiary care centre.

Declaration of patient
The authors certify that they have obtained all appropriate 
patient consent forms. In the form the patient(s) has/have 
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Figure 2: Fallopian tube showing chorionic villi anD  trophoblastic 
epithelium amidst fresh hemorrhages . (H&E)

Figure 1: Right sided tubal ectopic pregnancy with ovariotomy
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Objective Stillbirths occur 10–20 times more frequently in low-

income settings compared with high-income settings. We created

a methodology to define the proportion of stillbirths that are

potentially preventable in low-income settings and applied it to

stillbirths in sites in India and Pakistan.

Design Prospective observational study.

Setting Three maternity hospitals in Davangere, India and a large

public hospital in Karachi, Pakistan.

Population All cases of stillbirth at ≥20 weeks of gestation

occurring from July 2018 to February 2020 were screened for

participation; 872 stillbirths were included in this analysis.

Methods We prospectively defined the conditions and gestational

ages that defined the stillbirth cases considered potentially

preventable. Informed consent was sought from the parent(s)

once the stillbirth was identified, either before or soon after

delivery. All information available, including obstetric and medical

history, clinical course, fetal heart sounds on admission, the

presence of maceration as well as examination of the stillbirth

after delivery, histology, and polymerase chain reaction for

infectious pathogens of the placenta and various fetal tissues, was

used to assess whether a stillbirth was potentially preventable.

Main outcome measures Whether a stillbirth was determined to

be potentially preventable and the criteria for assignment to those

categories.

Results Of 984 enrolled, 872 stillbirths at ≥20 weeks of gestation

met the inclusion criteria and were included; of these, 55.5% were

deemed to be potentially preventable. Of the 649 stillbirths at

≥28 weeks of gestation and ≥1000 g birthweight, 73.5% were

considered potentially preventable. The most common conditions

associated with a potentially preventable stillbirth at ≥28 weeks of

gestation and ≥1000 g birthweight were small for gestational age

(SGA) (52.8%), maternal hypertension (50.2%), antepartum

haemorrhage (31.4%) and death that occurred after hospital

admission (15.7%).

Conclusions Most stillbirths in these sites were deemed

preventable and were often associated with maternal hypertension,

antepartum haemorrhage, SGA and intrapartum demise.

Keywords Antepartum haemorrhage, hypertension, preventability,

small for gestational age, stillbirth.

Tweetable abstract Most stillbirths are preventable by better care

for women with hypertension, growth restriction and antepartum

haemorrhage.

Please cite this paper as: Goldenberg RL, Saleem S, Goudar SS, Silver RM, Tikmani SS, Guruprasad G, Dhaded SM, Yasmin H, Bano K, Somannavar MS,

Yogeshkumar S, Hwang K, Aceituno A, Parlberg L, McClure EM; the PURPOSE Study Group. Preventable stillbirths in India and Pakistan: a prospective,

observational study. BJOG 2021; https://doi.org/10.1111/1471-0528.16820.

Introduction

Worldwide, it is estimated that each year, of the 140 mil-

lion pregnancies reaching 20 weeks of gestation or more,

about 20–30 per 1000 result in a stillbirth.1–4 Stillbirths are

variably defined by a lower gestational age boundary of

20 weeks in some high-income countries (HIC) to

28 weeks in many low- and middle-income countries

(LMIC). The exact numbers and rates of stillbirths occur-

ring at <28 weeks of gestation are unclear. In HIC, still-

births at ≥28 weeks occur in fewer than six per 1000 births,

with ≥28-week stillbirth rates reported as low as two to

three per 1000 births in some countries. Of the estimated

2.6 million stillbirths at ≥28 weeks of gestation worldwide,

98% occur in LMIC. In many LMIC, even stillbirths at

≥28 weeks of gestation are unevenly counted, but rates of
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30–40 per 1000 births are commonly reported. In several

countries, stillbirth rates at ≥28 weeks of gestation

approach 50 per 1000 births. Given the 10- to 20-fold dis-

crepancy in stillbirth rates between HIC and LMIC, it

seems likely that many or most of the stillbirths in LMIC

are potentially preventable.1–5

In a literature review of stillbirths in LMIC, most

occurred secondary to fetal asphyxia, and were associated

with conditions such as pre-eclampsia/eclampsia, antepar-

tum haemorrhage (including placental abruption and prae-

via), growth restriction, placental infarcts, fibrosis and

necrosis, as well as prolonged/obstructed labour, uterine

rupture and umbilical cord accidents.6 In many cases, we

postulated that the stillbirth could have been prevented

with identification and treatment of the maternal condi-

tion, by screening for a fetal heart rate abnormality or

small-for-gestational age (SGA) fetus, and timely operative

vaginal or caesarean delivery for fetuses at risk.

Stillbirths occurring in HIC settings with emergency

obstetric care technologies and a well-functioning newborn

intensive care unit (NICU) are often prevented by delivery at

24 weeks of gestation or later if the fetus is at high risk of

demise. Most newborns delivered at 24–27 weeks of gesta-

tion in these settings survive. In many LMIC settings, even

with NICU care, most newborns delivered before 28 weeks

of gestation or at a birthweight <1000 g do not survive.7

Preventable stillbirths have generally been defined as

those that may be prevented with existing, evidence-based

interventions. Several different methodologies have

described preventable stillbirths; however, most have

addressed HIC,8 where only 1% of stillbirths occur, or have

modelled reductions in stillbirths in LMIC with select

interventions.9–12 We discussed stillbirth preventability with

obstetricians, paediatricians and public health officials in

several LMIC settings, including in Pakistan and India.

Many clinicians focused on the gestational age or the birth-

weight – factors related to survival of live births – as criti-

cal to determine preventability.13 Based on available data

and these discussions, we sought to prospectively define a

methodology to evaluate stillbirth preventability in LMIC

and apply that methodology to nearly 900 stillbirths that

occurred during the PURPOSe Cause of Death study in

India and Pakistan.14

Methods

Study data were collected as part of PURPOSe, a prospec-

tive study conducted from July 2018 to February 2020 in

sites in Davangere, India and Karachi, Pakistan to assess

the cause of death in stillbirths and preterm neonates deliv-

ered in hospital settings.14 This analysis was restricted to

the stillbirths with the objective to determine which still-

births could have been prevented.

Stillbirths were defined as any fetus born at ≥20 weeks of

gestation with no signs of life including no cardiac activity,

respirations or movement. Gestational age assessment used

a modified American College of Obstetrics and Gynecology

algorithm,15 based on information available at delivery

including last menstrual period, ultrasound examination

and postnatal physical examination. Because ultrasound use

was rare, the gestational age was usually based on the date

of the last menstrual period. The preventability analysis

was restricted to singleton infants. SGA was defined as

birthweight less than the tenth centile of Intergrowth-21st

weight for gestational age.16

For the PURPOSe study, the sample size for each site

was set at a minimum of 350 stillbirths; the methods are

described elsewhere.14 Briefly, staff first identified women

with a potential stillbirth before or immediately following

delivery. Eligibility included a stillbirth at ≥20 weeks of ges-

tation or, if gestational age was unavailable, ≥500 g birth

weight, and the mother of an age and available to provide

consent. After consent, trained study staff then collected

maternal demographic, obstetric and medical information.

Staff also performed an external examination of the fetus

and placenta immediately after birth using standardised

procedures. Samples of the placenta were collected for his-

tological examination. Polymerase chain reaction (PCR)

was used to test for a wide variety of organisms in the pla-

cental tissues, membranes and umbilical cord as well as in

cord blood. Altogether, we tested for more than 75 patho-

gens including viruses, bacteria and fungi using Taqman

Array Cards (Applied Biosystems, Waltham, MA,

USA).17,18 Photographs of the stillborn fetuses were

obtained. Additional consent was also requested to perform

minimally invasive tissue sampling, including collect heart

blood for PCR and six fetal tissue samples for histology

and PCR.18 A complete diagnostic autopsy was conducted

with consent in the Indian site. For each case, all informa-

tion was collated, and a cause of death was determined by

an expert panel.13,14

During the panel cause of death reviews, the panel was

asked whether the stillbirth was preventable, in their opin-

ion. We recorded those responses separately from the anal-

ysis using clinical conditions that are the primary focus of

this paper. However, those discussions formed much of the

basis for the preventability criteria.

Definition of non-preventability and potential
preventability
We prospectively defined the criteria for designating a still-

birth as non-preventable in consultation with panelists,

experts and based on the literature review. We then anal-

ysed the stillbirth cases for presence of the conditions that

met the criteria for the stillbirth being potentially pre-

ventable. As the review progressed, in a few instances we

2 ª 2021 John Wiley & Sons Ltd.
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altered the criteria to make the assignment more logical.

One subject matter expert (RLG) reviewed all cases to

ensure the criteria were met. Following completion of the

individual case reviews, the analyses were also run using a

hierarchal model to ensure consistency of coding. We used

the terminology ‘potentially preventable’, because the future

outcome of any individual pregnancy is difficult to predict

with certainty. We also realise that while we prospectively

defined the conditions influencing potential preventability,

other categorisations could be adopted. Briefly, stillbirths

associated with conditions that could have been identified

before delivery and prevented with available interventions

were considered potentially preventable.

Non-preventability
All stillbirths with a major congenital anomaly and those

with a non-diagnosable or non-treatable congenital infec-

tion were defined as non-preventable, regardless of gesta-

tional age at delivery (Table 1A). To define a lethal

congenital anomaly, all examinations of the fetus including

photographs after delivery, external examination, minimally

invasive tissue sampling and autopsy were considered.

Table 1. Criteria for preventability

A. Stillbirths not considered potentially preventable at any time or place.

1. Stillbirth at 20 weeks to <28 weeks of gestation and/or birthweight <1000 g except with a condition considered always potentially

preventable. (See B below)

2. Stillbirths probably caused by a lethal structural or chromosomal anomaly

3. Stillbirths probably caused by a fetal infection that was not generally preventable or was not able to be diagnosed before the fetal death

4. Stillbirths with no obvious symptoms or findings to alert the clinician about potential demise

B. Stillbirths considered potentially preventable in high- or low-resource settings at any gestational age >20 weeks of gestation, assuming no

lethal anomaly or infection.

1. Stillbirths probably caused by a vaccine-preventable infection

2. Stillbirths probably caused by maternal syphilis

3. Stillbirths probably caused by maternal malaria

4. Maternal haemoglobin <7 g/dl in the absence of maternal haemorrhage

C. Stillbirths considered potentially preventable in low-resource settings at ≥28 weeks of gestation and/or birthweight ≥1000 g if gestational

age is unknown.

1. Any stillbirth ≥28 weeks of gestation or birthweight ≥1000 g except those with a condition not considered preventable anywhere

(Section A)

2. Stillbirths probably caused by a vaccine-preventable infection

3. Stillbirths probably caused by maternal syphilis

4. Stillbirths probably caused by maternal malaria

5. Stillbirths probably caused by placental malfunction as evidenced by fetal growth restriction

6. Stillbirths probably caused by pre-eclampsia/eclampsia

7. Stillbirths probably caused by a placental abruption or placenta praevia

8. Stillbirths probably caused by a treatable maternal medical disease such as diabetes

9. Stillbirths probably caused by post-dates (≥41 weeks)

10. Stillbirths probably caused by a diagnosable/treatable maternal infection

11. Stillbirths probably caused by an umbilical cord accident

12. Stillbirths admitted with a heartbeat who died before delivery

D. Stillbirths considered potentially preventable in high-resource settings at 24–27 weeks of gestation and/or birthweight 500–1000 g

1. Any stillbirth ≥24 weeks of gestation and/or birthweight ≥1000 g except those with a condition not considered preventable anywhere

(Section A)

2. Stillbirths probably caused by a vaccine-preventable infection

3. Stillbirths probably caused by maternal syphilis

4. Stillbirths probably caused by maternal malaria

5. Stillbirths probably caused by placental malfunction as evidenced by fetal growth restriction

6. Stillbirths probably caused by pre-eclampsia/eclampsia

7. Stillbirths probably caused by a placental abruption or placenta praevia

8. Stillbirths probably caused by a treatable maternal medical disease such as diabetes

9. Stillbirths probably caused by post-dates (≥41 weeks of gestation)

10. Stillbirths probably caused by a diagnosable/treatable maternal infection

11. Stillbirths probably caused by an umbilical cord accident

12. Stillbirths admitted with a heartbeat who died before delivery

3ª 2021 John Wiley & Sons Ltd.
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If there was evidence of a lethal fetal anomaly, or the fetus

had clinical signs of a trisomy, we classified the stillbirth as

non-preventable.

With the exceptions of stillbirths associated with

vaccine-preventable infections, maternal syphilis, malaria

and a maternal haemoglobin <7 g/dl, all fetal deaths occur-

ring at 20–23 weeks of gestation and 24–27 weeks of gesta-

tion and/or birthweight of <1000 g were also considered

non-preventable. We made the decision regarding fetuses at

24–27 weeks of gestation because, even if delivered alive,

these fetuses generally do not survive in LMIC. Several con-

ditions that might be preventable in HIC were also consid-

ered to be non-preventable, such as red blood cell antigen

incompatibility, even though this is potentially preventable

with Rhesus D immunoglobulin, early delivery or intrauter-

ine transfusion, which are available in HIC but usually not

in LMIC. For this study, stillbirths in India and Pakistan

associated with these conditions were considered not pre-

ventable.

Post-delivery information was often used to determine

preventability. For example, even if anencephaly was not

diagnosed before delivery, the stillbirth could not have been

prevented. Similarly, if after delivery, the fetus was discov-

ered to have a lethal infection but without signs of infec-

tion before delivery, the stillbirth was considered non-

preventable.

One of our most difficult challenges involved cases with

more than one condition. For example, if a stillbirth had a

potential predictor of fetal death, usually maternal hyper-

tension, antepartum haemorrhage or SGA, but also had

histological or PCR evidence of infection in the placenta,

cord or fetal blood or tissues based on data following deliv-

ery, we often did not know if the organisms identified

reached their destination before or after the death occurred

or were contaminants acquired during tissue sampling. To

deal with this challenge, we made the following assump-

tions. First, that chorioamnionitis alone would not be con-

sidered a cause of stillbirth and did not influence

preventability. Second, for an infection to be considered a

cause of stillbirth, making the case non-preventable, an

organism would need to be found in two or more fetal

locations (e.g. brain and blood or liver and lung). If an

organism was found only in one location, such as lung,

histological evidence of inflammation in that same organ

was needed for infection to be considered a non-

preventable cause of death. Also, if histological funisitis was

found on umbilical cord histology, for infection to be con-

sidered a non-preventable cause of stillbirth, the cord blood

would need to be positive for a causative organism. These

distinctions are important, because if an infection were

identified postpartum as a cause of death, even in the pres-

ence of fetal growth restriction or hypertension, the death

would not be considered preventable.

Potentially preventable stillbirths
We considered all stillbirths of any gestational age

≥20 weeks as potentially preventable that were associated

with a vaccine-preventable infection, maternal syphilis,

maternal malaria and/or a maternal haemoglobin of

<7 g/dL in the absence of antenatal haemorrhage

(Table 1B). The rationale was that vaccine-preventable

infections, malaria and syphilis and severe maternal ane-

mia are associated with stillbirth, diagnosable during pre-

natal care and should generally be preventable regardless

of gestational age. For stillbirths occurring in pregnancies

at ≥28 weeks of gestation and birthweight ≥1000 g, we

then defined the conditions associated with potential

preventability (Table 1C). These conditions include pro-

longed labour, ruptured uterus, umbilical cord accidents,

SGA, placental abruption and placenta praevia, those

with medical complications including diabetes and

hypertensive disorders, those deaths occurring after hos-

pital admission and those associated with delivery at

≥41 weeks of gestation. We considered stillbirths occur-

ring at ≥28 weeks of gestation and birthweight ≥1000 g

in the presence of antepartum haemorrhage as being

potentially preventable.

We also performed a similar analysis on stillbirths with a

gestational age of 24–27 weeks or weighing 500–999 g to

assess potential preventability if these births had occurred

in locations with excellent neonatal care and high survival

of preterm infants delivered early to prevent a stillbirth

(Table 1D).

In summary, Table 1A shows the conditions considered

not preventable in LMIC or HIC with the exception of the

conditions noted in Table 1B. Table 1C shows the condi-

tions considered potentially preventable in LMIC (at

≥28 weeks of gestation and birthweight ≥1000 g), and

Table 1D shows the conditions considered potentially pre-

ventable in stillbirths that occurred at 24–27 weeks of ges-

tation and/or who weighed 500–999 g.

Results

From July 2018 through February 2020, at both sites, we

screened 1453 women with stillbirths. Of these, 130 were

ineligible because of a stillbirth that did not meet the 20-

week gestation cutoff criteria (n = 51), 500-g birthweight

cutoff where gestational age was missing (n = 7) or inabil-

ity to complete screening (n = 72). Of those screened, 339

did not consent. Of the 984 participants with a stillbirth

enrolled, the following were excluded from preventability

analyses: 58 had insufficient information to judge pre-

ventability, 51 women had a multiple pregnancy and three

withdrew. As a result, 872 women were deemed eligible for

the preventability study (357 from the Indian site and 515

from the Pakistani site) (Figure 1).
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The characteristics of the 872 mothers and the stillbirths

are summarised by site and preventability status (Table 2).

Most women in both sites were 20–30 years old, although

the Pakistani site had a greater percentage of women

>30 years of age compared with the Indian site (127/515;

24.7% versus 34/357; 9.5%). The women’s occupation in

both sites was predominantly given as homemaker. Com-

pared with women in Pakistan, those in India had more

education, were more likely to be primigravid, and received

more antenatal care. Overall, among the women with still-

births, 350/872 (40.1%) had hypertension and 193/872

(22.1%) had antepartum haemorrhage. In total, 453/872

(51.9%) mothers of stillbirths consented to minimally inva-

sive tissue sampling.

Table 2 also presents characteristics of the stillbirths

including birthweight, gestational age distributions and the

presence of SGA. Overall, of the stillbirths with known ges-

tational age, 128/834 (14.7%) were <28 weeks and of those

with measured birthweight, 191/865 (21.9%) weighed

<1000 g. Of stillbirths with a known gestational age and

birthweight, the percentage with a birthweight for gesta-

tional age below the tenth centile using the Intergrowth-21

standard was 374/872 (42.9%). Most (670/872; 76.8%) of

the stillbirths were known to be dead before labour and the

other 202/872 (23.2%) died during the hospitalisation for

delivery. In all, 463/772 (54.9%) were macerated.

The last four columns of Table 2 summarise these char-

acteristics by site and whether the cases were judged

Screened
n = 1432

Declined consent
n = 339

Ineligible

n = 130
Stillbirth <20 weeks, n = 51
Stillbirth <500 g and no 
GA available, n = 7
Unavailable for further 
consent, n = 72

Stillbirths in 
preventability analyses
n = 872

MITS done

n = 453

Exclusions
Multiples, n = 51

Withdrew, n = 3

Insufficient data, n = 58

Stillbirths eligible
n = 1323

Stillbirths enrolled
n = 984

Figure 1. Enrollment Flow Chart.
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preventable or not. For many of the demographic charac-

teristics, the differences were small. However, for character-

istics that played a role in the preventability determination,

including hypertension, haemorrhage, SGA and diabetes,

each was more common among those with preventable

stillbirths. Stillbirths at an earlier gestational age and lower

birthweights were less likely to be judged preventable,

whereas those >28 weeks of gestation or with a birthweight

>1000 g were more likely to be considered preventable.

Table 3 shows the reasons that stillbirths in the Indian

and Pakistani sites were considered non-preventable. Of the

388 non-preventable stillbirths, 170 occurred in India and

218 occurred in Pakistan. Overall, most were considered

not preventable because of gestational age <28 weeks and/

or a birthweight <1000 g (217/388; 55.9%) – 100/170

(58.8%) in India and 117/218 (53.7%) in Pakistan. In addi-

tion, overall, 66/388 (17.0%) stillbirths were considered

non-preventable because of a major congenital anomaly

and 68/388 (17.5%) because of an undiagnosable/untreat-

able fetal infection, and 99/370 (25.5%) mothers had no

signs or symptoms to alert the caregiver to a potential still-

birth. Because a stillbirth may have been judged non-

Table 2. Maternal and stillbirth characteristics for India and Pakistan and by preventability status

Overall India Pakistan

Total India Pakistan Preventable Not

preventable

Preventable Not preventable

Study population, N 872 357 515 187 170 297 218

Maternal age (years), n (%)

<20 52 (6.0) 26 (7.3) 26 (5.0) 16 (8.6) 10 (5.9) 13 (4.4) 13 (6.0)

20–30 657 (75.3) 296 (82.9) 361 (70.1) 153 (81.8) 143 (84.1) 198 (66.7) 163 (74.8)

>30 161 (18.5) 34 (9.5) 127 (24.7) 18 (9.6) 16 (9.4) 86 (29.0) 41 (18.8)

Maternal education, n (%)

No schooling, illiterate 243 (27.9) 63 (17.6) 180 (35.0) 33 (17.6) 30 (17.6) 109 (36.7) 71 (32.6)

No schooling, literate 97 (11.1) 9 (2.5) 88 (17.1) 7 (3.7) 2 (1.2) 53 (17.8) 35 (16.1)

1–4 years 34 (3.9) 17 (4.8) 17 (3.3) 9 (4.8) 8 (4.7) 9 (3.0) 8 (3.7)

5–12 years 443 (50.8) 236 (66.1) 207 (40.2) 123 (65.8) 113 (66.5) 117 (39.4) 90 (41.3)

>12 years 46 (5.3) 29 (8.1) 17 (3.3) 14 (7.5) 15 (8.8) 6 (2.0) 11 (5.0)

Maternal occupation, n (%)

Homemaker 821 (94.2) 322 (90.2) 499 (96.9) 172 (92.0) 150 (88.2) 289 (97.3) 210 (96.3)

Employed outside the home 49 (5.6) 34 (9.5) 15 (2.9) 15 (8.0) 19 (11.2) 7 (2.4) 8 (3.7)

Gravida, n (%)

0 296 (33.9) 155 (43.4) 141 (27.4) 87 (46.5) 68 (40.0) 70 (23.6) 71 (32.6)

1–3 414 (47.5) 187 (52.4) 227 (44.1) 90 (48.1) 97 (57.1) 126 (42.4) 101 (46.3)

≥3 162 (18.6) 15 (4.2) 147 (28.5) 10 (5.3) 5 (2.9) 101 (34.0) 46 (21.1)

Antenatal care received 795 (91.2) 354 (99.2) 441 (85.6) 184 (98.4) 170 (100.0) 249 (83.8) 192 (88.1)

Hypertensive disorders 350 (40.1) 141 (39.5) 209 (40.6) 93 (49.7) 48 (28.2) 145 (48.8) 64 (29.4)

Diabetes mellitus 39 (4.5) 11 (3.1) 28 (5.4) 7 (3.7) 4 (2.4) 24 (8.1) 4 (1.8)

Antepartum haemorrhage 158 (18.1) 61 (17.1) 97 (18.8) 47 (25.1) 14 (8.2) 77 (25.9) 20 (9.2)

Gestational age (weeks), n (%)

20.0–23.6 35 (4.0) 17 (4.8) 18 (3.5) 0 (0.0) 17 (10.0) 3 (1.0) 15 (6.9)

24.0–27.6 93 (10.7) 39 (10.9) 54 (10.5) 1 (0.5) 38 (22.4) 0 (0.0) 54 (24.8)

28.0–31.6 186 (21.3) 82 (23.0) 104 (20.2) 28 (15.0) 54 (31.8) 47 (15.8) 57 (26.1)

32.0–36.6 287 (32.9) 106 (29.7) 181 (35.1) 75 (40.1) 31 (18.2) 130 (43.8) 51 (23.4)

≥37 233 (26.7) 112 (31.4) 121 (23.5) 82 (43.9) 30 (17.6) 91 (30.6) 30 (13.8)

Birthweight (g), n (%)

<500 38 (4.4) 14 (3.9) 24 (4.7) 0 (0.0) 14 (8.2) 2 (0.7) 22 (10.1)

500–999 153 (17.5) 82 (23.0) 71 (13.8) 1 (0.5) 81 (47.6) 1 (0.3) 70 (32.1)

1000–1499 204 (23.4) 79 (22.1) 125 (24.3) 55 (29.4) 24 (14.1) 85 (28.6) 40 (18.3)

1500–2499 296 (33.9) 112 (31.4) 184 (35.7) 90 (48.1) 22 (12.9) 133 (44.8) 51 (23.4)

≥2500 174 (20.0) 70 (19.6) 104 (20.2) 41 (21.9) 29 (17.1) 72 (24.2) 32 (14.7)

Maceration present, n (%) 479 (54.9) 217 (60.8) 262 (50.9) 103 (55.1) 114 (67.1) 151 (50.8) 111 (50.9)

Known to be dead before delivery,

n (%)

670 (76.8) 311 (87.1) 359 (69.7) 167 (89.3) 144 (84.7) 208 (70.0) 151 (69.3)

Small for gestational age, n (%) 374 (42.9) 181 (50.7) 193 (37.5) 116 (62.0) 65 (38.2) 137 (46.1) 56 (25.7)
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preventable for several reasons, the sum of responses adds

up to >100%.

Table 4 displays preventability status of the 649 still-

births who were ≥28 weeks of gestation and/or ≥1000 g

birthweight. Of these, 255 occurred in India and 394

occurred in Pakistan. Overall, 478/649 (73.7%) were con-

sidered potentially preventable, 185/255 (72.5% of the

Indian site stillbirths) in India and 293/394 (74.4% of the

Pakistani site stillbirths) in Pakistan. Because a single case

could be classified as preventable for multiple reasons, the

sum is >100%. The three most common reasons that still-

births were judged potentially preventable included SGA

(252/478; 52.7%), maternal hypertensive disease (240/478;

50.2%) and maternal antepartum haemorrhage (150/478;

31.4%). There were 75 stillbirths ≥28 weeks of gestation

and ≥1000 g that occurred after hospital admission with a

live fetus accounting for 75/478 (15.7%) of the preventable

cases. All but one of these deaths were also identified as

Table 3. Reasons for stillbirths being considered not preventable in India and Pakistan

Variable Overall India Pakistan

Stillbirths with preventability determined, n 872 357 515

Potentially preventable, n (% of stillbirths) 484 (55.5) 187 (52.4) 297 (57.7)

Not preventable, n (% of stillbirths) 388 (44.5) 170 (47.6) 218 (42.3)

Reasons not preventable n (% of preventable)

Major anomalies 66 (17.8) 26 (16.0) 40 (19.2)

Non-identifiable/treatable infection 68 (18.4) 32 (19.8) 36 (17.3)

No signs of impending stillbirth 99 (25.5) 31 (22.9) 60 (27.5)

<1000 g and/or <28 weeks of gestation without discoverable, preventable conditions* 217 (58.6) 100 (61.7) 117 (56.3)

*Discoverable, preventable conditions include vaccine-preventable infection, maternal syphilis, maternal malaria and low haemoglobin with no

evidence of bleeding.

Table 4. Stillbirths considered preventable at >28 weeks of gestation and/or >1000 g birthweight

Variable Overall India Pakistan

Stillbirths at ≥28 weeks of gestation and birthweight ≥1000 g, n (%) 649 255 394

Potentially preventable at gestational age ≥28 weeks and birthweight ≥1000 g, n (% of stillbirths

≥28 weeks and ≥1000 g)*

478 (73.5) 185 (72.5) 293 (74.4)

Reasons for preventability, n (% of preventable at ≥28 weeks/≥1000 g)

Small for gestational age** 252 (52.8) 116 (63.0) 136 (46.4)

Hypertension 240 (50.2) 95 (51.6) 145 (49.5)

Antepartum haemorrhage 150 (31.4) 50 (27.2) 100 (34.1)

Death after hospital admission 75 (15.7) 35 (18.9) 40 (13.7)

Diabetes 32 (6.7) 7 (3.8) 25 (8.5)

Post-dates (≥41 weeks) 25 (5.2) 12 (6.5) 13 (4.4)

Prolonged labour 22 (4.6) 2 (1.1) 20 (6.8)

Low haemoglobin without evidence of bleeding 17 (3.6) 3 (1.6) 14 (4.8)

Cardiac disease 8 (1.7) 0 (0.0) 8 (2.7)

Thyroid disease 7 (1.5) 3 (1.6) 4 (1.4)

Diagnosable/treatable maternal infection 7 (1.5) 4 (2.2) 3 (1.0)

Umbilical cord accident 6 (1.3) 2 (1.1) 4 (1.4)

Maternal syphilis 6 (1.3) 3 (1.6) 3 (1.0)

Maternal malaria 3 (0.6) 1 (0.5) 2 (0.7)

Red blood cell abnormality 1 (0.2) 0 (0.0) 1 (0.3)

Oligohydramnios 1 (0.2) 1 (0.5) 0 (0.0)

Vaccine-preventable infection 1 (0.2) 1 (0.5) 0 (0.0)

*A stillbirth may be considered preventable for more than one reason so the sum will equal more than 100%.

**SGA is defined as birthweight less than the INTERGROWTH-21ST tenth centile weight, which is not available for gestational age <24 weeks or

≥43 weeks and fetuses missing sex or birthweight.
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potentially preventable by the presence of other conditions.

Much less common were conditions such as maternal dia-

betes (32/478; 6.7%), prolonged labour (22/478; 4.6%) and

post-dates (25/478; 5.2%). No other condition was present

in ≥4% of the stillbirths considered potentially preventable.

Six stillbirths were <28 weeks of gestation and/or birth-

weight <1000 g that were deemed potentially preventable.

Of those, the primary reason (4/6) was a low haemoglobin

level independent of haemorrhage, with one each due to

syphilis and malaria (data not shown).

Most stillbirths at 24–27 weeks of gestation and or birth-

weight 500–999 g were defined as not preventable because

in these sites, even if delivered alive and given NICU care,

these infants rarely survive. In settings with advanced

NICU care, most infants born at 24–27 weeks of gestation

survive. We therefore investigated which stillbirths at 24–
27 weeks of gestation and/or birthweight 500–999 g would

be potentially preventable based on the criteria applied to

≥28 week / ≥1000 g infants.

Table 5 shows the analysis of the 24–27 weeks of gesta-

tion and/or birthweight 500–999 g group to simulate what

could be possible if the resources and level of NICU care

approximated those in HIC settings. Of the 192 stillbirths

delivered in both sites at 24–27 weeks of gestation and/or

birthweight 500–999 g, 136 (70.8%) were deemed poten-

tially preventable. Similar to the pregnancies defined by the

≥28 weeks / ≥1000 g cutoff, SGA 80/136 (58.8%), hyper-

tension 81/136 (59.6%) and antepartum haemorrhage 43/

136 (31.6%) were the most common conditions thought to

be discoverable and treatable, making the associated still-

birth potentially preventable. Stillbirths at 24–27 weeks of

gestation and/or birthweight 500–999 g who had a fetal

heartbeat heard on admission were categorised as poten-

tially preventable and accounted for 25/136 (18.4%) of pre-

ventable stillbirths in this gestational age group. Each of

these stillbirths was also identified as preventable by the

presence of other conditions. There were 56 stillbirths at

24–27 weeks of gestation and/or birthweight 500–999 g

deemed not preventable, mostly because of the presence of

major anomalies (25/56; 44.6%), non-treatable infections

(14/56; 25.0%) and because no evidence of stillbirth risk

was ascertained (17/56; 30.3%) (data not shown).

In a separate analysis, we analysed the panel members’

responses to whether the stillbirth cases were potentially

preventable. Data from this analysis showed that overall,

the panel members believed that 63.8% of the stillbirths

were preventable. For stillbirths at ≥28 weeks / ≥1000 g,

73.5% were considered preventable by the panel members,

whereas only 22.0% of stillbirths at 24–27 weeks of gesta-

tion and/or birthweight 500–999 g were categorised by

panel members as potentially preventable (data not

shown).

Table 5. Stillbirths deemed not preventable and potentially preventable at 24–27 weeks of gestation and/or birthweight 500–999 g

Variable Overall India Pakistan

Stillbirths at 24–27 weeks of gestation and/or birthweight 500–999 g, n 192 90 102

Not preventable, n (%) 56 (29.2) 27 (30.0) 29 (28.4)

Reasons not preventable*, n (% of not preventable at 24–27 weeks and/or 500–999 g)

Major anomalies 25 (44.6) 12 (44.4) 13 (44.8)

Non-identifiable/treatable infection 14 (25.0) 6 (22.2) 8 (27.6)

No cause determined/no preventable conditions identified 17 (30.3) 9 (33.3) 8 (27.6)

Potentially preventable, n (%) 136 (70.8) 63 (70.0) 73 (71.6)

Reasons preventable*, n (% of preventable at 24–27 weeks and/or 500–999 g)

Small for gestational age** 80 (58.8) 43 (68.3) 37 (50.7)

Hypertension 81 (59.6) 38 (60.3) 43 (58.9)

Placental abruption or placenta praevia 43 (31.6) 15 (23.8) 28 (38.4)

Death after hospital admission 25 (18.4) 17 (27.0) 8 (11.0)

Diabetes 7 (5.1) 3 (4.8) 4 (5.5)

Cardiac disease 4 (2.9) 2 (3.2) 2 (2.7)

Low haemoglobin with no evidence of bleeding 2 (1.5) 2 (3.2) 0 (0.0)

Thyroid disease 2 (1.5) 2 (3.2) 0 (0.0)

Maternal syphilis 1 (0.7) 0 (0.0) 1 (1.4)

Diagnosable/treatable maternal infection 1 (0.7) 1 (1.6) 0 (0.0)

Umbilical cord accident 1 (0.7) 1 (1.6) 0 (0.0)

Oligohydramnios 1 (0.7) 1 (1.6) 0 (0.0)

*A stillbirth may have more than one reason so the sum will equal more than 100%.

**SGA is defined as birthweight less than the INTERGROWTH-21ST tenth centile weight, which is not available for gestational age <24 weeks or

≥43 weeks and fetuses missing sex or birthweight.
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Discussion

Main findings
In this study, of 872 stillbirths in India and Pakistan at

20 weeks of gestation or more, 57.5% were deemed to be

potentially preventable, assuming most stillbirths before

28 weeks of gestation and/or <1000 g were generally not pre-

ventable. Of stillbirths ≥28 weeks of gestation and birthweight

≥1000 g, 73.5% were considered potentially preventable. Fol-

lowing the gestational age/birthweight cutoffs, the most com-

mon reasons for a stillbirth not being considered potentially

preventable were the presence of a major congenital anomaly,

an undiagnosable fetal infection and no signs before delivery

to alert the clinician to a potential stillbirth.

By far, the most common conditions associated with a

potentially preventable stillbirth at ≥28 weeks of gestation

and birthweight ≥1000 g were SGA (52.7%), maternal

hypertension (50.2%) and antenatal haemorrhage (31.4%).

Stillbirths free of anomalies and undiagnosable infections

that occurred in labour accounted for 15.7% of the pre-

ventable stillbirths, but virtually all were also deemed pre-

ventable because of the presence of other conditions.

For fetal deaths at 24–27 weeks of gestation and/or

birthweight 500–999 g, the same conditions were even

more common: 58.8% for SGA, 59.6% for maternal hyper-

tension and 31.6% antenatal haemorrhage, respectively.

Preventable stillbirths that occurred after hospital admis-

sion accounted for 18.4% of the preventable stillbirths in

this gestational age and birthweight range. Therefore, we

believe that many of these stillbirths would have been pre-

ventable in locations where excellent NICU care would

have allowed survival of these infants, had they been deliv-

ered alive.

Interventions to reduce stillbirths associated with SGA,

hypertension and antepartum haemorrhage as well as intra-

partum deaths are not complicated or expensive and should

be available within a functional perinatal healthcare sys-

tem.6,8,10 ‘System’ is emphasised because these interventions

require a continuum of care including high-quality prenatal

care, transportation to a higher-level facility, monitoring in

labour and access to caesarean section. In prenatal care, low-

dose aspirin should prevent some of the deaths from pre-

eclampsia/eclampsia.19 Blood pressure and fetal growth

monitoring will determine those at risk from pre-eclampsia/

eclampsia and/or with growth restriction.8,10 Placenta praevia

is discoverable by ultrasound. An appropriately timed cae-

sarean section for pre-eclampsia and haemorrhage and some

of the other conditions should prevent most of the stillbirths

in fetuses discovered to be at risk.20

Although we had extensive placental and fetal tissue his-

tological and PCR data to evaluate the cause of the still-

birth, none of these data were available before delivery for

the clinicians with the potential to intervene to prevent the

stillbirth. Hence, this study is distinct from a parallel

cause-of-death stillbirth study that often uses data obtained

after delivery.12 In many cases, information after delivery

could lead us to judge a stillbirth as non-preventable. How-

ever, for a stillbirth to be deemed preventable, the only

data collected postpartum used for this purpose were data

used to determine SGA, based on the assumption that SGA

diagnosed by an ultrasound examination in the second or

third trimester could lead to fetal monitoring and early

delivery to prevent the stillbirth.

As there is strong evidence that placental maternal vascu-

lar malperfusion is a precursor to each of the three condi-

tions seen so commonly as a cause of stillbirth and which

informed much of the basis of our thinking about pre-

ventability, we believe it crucial to find ways to prevent this

condition.21–24 However, in the meantime, it is important

to develop methodologies to discover evidence of vascular

malperfusion as early in the pregnancy as possible in order

to monitor the pregnancy so that appropriate steps may be

taken to prevent the stillbirth by timely delivery.25–29

Strengths and limitations
We are aware that there are interventions that may reduce

stillbirths that were excluded from this analysis. For example,

we did not assess non-medical interventions that were not

specifically aimed at preventing stillbirth. These include the

impact of community interventions such as those aimed at

improving the standard of living, or improving overall nutri-

tional status, or providing increased access to education for

women, and family planning. Certain maternal behaviours

such as tobacco, alcohol and other drug use are potentially

amenable to interventions and reducing these behaviors

should prevent some stillbirths. Obesity is also an important

risk factor for stillbirth in HIC and it is likely that weight

reduction in obese women before pregnancy would eliminate

some stillbirths.29 As another example, some neural tube

defects are preventable with supplemental folic acid, and a

folic acid supplementation programme would probably pre-

vent some stillbirths.30 However, the relationships between

these conditions and behaviours and fetal death are difficult

to prove in specific cases. Accordingly, stillbirths associated

with these conditions or behaviours were not considered as

potentially preventable in this study.

There are several strengths and weaknesses in this study.

Among the strengths are that a large number of stillbirths

were evaluated, that the study was performed prospectively

in two countries with a range of quality of care, and that

there were abundant data available to inform the clinical

consideration about stillbirth preventability. Although the

Pakistani and Indian sites performed the study indepen-

dently (with central guidance), the results for each site
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regarding prevalence of conditions and percent of cases

judged preventable were similar. Interestingly, the percent

of cases deemed preventable by the panel members was vir-

tually identical to the percent preventable by the study cri-

teria.

Weaknesses include that the participants were recruited

at delivery and some of the information related to prenatal

events was based on the mothers’ recall or medical records.

For this reason, we were unable to consistently differentiate

between various types of hypertensive disorders or reasons

for maternal haemorrhage. We also acknowledge that non-

medical causes of stillbirth are important, but as noted, this

was beyond the scope of this analysis. An overall issue is

that the classification of the stillbirths into preventable and

non-preventable cases was based on a set of criteria that

were arbitrarily established. Although the classification sys-

tem was generally concordant with the recommendations

of in-country practitioners, we understand that other crite-

ria could have been justified and adopted. We tried to

make our criteria as transparent as possible. An important

limitation is uncertainty regarding the diagnosis of SGA.

We based this classification on neonatal birthweight centiles

for gestational age. However, gestational age dating was not

always certain and many women did not have early obstet-

ric sonograms. In addition, there was probably a meaning-

ful interval between death of the fetus and delivery in some

cases. Accordingly, we may have overestimated the contri-

bution of SGA to preventable stillbirths.

Interpretation
In recent years, the focus on stillbirth risk factors and

causes of demise has increased dramatically with most

attention focused on stillbirths in HIC.29 Limited atten-

tion has been given to stillbirths in LMIC and less on

which stillbirths were actually preventable. One approach

focused on whether the stillbirth occurred near delivery

(defined by absence of maceration) and the birthweight

and or gestational age, concluding that in LMIC many

stillbirths were not macerated and weighed more than

2000 g and were therefore preventable with improved

quality of care.3,5 Other studies have modelled the still-

births potentially averted with implementation of a range

of evidence-based interventions, including immunisations,

nutritional supplements and screening for syphilis, which

are often unavailable to pregnant women in LMIC set-

tings.9–12 For this study, we built upon the evidence for

preventable conditions and evaluated a specific population

of stillbirths to determine which medical conditions

amenable to discovery before delivery were present, mak-

ing the stillbirth potentially preventable. It is noteworthy

that studies using many different designs focused on

LMIC concluded that the majority of stillbirths were

potentially preventable.

Conclusions

This study, performed in two LMIC, found that most

stillbirths were preventable and were most often associ-

ated with maternal hypertension, antepartum haemor-

rhage and SGA as well as asphyxia in labour. Appropriate

obstetric care including antenatal and intrapartum screen-

ing for these conditions, including fetal heart rate moni-

toring in labour and utilisation of an appropriate

intervention, often involving caesarean delivery, could

potentially prevent many of these stillbirths. Research to

prevent the placental pathology (maternal vascular

malperfusion) often underlying these conditions has great

potential to identify interventions to reduce still-

births.22–24
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BACKGROUND: The daily use of low-dose aspirin may be a safe, widely available, and inexpensive intervention for reducing the risk of pre-
term birth. Data on the potential side effects of low-dose aspirin use during pregnancy in low- and middle-income countries are needed.
OBJECTIVE: This study aimed to assess differences in unexpected emergency medical visits and potential maternal side effects from a ran-
domized, double-blind, multicountry, placebo-controlled trial of low-dose aspirin use (81 mg daily, from 6 to 36 weeks’ gestation).
STUDY DESIGN: This study was a secondary analysis of data from the Aspirin Supplementation for Pregnancy Indicated Risk Reduction In
Nulliparas trial, a trial of the Global Network for Women’s and Children’s Health conducted in India (2 sites), Pakistan, Guatemala, Democratic
Republic of the Congo, Kenya, and Zambia. The outcomes for this analysis were unexpected emergency medical visits and the occurrence of the
following potential side effects—overall and separately—nausea, vomiting, rash or hives, diarrhea, gastritis, vaginal bleeding, allergic reaction,
and any other potential side effects. Analyses were performed overall and by geographic region.
RESULTS: Between the aspirin (n=5943) and placebo (n=5936) study groups, there was no statistically significant difference in the risk of unexpected
emergency medical visits or the risk of any potential side effect (overall). Of the 8 potential side effects assessed, only 1 (rash or hives) presented a different
risk by treatment group (4.2% in the aspirin group vs 3.5% in the placebo group; relative risk, 1.20; 95% confidence interval, 1.01−1.43; P=.042).
CONCLUSION: The daily use of low-dose aspirin seems to be a safe intervention for reducing the risk of preterm birth and well tolerated by
nulliparous pregnant women between 6 and 36 weeks’ gestation in low- and middle-income countries.

Key words: low- and middle-income countries, low-dose aspirin, potential side effects, pregnancy, preterm birth, safety, unexpected emer-
gency medical visits
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Introduction
Preterm birth, defined as birth before 37
weeks’ gestation, remains a major global
health issue. An estimated 15 million
babies are born preterm each year, and
this number is increasing.1 Globally,
preterm birth complications are the
leading cause of death among children
under 5 years of age, responsible for
approximately 1 million deaths each
year.2 Higher rates of preterm birth are
observed in low- and middle-income
countries (LMICs),3,4 where the average
preterm birth rate is 12% in LMICs
compared with 9% in higher-income
countries.1

Although the causes of preterm birth
are complex and vary across countries
and regions,5 there is evidence that low-
cost interventions may be universally
effective at reducing preterm births.6−9

A meta-analysis of previous low-dose
aspirin (LDA) trials that included
35,212 women reported a 9% reduction
in the rate of preterm birth.6 Studies in
high-income countries (United States,
Europe) have reported similar effects of
LDA on preterm birth, in those with a
high risk for preeclampsia.8,9 The Aspi-
rin Supplementation for Pregnancy
Indicated Risk Reduction In Nulliparas
(ASPIRIN) trial involving nearly 12,000
women from 6 LMICs reported a
reduced incidence of preterm delivery
among nulliparous women with single-
ton pregnancies who took daily LDA.7

Specifically, women taking daily LDA

were 11% less likely to deliver before the
completion of pregnancy at 37 weeks’
gestation, compared with women given
a placebo. In addition, there was a 25%
reduction in the rate of early preterm
birth (<34 weeks’ gestation).

Given the low cost of aspirin and its
widespread availability, adoption of
LDA to prevent preterm birth may be
warranted. However, to ensure gener-
alizability of the use of LDA, data on
the side effects of its use during preg-
nancy in LMICs are needed. Conse-
quently, this study aimed to assess the
risk of potential side effects and unex-
pected emergency medical visits associ-
ated with daily LDA use among
participants in the ASPIRIN trial.10 We
hypothesized that the risk of potential
side effects would not differ between the
LDA and placebo groups.

Materials and Methods
This study was a secondary analysis of
data from the ASPIRIN trial, a multina-
tional, randomized, double-blind, pla-
cebo-controlled trial, to assess the
efficacy of LDA (81 mg) administered
daily and initiated early in pregnancy
through 36 completed weeks for the
reduction of preterm birth. The ASPI-
RIN trial occurred at 7 community sites
in 6 countries (2 sites in India and 1 site
each in Pakistan, Zambia, the Demo-
cratic Republic of the Congo, Guate-
mala, and Kenya) between March 23,

2016, and April 11, 2019. Nulliparous
pregnant women aged 18 to 40 years
(women of younger ages in Africa were
permitted) and between 6 weeks and
0 days of pregnancy and 13 weeks and
6 days of pregnancy, confirmed by
ultrasound for dating, who resided in
the study areas were eligible to enroll in
this trial. The exclusion criteria included
a medical contraindication to aspirin,
previous prescription of aspirin for
more than 7 days during the pregnancy,
multiple gestation, more than 2 first-tri-
mester pregnancy losses, hemoglobin
levels of <7.0 g/dL at screening, systolic
blood pressure of ≥140 mm Hg and
diastolic blood pressure of ≥90 mm Hg
at screening, and other medical condi-
tions that might be considered a contra-
indication based on the judgment of the
site investigator. Eligible and consented
women were randomly assigned (1:1) to
receive aspirin or an identical-appearing
placebo. Participants were prescribed a
daily dose of 81 mg of aspirin or placebo
from the time of randomization to com-
pletion of 36 weeks’ gestation or the
time of delivery if delivery occurred
before that time. The study protocol
was approved by the relevant ethics
committees and regulatory agencies of
each country, including the ethics com-
mittees of the collaborators based in the
United States and that of the Research
Triangle Institute International. Written
informed consent for study participa-
tion was obtained from all participants.
The trial was registered with Clinical-
Trials.gov (NCT02409680) and the
Clinical Trials Registry-India (CTRI/
2016/05/006970). Additional study
details, including the study protocol,
have been previously published.7,10

Study sample
The population for this analysis
includes all randomized women who
consumed a dose of LDA (n=5943) or
placebo (n=5936) irrespective of the
amount of medication received or dura-
tion of treatment (safety population).

Data collection
Eligibility was determined by perform-
ing a brief physical examination,
reviewing medical history, and asking
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about the use of other medicines or
medicinal products. Eligible partici-
pants were consented and randomized.
Participants met with study staff
biweekly. These visits included the
monitoring of potential side effects.
This process was continued until com-
pletion of 36 weeks’ gestation or until
an earlier delivery occurred. During this
same time frame, any unexpected or
emergency medical visits reported from
participants and/or documented in
medical records were also documented.

Demographic, clinical, and delivery
characteristics
Maternal demographic characteristics
were collected at study baseline and
included maternal age, number of previ-
ous pregnancies, gestational age at
enrollment, highest level of education,
and height and weight to calculate body
mass index. Pregnancy and delivery
characteristics included number of
antenatal care visits, type of delivery
attendant, delivery location, and deliv-
ery mode.

Outcomes
The primary outcomes for this analysis
included at least 1 unexpected emer-
gency medical visit (yes or no), at least 1
episode of any potential side effect (yes
or no), and at least 1 episode of the fol-
lowing potential side effects (yes or no)
—separately—nausea, vomiting, rash or
hives, diarrhea, gastritis, vaginal bleed-
ing, allergic reaction, and any other
potential side effects. Unexpected medi-
cal visit occurrences were obtained by
interview at scheduled biweekly visits
and by review of available medical
records. The presence or absence of
potential side effects were assessed by
interview at scheduled, biweekly visits.
Participants were asked directly whether
they had experienced any of the listed
symptoms since the previous biweekly
visit. Each response was read aloud to
the participant. The list of symptoms
was adapted from a listing used in a
similar trial.8 For the side effect of aller-
gic reaction, if the participant indicated
that she experienced an allergic reaction,
she was asked to specify if the reaction
was mild, severe, or anaphylactic. The

specific side effect linked to the allergic
reaction was not collected. Potential
side effects reported at an unexpected
emergency medical visit were excluded
from these outcomes as they would be
collected differentially across partici-
pants and sites. Secondary outcomes for
this analysis were the number of unex-
pected emergency visits, the number of
biweekly visits with any potential side
effect reported, and the number of
biweekly visits with each potential side
effect reported.

Statistical analysis
Demographic and baseline characteris-
tics were summarized by treatment
arm. Categorical variables were summa-
rized by frequency, normally distributed
continuous variables were summarized
by mean and standard deviation, and
nonnormally distributed continuous
variables were summarized as median
with 25th and 75th percentiles. Out-
comes were summarized by treatment
arm overall and by region.

Relative risks (RRs) and associated
95% confidence intervals (CI) of the
aspirin intervention compared with the
placebo intervention were obtained for
outcomes via generalized linear models
adjusting for site. The dichotomous
event models used a log link and bino-
mial distribution. The models for event
count outcomes used a log link and
Poisson distribution, offset by a log-
transformed number of visits to account
for the number of biweekly visits com-
pleted. In addition, the count outcome
models were subset to only include par-
ticipants with at least 1 episode of the
outcome. This subset allowed the
assessment of outcome burden among
those reporting any such events. In
addition, all models were run, including
geographic region (Africa, India, Paki-
stan, Guatemala) and the region by
treatment interaction to obtain region-
specific effect estimates. All data were
analyzed with Statistical Analysis Soft-
ware (version 9.4; SAS Institute, Cary,
NC). Because the analyses of these sec-
ondary ASPIRIN study outcomes were
exploratory in nature, no adjustment
for multiplicity was made.

Role of the funding source
Staff from the funder Eunice Kennedy
Shriver National Institute of Child
Health and Human Development
(NICHD) had input into the study
design, data interpretation, and
reviewed and approved this report.
Nonetheless, the authors’ views do not
necessarily represent those of the
NICHD. The corresponding author had
final responsibility for the decision to
submit for publication.

Results
A total of 11,879 participants were
included in this analysis; 97 participants
(47 in the aspirin group and 50 in the
placebo group) were excluded because
they were never exposed to a study
treatment (Figure). The proportion of
participants in each treatment arm was
distributed evenly; 50% (n=5943) were
in the aspirin arm and 50% (n=5936)
were in the placebo arm. Characteristics
of study participants are shown in
Table 1. Furthermore, 41% of the par-
ticipants were from India (Belagavi,
Nagpur); 31% were from Africa (Demo-
cratic Republic of the Congo, Zambia,
Kenya); 14% were from Pakistan; and
14% were from Guatemala. Most partic-
ipants were 20 to 29 years of age (59%),
had no previous pregnancy losses
(91%), and completed less than 13 years
of formal schooling (89%). The median
gestational age at enrollment was 10
weeks (range, 6−14), and the median
number of antenatal care visits was 4.
Nearly three-quarters of participants
delivered vaginally (72%), and more
than half delivered at a hospital (60%).
Characteristics were similar between
the aspirin and placebo study groups
(Table 1). As previously reported, 85%
of women were adherent (defined as
taking 90% or more of the medication
or placebo).7

A total of 11,736 (99%) participants
completed at least 1 biweekly safety
interview comprising a total of 147,565
separate interviews, and most partici-
pants (90%) completed 10 or more of
the maximum possible 15 biweekly vis-
its. In addition, 7349 unexpected medi-
cal visit interviews were conducted.
Among those who had at least 1
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unexpected visit, most participants
(55%) had only the 1 unexpected visit,
78% to 79% had 1 or 2 unexpected visits
(range, 1−9 for both treatment groups).
Among participants, one-third (34%)

had at least 1 unexpected visit, and
about one-half (49%) had at least 1
potential side effect during the study
period (Table 2). The most common
reported potential side effects among all
participants were nausea and vomiting.
Among all participants, 29% had at least
1 episode of nausea, and 27% had at
least 1 episode of vomiting. In addition,
more than a quarter of participants
(28%) reported at least 1 episode of an
“other” potential side effect. The most
common “other” side effects reported
were cold/cough, fever, abdominal pain
or discomfort, and headache.
Between the aspirin and placebo

study groups, there was no significant
difference in the risk of unexpected
medical visit. Of the 8 potential side
effects assessed, only 1 (rash or hives)
presented a difference in risk by treat-
ment group (4.2% in the aspirin group
vs 3.5% in the placebo group RR, 1.20;
95% CI, 1.01−1.43; P=.042).
We observed an interaction between

region and treatment for the risk of par-
ticipants having at least 1 episode of an
unexpected medical visit and at least 1
episode of rash or hives (P=.002 and
P=.007, respectively); Table 3. For par-
ticipants in the African sites, those in

the aspirin group were at greater risk of
unexpected medical visits (RR, 1.25;
95% CI, 1.09−1.43) and rash or hives
(RR, 2.18; 95% CI, 1.25−3.80). Con-
versely, for these same outcomes, par-
ticipants in the Guatemalan site in the
aspirin group were at lower risk of
experiencing unexpected medical visits
(RR, 0.74; 95% CI, 0.57−0.95) and rash
or hives (RR, 0.58; 95% CI, 0.34−0.99).
All other regions observed no difference
in risk for these outcomes, and no other
outcome had a significant interaction of
region and treatment (Tables 3 and 4).

Discussion
Principal findings
In this ethnically and geographically
diverse population of nearly 12,000 nul-
liparous women with a singleton preg-
nancy, daily LDA use initiated in early
pregnancy was associated with no or
minimal risk as assessed by unexpected
medical visits and potential side effects.
There was no increase in risk other than
a 20% increase in the incidence of rash
or hives among the LDA group. None
of the rashes or hives were serious or
led to hospitalization or urgent medical
care. Findings suggest that daily use of
LDA is a safe intervention for reducing
the risk of preterm birth and well toler-
ated by nulliparous pregnant women in
LMICs.

Results
These findings are consistent with trials
of LDA initiated preconceptionally11

after the first trimester of pregnancy,12

which have shown a low incidence of
harm. The safety of LDA use in our
study population is further supported
by the lack of a treatment effect
observed in serious adverse events
occurring in the ASPIRIN trial. Specifi-
cally, LDA use was not associated with
major maternal (eg, bleeding complica-
tions, mortality) or fetal and neonatal
(eg, fetal loss, neonatal death, congenital
abnormalities) adverse events in the
ASPIRIN trial.7

Strengths and limitations
Generalizability of our findings to gen-
eral obstetrical populations may be lim-
ited because we enrolled only
nulliparous women with singleton preg-
nancies in LMICs. Data collection for
outcomes included in this analysis were
limited to those occurring during preg-
nancy. Detailed information on reasons
for unexpected emergency medical vis-
its was not collected, and visits may not
have been related to LDA use or preg-
nancy. Data pertaining to long-term
infant outcomes associated with in
utero aspirin exposure were not col-
lected. Follow-up data from a previous
study showed no increased risk in
adverse outcomes among infants
exposed in utero.12 Despite these
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TABLE 1
Baseline demographic and site of delivery characteristics: Aspirin Supplementation for Pregnancy Indicated
Risk Reduction In Nulliparas trial
Variable Total (N=11,879) Aspirin (n=5943) Placebo (n=5936)

Maternal age (y)

<20 4636 (39) 2299 (39) 2337 (39)

20−29 6977 (59) 3514 (59) 3463 (58)

>29 266 (2) 130 (2) 136 (2)

Number of previous pregnancies not resulting in delivery

0 10,780 (91) 5412 (91) 5368 (90)

1 950 (8) 466 (8) 484 (8)

2 149 (1) 65 (1) 84 (1)

Gestational age at enrollment (wk) 10.1 (8.6−12.0) 10.0 (8.6−12.0) 10.1 (8.6−12.0)

Maternal education

No formal schooling 1743 (15) 874 (15) 869 (15)

1−6 y of schooling 1757 (15) 875 (15) 882 (15)

7−12 y of schooling 7085 (60) 3546 (60) 3539 (60)

≥13 y of schooling 1292 (11) 647 (11) 645 (11)

Maternal height (cm) 153.1 (7.0) 153.1 (6.9) 153.1 (7.0)

Maternal weight (kg) 49.2 (8.9) 49.3 (9.0) 49.2 (8.7)

Maternal BMI (kg/m2) 21.0 (3.8) 21.0 (3.8) 21.0 (3.7)

Antenatal care visits 5 (4−6) 5 (4−6) 5 (4−6)

Delivery attendant

Physician 5947 (50) 2991 (50) 2956 (50)

Nurse or nurse midwife 4509 (38) 2255 (38) 2254 (38)

Traditional birth attendant 947 (8) 472 (8) 475 (8)

Family, self, or other 430 (4) 208 (4) 222 (4)

Delivery location

Hospital 7077 (60) 3535 (60) 3542 (60)

Clinic or health center 3625 (31) 1836 (31) 1789 (30)

Home or other 1135 (10) 557 (9) 578 (10)

Delivery mode

Vaginal 8573 (72) 4252 (72) 4321 (73)

Cesarean delivery 2962 (25) 1523 (26) 1439 (24)

Miscarriage 236 (2) 112 (2) 124 (2)

MTP 66 (1) 41 (1) 25 (<1)

Site

DRC 1361 (11) 678 (11) 683 (12)

Zambia 1008 (8) 502 (8) 506 (9)

Guatemala 1701 (14) 850 (14) 851 (14)

Belagavi, India 2750 (23) 1375 (23) 1375 (23)

Pakistan 1625 (14) 821 (14) 804 (14)

Nagpur, India 2068 (17) 1036 (17) 1032 (17)

Kenya 1366 (11) 681 (11) 685 (12)

Data are presented as number (percentage), median (Q1−Q3), or median (standard deviation).

BMI, body mass index; DRC, Democratic Republic of the Congo; MTP, medical termination of pregnancy.
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TABLE 2
Unexpected medical visit and potential side effects: Aspirin Supplementation for Pregnancy Indicated Risk
Reduction In Nulliparas trial
Variable Total (N=11,879) Aspirin (n=5943) Placebo (n=5936) RR (95% CI) P value

Unexpected emergency medical visit

At least 1 unexpected emergency medical visit 3989 (33.6) 2015 (33.9) 1974 (33.3) 1.02 (0.98−1.06) .247

Number of unexpected medical visits 1 (1−2) 1 (1−2) 1 (1−2) 0.97 (0.93−1.02) .223

Biweekly monitoring of potential side effects

Any potential side effect

At least 1 episode 5857 (49.3) 2947 (49.6) 2910 (49.0) 1.00 (0.98−1.03) .804

Number of potential side effects, median 3 (1−7) 3 (1−7) 3 (1−6) 0.98 (0.95−1.00) .040

Nausea

At least 1 episode 3402 (28.6) 1691 (28.5) 1711 (28.8) 0.98 (0.94−1.03) .505

Number of episodes 2 (1−3) 2 (1−3) 2 (1−3) 1.01 (0.97−1.05) .679

Vomiting

At least 1 episode 3198 (26.9) 1587 (26.7) 1611 (27.1) 0.99 (0.94−1.04) .641

Number of episodes 2 (1−3) 2 (1−3) 2 (1−3) 0.99 (0.95−1.04) .677

Rash or hives

At least 1 episode 458 (3.9) 251 (4.2)a 207 (3.5)a 1.20 (1.01−1.43)a .042a

Number of episodes 1 (1−2) 1 (1−2) 1 (1−2) 0.97 (0.83−1.13) .674

Diarrhea

At least 1 episode 877 (7.4) 452 (7.6) 425 (7.2) 1.06 (0.94−1.20) .342

Number of episodes 1 (1−1) 1 (1−1) 1 (1−1) 0.94 (0.83−1.05) .279

Gastritis

At least 1 episode 1752 (14.7) 853 (14.4) 899 (15.1) 0.94 (0.87−1.02) .149

Number of episodes 1 (1−2) 1 (1−2) 1 (1−2) 0.97 (0.91−1.04) .406

Vaginal bleeding

At least 1 episode 457 (3.8) 214 (3.6) 243 (4.1) 0.88 (0.73−1.05) .150

Number of episodes 1 (1−1) 1 (1−1) 1 (1−1) 1.03 (0.86−1.22) .778

Allergic reaction

At least 1 episode 45 (0.4) 22 (0.4) 23 (0.4) 0.96 (0.53−1.71) .882

Number of episodes 1 (1−1) 1 (1−1) 1 (1−1) 0.99 (0.57−1.73) .982

Other potential side effect

At least 1 episode 3313 (27.9) 1673 (28.2) 1640 (27.6) 1.01 (0.97−1.06) .611

Number of episodes 2 (1−3) 2 (1−3) 2 (1−3) 0.99 (0.95−1.04) .696
Data are presented as number (percentage) or median (25th percentile−75th percentile). Unexpected emergency medical visits may have been related to potential side effects but are analyzed sepa-
rately from potential side effects reported at biweekly visits. For “at least 1” variables, the denominator is any participant included in the safety population, and the numerator is participants with at least
1 report of the event. For “number of” variables, the denominator is any participant included in the safety population who experienced at least 1 episode of that specific event, and the numerator is the
number of events of that specific type experienced by the participant. In addition, the “number of” RR models have been adjusted for the number of biweekly visits completed (range, 1−16). The most
commonly reported other potential side effects include cold/cough or fever, abdominal pain or discomfort, and headache.

CI, confidence interval; RR, relative risk.
a P<.05.
Short. Aspirin safety during pregnancy in low- and middle-income countries. Am J Obstet Gynecol Glob Rep 2021.
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TABLE 3
Unexpected medical visits and potential side effects by region: Aspirin Supplementation for Pregnancy Indi-
cated Risk Reduction In Nulliparas trial
Variable Int P value Total (n=11,879) Africa (n=3735) India (n=4818) Pakistan (n=1625) Guatemala (n=1701)

Participants with at least 1 unexpected
emergency medical visit, RR (95% CI)

.002 0.98 (0.90−1.06) 1.25 (1.09−1.43) 1.00 (0.94−1.06) 0.99 (0.88−1.11) 0.74 (0.57−0.95)

Aspirin 2015/5943 (33.9) 368/1861 (19.8) 1228/2411 (50.9) 330/821 (40.2) 89/850 (10.5)

Placebo 1974/5936 (33.3) 297/1874 (15.8) 1228/2407 (51.0) 328/804 (40.8) 121/851 (14.2)

Biweekly monitoring of potential side
effects

Participants with at least 1 potential side
effect, RR (95% CI)

.423 1.01 (0.97−1.06) 1.06 (0.97−1.17) 0.99 (0.94−1.03) 1.03 (0.97−1.08) 0.98 (0.85−1.12)

Aspirin 2947/5943 (49.6) 625/1861 (33.6) 1434/2411 (59.5) 625/821 (76.1) 263/850 (30.9)

Placebo 2910/5936 (49.0) 591/1874 (31.5) 1452/2407 (60.3) 597/804 (74.3) 270/851 (31.7)

Participants with at least 1 episode of
nausea, RR (95% CI)

.927 0.99 (0.92−1.06) 1.00 (0.85−1.17) 0.97 (0.89−1.04) 1.00 (0.93−1.09) 0.99 (0.80−1.22)

Aspirin 1691/5943 (28.5) 252/1861 (13.5) 817/2411 (33.9) 482/821 (58.7) 140/850 (16.5)

Placebo 1711/5936 (28.8) 255/1874 (13.6) 844/2407 (35.1) 470/804 (58.5) 142/851 (16.7)

Participants with at least 1 episode of
vomiting, RR (95% CI)

.295 0.94 (0.86−1.03) 0.94 (0.78−1.13) 0.97 (0.90−1.05) 1.05 (0.96−1.15) 0.81 (0.61−1.09)

Aspirin 1587/5943 (26.7) 199/1861 (10.7) 881/2411 (36.5) 434/821 (52.9) 73/850 (8.6)

Placebo 1611/5936 (27.1) 213/1874 (11.4) 903/2407 (37.5) 405/804 (50.4) 90/851 (10.6)

Participants with at least 1 episode of rash
or hives, RR (95% CI)

.007 1.19 (0.95−1.47) 2.18 (1.25−3.80) 1.33 (0.96−1.84) 1.16 (0.90−1.51) 0.58 (0.34−0.99)

Aspirin 251/5943 (4.2) 39/1861 (2.1) 84/2411 (3.5) 107/821 (13.0) 21/850 (2.5)

Placebo 207/5936 (3.5) 18/1874 (1.0) 63/2407 (2.6) 90/804 (11.2) 36/851 (4.2)

Participants with at least 1 episode of
diarrhea, RR (95% CI)

.919 1.05 (0.91−1.23) 1.15 (0.85−1.55) 1.06 (0.89−1.26) 0.98 (0.69−1.40) 1.03 (0.73−1.46)

Aspirin 452/5943 (7.6) 88/1861 (4.7) 246/2411 (10.2) 56/821 (6.8) 62/850 (7.3)

Placebo 425/5936 (7.2) 77/1874 (4.1) 232/2407 (9.6) 56/804 (7.0) 60/851 (7.1)

Participants with at least 1 episode of
gastritis, RR (95% CI)

.380 0.99 (0.89−1.10) 1.07 (0.84−1.36) 0.91 (0.80−1.02) 0.90 (0.76−1.05) 1.10 (0.84−1.44)

Aspirin 853/5943 (14.4) 124/1861 (6.7) 415/2411 (17.2) 214/821 (26.1) 100/850 (11.8)

Placebo 899/5936 (15.1) 117/1874 (6.2) 457/2407 (19.0) 234/804 (29.1) 91/851 (10.7)

Participants with at least 1 episode of
vaginal bleeding, RR (95% CI)

.349 0.83 (0.69−1.02) 1.05 (0.71−1.54) 0.92 (0.69−1.21) 0.85 (0.59−1.24) 0.59 (0.36−0.98)

Aspirin 214/5943 (3.6) 52/1861 (2.8) 91/2411 (3.8) 48/821 (5.8) 23/850 (2.7)

Placebo 243/5936 (4.1) 50/1874 (2.7) 99/2407 (4.1) 55/804 (6.8) 39/851 (4.6)

Participants with at least 1 episode of
allergic reaction, RR (95% CI)

.823 0.84 (0.39−1.78) 1.34 (0.47−3.86) 0.75 (0.26−2.15) 0.49 (0.04−5.39) 1.00 (0.35−2.84)

Aspirin 22/5943 (0.4) 8/1861 (0.4) 6/2411 (0.2) 1/821 (0.1) 7/850 (0.8)

Placebo 23/5936 (0.4) 6/1874 (0.3) 8/2407 (0.3) 2/804 (0.2) 7/851 (0.8)

Participants with at least 1 episode of
other potential side effect, RR (95% CI)

.677 1.03 (0.94−1.13) 1.10 (0.95−1.28) 1.00 (0.94−1.07) 0.98 (0.86−1.12) 1.03 (0.76−1.39)

Aspirin 1673/5943 (28.2) 305/1861 (16.4) 1013/2411 (42.0) 277/821 (33.7) 78/850 (9.2)

Placebo 1640/5936 (27.6) 279/1874 (14.9) 1008/2407 (41.9) 277/804 (34.5) 76/851 (8.9)

Data are presented number/total number (percentage), unless otherwise specified. Unexpected emergency medical visits may have been related to potential side effects but are analyzed separately
from potential side effects reported at biweekly visits. The denominator is any participant included in the safety population, and the numerator is participants with at least 1 report of the event. The
most commonly reported other potential side effects include cold/cough or fever, abdominal pain or discomfort, and headache.

CI, confidence interval; Int, interaction; RR, relative risk.
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TABLE 4
Unexpected medical visit and potential side effects counts by region: Aspirin Supplementation for Pregnancy
Indicated Risk Reduction In Nulliparas trial
Variable Int P value Total (n=11,879) Africa (n=3735) India (n=4818) Pakistan (n=1625) Guatemala (n=1701)

Number of unexpected emergency medical
visit, RR (95% CI)

.785 0.96 (0.89−1.04) 1.01 (0.88−1.16) 0.99 (0.93−1.04) 0.94 (0.84−1.06) 0.91 (0.70−1.18)

Aspirin 1 (1−2) 1 (1−1) 2 (1−3) 1 (1−2) 1 (1−1)

Placebo 1 (1−2) 1 (1−1) 2 (1−3) 1 (1−2) 1 (1−1)

Biweekly monitoring of potential side
effects

Number of potential side effects, RR (95%
CI)

.003 0.96 (0.93−0.99) 0.98 (0.91−1.06) 1.01 (0.98−1.04) 0.92 (0.87−0.96) 0.93 (0.85−1.02)

Aspirin 3 (1−7) 2 (1−3) 4 (2−8) 4 (2−8) 2 (1−3)

Placebo 3 (1−6) 2 (1−3) 4 (2−8) 4 (2−9) 2 (1−4)

Number of episodes of nausea, RR (95% CI) .092 0.99 (0.93−1.05) 1.04 (0.90−1.20) 1.06 (0.99−1.12) 0.95 (0.88−1.02) 0.90 (0.76−1.08)

Aspirin 2 (1−3) 1 (1−2) 2 (1−3) 2 (1−4) 1 (1−2)

Placebo 2 (1−3) 1 (1−2) 2 (1−3) 2 (1−4) 1 (1−2)

Number of episodes of vomiting, RR (95%
CI)

.192 0.98 (0.91−1.06) 1.09 (0.93−1.28) 1.01 (0.96−1.08) 0.93 (0.85−1.01) 0.91 (0.72−1.16)

Aspirin 2 (1−3) 1 (1−2) 2 (1−3) 2 (1−3) 1 (1−2)

Placebo 2 (1−3) 1 (1−2) 2 (1−3) 2 (1−4) 1 (1−2)

Number of episodes of rash or hives, RR
(95% CI)

.841 1.00 (0.83−1.21) 0.98 (0.60−1.60) 0.97 (0.73−1.29) 0.91 (0.73−1.14) 1.15 (0.74−1.79)

Aspirin 1 (1−2) 1 (1−1) 1 (1−1) 1 (1−2) 1 (1−2)

Placebo 1 (1−2) 1 (1−1) 1 (1−1) 1 (1−2) 1 (1−2)

Number of episodes of diarrhea, RR (95%
CI)

.902 0.96 (0.83−1.10) 0.94 (0.71−1.23) 0.91 (0.78−1.06) 0.95 (0.68−1.34) 1.04 (0.76−1.40)

Aspirin 1 (1−1) 1 (1−1) 1 (1−1) 1 (1−1) 1 (1−1)

Placebo 1 (1−1) 1 (1−1) 1 (1−2) 1 (1−1) 1 (1−1)

Number of episodes of gastritis, RR (95%
CI)

.840 0.97 (0.89−1.05) 0.94 (0.75−1.18) 0.99 (0.90−1.09) 0.93 (0.81−1.06) 1.01 (0.83−1.23)

Aspirin 1 (1−2) 1 (1−1) 1 (1−2) 1 (1−2) 1 (1−3)

Placebo 1 (1−2) 1 (1−1) 1 (1−2) 1 (1−2) 1 (1−2)

Number of episodes of vaginal bleeding, RR
(95% CI)

.599 1.02 (0.84−1.24) 1.08 (0.74−1.57) 0.93 (0.71−1.22) 1.23 (0.86−1.75) 0.88 (0.54−1.45)

Aspirin 1 (1−1) 1 (1−1) 1 (1−1) 1 (1−1) 1 (1−1)

Placebo 1 (1−1) 1 (1−1) 1 (1−1) 1 (1−1) 1 (1−1)

Number of episodes of allergic reaction, RR
(95% CI)

.945 1.04 (0.50−2.16) 0.94 (0.36−2.45) 0.85 (0.32−2.24) 1.12 (0.10−12.41) 1.29 (0.48−3.45)

Aspirin 1 (1−1) 1 (1−1) 1 (1−1) 1 (1−1) 1 (1−1)

Placebo 1 (1−1) 1 (1−2) 1 (1−2) 1 (1−1) 1 (1−1)

Number of episodes of other potential side
effect, RR (95% CI)

.080 0.95 (0.88−1.04) 0.95 (0.83−1.09) 1.03 (0.97−1.08) 0.87 (0.77−0.98) 0.98 (0.76−1.28)

Aspirin 2 (1−3) 1 (1−2) 2 (1−4) 1 (1−2) 1 (1−1)

Placebo 2 (1−3) 1 (1−2) 2 (1−3) 1 (1−3) 1 (1−2)

Data are presented as median (25th percentile−75th percentile), unless otherwise specified. Unexpected emergency medical visits may have been related to potential side effects but are analyzed
separately from potential side effects reported at biweekly visits. The denominator is any participant included in the safety population who experienced at least 1 episode of that specific event, and the
numerator is the number of events of that specific type experienced by the participant. In addition, the RR models have been adjusted for the number of biweekly visits completed (range, 1−16). The
most commonly reported other potential side effects include cold/cough or fever, abdominal pain or discomfort, and headache.

CI, confidence interval; Int, interaction; RR, relative risk.
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limitations, our study has several
strengths, most notably the use of data
from a randomized, controlled clinical
trial. High-quality data regarding unex-
pected medical visits and potential side
effects were obtained biweekly through-
out the trial, including more than
154,900 data collection opportunities.
The study sample was large and diverse
and represented women from 6 LMICs.

Conclusion
This study adds important informa-
tion to the literature regarding LDA
use during pregnancy in LMICs. The
results of the ASPIRIN trial have
shown that LDA given to nulliparous
women from LMICs beginning early
in pregnancy reduces the rate of pre-
term birth.7 Our supplementary find-
ings have shown that this therapy is
safe and tolerated well. Because treat-
ment with LDA is low cost and avail-
able in LMICs, it is an ideal candidate
for implementation in these environ-
ments. Given the high and increasing
rate of preterm birth in LMICs, LDA
use during pregnancy seems to be a

low-risk intervention that could have
major benefits. &
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Abstract: Long-chain omega-3 fatty acid status during pregnancy may influence newborn anthro-
pometry and duration of gestation. Evidence from high-quality trials from low- and middle-income
countries (LMICs) is limited. We conducted a double-blind, randomized, placebo-controlled trial
among 957 pregnant women (singleton gestation, 14–20 weeks’ gestation at enrollment) in India
to test the effectiveness of 400 mg/day algal docosahexaenoic acid (DHA) compared to placebo
provided from enrollment through delivery. Among 3379 women who were screened, 1171 were
found eligible; 957 were enrolled and were randomized. The intervention was two microencapsulated
algal DHA (200 × 2 = 400 mg/day) or two microencapsulated soy and corn oil placebo tablets to be
consumed daily from enrollment (≤20 weeks) through delivery. The primary outcome was newborn
anthropometry (birth weight, length, head circumference). Secondary outcomes were gestational age
and 1 and 5 min Appearance, Pulse, Grimace, Activity, and Respiration (APGAR) score. The groups
(DHA; n = 478 and placebo; n = 479) were well balanced at baseline. There were 902 live births.
Compliance with the intervention was similar across groups (DHA: 88.5%; placebo: 87.1%). There
were no significant differences between DHA and placebo groups for birth weight (2750.6 ± 421.5
vs. 2768.2 ± 436.6 g, p = 0.54), length (47.3 ± 2.0 vs. 47.5 ± 2.0 cm, p = 0.13), or head circumference
(33.7 ± 1.4 vs. 33.8 ± 1.4 cm, p = 0.15). The mean gestational age at delivery was similar between
groups (DHA: 38.8 ± 1.7 placebo: 38.8 ± 1.7 wk, p = 0.54) as were APGAR scores at 1 and 5 min.
Supplementing mothers through pregnancy with 400 mg/day DHA did not impact the offspring‘s
birthweight, length, or head circumference.

Keywords: docosahexaenoic acid (DHA); long chain omega-3 fatty acids; maternal supplementation;
pregnancy outcomes; anthropometry; birth weight; birth length; head circumference

1. Introduction

Birth weight is a key predictor of the health trajectory of a child [1]. In 2015, the
global prevalence of low birth weight (LBW) was recorded to be 14.6%, and 91% of these
were from low- and middle-income countries (LMICs), primarily in southern Asia (48%)
and sub-Saharan Africa (24%) [2]. LBW and preterm birth are leading causes of neonatal
death in LMICs [3]. In addition, LBW is associated with an increased risk of numerous
adverse health outcomes in childhood [4,5] and adulthood [6,7]. Women in deprived
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socio-economic conditions frequently have poor nutrition and consequently deliver infants
with LBW [8]. Evidence from several studies, including birth cohorts in Brazil, Guatemala,
India, The Philippines, and South Africa [9], shows that poor fetal growth carries a higher
risk of chronic diseases related to nutrition later in adult life.

LBW can be the result of preterm birth (PTB) and/or intrauterine growth restriction
(IUGR). The underlying causes of both PTB and IUGR are multi-factorial, including infec-
tious diseases, hypertensive disorders, trauma and illness, maternal characteristics, and
social determinants. However, the etiologies lead to a common pathway of insufficient
uterine–placental perfusion and fetal nutrition [10]. Among the maternal characteristics,
maternal nutritional status has been identified as one of the key determinants for LBW
in India [11]. Current dietary recommendations for pregnant women emphasize pro-
tein, energy, vitamin, and mineral adequacy, but increasing attention is being given to
dietary lipids, especially essential fatty acids (EFAs) [12]. Long-chain polyunsaturated
fatty acid (LC-PUFA) intake during pregnancy influences both maternal and infant fatty
acid status at birth [13], which itself is associated with birth weight and gestational age at
birth [14]. A substantial proportion of the Indian population is vegetarian (35%, ranging
from 10% to 62% across regions) or observes religious dietary restrictions that can result
in multiple nutrient deficiencies [15]. Since the main dietary source of DHA is oily fish,
non-supplemented vegetarian diets contain little DHA, and vegan diets contain virtually
none. Indian women have low intakes of omega-3 fatty acids—median alpha linolenic acid
(ALA), eicosapentanoic acid (EPA) and docosahexaenoic acid (DHA) levels are 560, 3, and
1.1 mg/day during pregnancy, respectively [16]. This is significantly lower than the daily
EPA and DHA consumption recommended by the Food and Agriculture Organization
(FAO) [17] (2010), for pregnant and lactating women (300 mg per day EPA + DHA, of
which 200 mg per day is DHA).

Growing evidence suggests that supplementation during pregnancy with omega-
3 fatty acids, especially DHA, may improve birth outcomes. In a prospective cohort
study from southern India, women who did not eat fish during the third trimester had a
significantly higher risk of LBW (OR: 2.49, p = 0.019) when compared to women whose
intake was above median, that is, 9.33 g/day (interquartile range: 5.10–15.69) [18]. A review
by Makrides and Best [19], documenting the global evidence on epidemiological studies
and trials conducted in this area, suggested that N-3 LCPUFA supplementation during
pregnancy increased the mean duration of gestation by 2 days; there was also a 40–50%
reduction in early preterm birth (<34 weeks’ gestation) [19]. In the United States of America,
DHA supplementation resulted in longer gestation duration (2.9 d; p = 0.041) and greater
birth weight (172 g; p = 0.004), length (0.7 cm; p = 0.022), and head circumference (HC)
(0.5 cm; p = 0.012) [20]. Among Mexican women randomized to 400 mg/day of algal DHA
or placebo from 18 to 22 weeks of gestation through delivery, the intent-to-treat analysis
showed no differences between the placebo and DHA groups in newborn anthropometry,
but offspring of supplemented primigravidae were 99.4 g heavier (95% CI, 5.5 to 193.4) and
had 0.5 cm larger HC (diff = 95% CI, 0.1 to 0.9) than controls [21]. In the DHA to Optimize
Mother Infant Outcome (DOMInO) trial from Australia, women who received fish oil
supplements had a lower risk of very preterm birth (1.09% in the DHA group compared to
2.25% in the control group); mean birth weight was 68 g (95% CI, 23–114 g) heavier, and
fewer infants had LBW (3.41% vs. 5.27%; 95% CI, 0.44–0.96) [22].

As results have been inconsistent, and little research on this question comes from
LMIC contexts where the underlying nutritional status and etiology of LBW may differ,
we assessed the impact of maternal DHA supplementation on newborn anthropometry,
APGAR score, duration of gestation, and low birth weight among Indian women.

2. Materials and Methods
2.1. Trial Design and Setting

DHANI (effect of n-3 fatty acid (DHA) supplementation during pregnancy on newborn
birth weight and gestational age in India) was established as a randomized, double-blinded,
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placebo-controlled trial to assess the effect of 400 mg/day algal prenatal DHA consumption
by healthy Indian women from ≤20 weeks of singleton gestation till delivery on their
offspring’s size (weight, length, and head circumference) at birth. The detailed trial
protocol has been published elsewhere [23]. DHANI is registered on the CTRI website as
CTRI/2013/04/003540 and at clinical trials.gov as NCT01580345. Ethical clearance was
obtained from institutional review boards (IRBs) of all participating institutions: Center for
Chronic Disease Control (CCDC-IEC_04_2015), Public Health Foundation of India (PHFI)
(TRC-IEC-261/15), and Jawaharlal Nehru Medical College (MDC/IECHSR/2016-17/A-85).

2.2. Participants and Trial Procedures

The study population was healthy pregnant women, aged 18–35 years with singleton
pregnancy under ≤20 weeks of gestation, with no obstetric high-risk conditions, medical
complications, or chronic diseases, attending the Department of Obstetrics and Gynecology
at the Prabhakar Kore Hospital (PKH) in Belgavi, a largely rural district in Karnataka State,
southwest India for antenatal care. Designated project staff approached women, and the
consulting obstetrician on site, considering obstetric history and complications, affirmed final
eligibility. Consenting eligible women were randomized by project staff to receive either
400 mg/day DHA or a placebo after providing written informed consent using a form in
their preferred local language (Kannada, Marathi, or Hindi) and observed by a witness.
Information on sociodemographic characteristics, obstetric and medical history, dietary intake
(with a pre-piloted semi-quantitative food frequency questionnaire focusing on n-3 LC-PUFA-
rich Indian foods), anthropometric measurements, a non-fasting blood draw, and vital signs
were obtained at enrollment. The women were then given the supplements in the form of
coded bottles (each bottle had a 2 week supply) matching the allotted code for the participant.
Further supplements were either collected by the women from the study site or were delivered
to the women’s homes every fortnight by fieldworkers.

Research staff maintained contact with all women, especially during the last trimester,
and visited the woman in the delivery ward within 24 h of delivery to collect data on
gestational age at delivery, type of delivery, complications (if any), pregnancy outcome,
APGAR (Appearance, Pulse, Grimace, Activity, Respiration) score, newborn anthropometry
(weight, length, and head circumference), and maternal and cord blood samples.

2.3. Randomization, Masking, and Intervention

The randomization list for 1200 women was generated using a permuted block design
(randomly allocating 600 women to DHA or placebo). The assignment code list was placed
in a sealed envelope at the beginning of the study and in a secure location at PHFI by a staff
member not involved in the trial. Study participants and research staff (including those at
the study site) remained blinded to the treatment allocation throughout the duration of
fieldwork. After obtaining due approval from the Data Safety Monitoring Board (DSMB)
of the study, full analyses were carried out. Unblinding of the treatment group was done
only after the generation of the primary tables.

The details of the intervention have been published already [23], but briefly, the inter-
vention was comprised of 635 mg soft gel capsules having either 200 mg/day algal DHA
or a placebo (soy/corn oil in a 50:50 ratio), identical in taste and appearance. The active
ingredient DHA-S (also known as “DHA algal oil”) is a naturally occurring, microalgal oil
derived from Schizochytrium sp. (DSM Nutritional Products, Columbia, MD, USA). The
sealed capsules had a shelf life of 2 years from the date of manufacture when stored at room
temperature (25 ◦C) and 90 days once the bottle was opened. The women were instructed
to store capsules in a cool, dry place and to take two capsules daily, preferably at the same
time each day. Supplements were provided for more than two weeks in cases where the
woman shared plans to travel. Enrolled women received supplements from the date of
randomization through 6 months postpartum; for the present analysis, only supplement
intake through delivery was considered.
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2.4. Outcomes

The primary outcome for the DHANI trial was newborn anthropometry (birth weight,
birth length, head circumference). Secondary outcomes included gestational age, APGAR
scores at 1 and 5 min, still births, LBW, and preterm. All research staff at the study
site were apprised of the data collection methods before the start of the trial and were
provided regular refresher training every 6 months. Abstracted data included gestational
age, pregnancy outcome (live birth, sex of baby, type of delivery), and APGAR score at
1 min and 5 min. Gestational age at delivery was calculated in weeks by noting the number
of days from the last menstrual period (LMP) until delivery. Preterm delivery was defined
as delivery after 20 weeks and before 37 completed weeks. Anthropometric data were
collected by a trained research assistant within 24 h of delivery. Birth weight was measured
to the nearest 10 g by using a portable single-pan digital pediatric weighing scale. Low
birth weight was defined as recorded birth weight less than 2500 g. Birth length and
head circumference were measured by trained research staff to the nearest 1 mm using
a portable anthropometer with a fixed headpiece and a non-stretchable measuring tape,
respectively, according to standard procedures. Fetal losses during pregnancy—including
miscarriages/abortions and still-births and the APGAR scores were obtained from the
hospital records by study personnel on-site, or details were brought by field workers (in
case mother went to any other hospital). Stillbirths were defined as fetuses delivered at
20 weeks of gestation or later with no signs of life and recorded as occurring before or
during the onset of labor; neonatal deaths were defined as deaths among live-born infants
occurring within 28 days after delivery.

2.5. Adherence and Follow Up

Subjects were asked to maintain a daily record of their supplement consumption using
a form provided by study staff. Weekly calls were made by the research staff to encourage
compliance and inquire about general well-being. The used bottles were collected (for
pill count) by the field-workers during the fortnightly home visits. The compliance was
calculated as the total number of capsules actually consumed, expressed as a percentage
of the total number expected to be consumed, which was assessed based on a compliance
form filled by the participant and verified by the research staff at all home visits. A sub-
sample of venous blood samples collected from the mother at recruitment and delivery
was analyzed for DHA levels.

2.6. Statistical Analysis

Using data from published literature from another developing country setting [21], we
estimated that a sample of 350 mothers per group would have at least 80% power to detect an
effect size of 0.20 standard deviation (SD) or greater for the primary outcomes (birth weight
and gestational age) at the end of the study, with a significance level of 0.05 for a two-tailed
test. A 10% loss to follow-up during pregnancy and 45 as the neonatal mortality rate (NMR)
were taken into account. This sample size would also allow us to detect minimum differences
in birth weight of 100 g (0.2 SD) between groups with at least 80% power.

Baseline maternal and offspring characteristics were summarized as means and stan-
dard deviations or medians and inter-quartile ranges as appropriate, and categorical
variables were summarized using proportions.

We used a two-sample t-test to compare the differences in mean birth weight, birth
length, head circumference, and APGAR score at 1 min and 5 min at delivery between
the DHA and placebo groups. We also calculated the z score for birth weight, length, and
head circumference using standards established by the (International Fetal and Newborn
Growth Consortium for the 21st century (INTERGROWTH-21) Project [24] and compared
the difference in z score between DHA and placebo group using two-sample t-tests. The
differences in proportion for preterm birth and LBW between the DHA and placebo groups
were compared using the two-proportion z-test. The analysis was done using the intent to
treat (ITT) principle.
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We conducted several pre-specified subgroup analyses to estimate the treatment
effects within different categories of maternal age (18–20, 21–25, 26–30, 31–35 years), body
mass index (BMI) at enrollment (<18.5 kg/m2; 18.5–23.0 kg/m2; 23.0–27.5 kg/m2; and
27.5 kg/m2) as per Asian cut-offs [25], gravidity (multi-gravida, primi gravida), gestational
age at delivery (<37, ≥37 weeks), compliance (<80.0%, ≥80.0%), vegetarian diet (yes, no),
and child sex (male, female). The p-value for heterogeneity was calculated by including the
interaction term between the characteristic of interest and treatment group in the linear
regression model. The significance of within-subgroup treatment effects was adjusted
for multiplicity for multiple subgroup analyses using the Bonferroni criterion, i.e., by
dividing the overall significance level by the total number of subgroup analyses performed.
For sensitivity analysis, we compared the baseline characteristics between the final study
sample and those who were lost to follow-up. p values <0.05 were considered to be
statistically significant. All statistical analysis was done using STATA 16.0 version (College
Station, TX, USA) and R 3.6.2 software (Free Software Foundation, Inc., Boston, MA, USA).

3. Results
3.1. Trial Population

A total of 3379 women were screened, and 1131 were found to be eligible. Among
these, 957 mothers provided informed consent and were randomly assigned to receive
DHA (n = 478) or placebo (n = 479) (Figure 1).
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these, 957 mothers provided informed consent and were randomly assigned to receive 
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Figure 1. Consort # reasons for exclusion: gestational diabetes (n = 69); Hb < 7 g% (n = 46); gestational 
age > 20 weeks (n = 673); high risk pregnancies (n = 118); chronic conditions (n = 246); under any 
Figure 1. Consort # reasons for exclusion: gestational diabetes (n = 69); Hb < 7 g% (n = 46); gestational
age > 20 weeks (n = 673); high risk pregnancies (n = 118); chronic conditions (n = 246); under any
other trial (n = 4); delivery plan other than PK (n = 835); missing/wrong contact information (n = 257).
* Others included abortion (n = 1); abruptio placenta (n = 1); fresh still birth (n = 4); macerated
still birth (n = 3); neonatal death (n = 1) in DHA group. ** Others included fresh still birth (n = 4);
macerated still birth (n = 2); medical termination (n = 1) in placebo group.

Overall, the mean (SD) age of the mothers was 23.5 (3.6) years, and gestational age
(median (interquartile interval)) at enrolment was 15.0 (12.0, 18.0) weeks. A total of 79% of
the women had completed at least secondary school and 23% of the women were employed.
About 12% of the women reported monthly household income more than Rs 20,000 (285 USD
taking 1 USD = 70 INR). Baseline characteristics of the enrolled women were similar between
DHA and placebo groups (Table 1). The details have been published elsewhere [23]. In
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addition, there was no difference in baseline characteristics between those who were followed
up till delivery and those who were not (Supplementary Materials Table S1).

Table 1. Maternal anthropometrics and DHA level according to treatment group at randomization.

Variable DHA (n = 478) Placebo (n = 479)

Maternal age (year), mean ± SD 23.5 ± 3.5 23.6 ± 3.7
Gestational age at enrollment (weeks), median (p25, p75) 15.0 (12.0, 18.0) 14.0 (12.0, 18.0)

Weight (kg), mean ± SD 48.9 ± 9.0 48.9 ± 8.5
Height (cm), mean ± SD 154.1 ± 5.6 153.9 ± 5.7

Body mass index (kg/m2), mean ± SD 20.5 ± 3.5 20.7 ± 3.6
MUAC (cm), mean ± SD 24.3 ± 3.0 24.3 ± 3.1

Hb (g%), mean ± SD 11.1 ± 1.3 11.2 ± 1.3
DHA (mol% of fatty acid) *, mean ± SD 0.86 ± 0.78 0.88 ± 0.71

MUAC: mid upper arm circumference; Hb: hemoglobin; DHA: docosahexaenoic acid; * n = 258 (DHA); n = 224 (placebo).

The two groups did not differ in estimated intake of energy or any macronutrient at
baseline (Supplementary Table S2 and Table 2). The mean DHA levels at baseline and delivery
by birth weight (<2500 g; ≥2500 g), length (<50 cm; ≥50 cm), and head circumference
(<34 cm; ≥34 cm) are shown in Table 3. The mean DHA levels at baseline did not differ
overall between the two groups. A significant change was observed in the mean DHA values
at delivery, being higher in the DHA group as compared to placebo, both overall and when
subdivided by birth weight, length, head circumference, and gestational age.

Table 2. Mean DHA (mol% of fatty acid) levels in RBC phospholipids.

DHA Levels
DHA Placebo Mean Difference *

(95% CI) p-Value
n, Mean ± SD, Median (p25, p75) n, Mean ± SD, Median (p25, p75)

Overall

DHA at baseline n = 256, 0.86 ± 0.78, 0.56 (0.31, 1.20) n = 224, 0.88 ± 0.71, 0.55 (0.37, 1.28) 0.02 (−0.11, 0.15) 0.770
DHA at delivery n = 269, 2.03 ± 1.76, 1.41 (0.61, 2.99) n = 242, 1.12 ± 0.86, 0.83 (0.42, 1.72) −0.91 (−1.16, −0.67) <0.001

Birth Weight < 2500 g

DHA at baseline n = 63, 0.96 ± 0.89, 0.59 (0.39, 1.41) n = 47, 0.74 ± 0.69, 0.46 (0.37, 0.95) −0.22 (−0.53, 0.09) 0.170
DHA at delivery n = 67, 2.00 ± 1.81, 1.39 (0.63, 2.79) n = 50, 1.17 ± 0.80, 0.96 (0.48, 1.74) −0.83 (−1.37, −0.29) 0.003

Birth Weight ≥ 2500 g

DHA at baseline n = 193, 0.83 ± 0.75, 0.53 (0.3, 1.11) n = 177, 0.92 ± 0.71, 0.59 (0.37, 1.33) 0.09 (−0.06, 0.24) 0.221
DHA at delivery n = 202, 2.04 ± 1.74, 1.43 (0.6, 3.17) n = 192, 1.10± 0.88, 0.78 (0.4, 1.7) −0.94 (−1.22, −0.66) <0.001

Gestation Age < 37 Weeks

DHA at baseline n = 18, 1.1 ± 0.74, 0.79 (0.61, 1.55) n = 19, 0.55 ± 0.37, 0.41 (0.37, 0.66) −0.55 (−0.93, −0.16) 0.007
DHA at delivery n = 17, 2.24 ± 1.81, 1.72 (0.96, 2.97) n = 19, 0.99 ± 0.72, 0.62 (0.41, 1.72) 1.25 (−2.16, −0.33) 0.009

Gestation Age ≥ 37 Weeks

DHA at baseline n = 238,0.84 ± 0.79, 0.53 (0.31, 1.14) n = 205,0.91 ± 0.72, 0.59 (0.37, 1.3) −0.07 (−0.07, 0.21) 0.333
DHA at delivery n = 252, 2.02 ± 1.76, 1.4 (0.59, 3.08) n = 223, 1.13 ± 0.87, 0.83 (0.42, 1.72) −0.89 (−1.15, −0.64) <0.001

Birth Length < 50 cm

DHA at baseline n = 234, 0.89 ± 0.81, 0.58 (0.32, 1.33) n = 194, 0.85 ± 0.71, 0.52 (0.34, 1.23) −0.04 (0.1, −0.33) 0.556
DHA at delivery n = 245, 2.04 ± 1.77, 1.39 (0.62, 3.17) n = 213, 1.1 ± 0.86, 0.78 (0.42, 1.72) −0.94 (-0.68, −0.33) <0.0001

Birth Length ≥ 50 cm

DHA at baseline n = 21, 0.51 ± 0.33, 0.44 (0.28, 0.59) n = 30, 1.11 ± 0.64, 1 (0.62, 1.47) 0.6 (0.91, −0.33) 0.0003
DHA at delivery n = 24, 1.97 ± 1.7, 1.72 (0.58, 2.45) n = 29, 1.28 ± 0.87, 1.14 (0.54, 1.73) −0.69 (0.04, −0.33) 0.063

Head Circumference < 34 cm

DHA at baseline N = 123, 0.95 ± 0.89, 0.59 (0.34, 1.36) N = 98, 0.82 ± 0.66, 0.53 (0.39, 1.23) −0.12 (0.09, −0.33) 0.258
DHA at delivery n=132, 2.16 ± 1.81, 1.49 (0.73, 2.98) N = 106, 1.16 ± 0.89, 0.93 (0.45, 1.74) −1.00 (−0.62, −0.33) <0.0001

Head Circumference ≥ 34 cm

DHA at baseline n = 132, 0.78 ± 0.67, 0.52 (0.29, 0.97) n = 126, 0.93 ± 0.74, 0.57 (0.34, 1.4) 0.15 (0.32, −0.33) 0.0916
DHA at delivery n = 137,1.91 ± 1.7, 1.19 (0.55, 3.17) n = 136, 1.08 ± 0.84, 0.78 (0.41, 1.7) −0.83 (−0.51, −0.33) <0.0001

DHA levels were analyzed only in a subset of women; data are presented as mean ± standard deviation, median (p25, p75); DHA:
docosahexaenoic acid; p-Value calculated using unpaired t-test; * difference = placebo minus DHA.
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Table 3. Birth outcomes for all live births according to treatment group.

Birth Outcomes
DHA Placebo Mean Difference §

(95% CI)
p-Value

n Mean ± SD/n (%) n Mean ± SD/n (%)

Gestational age at delivery (weeks) 440 38.8 ± 1.7 440 38.8 ± 1.7 0.07 (−0.16, 0.30) 0.54
Preterm birth (gestation < 37 week) † 440 28 (6.4%) 440 33 (7.5%) 0.01 (−0.02, 0.04)‡ 0.52

Newborn Anthropometry

Birth weight (grams) 440 2750.6 ± 421.5 440 2768.2 ± 436.6 17.6 (−39.2, 74.4) 0.54
Low birth weight (<2500 g) † 440 105 (23.9%) 440 99 (22.5%) −0.01 (−0.07, 0.04) ‡ 0.63

Birth length (cm) 413 47.3 ± 2.0 410 47.5 ± 2.0 0.21 (−0.06, 0.48) 0.13
Birth head circumference (cm) 413 33.7 ± 1.4 410 33.8 ± 1.4 0.14 (−0.05, 0.34) 0.15

Apgar score at 1 min 372 6.9 ± 0.8 376 6.9 ± 0.8 0.01 (−0.11, 0.13) 0.91
Apgar score at 5 min 373 8.0 ± 0.7 378 8.0 ± 0.7 0.03 (−0.07, 0.12) 0.60

Size for Gestational Age and Sex According to Standardized Measures ¶

Birth weight for gestational age
z score 440 −0.97 ± 0.98 440 −0.95 ± 0.95 0.03 (−0.1, 0.16) 0.67

Birth length for gestational age z score 413 −0.84 ± 1.04 410 −0.73 ± 1.12 0.11 (−0.03, 0.26) 0.13
Birth head circumference for

gestational age z score. 413 0.09 ± 1.05 410 0.20 ± 0.97 0.11 (−0.03, 0.25) 0.11

Small for gestational age *,@ 440 172 (39.1%) 440 172 (39.1%) na na
† n (%); ‡ difference in proportions reported; § difference = (placebo − DHA); difference in mean values reported using two-sample
t-test. Difference in proportions reported using proportion test; ¶ standards are based on those established by the INTERGROWTH-21st
(International Fetal and Newborn Growth Consortium for the 21st century) Project [23]. @: Infants considered to be small for gestational age
had a weight-for-age z score that was below the 10th percentile according to neonatal standards established by the INTERGROWTH-21st
Project. Na: not applicable.

Supplementary Materials Table S3 shows the mean change in DHA levels from base-
line to delivery by treatment group. There is an increase in mean DHA level in both the
groups from baseline to delivery (DHA 1.20 (0.98, 1.43), p = <0.001; placebo 0.24 (0.11, 0.36),
p = 0.0002).

There were 450 (94.1%) and 452 (94.3%) live births in the DHA (n = 478) and placebo
(n = 479) groups, respectively. Compliance was high in both groups (DHA: 88.5% and
placebo: 87.1%). There were 230 (52.3%) and 235 (53.4%) male children in the DHA and
placebo groups, respectively, and percentages were calculated based on 440 (DHA) and
440 (placebo) analyzed neonates.

3.2. Outcomes

Table 3 shows birth outcomes for all live births according to the treatment group. There
were no significant differences between DHA and placebo groups for mean birth weight
(2750.6 ± 421.5 vs. 2768.2 ± 436.6 g, p = 0.54), birth length (47.3 ± 2.0 vs. 47.5 ± 2.0 cm,
p = 0.13), or head circumference (33.7 ± 1.4 vs. 33.8 ± 1.4 cm, p = 0.15). The APGAR
scores at 1 min and 5 min were similar between the groups. We did not find any significant
difference between DHA and placebo groups in z scores for birth weight, length, and
head circumference.

Gestational age at delivery was similar between DHA and placebo groups (DHA vs.
placebo: 38.8 ±1.7 vs. 38.8 ± 1.7 wk, p = 0.54). The prevalence of preterm birth and low
birth weight did not differ significantly between the groups. Unfortunately, the causes
of preterm birth and the number of intra uterine growth retardation (IUGR) cases were
not collected.

3.3. Sub-Group Analysis

Figures 2–4 show the results of sub-group analyses for birth weight, birth length, and
head circumference, respectively. The effect of DHA on the birth size (i.e., weight, length,
and head circumference) did not differ across any of the subgroups examined (p = 0.007,
p-value adjusted for multiplicity using Bonferroni correction). Similarly, there was no
evidence of differences by compliance, the gender of the child, or preterm status.
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4. Discussion

In this study, maternal supplementation with 400 mg/day DHA in the second half of
pregnancy did not affect the weight, length, or head circumference of the offspring at birth.
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While this was in contrast to findings from some high-income settings [14], it concurs with
other studies from relatively comparable settings [21].

Although mechanistic pathways linking maternal polyunsaturated fatty acid (PUFA),
especially DHA status with gestational length, are poorly delineated, prenatal DHA sup-
plementation has been shown to enhance the gestation duration in some studies [26].
This longer gestation duration with fish oil that contains EPA as well as DHA may be
due to an alteration in the balance of prostaglandins derived from EPA and arachidonic
acid [27]. A high proportion of omega-6 to omega-3 FAs can contribute to increased pro-
inflammatory eicosanoids (i.e., prostaglandin E2 (PGE2) and prostaglandin F2 (PGF2))
production. These metabolites have been shown to be linked with the initiation of labor
and premature labor. Including more EPA in the diet may lead to a reduction in the
production of pro-inflammatory eicosanoids and expanded production of prostacyclin
(PGI2), which may promote myometrial relaxation. Omega-3 LC-PUFA, especially DHA,
downregulates production of prostaglandins PGE2 and PGF2 and may thus inhibit the
process of parturition. This has been postulated to be associated with increased gestation
duration and the accretion of intrauterine LC-PUFA [28]. Longer gestation indeed also
influences newborn anthropometry positively, and thus DHA was shown to also confer
small benefits on newborn anthropometry because of its impact on gestation duration.
However, our trial did not find any such benefit.

A recent 2018 Cochrane review [29] looking at the impact of omega 3 fatty acids
(including both DHA and EPA) concludes that omega 3 LCPUFA reduces the incidence of
preterm birth <37 weeks and early preterm birth <34 weeks in women receiving omega-3
LCPUFA compared with no omega-3s. Thus, in our study the supplementation of DHA
without other fractions like EPA may not have been able to result in an effect on gestation
length. This review of high-quality evidence from 15 trials with 8449 participants also noted
that there was a reduced risk LBW (15.6% versus 14%; RR 0.90, 95% CI 0.82 to 0.99) [29].
Increased birthweight due to prenatal DHA supplementation has been observed in only
primiparous women [30]. The authors suggest that since primiparous women were, on
average, younger than multiparous women, their own body stores of DHA are not well
established and available to the fetus and infant [30]. Ramakrishnan et al., from the same
cohort, showed that the offspring of primigravid women who received DHA were heavier
at birth than the offspring of primigravid women who received placebo (difference, 99.4 g;
95% CI, 5.5 to 193.4) and had larger head circumferences (difference, 0.5 cm; 95% CI, 0.1 to
0.9 cm) [21]. In the current study, however, the woman’s parity did not affect the effect of
DHA on the newborn’s birth weight, length, or head circumference.

Key strengths of this study are the strong study design combined with high retention
rates and compliance (verified by the rise in erythrocyte DHA levels).

Another parameter which is often of interest is the timing of initiation of supplemen-
tation during pregnancy. The other salient trials [14,19] initiated DHA supplementation
during mid pregnancy (14.5 weeks and 19 weeks median, respectively). Similarly, in our
trial, DHA supplementation started between 12 and 18 weeks of pregnancy, with a median
value of 15 weeks. Nevertheless, we did not observe any impact of DHA on the outcomes,
unlike the two other trials.

The complexity of multiple other factors apart from DHA in affecting birth size needs
to be recognized. Factors like the maternal diet at multiple time points during pregnancy,
family support, stress levels [31], and the consumption of other important micronutrients
like iron and zinc that were not assessed may have influenced birth size [32]. Further,
we do not have data on the single nucleotide polymorphisms (SNPs) in the fatty acid
desaturase (FADS) gene that has been known to affect the activity of the enzymes that
convert PUFAs into their long-chain active form and may determine who benefits from
supplementation [33,34]. Future large-scale trials taking into account all these factors
are warranted.
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5. Conclusions

In summary, no beneficial effects of prenatal supplementation of Indian women with
DHA from mid-pregnancy through delivery on newborn anthropometry were observed.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-664
3/13/3/730/s1: Table S1: Comparison of baseline characteristics comparing women who continued
to participate in the study through delivery and those who did not, Table S2: Dietary data on
subsample at randomization (n = 278); Table S3: Mean change in DHA levels from baseline to
delivery.
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Concept map as a teaching and 
learning tool for medical students
Sulakshana Shridhar Baliga, Padmaja Ravindra Walvekar,  
Girija Jagadish Mahantshetti

Abstract:
BACKGROUND AND AIM: Concept maps hold great potential for the students as it helps in 
the formulation of new concepts as well to evaluate the learning ability of the students. However, the 
use of concept maps as a teaching tool in medical students in India has not been explored, to the 
best of our knowledge. This study was conducted to assess the use of concept maps in improving 
learning among medical students.
MATERIALS AND METHODS: This study was conducted among III MBBS students belonging to 
two batches. This study was carried out in two stages. In first stage, pretest was taken to test the 
knowledge of students. Later, introductory class was taken on tuberculosis and concept map was 
used to explain the given concept and later posttest was taken. In second stage, feedback was 
taken from the students regarding the concept map. Pre‑ and post‑test results were compared using 
Wilcoxon test.
RESULTS: Significant difference between pretest (4 ± 1.593) and posttest (10 ± 0.762) score was 
seen (P < 0.0001). More than 50% of students scored full marks in posttest, whereas no one got full 
marks in the pretest. Positive response (82.09%) was received from the students when feedback 
was taken regarding the use of concept map.
CONCLUSION: Concept maps are found to be an effective teaching and learning tool for medical 
students. They can be used to enhance meaningful learning in students and can be practiced more 
in the students for better understandings of the concepts.
Keywords:
Concept formation, feedback, knowledge, learning, map, medical students

Introduction

Medical schools have adapted alternative 
strategies  toward educational 

programs at the national and international 
level. Such a change was necessary to ensure 
that students were prepared for a lifelong, 
self‑directed learning.[1] Learning is closely 
dependent on reading. Reading is a primitive 
but necessary skill that is indispensable in 
daily life. The process involves relevant 
knowledge activation and closely linked 
language skills for successful information 
exchange through text.[2] While everyone is 
acquainted with reading, effective reading 
is a skill that a few acquire. To incite 

effective reading, there are three learning 
strategies. First is metacognitive, this is a 
scientifically declared best learning strategy 
and is a self‑regulated mechanism which 
empowers learners. Through metacognition, 
learners are assessed accurately on current 
knowledge, identification of the need for 
new knowledge, and strategies to assimilate 
the new knowledge.[3,4] Second is cognitive 
learning, it is a predominant strategy which 
involves translating, repeating, taking 
notes, grouping of concepts, elaboration, 
contextualization, imagery, and keywords. 
Third is social strategies, which are also 
called affective strategies and is the exchange 
of ideas driven by group discussions and 
transaction with others.[5]
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Of the many metacognitive strategies, concept mapping 
is proven to improve meaningful and independent 
learning.[6] The concept map was first developed by 
Joseph Novak and Bob Gowin at Cornell University 
in 1972.[7] Concept maps are graphical representations 
of a given concept. This reflects the student’s cognitive 
framework and offers insight into their understanding.[8] 
The placement of the concepts is hierarchical and linked 
by arrows with labeled explanatory phrases.[6]

Teaching and learning through concept maps have been 
explored in medical education.[9] The primary benefits 
of concept maps are: it promotes meaningful learning 
of medical concepts, provides an additional resource 
for learning, enables the instructors to provide feedback 
to students, and offers means of assessment of learning 
and performance.

In medical education, it is important that the educators 
bear in mind the central theoretical underpinning 
of concept maps to provide specific suggestions on 
constructing meaningful maps. Students use concept 
maps for reading assignments, map the pathophysiology 
of a disease, or link the medication regimen of a patient 
with the disease.[10]

Concept maps hold great potential for the student as 
it helps in the formulation of new concepts as well to 
evaluate the student in relation to learning.[11] However, 
the use of concept maps as a teaching and learning tool 
for medical students in India has not been explored, to 
the best of our knowledge. Although the concept map is 
already tested method, not very much in use as a part of 
learning. Using a concept map as a teaching and learning 
tool helps in active learning as learning is at a higher level 
than just memorization. Hence, the present study was 
planned to evaluate the effectiveness of concept maps as 
a teaching tool and to compare its effectiveness against 
traditional teaching practices.

Materials and Methods

This pilot study was conducted in a medical college, for 
a period of 4 months. Participants of the study were two 
batches of 3rd‑year MBBS students of the same college. 
A total of 86 students III MBBS students were included 
in the study by convenient sampling method. The study 
was done only in MBBS phase III students in two batches.

The study was conducted in two stages.
1. Stage 1
Before the start of the study, a sampling frame was 
designed, and the list of students enrolled for the class was 
obtained. Setting up of the experiment was in accordance 
to the pre‑ and post‑test design. The concept map was 
designed by the teacher [Supplementary Figure 1] 

and was internally assessed for its effectiveness by 
an internal expert team being faculty members of the 
college.

Before the commencement of the experiments, an 
introductory class was provided to the participants. Post 
which, a simple test was conducted to assess the extent 
of concept understanding and the test result scores were 
considered as the pretest scores. For the posttest scores, 
the principal investigator used a predesigned concept 
map to explain the same concept. Following the session, 
another test was carried out, the results of which was 
considered as posttest results.

2. Stage 2
The students were divided into six groups and were 
given to prepare concept map on diarrhea and were 
asked to submit the prefinal copy of concept maps. 
The faculty gave feedback on prepared concept 
maps. They incorporated the components of feedback 
received and submitted the final copy. Assessment 
of concept maps was done, and prize was given for 
the best concept map in each group [Supplementary 
Figure 2].

The students were asked to fill a predesigned 
satisfaction questionnaire to assess their perception 
toward the concept map after stage 2. Four responses 
for each question were provided – strongly agree, 
agree, strongly disagree, and disagree. The response 
of strongly agree and agree was converted into a 
percentage of agreement, and the same was followed for 
disagree. The first four questions investigated whether 
concept mapping truly enhanced learning, while the 
remaining determined the effective acceptance of 
concept mapping.

Ethical clearance was obtained from the institutional 
ethics committee.

Statistical methods
Data were analyzed using R software version 3.6.0 
(R Foundation of Vienna, Austria). Wilcoxon test 
was used to compare the pre‑ and post‑test scores of 
participants. Categorical variables are given in the 
form of a frequency table. Pre‑ and posttest scores of 
participants were given in median ± standard deviation 
form.

Results

Comparison of the pre‑ and post‑test scores of participants 
was done; each test included ten questions. Pre‑ and 
post‑test score distribution was 4 ± 1.593 and 10 ± 0.762, 
respectively [Figure 1a and b].
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More than 50% of students scored full marks in posttest 
assessment [Graph 1b], whereas pretest scores were 
low [Graph 1a]. The posttest score was significantly 
better compared to pretest score (P < 0.0001).

Almost all the participants reacted positively toward 
concept mapping as strongly agree (82.09%). However, 
there was no response for disagree and strongly 
disagree [Table 1].[12]

Discussion

This study was done to assess the effectiveness of concept 
map as teaching as well as learning tool. Pretest and 
posttest were taken, and significant difference was seen 
in the results. Positive feedback was obtained from the 
students regarding the use of concept map.

In a study conducted by Sargolzaie et al.,[13] on eighty 
medical interns where one group was trained by 
concept mapping and other by book reading showed 
a significant mean difference in concept map group. 
Similarly, in a study by Mukhopadhyay et al.,[14] 
improvement in the percentage of the median score 
was seen in the concept map group than the book 
reading group. In both the studies, it has been seen that 
group using concept map has shown improvement in 
the learning capacity of students consistent with the 
present study.

One study was found to be similar to the current study, 
in which Bala et al.[15] carried out study on 150 MBBS 
students, in which pre‑ and post‑test was conducted 
using concept map on HIV/AIDS. There was a significant 
increase in student’s score after concept map (P < 0.05). 
Student’s feedback about the effectiveness of concept 
map was also positive.

According to the study findings by Taie,[12] who 
conducted a study to see effect of concept mapping as 
an innovative teaching strategy to enhance cognitive 
learning found that there was a high significant 
difference between experimental students’ knowledge 
about concept mapping before and postawareness 
sessions. Concept map improved student’s meaningful 
learning levels and most of experimental students 
perceived concept map positively.[16]

Concept mapping is an effective teaching tool and is 
an excellent way to evaluate students’ critical thinking. 
It can be used in a variety of settings and replace the 
traditional care plan as it is innovative teaching tool 
as it engages the student and prepares the student 
for future clinical decision‑making in a complex and 
diverse health‑care environment.[17] Mapping helps 
students to assess existing knowledge to organize and 
integrate information, gain insights into new and existing 
knowledge, can help in relating basic sciences concepts 
to clinical presentation of the patient.[18] Most of all it 

Table 1: Perceptions of the participants towards concept mapping
Question Strongly agree (%) Agree (%) Strongly disagree Disagree
Concept mapping helped me learn 84.9 15.1 ‑ ‑
Concept mapping helped me integrate and clarify the interrelationships among 
curriculum contents

80.2 19.8 ‑ ‑

Concept mapping learning strategy stimulated me to learn and think 
independently

83.7 16.3 ‑ ‑

Concept mapping helped me reduce the barriers and enhance my interest in 
learning

77.9 22.1 ‑ ‑

Concept mapping can be a new medical teaching and learning approach 82.6 17.4 ‑ ‑
I think the concept mapping strategy can be easily used in other curricula 80.2 19.8 ‑ ‑
I will consider using the concept mapping learning strategy in other curricula 81.4 18.6 ‑ ‑
I was satisfied with using concept mapping to learn 84.9 15.1 ‑ ‑
I liked using concept mapping to assist me to learn 86.0 14.0 ‑ ‑
I can soon adapt to concept mapping 79.1 20.9 ‑ ‑

Graph 1: (a): Pretest scores (b) post test scores
ba
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is the most important visual training tool for practical 
teaching to medical students.[13,19]

In different studies, different topics were selected 
for concept mapping such as animal surveillance,[13] 
HIV/AIDS,[15] while in the current study, tuberculosis 
was selected, but the results showed a positive impact. 
Some studies have been done on medical students[13,15] 
specifically, while some have been done on nursing 
students,[17] but in both cases, results were positive.

Limitations
Limitations of the study were that some students found 
that preparing the concept maps is time consuming. 
These concept maps were prepared by students for 
limited topics only. This study was a pilot study. The 
assessment of the instrument of the study for reliability 
was not done. Future studies will be done to take a 
follow‑up of the students whether they are implementing 
the idea of the concept maps in their regular studies 
or not. In the future will try to inoculate this in the 
curriculum and make it an ongoing process in teaching 
students and active learning by students.

Conclusion

Concept maps have found to be effective teaching and 
learning tool. The pre‑ and post‑test results indicate 
that concept maps help in a better understanding of the 
participants. More than 50% of students got full marks 
after using concept mapping method. Positive feedback 
toward concept mapping from the students indicates the 
effectiveness of the concept maps. Using concept maps, 
learning abilities can be enhanced and can be considered 
for medical education to improve learning.
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Abstract

Pituitary prolactinoma is one of the most complicated and fatally pathogenic pituitary adenomas.
Therefore, there is an urgent need to improve our understanding of the underlying molecular
mechanism that drives the initiation, progression, and metastasis of pituitary prolactinoma. The aim of
the present study was to identify the key genes and signaling pathways associated with pituitary
prolactinoma using bioinformatics analysis. Transcriptome microarray dataset GSE119063 was
downloaded from Gene Expression Omnibus (GEO) database. Limma package in R software was used
to screen DEGs. Pathway and Gene ontology (GO) enrichment analysis were conducted to identify the
biological role of DEGs. A protein-protein interaction (PPI) network was constructed and analyzed by
using HIPPIE database and Cytoscape software. Module analyses was performed. In addition, a target
gene-miRNA regulatory network and target gene-TF regulatory network were constructed by using
NetworkAnalyst and Cytoscape software. Finally, validation of hub genes by receiver operating
characteristic (ROC) curve analysis. A total of 989 DEGs were identified, including 461 up regulated
genes and 528 down regulated genes. Pathway enrichment analysis showed that the DEGs were
significantly enriched in the retinoate biosynthesis II, signaling pathways regulating pluripotency of
stem cells, ALK2 signaling events, vitamin D3 biosynthesis, cell cycle and aurora B signaling. Gene
Ontology (GO) enrichment analysis showed that the DEGs were significantly enriched in the sensory
organ morphogenesis, extracellular matrix, hormone activity, nuclear division, condensed chromosome
and microtubule binding. In the PPI network and modules, SOX2, PRSS45, CLTC, PLK1, B4GALT6,
RUNX1 and GTSE1 were considered as hub genes. In the target gene-miRNA regulatory network and
target gene-TF regulatory network, LINC00598, SOX4, IRX1 and UNC13A were considered as hub
genes. Using integrated bioinformatics analysis, we identified candidate genes in pituitary
prolactinoma, which might improve our understanding of the molecular mechanisms of pituitary
prolactinoma.
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Prolactinoma is named as prolactin secreting pituitary adenoma seen more frequently in women and is
characterized by irregular menstrual, erectile dysfunction, eye problems and loss of sexual function [1].
Signs and symptoms include amenorrhoea, glactorrhoea, headache, anaemia and hypertension [2].
Prolactinoma involves 20.7% among other pituitary adenomas [3]. Although treatment methods,
including surgery [4], chemotherapy [5] and radiotherapy [6] are improving, overall survival rate
remains lower. Consequently, elucidating the molecular mechanism associated in the pituitary
prolactinoma is essential for the improvement of efficacious diagnosis and treatment strategies.

Presently, a wealth of previous studies has been enforced to advance a better understanding of the
molecular mechanisms of pituitary prolactinoma. One study showed that allelic loss of DRD2 was
responsible for development of pituitary prolactinoma [7]. Elevated expression of HMGA1 and
HMGA2 were responsible for progression of pituitary prolactinoma [8],[9]. BMP4 was associated with
progression of pituitary prolactinoma [10]. FGF4 was responsible for improvement of pituitary
prolactinoma through invasion and cell proliferation [11]. Alteration in oncogene GNAS was important
for progression of pituitary prolactinoma [12]. Stimulation of Raf/MEK/ERK and PI3K/Akt/mTOR
signaling pathways were linked with development of prolactinoma [13]. Abnormal expression of
CTNNB1 was involved in progression of prolactinoma [14]. Epigenetic inactivation of CDKN2A was
responsible for advancement of prolactinoma [15]. AIP play key role in pathogenesis of pituitary
prolactinoma [16]. Hence, searching for specific and sensitive molecular marker as well as some core
genes or proteins will benefit the diagnosis and treatment of pituitary prolactinoma.

At current study, microarray analyses have been applied for medical research [17]. In this analysis, we
chose GSE119063 dataset from Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo/)
and used limma bioconductor package to find the differentially expressed genes (DEGs). Subsequently,
we made pathway enrichment and gene ontology (biological process (BP), molecular function (MF),
cellular component (CC) analyses were performed. In addition, we constructed and analyzed PPI
network of the DEGs and selected core genes with a high degree of connectivity, high betweenness
centrality, high stress centrality, high closeness centrality and low clustering coefficient, and modules
analysis were performed. Moreover, miRNA-target gene regulatory network and TF-target gene
regulatory network were constructed and analyzed. Finally, hub genes are validated by receiver
operating characteristic (ROC) curve analysis. Briefly, this study would provide novel targets for
diagnosis, prognosis and treatment of pituitary prolactinoma.

2. Materials

2.1. Microarray data

We chose a gene expression profile of GSE119063 from GEO database. GSE119063 was based on the
Agilent GPL13607 platform (Agilent-028004 SurePrint G3 Human GE 8x60K Microarray (Feature
Number version). The GSE119063 dataset included 9 samples, containing 5 pituitary prolactinoma
samples and 4 normal pituitaries samples. Besides, we downloaded the Series Matrix File of
GSE119063 from GEO database.

2.2. Data preprocessing

The raw data used in this study were downloaded. The raw GSE119063 data was preprocessed by the
Limma package (http://www.bioconductor.org/packages/release/bioc/html/limma.html) [18] in
Bioconductor. The data preprocessing included background correction and quantile normalization.
Probe identities (IDs) are mapped to gene IDs using the corresponding platform files.
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2.3. Identification of DEGs

The Limma package was subsequently used for identifying DEGs. P < 0.05 and absolute fold change
≥0.93 for up regulated gene and fold change ≥−0.29 for down regulated gene [19] were considered as
the cutoff values for DEG screening using the Benjamini & Hochberg procedure. R software was used
to produce heat maps of common significant differentially expressed genes between pituitary
prolactinoma samples and normal pituitaries samples. Genes are ordered according to the fold change
in the expression values. This information was presented as a heat map and a volcano plot.

2.4. Pathway enrichment analysis of DEGs

BIOCYC (https://biocyc.org/) [20], Kyoto Encyclopedia of Genes and Genomes (KEGG)
(http://www.genome.jp/kegg/pathway.html) [21], Pathway Interaction Database (PID)
(https://wiki.nci.nih.gov/pages/viewpage.action?pageId=315491760) [22], REACTOME
(https://reactome.org/) [23], GenMAPP (http://www.genmapp.org/) [24], MSigDB C2 BIOCARTA
(http://software.broadinstitute.org/gsea/msigdb/collections.jsp) [25], PantherDB
(http://www.pantherdb.org/) [26], Pathway Ontology (http://www.obofoundry.org/ontology/pw.html)
[27] and Small Molecule Pathway Database (SMPDB) (http://smpdb.ca/) [28] were a collection of
databases which helps to handle genomes, biological pathways, diseases, chemical substances, and
drugs. ToppGene (https://toppgene.cchmc.org/enrichment.jsp) is a web-based online bioinformatics
resource that aims to provide tools for the functional interpretation of large lists of genes or proteins
[29]. P value < 0.05 is regarded as the cutoff criterion. We could visualize the pathways among those
DEGs using ToppGene.

2.5. Gene Ontology (GO) enrichment analysis of DEGs

Gene ontology (GO) (http://www.geneontology.org/) enrichment analysis served as a useful approach
to annotate genes and gene products and also analyze characteristic biological attributing to high-
throughput genome or transcriptome data [30]. ToppGene (https://toppgene.cchmc.org/enrichment.jsp)
is a web-based online bioinformatics resource that aims to provide tools for the functional
interpretation of large lists of genes or proteins [29]. P value < 0.05 is regarded as the cutoff criterion.
We could visualize the core biological process (BP), molecular function (MF) and cellular component
(CC) among those DEGs using ToppGene.

2.6. PPI network construction and topology analysis

The Human Integrated Protein-Protein Interaction rEference (HIPPIE) (http://cbdm.uni-
mainz.de/hippie/) is an online tool providing experimental and predicted PPI information [31] through
interfacing different data bases such as IntAct Molecular Interaction Database
(https://www.ebi.ac.uk/intact/) [32], Biological General Repository for Interaction Datasets (BioGRID)
(https://thebiogrid.org/) [33], The Human Protein Reference Database (HPRD) (http://www.hprd.org/)
[34], the Molecular INTeraction database (MINT) (https://mint.bio.uniroma2.it/) [35], The
Biomolecular Interaction Network Database (BIND) (http://baderlab.org/BINDTranslation) [36], MIPS
(http://mips.helmholtz-muenchen.de/proj/ppi/) [37] and DIP (http://dip.doe-mbi.ucla.edu/dip/Main.cgi)
[38]. In this study, the HIPPIE [31] was used to analyze the PPIs among the proteins encoded by the
DEGs, then the PPI networks for the up-regulated and the down-regulated genes are separately
visualized by Cytoscape version 3.5.1 software (http://www.cytoscape.org/) [39]. The degree of a gene
in a PPI network is equal to the number of edges containing that node [40]. Betweenness centrality of a
gene which is located on the shortest path between two other genes has most influence over the
“information transfer” between them [41]. Stress centrality is number of genes in the shortest path
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between two other genes [42]. Closeness centrality is an inverse of the average length of the shortest
paths to/from all the other genes in the PPI network [43]. Cluster coefficient measures the density of
interactions in the network neighborhood of a gene [44].

2.7. Module analysis

In PPI networks, genes in the same module typically show the same or similar function and work
together to implement their biological function. To visualize the network and identify the modules in
the network, PEWCC1 java plug-in [45] on the Cytospace software (www.cytoscape.org/) [39] was
used. The parameters were set as follows: Degree cutoff ≥ 10 (degrees of each node in module were at
least larger than 2), K-core ≥ 2 (subgraphs of each node in module were at least 2 and more than 2).

2.8. Construction of the target gene-miRNA regulatory network

The NetworkAnalyst (http://www.networkanalyst.ca/) is a online tool available comprehensive
resource containing the predicted and the experimentally validated target gene-miRNA interaction pairs
[46]. The DEGs-associated predicted miRNA were selected when they were included two TarBase
(http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=tarbase/index) [47] and miRTarBase
(http://mirtarbase.mbc.nctu.edu.tw/php/download.php) [48]. Subsequently, the overlapping target genes
were identified and the gene-miRNA pair was selected. The target gene-miRNA regulatory network
was constructed and visualized using the Cytoscape version 3.5.1 software (http://www.cytoscape.org/)
[39].

2.9. Construction of the target gene-regulatory TF network

The DEGs and transcription factors (TFs) that potentially regulated the DEGs are predicted using
Overrepresentation Enrichment Analysis (ORA) in NetworkAnalyst (http://www.networkanalyst.ca/)
[49]. The DEGs-associated predicted TF were selected when they were included database such as
ENCODE (http://cistrome.org/BETA/) [50]. Then target gene-regulatory TF network was constructed
and visualized using version 3.5.1 software (http://www.cytoscape.org/) [39].

2.10. Receiver operating characteristic (ROC) curve analysis

Receiver operating characteristic (ROC) curve analysis was executed to calculate the sensitivity and
specificity of the DEGs for pituitary prolactinoma diagnosis using the pROC package in R software
[51]. An area under the curve (AUC) value was calculated and used to designate the ROC effect.

3. Results

3.1. Identification of DEGs

After data preprocessing, the raw data of nine samples is proved to be eligible (Figure 1). The
GSE119063 expression profile data from GEO was investigated to screen for DEGs between the
prolactinoma and normal groups. Under the threshold of FDR < 0.05, and fold change ≥0.93 for up
regulated gene and fold change ≥−0.29 for down regulated gene. Comparison of prolactinoma with
normal pituitaries identified total of 989 DEGs, including 461 up regulated genes and 528 down
regulated genes, were revealed (Table 1, see the supplementary). A corresponding heat map is shown in
Figure 2 and Figure 3. All the DEGs were presented by volcano plot in the study (Figure 4).
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Open in a separate window
Figure 1.
Box plots of the gene expression data before and after normalization. Horizontal axis represents the
sample symbol and the vertical axis represents the gene expression values. The black line in the box
plot represents the median value of gene expression. (A1, A2, A3, A4 = normal pituitaries samples;
B1, B2, B3, B4, B5 = 5 pituitary prolactinoma).
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Open in a separate window
Figure 2.
Heat map of up regulated differentially expressed genes. Legend on the top left indicate log fold
change of genes. (A1, A2, A3, A4 = normal pituitaries samples; B1, B2, B3, B4, B5 = 5 pituitary
prolactinoma).

Open in a separate window
Figure 3.
Heat map of down regulated differentially expressed genes. Legend on the top left indicate log fold
change of genes. (A1, A2, A3, A4 = normal pituitaries samples; B1, B2, B3, B4, B5 = 5 pituitary
prolactinoma).
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Figure 4.
Volcano plot of differentially expressed genes. Genes with a significant change of more than two-fold
were selected.

3.2. Pathway enrichment analysis of DEGs

Several significant enriched pathways are acquired through BIOCYC, KEGG, PID, REACTOME,
GenMAPP, MSigDB C2 BIOCARTA, PantherDB, Pathway Ontology and SMPDB pathway
enrichment analysis (Table 2 and Table 3, see the supplementary). The top enriched pathways for up
regulated genes included retinoate biosynthesis II, retinoate biosynthesis I, signaling pathways
regulating pluripotency of stem cells, neuroactive ligand-receptor interaction, ALK2 signaling events,
BMP receptor signaling, peptide hormone biosynthesis, glycoprotein hormones, tyrosine metabolism,
androgen and estrogen metabolism, ensemble of genes encoding extracellular matrix and extracellular
matrix-associated proteins, genes encoding secreted soluble factors, adenine and hypoxanthine salvage
pathway, 5-Hydroxytryptamine biosynthesis, melanocortin system, androgen and estrogen metabolic,
tryptophan metabolism and xanthine dehydrogenase deficiency (Xanthinuria). Meanwhile, down
regulated DEGs strikingly enriched in vitamin D3 biosynthesis, cell cycle, pancreatic secretion, aurora
B signaling, FOXM1 transcription factor network, mitotic prometaphase, resolution of sister chromatid
cohesion, role of ran in mitotic spindle regulation, Eph kinases and ephrins support platelet
aggregation, inflammation mediated by chemokine and cytokine signaling pathway, o-glycans
biosynthetic, ganglioside biosynthetic, eptifibatide pathway and ticlopidine pathway.

3.3. Gene Ontology (GO) enrichment analysis of DEGs

All significant DEGs were divided into up regulated genes and down regulated genes. GO categories
analyses are conducted for these 2 lists of genes, respectively. Results of GO categories are presented
by 3 functional groups, which are group BP, CC, and MF (Table 4 and Table 5, see the supplementary).
In group BP, up and down regulated DEGs are significantly enriched in sensory organ morphogenesis,
embryonic organ morphogenesis, nuclear division and organelle fission. For group CC, up and down
regulated DEGs mainly enriched in extracellular matrix and extracellular space, condensed
chromosome and kinetochore. In addition, GO results of group MF showed that up and down regulated
DEGs mainly enriched in hormone activity, signaling receptor binding, microtubule binding and
microtubule motor activity.

3.4. PPI network construction and topology analysis

PPI networks were constructed on the basis of HIPPIE online tool. We also analyzed the network
properties such as node degree, betweenness centrality, stress centrality, closeness centrality and cluster
coefficient. The PPI network for up regulated DEGs is shown in Figure 5, which has 4005 nodes and
5562 interactions. The top 5 nodes with greater degrees are listed in Table 6 (see the supplementary),
including SOX2 (degree = 355), KRT40 (degree = 313), SMAD9 (degree = 114), AMOT (degree =
111) and DPPA4 (degree = 105). R square and correlation coefficient are 0.776 and 0.966, respectively
(Figure 6A). Top 5 up regulated genes with high betweenness centrality are SOX2 (betweeness =
0.20715558), KRT40 (betweeness = 0.15884752), SMAD9 (betweeness = 0.07865032), AMOT

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7940115/figure/neurosci-08-02-014-g004/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7940115/figure/neurosci-08-02-014-g004/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7940115/figure/neurosci-08-02-014-g005/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7940115/figure/neurosci-08-02-014-g006/


1/18/22, 7:12 PM Identification of potential and novel target genes in pituitary prolactinoma by bioinformatics analysis

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7940115/ 8/25

(betweeness = 0.06814966) and TRIM29 (betweeness = 0.0613444) shown in Table 6. R square and
correlation coefficient are 0.474 and 0.098, respectively (Figure 7A). Top 5 up regulated high stress
genes are SOX2 (stress = 37524600), KRT40 (stress = 22565808), AMOT (stress = 13889668),
C6orf141 (stress = 9207512) and TRIM29 (stress = 9041322) shown in Table 6. R square and
correlation coefficient are 0.088 and 0.072, respectively (Figure 7B). Top 5 up regulated gene with high
closeness centrality are SOX2 (closeness = 0.31817447), KRT40 (closeness = 0.30482897), SMAD9
(closeness = 0.30309326), TRIM29 (closeness = 0.2975525) and FGFR2 (closeness = 0.29117386)
shown in Table 6. R square and correlation coefficient are 0.036 and 0.082, respectively (Figure 7C).
Top 5 up regulated gene with low clustering coefficient are PRSS45 (clustering coefficient = 0),
CARTPT (clustering coefficient = 0), TAC4 (clustering coefficient = 0), CT45A1 (clustering
coefficient = 0) and PON3 (clustering coefficient = 0) shown in Table 6. R square and correlation
coefficient are 0.616 and 0.882, respectively (Figure 7D).

Open in a separate window
Figure 5.
Protein-protein interaction network of differentially expressed genes (DEGs). Green nodes denotes
up regulated genes.

Open in a separate window
Figure 6.
Node degree distribution (A: Up regulated genes; B: Down regulated genes).

Open in a separate window
Figure 7.
Regression diagrams for up regulated genes (A: Betweenness centrality; B: Stress centrality; C:
Closeness centrality; D: Clustering coefficient).

The PPI network for down regulated DEGs is shown in Figure 8, which has 5441 nodes and 9866
interactions. The top 5 nodes with grater degrees are listed in Table 6, including CLTC (degree = 333),
PLK1 (degree = 276), DHX15 (degree = 208), GTSE1 (degree = 141) and DISC1 (degree = 138). R
square and correlation coefficient are 0.756 and 0.955, respectively (Figure 6B). Top 5 down regulated
genes with high betweenness centrality are CLTC (betweeness = 0.17279707), PLK1 (betweeness =
0.16393694), DHX15 (betweeness = 0.09387272), KIF11 (betweeness = 0.05972209) and ATP2B2
(betweeness = 0.0557287) shown in Table 6. R square and correlation coefficient are 0.596 and 0.119,
respectively (Figure 9A). Top 5 down regulated genes with high stress genes are CLTC (stress =
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59969246), DHX15 (stress = 39966314), PLK1 (stress = 39488508), ATP2B3 (stress = 23062588) and
KIF11 (stress = 17181634) shown in Table 6. R square and correlation coefficient are 0.371 and 0.004,
respectively (Figure 9B). Top 5 down regulated genes with high closeness centrality are PLK1
(closeness = 0.35244041), CLTC (closeness = 0.34583256), ATP2B4 (closeness = 0.33762233),
ATP2B8 (closeness = 0.32332523) and DHX15 (closeness = 0.32084733) shown in Table 6. R square
and correlation coefficient are 0.081 and 0.144, respectively (Figure 9C). Top 5 up regulated gene with
low clustering coefficient are B4GALT6 (clustering coefficient = 0), ZNF160 (clustering coefficient =
0), HIGD1B (clustering coefficient = 0), CCL3L3 (clustering coefficient = 0) and C20orf203
(clustering coefficient = 0) shown in Table 6. R square and correlation coefficient are 0.569 and 0.860,
respectively (Figure 9D).

Open in a separate window
Figure 8.
Protein-protein interaction network of differentially expressed genes (DEGs). Red nodes denotes up
regulated genes.

Open in a separate window
Figure 9.
Regression diagrams for down regulated genes (A: Betweenness centrality; B: Stress centrality; C:
Closeness centrality; D: Clustering coefficient).

3.5. Module analysis

A total of 332 modules are identified in up regulated PPI network, among which the best are module 1,
module 2, module 3 and module 10 (Figure 10). Module 1 is composed of 17 nodes and 33 edges. The
hub proteins in this module such as RUNX1 (degree = 79) and SOX2 (degree = 355) are involved in
module 1. Module 2 is composed of 11 nodes and 23 edges. The hub proteins in this module such as
FGFR2 (degree = 93), FGF1 (degree = 27) and FGFR3 (degree = 49) are involved in module 2.
Module 3 is composed of 11 nodes and 21 edges. The hub proteins in this module such as S100B
(degree = 33) and S100A1 (degree = 23) are involved in module 3. Module 10 is composed of 5 nodes
and 8 edges. The hub proteins in this module such as SMAD9 (degree = 114) and EVC2 (degree = 86)
are involved in module 10.

Open in a separate window
Figure 10.
Modules in PPI network. The green nodes denote the up-regulated genes.
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A total of 425 modules are identified in down regulated PPI network, among which the best are module
1, module 5, module 8 and module 12 (Figure 11). Module 1 is composed of 80 nodes and 157 edges.
The hub proteins in this module such as CLTC (degree = 333) and GTSE1 (degree = 141) are involved
in module 1. Module 5 is composed of 15 nodes and 43 edges. The hub proteins in this module such as
NUF2 (degree = 44), BUB1 (degree = 95), SPC24 (degree = 41) and SPC25 (degree = 35) are involved
in module 5. Module 8 is composed of 11 nodes and 23 edges. The hub proteins in this module such as
CKS2 (degree = 36), CCNB2 (degree = 36) and CCNA1 (degree = 83) are involved in module 8.
Module 12 is composed of 9 nodes and 17 edges. The hub proteins in this module such as KIF18A
(degree = 27), FOXM1 (degree = 80) and PRC1 (degree = 29) are involved in module 12.

Open in a separate window
Figure 11.
Modules in PPI network. The red nodes denote the down-regulated genes.

3.6. Construction of the target gene-miRNA network

The miRNAs that may control the DEGs are diagnosed based on the up and down regulation
expressions (Figure 12 and Figure 13). Top 5 up regulated targeted genes such as LINC00598 regulated
by 209 miRNAs, CNKSR3 regulated by 138 miRNAs, PMAIP1 regulated by 128 miRNAs, TRIM71
regulated by 104 miRNAs and FAM83F regulated by 94 miRNAs are given in Table 7 (see the
supplementary). Top 5 down regulated targeted genes such as SOX4 regulated by 160 miRNAs,
ZMAT3 regulated by 145 miRNAs, PTP4A1 regulated by 132 miRNAs, RAD51 regulated by 113
miRNAs and DAZAP2 regulated by 109 miRNAs are given in Table 7.

Open in a separate window
Figure 12.
The network of up-regulated DEGs and their related miRNAs. The green circles nodes are the up
regulated DEGs and pinkiamond nodes are the miRNAs.

Open in a separate window
Figure 13.
The network of up-regulated DEGs and their related miRNAs. The pink circles nodes are the up
regulated DEGs and yellow diamond nodes are the miRNAs.

3.7. Construction of the target gene-TF network
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The TFs for target up and down regulated genes are shown in Figure 14 and Figure 15, respectively.
Top 5 up regulated targeted genes such as IRX1 regulated by 73 TFs, CACNA2D3 regulated by 30
TFs, VSNL1 regulated by 29 TFs, BMP7 regulated by 28 TFs and DACT2 regulated by 27 TFs are
given in Table 8 (see the supplementary). Top 5 down regulated targeted genes such as UNC13A
regulated by 43 TFs, CCNF regulated by 35 TFs, BDNF regulated by 34 TFs, POU3F4 regulated by 34
TFs and AKAP3 regulated by 31 TFs are given in Table 8.

Open in a separate window
Figure 14.
TF-gene network of predicted target up regulated genes. (Purple triangle-TFs and green circles-
target up regulated genes).

Open in a separate window
Figure 15.
TF-gene network of predicted target up regulated genes. (Sky blue triangle-TFs and red circles-
target up regulated genes).

3.8. Receiver operating characteristic (ROC) curve analysis

As these 10 hub genes are prominently expressed in pituitary prolactinoma, we performed a ROC curve
analysis to evaluate their sensitivity and specificity for the diagnosis of pituitary prolactinoma. As
shown in Figure 16, SOX2, PRSS45, CLTC, PLK1, B4GALT6, RUNX1, GTSE1, SOX4, IRX1 and
UNC13A achieved an AUC value of >0.9, demonstrating that these genes have high sensitivity and
specificity for pituitary prolactinoma diagnosis. The results suggested that SOX2, PRSS45, CLTC,
PLK1, B4GALT6, RUNX1, GTSE1, SOX4, IRX1 and UNC13A can be used as biomarkers for the
diagnosis of pituitary prolactinoma.

Open in a separate window
Figure 16.
ROC curve analyses of hub genes. A) SOX2; B) PRSS45; C) CLTC; D) PLK1; E) B4GALT6; F)
RUNX1; G) GTSE1; H) SOX4; I) IRX1; J) UNC13A.

4. Discussion
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A molecular understanding of pituitary prolactinoma is particularly essential to eventually improve
effective approaches for its control, treatment, and prevention. In the present study, important candidate
genes of pituitary prolactinoma were identified by bioinformatics analysis. We downloaded the gene
expression data from GSE119063 and obtained 461 up regulated and 528 down regulated genes in
pituitary prolactinoma. SALL1 action as a tumor suppressor and epigenetic inactivation of this gene is
responsible for development of cancer [52], but this gene might be liable for pituitary prolactinoma.
Wang et al. [53] showed that expression of homeodomain transcription factor NKX2-2 is linked with
progression of neuro endocrine tumor, but this gene might be the key for progression of pituitary
prolactinoma. High expression of pleiotropic signaling molecule BMP7 controls proliferation,
migration, and invasion of cancer cells [54], but this gene might be linked with proliferation, migration,
and invasion of pituitary prolactinoma cells. Cipriano et al. [55] identified that ontogeny FAM83F is
associated with epithelial cell transformation in cancer, but involvement of this gene might be
responsible for advancement of pituitary prolactinoma. Oncogene GRHL2 is a transcriptional
controller of proliferation and differentiation in epithelial cells, both during progression and tumor
development, but this gene might be linked with proliferation of pituitary prolactinoma cells [56].
TRIM24 play key role in proliferation and invasion of cancer cells [57], but high expression of this
gene might be responsible for invasion of pituitary prolactinoma cells. Kaistha et al. [58] describe that
high expression of dual specificity kinase TTK shows proliferative potential of cancer cells, but this
gene might be linked with proliferation of pituitary prolactinoma cells. Over expression of TOP2A is
responsible for growth of cancer [59], but increase expression of this gene might associate with growth
of pituitary prolactinoma. Potential role KIF18A is associated with cell division and checkpoint
activation in cancer progression [60], but this gene might be responsible for cell division and
checkpoint activation in pituitary prolactinoma. Over expression of microtubule associated protein
TPX2 stimulates the cell cycle in cancer [61], but this gene might be activates cell cycle in pituitary
prolactinoma. Genes such as FGFR2 [62], SOX2 [63], POMC (proopiomelanocortin) [64], FSHB
(follicle stimulating hormone beta subunit) [65], EFEMP1 [66], SFRP2 [67], CSH2 [68], IHH (indian
hedgehog) [69], GH1 [70], PTTG2 [71], CCNB2 [72], RACGAP1 [73], CXCR2 [74], CXCR3 [75],
FOXL2 [76], RUNX2 [77], TF (transferrin) [78], CCK (cholecystokinin) [79], DPPA4 [80], RUNX1
[81] and BDNF (brain derived neurotrophic factor) [82] are associated with progression of pituitary
prolactinoma.

In present study indicated that retinoate biosynthesis II is the most significant BIOCYC pathway for up
regulated genes. XDH and RBP4 are novel biomarkers for pathogenesis of pituitary prolactinoma.
Signaling pathways regulating pluripotency of stem cells is the most significant KEGG pathway for up
regulated genes. Alteration in FGFR3 is responsible for progression of bladder cancer [83], but this
gene might be important for development of pituitary prolactinoma. WNT5A was linked with invasion
of cancer cells [84], but this gene might be involved in invasion of pituitary prolactinoma cells. ID4 is
potential tumor suppressor and epigenetic inactivation of this gene linked with progression of prostate
cancer [85], but loss gene this might be liable for advancement of pituitary prolactinoma. High
expression of INHBA (inhibin beta A subunit) linked with cell proliferation in lung adenocarcinoma
[86], but this gene might be associated with cell proliferation in pituitary prolactinoma. Epigenetic
inactivation of PAX6 gene was liable for progression of breast cancer [87], but loss this gene might be
culpable for progression of pituitary prolactinoma. LEFTY2 and SMAD9 are novel biomarkers for
pathogenesis of pituitary prolactinoma. ALK2 signaling events are the most significant PID pathway
for up regulated genes. Peptide hormone biosynthesis is the most significant REACTOME pathway for
up-regulated genes. CGB3 and TSHB are novel biomarkers for pathogenesis of pituitary prolactinoma.
Tyrosine metabolism was the most significant GenMAPP pathway for up regulated genes. Duan et al.
[88] showed that ALDH1A3 play a regulatory role in the initiation and development of cancer, but this

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE119063
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gene might be linked with pathogenesis of pituitary prolactinoma. PNMT and AOX1 are novel
biomarkers for pathogenesis of pituitary prolactinoma. Ensemble of genes encoding extracellular
matrix and extracellular matrix-associated proteins is the most significant MSigDB C2 BIOCARTA
pathway for up regulated genes. S100A14 is a modulator of HER2 signaling pathway in breast cancer
[89], but this gene might be responsible for development of pituitary prolactinoma. DeRycke et al. [90]
found that high expression of S100A1 is identified with ovarian cancer, but this gene might be
important for progression of pituitary prolactinoma. Harpio and Einarsson [91] identified that high
level of S100B is answerable for development of melanoma, but this gene might be identified with
pituitary prolactinoma. Methylation inactivation of FBN2 was associated with invasion and metastasis
of non-small cell lung cancer [92], but loss of this gene might be involved in pathogenesis of pituitary
prolactinoma. Yoshimura et al. [93] reported that FGF1 is an inducer of angiogenesis in breast cancer,
but this gene might associated with angiogenesis in pituitary prolactinoma. SLIT1 is tumor suppressor
gene and epigenetic suppression of this gene is associated with cancer progression [94], but loss of this
gene might be culpable for development pituitary prolactinoma. ADAMTS18 and CHRDL1 are
putative tumor suppressor genes and epigenetic silencing of these genes diagnosed with various cancer
types [95]–[96], but inactivation of these genes might be linked with progression of pituitary
prolactinoma. VIT, MFAP4, FCN2, SBSPON, SPON1, ITIH6, COL4A6, COL8A2, FRAS1,
COL13A1, ITLN1, ADAM32, CSH1, CSHL1, SLPI, IFNE, MEGF11, LAMA1, ITIH2, GH2,
COL21A1, CLEC9A, NTF4, OGN, RSPO3, MEGF6, CBLN2 and LGI1 are novel biomarkers for
pathogenesis of pituitary prolactinoma. Adenine and hypoxanthine salvage pathway is the most
significant PantherDB pathway for up-regulated genes. Melanocortin system is the most significant
Pathway Ontology for up-regulated genes. PCSK2 is novel biomarker for pathogenesis of pituitary
prolactinoma. Tryptophan metabolism is the most significant PantherDB pathway for up-regulated
genes. TDO2 and TPH1 are novel biomarkers for pathogenesis of pituitary prolactinoma. Vitamin D3
biosynthesis is the most significant BIOCYC pathway for down-regulated genes. Polymorphisms of
CYP27B1 is responsible for progression of colon cancer [97], but this polymorphic gene might be
responsible for growth of pituitary prolactinoma. Cell cycle is the most significant KEGG pathway for
down-regulated genes. PLK1 is linked with proliferation of cancer cells [98], but this might be gene is
liable for proliferation of pituitary prolactinoma. Mitotic spindle checkpoint gene BUB1 is linked with
proliferation of gastric cancer cells [99], but this gene might be responsible for proliferation of pituitary
prolactinoma cells. Epigenetic inactivation of CCNA1 is responsible for advancement of cervical
cancer [100], but silencing of this gene might be responsible for progression of pituitary prolactinoma.
CDC45 is novel biomarker for pathogenesis of pituitary prolactinoma. Aurora B signaling is the most
significant PID pathway for down-regulated genes. KIF23 plays key role in progression of lung cancer
[101], but this gene might play crucial role in pituitary prolactinoma. BIRC5 play key role in cell
division and proliferation of liver cancer cells [102], but this gene might be linked with cell division
and proliferation in pituitary prolactinoma. NCAPG associated with cell proliferation and migration of
liver cancer cells [103], but this gene might be linked with cell proliferation and migration of pituitary
prolactinoma cells. Nie et al. [104] suggest that STMN1 play essential role in the control of cellular
division and proliferation in non-small cell lung cancer, but this gene might be linked with cellular
division and proliferation in pituitary prolactinoma. KIF20A is associated with progression of
pancreatic cancer [105], but this gene might be play key role in progression of pituitary prolactinoma.
CENPA and KLHL13 are novel biomarkers for pathogenesis of pituitary prolactinoma. Mitotic
prometaphase is the most significant REACTOME pathway for down-regulated genes. SPC24 and
SPC25 are associated with genomic instability and disrupted regulation of cell cycle in lung cancer, but
this gene might be responsible for progression of pituitary prolactinoma [106]. Cell cycle marker
CENPH pay key role in proliferation of gastric cancer cells [107], but this gene might be involved in
proliferation of pituitary prolactinoma. NUF2 activates tumor growth and inhibits cell apoptosis [108],
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but this gene might be liable for pathogenesis of pituitary prolactinoma. CENPM, CENPI, CDCA5 and
CENPU are novel biomarkers for pathogenesis of pituitary prolactinoma. Role of Ran in mitotic
spindle is the most significant MSigDB C2 BIOCARTA pathway for down-regulated genes. RCC1 and
KIF15 are novel biomarkers for pathogenesis of pituitary prolactinoma. Inflammation mediated by
chemokine and cytokine signaling pathway is the most significant PantherDB pathway for down-
regulated genes. PF4-active platelet accumulation in cancer is crucial because platelets can modulate
cancer cells and the cancer microenvironment to stimulate lung cancer outgrowth [109], but this gene
might be answerable for development of pituitary prolactinoma. VWF, CCL3L3, CASK and PLCD4
are novel biomarkers for pathogenesis of pituitary prolactinoma. O-glycans biosynthetic is the most
significant Pathway Ontology for down-regulated genes. B4GALT6 is novel biomarker for
pathogenesis of pituitary prolactinoma. Eptifibatide pathway is the most significant SMPDB pathway
for down-regulated genes. RYR2 is novel biomarker for pathogenesis of pituitary prolactinoma.

In present study, sensory organ morphogenesis is the most significant GO BP term for up-regulated
genes. Epigenetic inactivation of tumor suppressor genes EYA4 and GAS1 are associated with
progression of various cancer types, but silencing of these genes might associate with progression of
pituitary prolactinoma [109]–[111]. Expression of SOX9 enhances the invasion and migration of
colorectal cancer cells [112], but this gene might be linked with invasion and migration of pituitary
prolactinoma cellc. ROR2 play a key role as an important mediator of the Wnt signaling pathway in
colorectal cancer [113], but this gene might be involves in pathogenesis of pituitary prolactinoma
through activation of Wnt signaling pathway. CLIC5, TMIE, CLRN1, PRRX2, SDK2, CELSR1,
STRA6, CALB1 and VANGL2 are novel biomarkers for pathogenesis of pituitary prolactinoma.
Extracellular matrix is the most significant GO CC term for up-regulated genes. FLRT2, CPXM2,
LAD1 and TGFBR3 are novel biomarkers for pathogenesis of pituitary prolactinoma. Hormone activity
is the most significant GO MF term for up-regulated genes. CARTPT, GPHA2 and GAL are novel
biomarkers for pathogenesis of pituitary prolactinoma. Nuclear division is the most significant GO BP
term for down-regulated genes. NUSAP1 was linked with proliferation and invasion of prostate cancer
cells [114], but this gene might be responsible for proliferation and invasion of pituitary prolactinoma
cells. Cell cycle regulatory protein CKS2 is culpable for advancement of gastric cancer [115], but this
gene might be linked with pathogenesis of pituitary prolactinoma. PBK is likely to play a crucial role in
cell division and cytokinesis in breast cancer [116], but this gene might be liable for cell division and
cytokinesis in pituitary prolactinoma. Inappropriate expression of NEK2 interfere with mitotic
processes results in breast cancer development [117], but this gene might be play key role in
pathogenesis of pituitary prolactinoma. Oncogene KIF14 play crucial role in cancer development [118],
but this gene might be associates with progression of pituitary prolactinoma. Wong et al. [119] and
Loveday et al. [120] demonstrated that modification of normal DNA repair function of RAD51 and
RAD51D might lead to genomic instabilities that eventually contribute to development of various
cancer types, but gene might be identify with progression of pituitary prolactinoma. CCNG2 deeply
involved in progression of pancreatic cancer via cell proliferation, invasion, chemoresistance, and
differentiation [121], but this gene might be responsible for cell proliferation, invasion,
chemoresistance, and differentiation in pituitary prolactinoma. FANCA, FANCD2, CLTC, MTBP,
HAUS6, DLGAP5, RAD21L1, PTTG3P, KIF11, PRC1, EDN1 and CCNF are novel biomarkers for
pathogenesis of pituitary prolactinoma. Condensed chromosome is the most significant GO CC term
for down-regulated genes. HJURP is novel biomarker for pathogenesis of pituitary prolactinoma.
Microtubule binding is the most significant GO MF term for down-regulated genes. KIF21B and
KIF26A are novel biomarkers for pathogenesis of pituitary prolactinoma.
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In present study, SOX2, KRT40, SMAD9, AMOT and DPPA4 were identified as hub proteins (up
regulated DEGs) in the PPI network. AMOT control of the Hippo/LATS pathway in the processes of
cell proliferation, motility, and differentiation in cancer [122], but this might be linked with cell
proliferation, motility, and differentiation in pituitary prolactinoma. SOX2, KRT40, SMAD9, AMOT
and TRIM29 are the hub proteins (up regulated DEGs) with highest betweenness centrality in the PPI
network. TRIM29 is important in differentiation, proliferation, and development of gastric cancer
[123], but this gene might be responsible for differentiation and proliferation in pituitary prolactinoma.
SOX2, KRT40, AMOT, C6orf141 and TRIM29 are the hub proteins (up regulated DEGs) with highest
stress centrality in the PPI network. C6orf141 is novel biomarkers for pathogenesis of pituitary
prolactinoma. SOX2, KRT40, SMAD9, TRIM29 and FGFR2 are the hub proteins (up regulated DEGs)
with highest closeness centrality in the PPI network. PRSS45, CARTPT, TAC4, CT45A1 and PON3
are the hub proteins (up regulated DEGs) with lowest clustering coefficient in the PPI network. Shang
et al. [124] reported that proto-oncogene CT45A1 play key role in invasion of cancer cell, but this gene
might be linked with invasion of pituitary prolactinoma cells. PRSS45, TAC4 and PON3 are novel
biomarkers for pathogenesis of pituitary prolactinoma. CLTC, PLK1, DHX15, GTSE1 and DISC1 are
identified as hub proteins (down regulated DEGs) in the PPI network. DHX15 play key role in cancer
progression through activating AR activity through Siah2-mediated ubiquitination independent of its
ATPase activity [125], but this gene might be liable for development of pituitary prolactinoma.
Subhash et al. [126] shown that GTSE1 is affecting apoptosis in gastric cancer, but this gene might be
answerable for development of pituitary prolactinoma. DISC1 is novel biomarker for pathogenesis of
pituitary prolactinoma. CLTC, PLK1, DHX15, KIF11 and ATP2B2 are the hub proteins with highest
betweenness centrality in the PPI network for down regulated DEGs. ATP2B2 is novel biomarker for
pathogenesis of pituitary prolactinoma. CLTC, DHX15, PLK1, ATP2B3 and KIF11 are the hub
proteins with highest stress centrality in the PPI network for down regulated DEGs. ATP2B3 is novel
biomarker for pathogenesis of pituitary prolactinoma. PLK1, CLTC, ATP2B4, ATP2B8 and DHX15 are
the hub proteins with highest closeness centrality in the PPI network for down regulated DEGs.
ATP2B4 and ATP2B8 are novel biomarkers for pathogenesis of pituitary prolactinoma. B4GALT6,
ZNF160, HIGD1B, CCL3L3 and C20orf203 are the hub proteins with lowest clustering coefficient in
the PPI network for down regulated DEGs. ZNF160, HIGD1B and C20orf203 are novel biomarkers for
pathogenesis of pituitary prolactinoma.

Modules are extracted from the PPI network for up and down regulated DEGs. RUNX1, SOX2,
FGFR2, FGF1, FGFR3, S100B, S100A1, SMAD9 and EVC2 are the hub genes (up regulated DEGs
with high degree) in all four modules in the PPI network. EVC2 is novel biomarker for pathogenesis of
pituitary prolactinoma. CLTC, GTSE1, NUF2, BUB1, SPC24, SPC25, CKS2, CCNB2, CCNA1,
KIF18A, FOXM1 and PRC1 are the hub genes (down regulated DEGs with high degree) in all four
modules in the PPI network. FOXM1 play roles in cancer related processes, such as invasion and
metastasis [127], but this might be linked with invasion and metastasis of pituitary prolactinoma.

LINC00598, CNKSR3, PMAIP1, TRIM71 and FAM83F are identified as up regulated target genes
with high degree of connectivity in target gene-miRNA-regulatory network. LINC00598, CNKSR3,
PMAIP1 and TRIM71 are novel biomarkers for pathogenesis of pituitary prolactinoma. SOX4,
ZMAT3, PTP4A1, RAD51 and DAZAP2 are identified as down regulated target genes with high
degree of connectivity in target gene-miRNA regulatory network. Oncogene SOX4 plays an essential
role in prostate cancer progression [128], but this gene might be associated with progression of
pituitary prolactinoma. PTP4A1 play key role in cancer cell growth and invasion of breast cancer cells
[129], but this gene might be responsible for improvement of pituitary prolactinoma. ZMAT3 and
DAZAP2 are novel biomarkers for invasion of pituitary prolactinoma.
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IRX1, CACNA2D3, VSNL1, BMP7 and DACT2 are identified as up regulated target gene with high
degree of connectivity in TFs-target gene regulatory network. CACNA2D3 and DACT2 are tumor
suppressor genes and epigenetic inactivation of these genes are linked with progression of various
cancer types [130],[131], but suppression of these genes might be identified with progression of
pituitary prolactinoma. IRX1 and VSNL1 are novel biomarkers for pathogenesis of pituitary
prolactinoma. UNC13A, CCNF, BDNF, POU3F4 and AKAP3 are identified as down regulated target
genes with high degree of connectivity in TFs-target gene regulatory network. UNC13A, POU3F4 and
AKAP3 are novel biomarkers for pathogenesis of pituitary prolactinoma.

5. Conclusions

We use bioinformatics analysis of pituitary prolactinoma to investigate the biological and clinical value
genes. Finally, using a series of particular conditions we screened crucial genes from DEGs. These
findings may improve our understanding of the etiology, pathology, and the potential molecular
mechanisms and gene targets of pituitary prolactinoma, which may be beneficial for the identification
of diagnostic biomarkers and treatment methods for pituitary prolactinoma. Nevertheless, lacking of
experimental verification is a limitation of this study. Further molecular biological experiments in vivo
and in vitro are required to confirm the function of the identified genes in pituitary prolactinoma.

Click here for additional data file.
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Case Study

Pulmonary mucormycosis causing a
mycotic pulmonary artery aneurysm
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Abstract

Mycotic pulmonary artery aneurysms requiring pneumonectomy are extremely rare. We present a severely breathless

immunocompromised diabetic middle-aged female patient. CT pulmonary angiogram revealed a giant pulmonary artery

aneurysm with impending rupture in the right lung. We did an emergency right pneumonectomy under cardiopulmonary

bypass support. Histopathology report of the lung specimen confirmed mucormycosis. She received amphotericin B

after the procedure. The patient had a prolonged postoperative hospital stay and succumbed to sepsis. Mycotic pul-

monary artery aneurysm portends very high morbidity and mortality in immunocompromised patients.
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Introduction

Mycotic pulmonary artery aneurysm (PAA) is a rare

condition which is associated with high mortality rate

because of the possibility of rupture and fatal

hemoptysis.1

In stable patients, mycotic PAAs have been treated

both conservatively with intravenous antibiotics and by

surgical resection. Both the approaches are associated

with high morbidity and mortality rates.2 We present a

case of giant right PAA who underwent emergency

right pneumonectomy.

Clinical case

A 45-year-old lady was admitted with a two-day histo-

ry of cough, fever and breathlessness. Her PR was

115/min, BP 140/90 mmHg, RR was 26 and tempera-

ture was 103� F. Room air SPO2 was 86%. She had

intractable cough and decreased air entry with rhonchi

and adventitious sounds over the right side of the chest.
She was stabilized medically. She was an undiag-

nosed diabetic with a HbA1C of 15.7%, haemoglobin

8.6 g/dl and inflammatory markers were raised with a

WBC count of 14,000 cells/cumm, ESR 125 mm/h and

hsCRP of 277.6 mg/l and a serum albumin of 2.2 g/dl.

The chest X-ray showed a homogenous round opacity

in the right hilar region. CT pulmonary angiogram of

the chest (Figure 1) revealed a large PAA of size 5.5 cm
arising from the right lower lobe pulmonary artery. She
continued to desaturate in spite of emergency intuba-
tion. Due to the risk of rupture of the large PAA and
deteriorating pulmonary function, she was taken for an
urgent pulmonary resection via median sternotomy and
cardiopulmonary bypass as she would not have been
able to withstand a right thoracotomy.

The patient was intubated using a double lumen
endotracheal tube. The chest was opened via a
median sternotomy, and the right hilum was exposed
after opening the right pleura. The entire lung was con-
solidated, and there was a 5.5 cm PAA in the lower
lobe, which was abutting the fissure and compressing
the apical, posterior, anterior, lateral and medial
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segments. As the aneurysm was large and lung tissue
and pulmonary artery friable, it was decided to per-
form a pneumonectomy under cardiopulmonary
bypass at 32�C with aortic and right atrial cannulation.
The right hilum was dissected. Pulmonary vein and
artery isolated and the branches were tied separately
with silk suture, and bronchial stump was closed with
interrupted pledgetted prolene 4–0 suture. The speci-
men was sent for histopathological analysis. Parietal
wall and hilar bleeders were stopped using diathermy.
The patient was weaned off bypass after rewarming to

36�C and heparin reversal done with protamine. Chest
closed with one mediastinal and pleural cavity drains.
She was transferred to intensive care unit with 0.05 mg/
kg/min of norepinephrine and 5 mg/kg/min of dopa-
mine. She was ventilated for 48 h.

Biopsy of the lung showed an aneurysm in the origin
of the lower lobe pulmonary artery measuring 5.5 cm in
diameter (Figure 2). Large areas of infarction, areas of
suppuration, necrosis and giant cell reaction and inter-
stitial pneumonia were evident in the wall of the aneu-
rysmal pulmonary artery. Plenty of fungal hyphae

Figure 1. (a) Homogenous round opacity in the right hilar region of the lung; (b, c) CT pulmonary angiogram showing large
pulmonary artery aneurysm of size 5.5 cm arising from the right lower lobe pulmonary artery.

Figure 2. Pneumonectomy specimen showed an aneurysm in the origin of the lower lobe pulmonary artery measuring 5.5 cm in
diameter.
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resembling mucormycosis were seen in these areas
(Figure 3). She received amphotericin B 50 mg intrave-
nously once a day till a cumulative dose of 1 g.
Amphotericin B was stopped as she developed renal
toxicity. On the 35th postoperative day, she was re-
intubated for respiratory distress and signs of sepsis.
A subsequent blood culture grew acinetobacter which
was treated with carbapenem antibiotic. She expired on
the 40th postoperative day of multi-organ failure
resulting from sepsis.

Discussion

Mycotic PAA is an unusual entity. It carries a high
mortality as it may lead to rupture and massive hae-
moptysis.1 Aneurysms can develop from haematoge-
nous septic micro-embolic spread via the vasa
vasorum or by inoculation of the infecting organism
to the antecedent intimal defect or by adjoining
involvement of the vessel. Sometimes, aneurysms can
occur due to traumatic vascular infection.3 Pulmonary
function test is an important tool in predicting outcome

after thoracic procedures but it is contraindicated in
the presence of thoracic aneurysm, due to the possibil-
ity of aneurysmal rupture.4 Transthoracic echocardiog-
raphy was negative for intra cardiac vegetations
and showed normal biventricular function.
A bronchoscopy may show compression of the bron-
chus, but in our case, we deferred bronchoscopy due to
instability of the patient.5

CT pulmonary angiogram enabled accurate charac-
terization and timely diagnosis. In view of severe respi-
ratory insufficiency and imminent rupture, she was
considered for early surgery. Surgical options include
aneurysmectomy, aneurysmorraphy and lobectomy or
banding.3 A right thoracotomy was not considered safe
hence it was approached via a median sternotomy.
After releasing the lung, it was apparent that the
large aneuryrsm was friable and extending across the
fissure onto the upper lobe, with evident consolidation
of the entire lung, hence cardiopulmonary bypass was
instituted, and an expeditious and safe pneumonecto-
my was done. She required inotropes, ventilation and
non-invasive ventilation in the postoperative period as
all the inflammatory markers were raised.

The clinical features of pulmonary mucormycosis
are non-specific pneumonia.6 Our patient had high
fever, cough and chest discomfort which are the most
common symptoms. Thirty-two percent of patients
suffer from diabetes6 which was the predisposing
cause in our patient who was an undiagnosed and
uncontrolled diabetic at admission. Pulmonary mucor-
mycosis develops rapidly and presents subacutely.
Radiological imaging may show infiltrates, consolida-
tion, cavities and nodules, with higher occurrence in
upper lobes. This patient had consolidation and infil-
tration of the entire lung.6

The diagnostic findings in a typical histopathologi-
cal report include hyphae and pathologic changes.
Pulmonary mucormycosis requires a higher dose of
amphotericin B. The accumulated dose can reach
30mg/kg, and the total dose can reach 2500–3000mg
for the total treatment course of 1–3 months.6 The
dose and duration of the therapy is individualized
depending on the clinical and radiological response
along with negativity of the cultures. The drug was
started after histopathology reporting and stopped
abruptly after giving cumulative dose of 1 g due to
raised serum creatinine. Later, she succumbed to bac-
terial infection.

Conclusion

This is a rare case of mucormycotic PAA, presenting
acutely, and treated with urgent pneumonectomy,
using a median sternotomy approach and

Figure 3. (a) Shows bronchi and alveolar spaces filled with
inflammatory exudate, thrombus in one of the small vessels (H&E
stain; �100); (b) section from pulmonary artery shows inflam-
mation, necrosis and fungal hyphae within the wall (GMS stain;
�100).
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cardiopulmonary bypass, and it is associated with a
high mortality rate.
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a b s t r a c t

Background: The increasing tutorial size poses every teacher with the problem of student

attention and participation; hence, newer strategies are needed to engage adult learners into

cooperative learning. This study aims to assess the knowledge gained and retained and per-

ceptionsofstudentsusinganinteractivesyndicatelearningstyletutorialvis-a-visconventional

tutorials.

Methods: A quasi-experimental crossover study was conducted wherein students of phase 1

MBBSphysiologytutorialsweredivided intotwobatches (interactive tutorials involving learning

Fishbowl with Fish Battle and Round Robin Brainstorming and conventional didactic tutorials),

with 65 students in each over 3 days. In the interactive tutorial group, studentswere seated in 2

concentriccircles,theinnercircleengagedinFishBattle(aseminarfollowedbyrebuttal),whereas

theremainingstudentsbelongedto theRoundRobinBrainstorming (outercircle) group,wherein

brainstorming using index cards was carried out and a mindmap was prepared, followed by a

summary. Both batches underwent the pre- and post-MCQ test followed by the crossover study

the subsequent week. For testing retention, an Multiple Choice Questions (MCQ) test was con-

ducted after 3weeks. In the end, 5 physiology tutorialmoduleswere completed.

Results: There was a statistical improvement in the post-test scores (9.7%) gain in the

Interactive Tutorial (IT) group as compared with the Conventional Tutorial (CT) group. Of

the students, 56% retained the topics after undergoing IT compared with CT. Around (90%)

students felt improved conceptual thinking, and 92% felt it encompassed active learning.

Conclusion: Interactive tutorials involving such learning styles facilitate active self-

determined learning, develop mutual interdependence, equal representation, and group

dynamics as adult learners, and transform them into lifelong critical thinkers.

© 2021 Director General, Armed Forces Medical Services. Published by Elsevier, a division of

RELX India Pvt. Ltd. All rights reserved.

* Corresponding author.
E-mail address: nirmala17.april@gmail.com (N. Anand).

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier .com/locate/mjafi

me d i c a l j o u r n a l a rm e d f o r c e s i n d i a 7 7 ( 2 0 2 1 ) S 7 3eS 7 8

https://doi.org/10.1016/j.mjafi.2020.12.003
0377-1237/© 2021 Director General, Armed Forces Medical Services. Published by Elsevier, a division of RELX India Pvt. Ltd. All rights
reserved.

mailto:nirmala17.april@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mjafi.2020.12.003&domain=pdf
www.sciencedirect.com/science/journal/03771237
www.elsevier.com/locate/mjafi
https://doi.org/10.1016/j.mjafi.2020.12.003
https://doi.org/10.1016/j.mjafi.2020.12.003
https://doi.org/10.1016/j.mjafi.2020.12.003


Introduction

Medical education is in the midst of a major tectonic shift in

the 21st century, with the increasing classroom size that has

its inherent problemof student engagement and facilitation of

learning for better outcomes.1 In the wake of outcome-based

medical education by Medical Council Of India (MCI), it is now

a preamble for every institute to adopt a teachingelearning

strategy to build up self-dependence in students to facilitate a

two-way process of sharing ideas and concepts. The National

Education policy that insists on one-size-fits-all policy is not

the way forward, and hence, an attempt is made to extend the

boundaries of education toward self-reliance. Creating an

environment in which students can learn effectively and

efficiently has become the new prerequisite and focused

toward how students learn.2 The current lacuna with the

traditional didactic teaching, which is still the most prevalent

technique of information transfer in the medical curriculum,

is that it may not facilitate learning as it is still considered

teacher centric, with most students not being attentive, and

hence, there is no scope for active learning. To circumvent

these problems, medical educationists have developed an

array of teaching methods such as small-group teaching,

seminars, tutorials, brainstorming, and so on. Research pro-

jects such as Tennesee's Student/Teacher Achievement Ratio

(STAR) have elaborated the importance of reducing the class

size in producing benefits for teachers and students.3 One

such modality of teaching is tutorials, wherein the student

number is restricted and better conceptual understanding can

be encompassed, but they are inherently flawed if not made

interactive, leading to loss of focus and boredom. Certain

studies have proved benefits of interactive teaching over di-

dactic lecturing for its positive influence on pupils.4 Peer-

assisted strategies facilitate not only the acquisition of

knowledge but also several other desirable attributes, such as

communication skills, teamwork, problem-solving, creating

rich educational environment, and so on. The Fishbowl

technique was introduced by multinational companies to in-

crease participation by employees,5 and the same principal

has been used inmedicine to promote cooperative learning as

students learn by doing. It places the responsibility of learning

on students, and responsibility of the teacher passes from the

one who passes on the knowledge to a facilitator. Learning

occurs throughmultiple interactions within the environment,

especially when students are encouraged, expected to think

critically, and analyze things. The “Fish Bowl with Fish Battle

admixed with Round Robin Brainstorming” is a cooperative

learningeteaching strategy in the form of dialog that aids

active participation of students and acts as a primer for

inducing self-directed learning.6 The practical disadvantage of

the didactic tutorial is that the discussion can be literally

hijacked by vocal participants. Silent members hesitate to

participate with the fear of being rebuked on giving a wrong

answer by the leader. Hence, they end up being passive

disinterested spectators.7 The novel syndicate learning styles

based on the heutagogical principles facilitate learning owing

to greater interaction and peer review; introvert students

develop group dynamism, their social skills are improved, and

the students learn to be focused, which transforms them from

a passive disinterested learner into an active experiential

learner. In the era of information explosion, students are

overburdened with an increasing academic load, making

learning painful. Coles8 opined that the student's satisfaction

is inversely proportional to the classroom size; hence, it is

mandatory that colleges promote interactive sessions for the

teachingelearning method for students who conventionally

depended on tutorials for ages.4 In a study conducted by Saleh

et al,9 it was suggested that the priority for improving the

quality included methodologies that include blending unique

self-directed learning styles across all years of the study. In

the context of medical education in India, it is imperative to

underscore the integration of various heutagogical principles

to foster learning for young minds. Because there is a paucity

of scientific data emerging from this genre of medical educa-

tion with regard to the effectiveness of innovative syndicate

learning styles amongMBBS phase 1 students, an effort will be

made through this study to ascertain if there is requirement to

bring about a change in the teachingelearning method. We

decided to conduct a study to assess the impact of the com-

bination of two differential syndicate group learning styles in

an interactive tutorial format, i.e., Fishbowl with Fish battle

with Round Robin Brainstorming, in physiology among stu-

dents and to analyze feedback from students and to identify

intricacy in this regard so that learning can be facilitated.

Materials and methods

This is an experimental study. A quasi-experimental cross-

over study was conducted. A total of 200 participants were

involved in the study.

The following is the source of data:

a) Phase 1 MBBS students

b) Sampling technique: The sampling technique included

purposive sampling of students into tutorial groups

(n ¼ 65) which included two groups (A and B [n ¼ 32]) by

using their odd/even roll numbers, wherein A indicates the

interactive group and B indicates the comparison group.

c) Study duration: The study duration included 8 months

(October 2018eMay 2019).

d) Study setting: The study setting included physiology

tutorials.

e) Inclusion criteria: Participation was voluntary.

f) Exclusion criteria: There were no exclusion criteria.

The entire purpose and protocol of the studywas explained

to the participants, and a voluntary written informed consent

was taken from all of them after receiving institutional ethical

clearance. The students were primed about the topic via a

didactic lecture that lasted around 60 min before the conduct

of the tutorial sessions. The tutorial groups consisted of 65

students, each divided across 3 days/week (3 batches). The 65

students of a tutorial were divided into 2 groups (A1, A2, A3:

n ¼ 32 and B1, B2, B3: n ¼ 33), i.e., the interactive or compar-

ison groups, respectively, using their roll numbers. The stu-

dents as per their groups moved to separate rooms depending

on whether they were having traditional tutorial teaching or

the novel intervention, and both the groups were taught the
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same topic by faculty having similar proficiency. The students

were separated into 2 groups: (a) interactive group (Fishbowl

with Fish Battle and Round Robin Brainstorming) and (b)

comparison group (traditional tutorial) every week. A sensi-

tization program for the smooth conduct of the group for-

mation was conducted a week before the actual

commencement. A pre-test MCQ (Curate Critical thinking

Higher order extended MCQ) was given to all the members

(n ¼ 65) before being allotted to the groups.

Interactive tutorial

Fish Bowl with Fish Battle and Round Robin Brainstorming
technique
The intervention group consisting of 32 participants was

divided into 2 circles: one inner circle and one outer circle. A

total of 32 students were allocated to 2 circles depending on

their roll numbers. The first group of 14 students (Fish group)

was made to sit in the inner circle and was given a topic for

discussion based on the teacher's lecture. They were instruc-

ted to hold a discussion with the representative members of

their group. The inner fish group was further divided into two

groups: one group of participants (n ¼ 7) spoke on a subtopic

allotted to them, and the other counterpart group (n ¼ 7)

rebutted them. The other group of another 13 students (Round

Robins group) was made to sit in the outer circle and was

asked to observe the Fish group. The Round Robins group

would listen carefully to the Fish group and contribute to the

discussion by brainstorming of missing ideas or concepts

using index cards. The following are the manpower re-

quirements of the Fish Bowl with Fish Battle and Round Robin

Brainstorming Technique: (1) group leader, who starts and

directs the discussion; (2) facilitator, who interacts with the

rest for peer review, (3) neutral chairperson, who summarizes,

(4) observer, who notes topics and important points, and (5)

team referee, who motivates and acts as timekeeper.7,9e12

The aforementioned team of 5 members was seated in the

outer circle (Round Robins group), and at the end of the ses-

sion, they would get together and draw a mind map of the

topic under discussion with the assistance of the entire team

and reach out to faculty for assistance if any, and the same

was distributed among all the 30 students in the intervention

group.

The time taken was as follows: 30 min for Fish Battle,

15 min for answering queries and summarization (Round

Robin Brainstorming), 10 min for mind map, and 20 min for

the pretest and post-test.

In the first week, students were allocated to A1, A2, and

A3 and B1, B2, and B3 based on their roll numbers.

In the secondweek, the interactive and comparison groups

were swapped over in the consecutive week, and it was

continued for 8 months to cover 5 different topic modules of

physiology.

At the end of the interactive tutorial (session), this group

prepares a mind map; a constructive, corrective, reflective

feedback using Pendleton's technique was given immediately

to beat the forgetting curve; and a feedback questionnaire that

assessed their perception toward the novel learning style was

duly filled by the participants. A post-test MCQ (Curate Critical

thinking MCQ) was tendered to students of both the inter-

vention and comparison group. After a period of 3 weeks, the

retention and recall of the topics was assessed using the MCQ

test of the topic discussed in Fish bowl with Fish Battle and

Round Robin Brainstorming style.

The students (n ¼ 33) allocated to the comparison group

were taught the topic that was discussed in the interactive

group by means of traditional conventional didactic explan-

atory tutorials. Time takenwas 60min 40min for teaching and

20 min for the pretest and post-test.

The prestructured feedback questionnaire was piloted on

30 students to validate the instrument for internal consistency

for face, content, and consensual validity and was rated by

experts. The responses of the feedback form were graded

using the Likert scale (scores ranging from 1 to 5). These scales

were statistically analyzed and expressed as percentage. MCQ

given as the pretest and post-test was given from the

departmental question bank of the prevalidated and post-

validated MCQ for determination of difficulty and discrimi-

nation index. Learning outcomes and knowledge were

assessed comparing pretest and post-test scores on MCQ.

Perceptions regarding the use of the syndicate learning style

were assessed using a prestructured and prevalidated

comprehensive questionnaire.

Statistical analysis

The data were analyzed using IBM SPSS, version 25.0, with full

crack keygen. The categorical variables were computed in the

form of frequency table. Between-group analyses was carried

out using the ManneWhitney U test and Student's t-test. P

values <0.05 were considered to be statistically significant.

Results

There was a statistical improvement in the post-test scores

(9.7%) gain in the IT group as compared with the CT group. Of

the students, 56% retained the topics after undergoing IT

compared with CT. Around (90%) students felt improved

conceptual thinking, and 92% felt it encompassed active

learning. (Tables 1e3, Figs. 1 and 2)

Discussion

The present study was undertaken to study the effectiveness

of a novel syndicate learning strategy that combined the

Fishbowl with Fish Battle technique and Round Robin Brain-

storming for teaching physiology to phase 1MBBS students. In

our study, we found that the mean scores of students after IT

were significantly higher, with 9.7% gain in marks as

compared with their counterparts having conventional tuto-

rials, wherein there was only 5.9% gain in marks. Further-

more, in our study, students preferred interactive tutorials
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over conventional ones, which is in line with some other

studies on undergraduates,13 with 92% stating IT to be most

active way of learning, 72% finding it to be best suited for

understanding and retention, 89% reporting it to be an interest

arousal method, 90% finding that it improves conceptual

thinking, 94% students finding it to be an opportunity to clear

their doubts, and 54% reporting it to be suitable for recall.

However, in our study, the majority, i.e., 62%, found conven-

tional tutorials to be a more comfortable method of teaching.

In addition, in our study, we found that students who were

allocated to the interactive Fishbowl with Fish Battle and

Round Robin Brainstorming technique (92%) showed an

objective enhancement of knowledge and fared better on the

retention and recall test conducted after 3 weeks (56% in-

crease) than their counterparts who were exposed to the

conventional didactic tutorials as they found the innovative

technique dynamic and interactive. The probable explanation

for the same could be that the traditional teaching learning

strategy embodied by most of the institutes catering to health

sciences is in the form of tutorials and is aimed toward major

educational outcomes, wherein one or more instructors give

instructions to a small group of students and in return stu-

dents are supposed to develop and test ideas, define new

problems, seek solutions, and indulge in self-learning. The

main focus is to make learning multidirectional, wherein tu-

tors can provoke thinking and create an environment wherein

ideas can be freely exchanged. The conventional didactic tu-

torials unfortunately tend to be grappled with similar issues

as students partake a more passive role, with no scope for

asking questions and getting them cleared.14,15 In our study,

more than 94% students found it easier to get their doubts

cleared as they seemed to shed inhibitions through this

innovative strategy as it facilitates a role change of a teacher

from sage on the stage to guide on the side, which allows

students to assume a center stage with an active role to

stimulate learning.16 Studies have shown that students acting

as peer tutors are more appealing and constructive, allowing

students to become critical thinkers and lifelong learners and

to develop independence.17 In our case, the students (89%)

remained constantly involved and interested in the entire

process, and 90% learned to critically analyze questions.

Active participation was the rule. The greater scores (56% in-

crease) on recall were probably because this technique evoked

interest, and enthusiasm remained for a longer time because

of team spirit. Because each student was allocated a subtopic,

each member from the group gained the capacity to help

others. Because the speakers were not chosen by the teacher,

there was an element of curiosity added to the task. On the

background of the fear factor involved in answering in tradi-

tional tutorials, this novel style showed positive learning

outcomes on the post-test. The Fish Battle arrangement

increased active participation and deeper learning because

the fear of being rebutted made them push their goals. This

technique of learning promotes a strong sense of leadership

and the ability to respond to a conversation. A novel creative

blending of Round Robin Brainstorming with the Fishbowl

tutorials allowed the students to generate ideas in a more

structured manner irrespective of being influenced of vocal

students who dominate the scenario in a traditional brain-

storming session and have an equal say in the conversation.

The enhancement of knowledge by the interactive syndicate

learning strategy could be due to the following reasons:

1. It helps in more dynamic interactive learning.

2. It increases curiosity and interest in the subject.

3. It fosters critical reasoning and aids better retention.4,16

Table 1 e Comparison of the students' performance.

Method Pretest Post-test Gain in marks P value

CT (n ¼ 100) 2.7 (1.4) 8.6 (1.6) 5.9% 0.001aM

IT (n ¼ 100) 2.5 (0.97) 10.2 (1.4) 9.7% 0.001aM

The table shows that the mean scores of students after IT were significantly higher than their counterparts having conventional tutorials. P

values <0.05 is considered significant. IT represents the Interactive Tutorial group; CT represents the Conventional Tutorial group.
a Statistically significant as per the ManneWhitney U test.

M stands for Mann- Whitney U test. Data was found statistically significant as per this, hence mentioned as superscript.

Table 2 e Students showing the preferences for
interactive tutorials over conventional tutorials.

Items CT IT

Most comfortable method 62% 38%

Most active way of learning 8% 92%

Method best suited for understanding and retention 28% 72%

Most interest arousal method 11% 89%

Method which improves conceptual thinking 10% 90%

Method of opportunity to clear doubts 6% 94%

Method best suited for recall 46% 54%

IT represents the Interactive Tutorial group; CT represents the

Conventional Tutorial group.

Table 3 e Comparison of students' performance on recall
after 3 weeks.

Recall
method

MCQ test before
3 weeks

MCQ test after
3 weeks

% of
increase

P
value

IT (n¼ 100) 2.5 (0.97) 11 (1.0) 56% 0.001a

CT

(n ¼ 100)

2.7 (1.4) 5.6 (1.7) 19% 1.39

The table shows themean scores of students on recall after 3weeks

of conduct of IT and CT. The group that underwent IT scored

significantly higher than their counterparts undergoing conven-

tional tutorials, depicting better recall after 3 weeks. P values <0.05
were considered significant. IT represents the Interactive Tutorial

group; CT represents the Conventional Tutorial group; MCQ rep-

resents the Multiple Choice Questions.
a Statistically significant.
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Fig. 1 e Tutorial plan.
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4. Students gain confidence to ask questions and express

their views on controversial topics.5

Such innovative syndicate learning strategies help

increased self-identification of lacunae by students and pro-

motion of self-directed learning by instant resolution of con-

fusions and helping them learn the art of holistic problem-

solving. Hence, it is highly recommended that for effective

classroom management, such an innovative, more focused,

and critically analytic learning strategy be adopted so as to

generate a systematic approach to deliver better solutions in

which a traditional didactic tutorial fails. It will help in-

stitutions to break free from the fixed frames of education and

adapt to a barrier-less student-centric learning style.
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Growth from Birth Through Six Months for Infants of Mothers in the
“Women First” Preconception Maternal Nutrition Trial

Nancy F. Krebs, MD1, K. Michael Hambidge, MD1, Jamie L. Westcott, MS1, Ana L. Garc�es, MD2, Lester Figueroa, MD2,

Antoinette K. Tsefu, MD3, Adrien L. Lokangaka, MD3, Shivaprasad S. Goudar, MD4, Sangappa M. Dhaded, MD4,

Sarah Saleem, MD5, Sumera Aziz Ali, MD5, Carl L. Bose, MD6, Richard J. Derman, MD8, Robert L. Goldenberg, MD7,

Vanessa R. Thorsten, MPH9, Amaanti Sridhar, MS9, Dhuly Chowdhury, MS, MBA9, and Abhik Das, PhD9, the Women First

Preconception Maternal Nutrition Study Group*

Objective To evaluate whether the fetal linear growth effects of maternal nutrition supplementation would be
maintained through 6 months postnatal age.
Study design The Women First trial was a multicountry, individually randomized clinical trial that compared the
impact of maternal nutrition supplementation initiated preconception (Arm 1) vs at �11 weeks of gestation (Arm 2),
vs no supplement (Arm 3); the intervention was discontinued at delivery. Trial sites were in Democratic Republic of
Congo, Guatemala, India, and Pakistan. Analysis includes 2421 infants born to 2408 randomized women. Primary
outcome was the trajectory of length-for-age z scores (LAZ) by arm, based on assessments at birth and 1, 3, and
6 months. We fitted longitudinal models on growth from birth to 6 months using generalized estimating equations;
maternal intervention effects were evaluated, adjusting for site and baseline maternal covariates.
Results Linear growth for Arms 1 and 2 was statistically greater than for Arm 3 in 3 of the 4 countries, with average
pairwise mean differences in LAZ of 0.25 (95% CI 0.15-0.35; P < .001) and 0.19 (95% CI 0.09-0.28; P < .001),
respectively. Compared with Arm 3, average overall adjusted relative risks (95% CI) for stunting (LAZ <–2) were
lower for Arms 1 and 2: 0.76 (0.66-0.87; P < .001) and 0.77 (0.67-0.88; P < .001), respectively.
Conclusions Improved linear growth in early infancy observed for the 2 intervention arms supports the critical
importance of maternal nutrition before conception and in the early phase of gestation.
Trial Registration ClinicalTrials.gov: NCT01883193. (J Pediatr 2020;-:1-8).

R
eduction of childhood stunting is a global health priority.1-3 Despite recent progress toward this goal, nearly 150
million young children are stunted. The first several months of postnatal growth, which is normally very rapid, reflect
both intrauterine and postnatal exposures, including nutritional adequacy. Population studies and observational co-

horts from low- and middle-income settings indicate that linear growth faltering is often observed very early in the postnatal
period,4-7 strongly suggesting a deprived intrauterine environment. To date, however, interventions to improvematernal nutri-
tional status during pregnancy have resulted in increased birth size but have had only modest impact on postnatal growth.8-10

Although a strong theoretical rationale exists for the importance of preconcep-
tional maternal nutritional health to fetal and early postnatal growth, data are
very limited.11-14 In the multicountry Women First trial, a comprehensive
maternal nutrition intervention initiated either before conception or by the
end of the first trimester, resulted in greater newborn length and weight as
well as lower rates of stunting and small for gestational age compared with no
nutritional intervention.15 The a priori trial hypothesis examined in this report
was that the gains of the intervention would be maintained at least through
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6 months’ postpartum among the offspring of mothers who
received nutritional supplementation.16 Specifically, we
compared the trajectory of growth from birth to 6 months
by maternal intervention arm for linear growth, weight
gain, and head circumference (HC) gain, and for rates of
stunting and wasting. Secondary objectives were to charac-
terize the infant feeding patterns during the follow-up period
and to analyze the effects of the maternal intervention on
postnatal morbidity and mortality.

Methods

This report describes growth data obtained at birth, and 1, 3,
and 6 months postnatal age for the offspring of the partici-
pants in the Women First preconception nutrition trial
(clinicaltrials.gov NCT01883193).15,16 The original study
was a multisite individually randomized clinical trial in
which nonpregnant women were randomly assigned to 1 of
3 arms: initiation of a daily small quantity lipid-based
nutrient supplement (SQ-LNS) at the time of randomization
with continuation for at least 3 months before conception
through delivery (Arm 1); initiation of the same supplement
late in the first trimester of pregnancy and continued through
to delivery (Arm 2); or receipt of no trial supplement (Arm
3). In addition, women in Arm 1 and Arm 2 (once on the pri-
mary supplement) who were underweight or had inadequate
gestational weight gain were provided an extra protein-
energy supplement.16 The SQ-LNS provided modest quanti-
ties of protein and energy (2.6 g protein and 118 kcal), poly-
unsaturated fats in a favorable balance, and 22
micronutrients in quantities appropriate for pregnancy.
The protein-energy supplement was also lipid-based and
provided 300 kcal and 11 g protein (�15% of energy)
without additional supplemental micronutrients. The total
duration of exposure to the intervention supplement was
76.6 weeks for women in Arm 1, and 25.4 weeks for women
in Arm 2.15

The study was conducted in rural and small town settings
in the Democratic Republic of Congo, Guatemala, India, and
Pakistan. Details of these sites have been provided previ-
ously.16

Participants
The infants in the present report are the offspring of the par-
ticipants of the Women First trial. Birth anthropometric
measurements, including length, weight, and HC, were ob-
tained by at least 7 days of postnatal life, and 98.2% were ob-
tained within 48 hours of birth. Data were collected between
February 2015 and May 2017.

Anthropometry
Length, weight, and HC measurements were obtained by
assessment teams who had not been directly involved in
administration of the study intervention or the biweekly
home visits throughout the trial. The assessors were trained
and certified according to standardized procedures; they

were recertified every 3 months. The equipment included in-
fant electronic balances accurate to 10 g (seca 334), non-
stretch, plasticized measuring tape (seca 201) (seca North
America, Chino, California) and infantometers accurate to
1 mm (neonatal stadiometer, Ellard Instrumentation, Ltd,
Monroe, Washington). Z scores, which accounted for sex
and age at the time of measurement, were calculated for
length, weight, body mass index (BMI, kg/m2), and HC
from the World Health Organization (WHO) Child Growth
Standards.17

Infant Feeding
Breastfeeding and overall feeding history was obtained at all
anthropometry visits. Assessment included use of pre-lacteals
in first 3 days of life; use of any/type of liquids besides breast
milk and any/type of non-breast milk foods at subsequent
visits; and use of any commercial fortified liquids or foods.
Exclusive breastfeeding was defined as no other liquids or
foods.

Infant Morbidity
Infant hospitalization or illness for which the family sought
medical care, including visits to traditional healers, was re-
corded by research assistants at biweekly home visits
throughout the 6-month study period. Specific questions ad-
dressed episodes of respiratory illness (treatment, yes/no);
diarrhea (defined as 3 or more loose or watery stools per
day, yes/no); and malaria (confirmed by health worker
and/or blood test, and treatment, yes/no).16

Ethics
The project was approved by the Colorado Multiple Institu-
tional Review Board, University of Colorado, the local and/
or national ethics committees for each of the 4 sites (registered
with US Office of Human Research Protection and with
Federal-wide Assurance in place), and the data coordinating
center.Written informed consentwas obtained fromall partic-
ipants. The study protocol is available online at https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4000057/. Throughout
the intervention phase of the trial, a data monitoring commit-
tee designated by the Eunice Kennedy ShriverNational Institute
of ChildHealth andHumanDevelopmentmonitored safety of
the trial. Adverse events that were monitored included preg-
nancy outcomes, adverse neonatal events, hospitalizations,
and allergic reactions.15,16

Data Management and Analysis
After excluding biologically implausible anthropometric mea-
surements (length and HC) according to WHO guidelines,17

the longitudinal analysis included all live-born infants with
birth length measurements obtained by 7 days of age who
had at least 2 follow-up visits (1-, 3-, or 6-month). Weight-
for-length z scores (WLZ) could not be obtained for infants
with length <45.0 cm at any visit due to limitations in the
WHO standards17 and were set to missing for that visit.
Maternal baseline characteristics and unadjusted growth

outcomes for infants were summarized using mean and SD
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for continuous variables and percentages for categorical vari-
ables. Primary and secondary outcomes were analyzed using
longitudinal generalized estimating equations for each
outcome and accounting for the correlation of repeated mea-
sures over time as well as study cluster (site/location). The
models also were adjusted for age at visit, parity, and
maternal education at baseline, the latter because the rates
were significantly different across the 3 intervention arms
in our analysis sample. Interactions between arm and other
covariates (site, sex, and nulliparous/parous) were evaluated,
using a cut-off of P < .10. The generalized estimating equa-
tion models used linear, log binomial, or robust Poisson for-
mulations, as appropriate, depending on whether the
outcomes were continuous or binary. An autoregressive or-
der 1 covariance structure was used to account for correlated
longitudinal data. A 2-sided P < .05 was considered signifi-
cant. Statistical analyses were conducted using SAS (Version
9.4, SAS Institute Inc., Cary, North Carolina). Treatment ef-
fects for continuous outcomes are presented as model
adjusted pairwise mean differences and those for binary out-
comes are presented as adjusted relative risks, along with
respective 95% CIs.

Results

This analysis is based on 2408 women with a live birth in the
longitudinal analysis population. Enrollment and randomi-
zation took place between December 2013 and October

2014. Maternal characteristics are presented in Table I
(available at www.jpeds.com); no differences among arms
were evident except for Arm 1 having more women with
no education (P = .018). The infants represented in the
longitudinal analysis for the combined sites included 2421
infants, with 785, 827, and 809 in Arms 1, 2, and 3,
respectively. There were 2395 singletons, and 13 twin pairs
(7, 2, and 4 pairs in Arm 1, 2, and 3, respectively)
(Figure 1; available at www.jpeds.com).
Anthropometricmeasurements at birth, 1, 3, and 6months

for the infants included in the longitudinal analysis are pre-
sented by arm in Table II. Mean unadjusted length-for-age
z scores (LAZ) at birth were approximately –1.0 for both
Arms 1 and 2, and –1.25 for Arm 3, similar to previously
reported birth outcomes15 and indicated in Figure 2. The
analysis for longitudinal LAZ and weight-for-age z score
(WAZ) changes from birth to 6 months demonstrated no
difference between Arms 1 and 2, but both were more
positive compared with Arm 3 (Figure 2). For all arms, the
mean LAZ scores were relatively stable from birth through
3 months but declined between 3 and 6 months (Figure 2).
The adjusted pairwise mean differences for length over the

6-month study period were 0.49 cm (95% CI 0.28-0.70,
P < .001) and 0.34 cm (95% CI 0.13-0.54, P = .001) for
Arms 1 and 2, respectively, compared with Arm 3
(Table III). The adjusted longitudinal analysis showed that
the interaction between arm and site was close to our cut-
off for significance for LAZ (P = .07) and was, therefore,
included in the final model. Adjusted mean differences for

Table II. All sites unadjusted growth outcomes from birth to 6 months of age by intervention arm*

Variables

Arm 1† Arm 2† Arm 3† Unadjusted pairwise arm comparisons and 95% CI‡

(N = 785) (N = 827) (N = 809) Arm 1 vs 3 Arm 2 vs 3 Arm 1 vs 2

Length, cm
Birth (<7 d) 47.7 � 2.2 (783) 47.6 � 2.0 (826) 47.3 � 2.1 (806) 0.4 (0.2-0.6) 0.3 (0.1-0.6) 0.0 (�0.2 to 0.3)
1 mo 52.0 � 2.4 (775) 52.0 � 2.3 (820) 51.6 � 2.4 (807) 0.36 (0.1-0.6) 0.4 (0.2-0.6) �0.0 (�0.3 to 0.2)
3 mo 58.4 � 2.5 (779) 58.2 � 2.5 (822) 57.8 � 2.6 (802) 0.55 (0.3-0.8) 0.4 (0.1-0.6) 0.2 (�0.0 to 0.5)
6 mo 63.9 � 2.6 (768) 63.6 � 2.7 (813) 63.4 � 2.6 (794) 0.46 (0.2-0.7) 0.2 (�0.0 to 0.5) 0.2 (�0.0 to 0.5)

Weight, g
Birth (<7 d) 2818 � 434 (783) 2812 � 414 (826) 2756 � 415 (806) 62.5 (20.7-104.3) 56.7 (16.5-97.0) 5.8 (�35.7 to 47.2)
1 mo 3738 � 642 (777) 3756 � 617 (820) 3703 � 642 (807) 35.2 (�28.1 to 98.5) 52.5 (�8.7 to 113.7) �17.3 (�79.1 to 44.5)
3 mo 5437 � 894 (780) 5401 � 874 (822) 5334 � 896 (806) 102.2 (14.1-190.4) 66.8 (�19.2 to 152.8) 35.4 (�51.2 to 122.0)
6 mo 6755 � 1054 (770) 6729 � 1032 (816) 86684 � 1016 (795) 70.4 (�32.3 to 173.0) 44.7 (�55.4 to 144.9) 25.6 (�77.2 to 128.4)

BMI, kg/m2

Birth (<7 d) 12.4 � 1.3 (780) 12.4 � 1.2 (823) 12.3 � 1.2 (804) 0.1 (�0.0 to 0.2) 0.1 (�0.0 to 0.2) �0.0 (�0.1 to 0.1)
1 mo 13.8 � 1.6 (773) 13.8 � 1.6 (817) 13.8 � 1.6 (802) �0.1 (�0.2 to 0.1) �0.0 (�0.2 to 0.2) �0.1 (�0.2 to 0.1)
3 mo 15.9 � 1.9 (778) 15.9 � 1.9 (818) 15.9 � 1.9 (794) �0.1 (�0.3 to 0.1) �0.0 (�0.2 to 0.2) �0.0 (�0.2 to 0.2)
6 mo 16.5 � 1.9 (766) 16.6 � 1.8 (811) 16.6 � 1.8 (792) �0.1 (�0.2 to 0.1) �0.0 (�0.2 to 0.2) �0.0 (�0.2 to 0.1)

Weight/length ratio, kg/m
Birth (<7 d) 6.0 � 0.7 (701) 6.0 � 0.6 (746) 6.0 � 0.6 (699) 0.1 (�0.0 to 0.1) 0.1 (�0.0 to 0.1) 0.0 (�0.1 to 0.1)
1 mo 7.2 � 1.0 (766) 7.2 � 1.0 (809) 7.2 � 1.0 (795) 0.0 (�0.1 to 0.1) 0.1 (�0.1 to 0.1) �0.0 (�0.1 to 0.1)
3 mo 9.3 � 1.3 (777) 9.3 � 1.3 (818) 9.2 � 1.3 (799) 0.1 (�0.1 to 0.2) 0.1 (�0.1 to 0.2) 0.0 (�0.1 to 0.1)
6 mo 10.6 � 1.4 (766) 10.5 � 1.3 (813) 10.5 � 1.3 (792) 0.0 (�0.1 to 0.2) 0.0 (�0.1 to 0.2) 0.0 (�0.1 to 0.2)

HC, cm
Birth (<7 d) 33.3 � 1.5 (779) 33.3 � 1.4 (823) 33.2 � 1.5 (803) 0.1 (�0.1 to 0.2) 0.1 (�0.1 to 0.2) �0.0 (�0.1 to 0.1)
1 mo 36.0 � 1.5 (772) 36.0 � 1.4 (817) 36.0 � 1.5 (803) 0.0 (�0.1 to 0.2) 0.1 (�0.1 to 0.2) �0.1 (�0.2 to 0.1)
3 mo 38.9 � 1.5 (776) 38.9 � 1.4 (820) 38.9 � 1.5 (805) 0.0 (�0.1 to 0.2) �0.0 (�0.2 to 0.1) 0.0 (�0.1 to 0.2)
6 mo 41.5 � 1.6 (764) 41.5 � 1.5 (814) 41.5 � 1.5 (792) �0.0 (�0.2 to 0.1) �0.0 (�0.2 to 0.1) 0.0 (�0.1 to 0.2)

*After we excluded extreme invalid measurements as determined by expert manual review, the longitudinal analysis subset includes all live-born infants with birth length measurements measured by
7 days of age who had at least 2 follow-up visits (1-month, 3-months, or 6-months) with length measurements.
†Values presented as mean � SD (n).
‡Unadjusted pairwise mean differences and 95% confidence limits were obtained from t test assuming equal variance across arms.
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Arm 1 vs Arm 3 for LAZ were statistically different, ranging
from 0.21 to 0.44, for all sites but Guatemala (Table III).
Mean differences for Arm 2 vs Arm 3 were smaller and
statistically significant only for Democratic Republic of the
Congo and Guatemala (Table III). No other interactions
for combined sites were significant and were excluded from
all other final models for all other outcome measures.
Unadjusted means ofWAZ at birth were also slightly lower

than�1.0 for Arms 1 and 2, and as for LAZ, the longitudinal
meanWAZ for both arms were consistently less negative than
that of Arm 3 over the 6-month period (Figure 2). In contrast
to the LAZ, however, the WAZ did not decline appreciably
over the birth to 6 months period (Figure 2). The adjusted
mean differences in WAZ for both Arm 1 and Arm 2
compared with control Arm 3 were smaller than for LAZ,
although both differences were statistically significant
(P < .001 and .005, respectively) (Table III). No differences
by arm at birth or in the longitudinal analyses were
observed among arms for BMI-for-age z score, WLZ, or
HC-for-age z score (Table III).
No growth differences were observed between sexes, and

models adjusted for maternal characteristics, including parity
and education, demonstrated similar findings as the unad-
justed models. Longitudinal analyses further adjusted for
parity (primiparous vs multiparous) did not substantially
change the comparisons of mean differences for continuous
variables or the adjusted relative risks for the binary out-
comes (data not shown).
Stunting rates across the 6-month period were similar for

Arms 1 and 2 and were significantly lower than those for Arm
3 (Figure 3). The adjusted mean probability for stunting
changed only slightly between birth and 3 months for all
arms, but rates increased for all arms between 3 and
6 months (Figure 3). The adjusted relative risks for
stunting over the study period were 0.76 (95% CI 0.66-
0.87) and 0.77 (95% CI 0.67-0.88) for Arm 1 vs Arm 3
(P < .001) and for Arm 2 vs Arm 3 (P < .001), respectively
(Table III). At 6 months of age, the percentages of stunted
infants were 22.9%, 25.2%, and 30.7% for Arms 1, 2, and
3, respectively (Figure 3). In contrast to stunting, no
statistical differences in the longitudinal risk of wasting
(BMI-for-age z score <–2 and WLZ <–2) or of low head
circumference (HC-for-age z score <–2) were observed for
any comparison among arms; risk of underweight (WAZ
<–2) was reduced for both Arms 1 and 2 compared with
Arm 3 (Table III).
Maternal reports of infant feeding practices indicated

essentially universal breastfeeding, with rates of >99% for
women in all arms throughout the study period. Pre-lacteal
feeds in the first 3 days after birth were reported by 20%,
17%, and 16% of women in Arms 1, 2, and 3, respectively.
The most commonly reported pre-lacteal fluids were tradi-
tional medicines (10%), infant formula (2.1%), and plain
water (1.7%), with no differences by arm. Exclusive breast-
feeding at 14 days was reported by 80%-84% of women in
the three intervention arms; at 1 and 3 months, the figures

Figure 2. Longitudinal data for A, LAZ, B, WAZ; and C, BMI-
for-age z score from birth to 6 months of age by intervention
arm. Data are presented as mean � SEM. Maternal partici-
pants in Arm 1 (N = 785 infants) started lipid-based nutrition
supplements ³3 months before conception; Arm 2 (N = 827
infants) started the same supplement at �11 weeks of
gestation; and Arm 3 (control, N = 809 infants) received no trial
supplements. Different subscripts denote significant differ-
ences between arms when adjusted for site, cluster, maternal
education, parity, and (for LAZ) site-by-arm interaction
(P < .05).
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were lower at 72%-74% and 69%-71%, respectively. The
dominant non-breast milk liquid was traditional medicine
(20%), followed by other milk (4-5%) and plain water
(2%-8%). By 6 months, most mothers (58%) reported offer-
ing non-breast milk liquids, most commonly plain water
(39%), traditional medicine (18%), and thin porridge
(15%). At 3 months, less than 5% of mothers reported use
of non-liquid complementary foods, whereas by 6 months,
most reported offering some type of complementary foods,
with cereals (non-commercial), fruits and vegetables, and
some type of fat being the foods most commonly reported.
No differences were evident among arms at any time point
or for any liquid or food, with the differences between
arms typically less than 3%.

Reported illnesses for all livebirth singletons did not
differ by arm, but the number of hospitalizations was higher

for Arm 1 (5%) compared with Arm 3 (2.8%) (relative risk
1.80, 95% CI 1.09-2.97, P = .02) (Table IV; available at
www.jpeds.com). No statistical differences were observed
among arms for respiratory, diarrheal, or malaria illnesses
(Table IV). With respect to mortality, Arm 2 had a
greater rate of neonatal deaths (<28 days) compared with
Arm 3, with neonatal mortality rates (NMR) 41.9 per
1000 vs 23.3 per 1000, respectively (RR 1.79; 95% CI
1.08-2.97; P = .02); rate for Arm 1 vs Arm 3 was
intermediate at 37.2/1000 (RR 1.56; 95% CI 0.87-2.81;
P = .14). For all arms, most (75%-84%) of the neonatal
deaths occurred during the first week of life. Primary
causes of death were “infection/trouble breathing” (44%),
“prematurity or low birth weight” (13%), and “birth
asphyxia” (8%). Inspection of the by-site data indicated
only Pakistan had an NMR greater for Arm 2 vs Arm 3:

Table III. Treatment effects for 0-6 month continuous and categorical anthropometric outcomes*† among the
longitudinal analysis subset‡

Variables§ Arm 1 vs Arm 3 Arm 2 vs Arm 3 Arm 1 vs Arm 2

Continuous
variables

Adjusted mean difference
(95% CI)* P value*

Adjusted mean
difference (95% CI)* P value*

Adjusted mean
difference (95% CI)* P value*

Length, cm 0.50 (0.30-0.71) <.001 0.33 (0.12-0.53) .002 0.18 (�0.03 to 0.38) .09
LAZ{

DRC 0.44 (0.24-0.64) <.001 0.27 (0.09-0.46) .004 0.17 (�0.02 to 0.36) .08
Guatemala 0.06 (�0.11 to 0.23) .51 0.18 (0.01-0.34) .03 �0.12 (�0.30 to 0.05) .17
India 0.21 (0.01-0.40) .04 0.15 (�0.05 to 0.35) .15 0.06 (�0.15 to 0.26) .57
Pakistan 0.33 (0.12-0.55) .002 0.13 (�0.08 to 0.34) .22 0.2 (0.00-0.40) .05

Weight, g 104.6 (45.4-163.8) <.001 61.5 (4.0-119.1) .04 43.1 (�15.1 to 101.2) .15
WAZ 0.19 (0.09-0.28) <.001 0.13 (0.04-0.22) .005 0.06 (�0.03 to 0.15) .20
BMI, kg/m2 0.08 (�0.03 to 0.19) .17 0.04 (�0.06 to 0.15) .44 0.03 (�0.07 to 0.14) .53
BMI-for-age z score 0.06 (�0.02 to 0.14) .15 0.04 (�0.04 to 0.12) .33 0.02 (�0.06 to 0.10) .60
Weight/length ratio 0.12 (0.04-0.20) .003 0.07 (�0.01 to 0.14) .10 0.06 (�0.02 to 0.14) .15
WLZ �0.01 (�0.09 to 0.07) .77 �0.03 (�0.10 to 0.05) .48 0.02 (�0.06 to 0.09) .69
HC, cm 0.08 (�0.04 to 0.20) .21 0.05 (�0.07 to 0.16) .41 0.03 (�0.09 to 0.15) .63
HC-for-age z score 0.07 (�0.02 to 0.17) .12 0.06 (�0.03 to 0.15) .20 0.02 (�0.08 to 0.11) .72

Categorical variables Relative risk (95% CI)† P value† Relative risk (95% CI)† P value** Relative risk (95% CI)† P value†

LAZ <–2 0.76 (0.66-0.87) <.001 0.77 (0.67-0.88) <.001 0.98 (0.84-1.14) .82
WAZ <–2** 0.83 (0.72-0.95) .008 0.84 (0.73-0.97) .02 0.98 (0.84-1.13) .78
BMI-for-age z score <–2 0.89 (0.75-1.04) .13 0.92 (0.78-1.07) .27 0.97 (0.82-1.13) .68
WLZ <–2†† 1.00 (0.82-1.23) .98 1.12 (0.92-1.37) .26 0.89 (0.73-1.09) .27
HCAZ <�2 0.99 (0.83-1.17) .88 0.92 (0.78-1.09) .34 1.07 (0.90-1.27) .42

DRC, Democratic Republic of the Congo.
*Adjusted mean differences, 95% CI, and P values comparing the means of continuous growth outcomes for the pairwise comparisons of the intervention arms were obtained from general linear
models with generalized estimating equations for the outcome of interest, adjusted for country, cluster nested within country, maternal education level (a = 0.10), primiparous/multiparous birth
indicator, interaction between intervention x primiparous/multiparous birth indicator (a = 0.10), chronological age at the visit, interaction between intervention � country (a = 0.10), sex and its
interaction with intervention (a = 0.10) while modeling the within infant correlations across visits with an auto-regressive order 1 (ie, AR[1]). As these are exploratory analyses, no correction for
multiple comparisons were made.
†Unless otherwise specified, relative risks, 95% CI, and P values comparing proportions of categorical outcomes for the pairwise comparisons of the intervention arms are obtained from log-binomial
generalized linear models with generalized estimating equations to estimate parameters while adjusting for country, cluster nested within country, maternal education level (a = 0.10), primiparous/
multiparous birth indicator, interaction between intervention � primiparous/multiparous birth indicator (a = 0.10), chronological age at the visit, interaction between intervention � country
(a = 0.10), sex and its interaction with intervention (a = 0.10) while modeling the within infant correlations across visits with an auto-regressive order 1 (ie, AR[1]). The robust Poisson generalized
linear model was fitted when the log-binomial model failed to converge. If this model also failed to converge, a model which did not account for the clustering of the data was used. As these are
exploratory analyses, no correction for multiple comparisons were made.
‡After we excluded extreme invalid measurements as determined by expert internal manual review, the longitudinal analysis subset includes all live-born infants with birth length measurements
measured by 7 days of age and at least 2 follow-up visits (1-, 3-, or 6-month[s]) completed.
§All LAZ, WAZ, WLZ, BMI-for-age z score, and HC-for-age z scores were calculated using the expanded tables of the WHO Child Growth Standards.1 LAZ, WAZ, BMI-for-age z score, WLZ, and HC-for-
age z score were within the biologically plausible range according to WHO standards (�6£ LAZ or WAZ £6,�5£ BMI-for-age z score or WLZ or HC-for-age z score £5). If an infant was found to have a
biologically implausible LAZ or WAZ at a visit, all growth outcomes at the visit were set to missing. If an infant was found to have a biologically implausible BMI-for-age z score, WLZ, or HC-for-age z
score at a visit, only the corresponding measurement and z score at the visit were set to missing. WLZ could not be obtained for infants with a length of less than 45.0 cm at any visit due to limitations
in the WHO standards and were set to missing for that visit.1

{In the longitudinal analysis of LAZ, the intervention � country interaction was significant at a = 0.10 (P = .07) and thus was controlled for in the model.
**For the binary growth outcomes WAZ <–2, the log-binomial generalized linear model failed to converge, and thus the specified robust Poisson model† was fitted.
††Due to clusters with no infants having a WLZ <–2 the specified log-binomial generalized linear model† did not converge, and therefore, the specified log-binomial generalized linear model† was
fitted without adjusting for clusters.
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66.4 per 1000 vs 23.4 per 1000 (RR 2.84; 95% CI 1.05-7.68;
P = .04). Infant deaths over the entire 6-month study period
did not differ by arm (Table IV).

Discussion

The key finding in this analysis was the persistence through
the first 6 months of postnatal life of the benefits for fetal
growth that resulted from comprehensive maternal nutri-
tional supplementation initiated before conception or at
the end of the first trimester. Despite no postnatal interven-
tion, both length and weight, and the respective z scores, were
significantly greater, and stunting rates were lower at
6 months for infants of mothers randomized to the interven-
tion arms compared with those of the women in the
control group. Themultisite study was undertaken in diverse,
low-resource settings, all with rates of young child stunting
³40%.1 LAZ scores declined and stunting rates increased
for all 3 groups, especially between 3 and 6months, but stunt-
ing rates remained 20%-30% greater at 6 months for the in-
fants of mothers in the control arm compared with those of
women who received the intervention.

Our findings contrast with the limited literature on growth
patterns in early infancy after maternal nutrition supplemen-
tation during pregnancy and lactation. Two studies of pre-
and postnatal maternal micronutrient supplementation
with SQ-LNS that were conducted in Bangladesh andMalawi
reported no difference in length velocity or LAZ by group for
the birth to 6 months’ postnatal period.9,10 Our findings also
contrast with those of a randomized trial in Burkina Faso that
compared effects of LNS vs multiple micronutrient supple-

ments initiated in the second trimester and continued until
parturition. In that study, although birth length was signifi-
cantly greater in infants of mothers who received LNS, the
postnatal growth was actually slower in the LNS group, and
by 6 months the growth trajectories had converged, and no
difference in LAZ at 6 months was observed.8 The differing
results among these studies and our findings for early growth
may reflect differences in study populations, baseline
maternal nutritional status, and/or in study design, eg, the
early timing and/or the comprehensive nature of the nutri-
tion intervention, which included both the SQ-LNS and a
lipid-based balanced protein and energy supplement without
additional micronutrients.
The relatively steady linear growth between birth and

3 months also differs from multiple reports of substantial
linear growth faltering in the early weeks of postnatal
life.4,5,9,10,18

Cross-sectional data from national anthropometric mea-
surements from 54 countries demonstrated an early and pro-
gressive decline in LAZ, particularly in Sub-Saharan Africa
and South Asia.4 In a longitudinal observational study in
the same area in Guatemala, the sharpest decline in LAZ
occurred between birth and 3 months, with more gradual
decline thereafter through 6months.5 The large multicountry
longitudinal birth cohort study, MAL-ED (Etiology, Risk
Factors and Interactions of Enteric Infections and Malnutri-
tion and the Consequences for Child Health and Develop-
ment), which linked growth, enteric infections, and
nutritional intake, reported considerable variability in the
onset of stunting. In that study, sites in Africa and South
America demonstrated increases in the proportion of stunted
infants by approximately 3 months, but in the other sites in-
creases occurred primarily after 6 months.18 In MAL-ED,
asymptomatic enteropathogen detection, not diarrhea, was
associated with slower linear growth as early as the first
2 months of postnatal life.19 Enteropathogen carriage was
not tracked in our study and may have differed among the
Women First trial sites. Indicators of socioeconomic status
and water and sanitation ranged widely among sites20 but
did not differ among the intervention arms for those women
with birth outcomes.15 The significant interaction between
intervention arm and site that we observed for LAZ supports
this heterogeneity of linear growth faltering, but the signifi-
cant positive effects of the intervention in three of the four
sites for the preconception arm also supports generalizability
of our findings.
Lack of exclusive breastfeeding has been associated with

poor growth and infectious morbidity including, especially,
diarrhea.21 Although rates of exclusive breastfeeding steadily
declined, the rates were comparable with or exceeded those of
the observational MAL-ED birth cohort study, which found
no association of breastfeeding (full or partial) and linear
growth in the first 6 months.19 In addition, 2 trials of
maternal LNS supplementation for 6 months postpartum re-
ported no benefit on linear growth.9,10 The randomized
design of the intervention trial, the nearly parallel LAZ trajec-
tories for all three arms, and the similarity of reported feeding

Figure 3. Progression of stunting from birth to 6 months of
age by intervention arm. Data represent unadjusted means.
Maternal participants in Arm 1 (N = 785 infants) started lipid-
based nutrition supplements ³3 months before conception;
Arm 2 (N = 827 infants) started same supplement at
�11 weeks of gestation; and Arm 3 (control, N = 809 infants)
received no trial supplements. Different superscripts denote
significant differences between arms.
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practices suggest that prenatal factors were more potent than
postnatal diet in influencing growth during this observation
period. In addition, maternal nulliparity and baseline anemia
were identified as critical effect modifiers in the Women First
trial such that the women with these characteristics had new-
borns with substantially greater birth length and weight,
especially for those in the preconception group.22 Although
continued follow-up of these offspring of the Women First
trial will be essential to determine the durability of these
growth effects as other environmental factors, including die-
tary, water, and hygiene factors become progressively influ-
ential,19 our findings emphasize the importance of
maternal nutrition for this critical period of post-natal
growth and development.

The unexpected findings of greater hospitalizations for
the infants of mothers in the preconception arm (Arm 1)
compared with the controls, and of greater NMR for the in-
fants of women in the prenatal arm (Arm 2) compared with
the controls are difficult to explain, especially in light of
the more favorable growth for infants of mothers in both
of the intervention arms. The outstanding observation for
the Pakistan site was actually the very low and somewhat-
implausible NMR for the control arm, which was less
than half that reported from the same communities in a
multicountry maternal neonatal health registry.23,24 The
NMR for Arms 1 and 2 in the Pakistan site were in line
with the registry reports, suggesting that the Arm 3 finding
was due to factors unrelated to the intervention. No differ-
ences among arms were observed for rates of either miscar-
riages (<20 weeks of gestation) or stillbirths (³20 weeks of
gestation), thus arguing against intervention group-based
differences in potential vulnerability of the newborns.15

Moreover, a recent review that compared maternal and in-
fant outcomes for prenatal SQ-LNS vs iron-folate supple-
ments found no difference in neonatal deaths.25 We also
found no differences among the intervention arms or
among the sites in exclusive breastfeeding, which has
consistently been found to be strongly protective against
morbidity and mortality, especially related to diarrhea
and other infectious diseases.26-28 Thus, in the absence of
a plausible biological etiology and unless our findings are
replicated in studies with larger sample sizes and more
intense monitoring, we conclude that the greater NMR
for the infants of the women in the prenatal intervention
arm was due to chance and should not discourage ongoing
interest in the use of SQ-LNS as a potentially effective
nutrition-specific intervention.

The strengths of this study include the randomized
assignment to the nutrition intervention arm before
conception for all women; the relatively large sample size;
and the high rate of follow-up for the postnatal measure-
ments, with approximately 95% of live-born infants in the
intervention phase of the trial having at least 2 measure-
ments for the current analysis. We also acknowledge limita-
tions, including the relatively low intensity of surveillance
for morbidity and mortality outcomes, which was not suf-

ficient to provide more insight for underlying explana-
tion(s) for the observed findings.
In summary, in these diverse low-resource settings, both

linear and ponderal growth from birth through 6 months
were significantly greater and stunting rates were lower for
infants whose mothers received nutrition supplementation
in the preconception period or late in the first trimester
compared with infants whose mothers received only the stan-
dard of care in their setting. These improved growth patterns
impacted infants at the crucial time of most rapid postnatal
growth and were observed despite no postnatal intervention
to either the mothers or infants. Our results add to the cur-
rent understanding of growth in the first half of the first
1000 days and support the critical and possibly enduring
importance of optimized maternal nutrition before concep-
tion and the early phase of gestation. n
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Figure 1. Consort diagram: screening, randomization, and longitudinal 0- to 6-month analyses population by intervention arm.
aExcludes women who became pregnant <3 months into the study. The women who had eligible pregnancies may have had
delivery data obtained or they may have exited the study before delivery. bAfter excluding extreme invalid measurements as
determined by expert internal review, the 0- to 6-month longitudinal analysis subset includes all live-born infants with birth length
measurements measured by 7 days of age and at least 2 follow-up visits (1-month, 3-month, or 6-month).
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Table I. Overall baseline maternal characteristics among women who had a live birth in the longitudinal analysis
subset* by intervention arm

Variables Total Arm 1 Arm 2 Arm 3 P value†

Randomized, n 7387 2465 2460 2462
Women who had a live
birth in the 6-mo longitudinal analysis
population, n*

2408 778 825 805

Maternal age, n (%), y 2408 778 825 805 .19
<20 495 (21) 149 (19) 185 (22) 161 (20)
³20 913 (79) 629 (81) 640 (78) 644 (80)

Maternal education, n (%) 2408 778 825 805 .018
No formal schooling 766 (32) 270 (35) 245 (30) 251 (31)
Primary 908 (38) 259 (33) 322 (39) 327 (41)
Secondary + 734 (31) 249 (32) 258 (31) 227 (28)

BMI, n, kg/m2 2407 778 824 805
Mean � SD 21.4 � 4 21.4 � 4 21.5 � 4 21.5 � 4 .90
BMI <18.5, n (%) 556 (23) 183 (24) 194 (24) 179 (22)

Height, N, cm 2407 778 824 805
Mean � SD 151.3 � 7 151.6 � 7 151.2 � 7 151.2 � 7 .51

Stunted, n (%)‡ 949 (39) 282 (36) 340 (41) 327 (41)
Parity, n (%) 2408 778 825 805 .22
0 (nulliparous) 485 (20) 181 (23) 159 (19) 145 (18)
1 764 (32) 238 (31) 263 (32) 263 (33)
³2 1159 (48) 359 (46) 403 (49) 397 (49)

Tally of indicators of
higher SES, n (%)§

2408 778 825 805 .90

None (0 present) 321 (13) 104 (13) 108 (13) 109 (14)
1-2 present 680 (28) 234 (30) 229 (28) 217 (27)
3-4 present 973 (40) 300 (39) 340 (41) 333 (41)
5-6 present 434 (18) 140 (18) 148 (18) 146 (18)

SES, socioeconomic status.
*Woman had a live birth in the longitudinal analysis population; includes all live born infants with birth length measurements obtained by 7 days of age and had at least 2 follow-up measurements at
1 month, 3 months, or 6 months.
†P values from c2 tests and ANOVA analysis to assess for differences between characteristics by treatment arm.
‡Stunted defined as�2 SD for the height-for-age z scores among girls from the 2007 WHO cutoffs. This is 147.9 cm for 15-year-old girls, 148.9 cm for 16-year-old girls, 149.5 cm for 17-year-old
girls, 149.8 cm for 18-year-old girls, and 150 cm for 19+ year-old girls.1,2

§The SES tally provides the number of indicators available from the following list: electricity, improved water source, sanitation, synthetic flooring, improved cooking fuels, and household assets.
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Table IV. All-sites morbidity and mortality by intervention arm among all live-birth singletons*

Outcomes

Intervention Arm Arm 1 vs Arm 3† Arm 2 vs Arm 3† Arm 1 vs Arm 2†

Arm 1 (N = 807)* Arm 2 (N = 869) Arm 3 (N = 839) Relative risk (95% CI)* P Value Relative risk (95% CI)* P Value Relative risk (95% CI)* P Value

Illness/health problem, n/N (%) 319/787 (40.5) 309/841 (36.7) 286/824 (34.7) 1.11 (0.99-1.24) .07 1.05 (0.95-1.15) .37 1.06 (0.96-1.17) .23
No illnesses: 0, n/N (%) 468/787 (59.5) 532/841 (63.3) 538/824 (65.3)
Number of illnesses: 1, n/N (%) 158/787 (20.1) 159/841 (18.9) 155/824 (18.8)
Number of illnesses: 2, n/N (%) 83/787 (10.5) 87/841 (10.3) 80/824 (9.7)
Number of illnesses: ³3, n/N (%) 78/787 (9.9) 63/841 (7.5) 51/824 (6.2)

Hospitalization, n/N (%) 39/787 (5.0) 30/839 (3.6) 23/824 (2.8) 1.80 (1.09-2.97) .02 1.30 (0.77-2.21) .33 1.38 (0.87-2.19) .17
Respiratory illness, n/N (%) 141/786 (17.9) 151/836 (18.1) 138/822 (16.8) 1.09 (0.93-1.28) .31 1.08 (0.90-1.29) .43 1.01 (0.85-1.20) .89
Diarrhea, n/N (%) 50/786 (6.4) 36/836 (4.3) 42/822 (5.1) 1.19 (0.85-1.67) .32 0.83 (0.53-1.32) .44 1.42 (0.97-2.09) .07
Malaria, n/N (%) 21/786 (2.7) 18/836 (2.2) 14/822 (1.7) 1.50 (0.77-2.90) .23 1.25 (0.63-2.48) .52 1.20 (0.65-2.21) .57
Mortality

Neonatal mortality (<28 d), n/N (rate/
1000)‡

31/833 (37.2) 37/883 (41.9) 20/859 (23.3) 1.56 (0.87-2.81) .14 1.79 (1.08-2.97) .03 0.87 (0.58-1.32) .52

Infant mortality (<6 mo), n/N (rate/
1000)

29/799 (36.3) 39/863 (45.2) 29/829 (35.0) 0.99 (0.59-1.66) .96 1.27 (0.87-1.87) .22 0.78 (0.54-1.12) .18

*Because this was collected at the family level (vs by infant), data for live birth twins are unidentifiable and therefore excluded. The data presented in this table are for all singleton live births or twin births resulting in only 1 live birth.
†Relative risks, 95% CIs, and P values comparing proportions for the pairwise comparisons of the intervention arms are obtained from generalized linear models with generalized estimating equations adjusting for country while controlling for cluster correlations with
an independent working correlation structure and a robust sandwich estimator (empirical estimates). This specified model did not converge for hospitalization and malaria, and thus, a log-binomial model without adjust for cluster correlations was fitted. As these are
exploratory analyses, no correction for multiple comparisons have been made.
‡The denominators for neonatal mortality rate at 28 days are all live births.
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Abstract: 

Purpose: Recommendations from American Society of Clinical Oncology (ASCO) emphasize 

the critical need to understand current trends in fertility preservation (FP) among the two sets 

of primary healthcare providers involved in oncofertility: the oncologists and the 

gynecologists. This study is aimed at understanding the healthcare providers’ knowledge, 

attitudes and barriers in oncofertility across India.  

Methods: An eighteen-item oncofertility survey was designed and directed to 77 oncologists 

and 214 gynecologists across India. The responses were analysed using descriptive statistical 

methods and the oncofertility trends between the two groups was studied.  

Results: The total response rate was 34% with 49 of 214 oncologists (23%) and 49 of 77 

gynecologists (64%), participating in the survey. The awareness of ASCO fertility preservation 

guidelines among oncologists and gynecologists was 53% and 59.5%, respectively. About 48% 

of oncologists felt knowledgeable about sperm banking while 52% knew about oocyte freezing 

but not about other options. On the other hand, among gynecologists, 38% reported inadequate 

knowledge of testicular or ovarian tissue cryopreservation. About 85% of oncologists reported 

routine referral of cancer diagnosed patients for FP, while 75% of gynecologists reported 

routine FP discussion with patients. Healthcare providers from both groups perceived the major 

barriers in oncofertility to be, ‘financial burden on the patient’ (73-86%) and, ‘lack of patient 

awareness’ (71-79.5%). 

Conclusion: Effective collaboration between oncologists and gynecologists is essential to 

establish a successful fertility preservation program. Economic burden on the patient and lack 

of patient and physician awareness are limiting factors which need to be overcome. 
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 Introduction:  

The estimated cancer incidence in India is 1.15 million new diagnoses as of 2018, with 

diagnoses expected to almost double by 2040.1 With advancements in cancer treatment, early 

diagnostics, and increased investment in healthcare technology, there has been an increase in 

cancer survival rates, especially in developed countries.2 However, survival rate does not 

equate to improved quality of life. A follow-up study on a cohort of childhood cancer survivors 

in India reported impaired reproductive capacity as a common long-term effect in 

approximately 25% of patients.3 This brings about an urgent need for awareness and effective 

implementation of oncofertility services before the commencement of cancer treatment.  

 

Oncofertility is a rapidly emerging field that aims to increase awareness of fertility preservation 

(FP) among cancer patients and healthcare providers on a global scale.4 Along with a well-

orchestrated involvement of various medical experts to address the needs of fertility problems 

in cancer patients, oncofertility demands a merger of two medical specialities: oncology and 

reproductive medicine.4 Despite the American Society of Clinical Oncology (ASCO) 

recommending guidelines to offer fertility preservation services to oncological patients,5 85% 

of childhood cancer survivors in India reported that no information was provided to them about 

the possible risk of infertility due to treatment.6 This lack of information dissemination 

resonates the need to understand the attitudes, knowledge and barriers in oncofertility among 

healthcare providers, given the important role they play in FP decision making.7 To the best of 

our knowledge, there have been no studies in India addressing the oncofertility trends among 

oncologists nor an assessment of these trends between oncologists and gynecologists, to reflect 

the exchange of communication and practice behaviors between the two specialities. Hence, 

the present study is aimed at assessing the knowledge levels, perceptions, and current 
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challenges in oncofertility among the two most important groups of healthcare providers 

involved in an oncofertility program: oncologists and gynecologists.  

 

Methods:  

An 18-item survey was designed constituting four domains – knowledge about fertility 

preservation (FP) techniques, attitudes, existing barriers in oncofertility, and demographics 

(Supplementary Table 1). The survey design was based on review of literature from developed 

countries,8-11 and in collaboration with the Oncofertility Consortium. Content validity for the 

survey was performed by five experts in the fields of medical oncology and gynecology. A 

pilot survey was administered to a small group of healthcare providers to confirm the 

comprehensibility of the questions, the unpublished results of which are not included in the 

present study. The survey was then randomly distributed to oncologists and gynecologists 

attending various national conferences or academic meetings across the country (specific to the 

field of oncology and gynaecology) or even visits to the practitioners’ clinics between May to 

November 2019. The first page of the survey contained aims of the survey along with a consent 

form; healthcare providers willing to participate were requested to sign the informed consent 

before beginning the survey.  

The survey contained a total of 18 questions of which 10 were aimed at understanding the 

knowledge, attitudes, practice trends in oncofertility, existing barriers, and suggestions for 

effective use of FP; the remaining 8 questions covered the demographics of the survey 

responder and contextual details such as the number of new cancer patients treated in a month 

and the patient age groups. Two questions were dichotomous, 8 were multiple choice where 

only 1 response could be selected; 1 question was multiple response where more than one 

answer could be selected and 1 was an open-ended question with space provided for 
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respondents to give their suggestions. 6 questions were assessment tools with 3- or 4-point 

grading scales to ascertain the levels of knowledge or attitude. The multiple response question 

had a list of nine common oncofertility barriers from which a participant could select more than 

one option.  

The survey responses were analysed using IBM SPSS Statistics Software after assigning 

numerical values to the responses (Yes=1, No=0). The data was analysed using descriptive 

statistics and percentages were calculated based on number of responses for each of the 

questions. For analysis of certain questions that contained grading scales or multiple choice 

(Q2, Q4, Q5, Q7), the response options such as ‘not aware’, ‘aware but not adequate 

knowledge’, ‘knowledgeable’ and ‘very knowledgeable’ were combined into two categories 

such as, ‘inadequate knowledge’ and ‘knowledgeable’. Questions with high variation in  

responses, such as more than half of the respondents not answering, were not analysed in the 

present study. The study was approved by the Institutional Ethics committee of Kasturba 

Medical College & Kasturba Hospital, Manipal (No: IEC 880/2017).  

 

Results:  

The total response rate to the survey was 34% with 49 out of 77 responses (64%) received from 

gynecologists and 49 out of 214 responses from oncologists (23%), across various 

subspecialties such as pediatric hematology and oncology, medical oncology, radiation and 

surgical oncology. The demographics of the healthcare providers participating in the survey 

are listed in Table 1 describing characteristics such as age, gender, work setting, and experience 

in their field. 

Awareness and attitudes towards fertility preservation: In the present study, 53% of 

oncologists (26 of 49) and 59.5% of gynecologists (28 of 47) reported awareness of the current 
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ASCO guidelines regarding fertility preservation. However, a considerable number in both the 

groups (40-47%) seemed to be unaware (Fig 1A).  In order to assess attitudes towards fertility 

preservation, the survey participants were asked to give their opinion on the statement, 

‘offering fertility preservation compromises cancer treatment’. About 71% of oncologists (34 

of 48) and 75% of gynecologists (36 of 49) disagreed with the statement, while 22-25% in both 

groups felt that cancer treatment is compromised. 2-4% of the participants from both groups 

chose not to respond to the statement.  

Knowledge of fertility preservation options: When asked about their knowledge of different 

fertility preservation options currently available for both prepubertal and adult cancer patients, 

52% of oncologists (25 of 48) reported adequate knowledge of sperm banking and 48% (23 of 

48) had knowledge of oocyte freezing, but >60% of the participants in this group did not have 

adequate knowledge of other fertility preservation options.  On the other hand, the reproductive 

specialists were knowledgeable of the most widely available options for adult cancer patients 

such as sperm banking (41 of 49 - 83.6%), oocyte freezing (44 of 49 - 89.7%), in vitro 

fertilization followed by embryo freezing (IVF) (44 of 49 - 89.7%) and Gonadotropin releasing 

hormone agonist (GnRHa) pre-treatment (39 of 48 - 81.2%). Interestingly, about 39-41% of 

gynecologists reported inadequate knowledge of prepubertal/pubertal FP options such as 

immature testicular tissue and ovarian tissue cryopreservation (Fig 1B).  

Patient referral for fertility preservation: To determine the practice trends in oncofertility 

among oncologists and gynecologists, participants were asked about the frequency of initiating 

a fertility preservation discussion with their cancer-diagnosed patients. Among oncologists, 

81.6% (40 of 49) stated that they routinely, if not mostly, initiated FP discussions, and 85% 

(39 of 46) of them even reported referring their patients for FP services immediately after 
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diagnosis. A similar trend was seen among gynecologists, with 75% (36 of 48) of them 

reporting routine fertility preservation discussions with cancer patients (Fig 1C).  

Comfort level to discuss fertility preservation with patients: When asked to rate the comfort 

level in discussing the various FP  options with cancer patients, about 87%  oncologists (42 of 

48) reported being comfortable in discussing sperm banking, and 79% (38 of 48) with oocyte 

banking. There appeared to be a decline in their comfort level, however, when discussing the 

other options such as testicular tissue cryopreservation (30 of 45 - 67%), ovarian tissue freezing 

(32 of 46 - 69.5%), IVF (30 of 46 - 65%) or GnRHa pre-treatment (30 of 45 - 67%). About 90-

94% gynecologists felt comfortable discussing most options, but even among this group a small 

proportion were not at ease when discussing testicular (15%), ovarian (11.5%) tissue freezing 

or GnRHa pre-treatment (12%) options (Fig 1D).  

Barriers and suggestions for effective oncofertility implementation in India:  In the present 

study, nine common barriers were listed in the questionnaire with the responder allowed to 

select more than one option. The study revealed an overall consensus among participants in 

perception of oncofertility barriers, with 73-82% of healthcare providers from both groups 

perceiving ‘financial burden on patient’ as an important barrier to fertility preservation, 

followed by ‘lack of patient awareness’ (71-80%). Other major barriers perceived by 

oncologists and reproductive specialists alike were ‘lack of physician awareness’ (55-57%) and 

‘time to treatment’ (40-43%), referring to the time from diagnosing a cancer to commencement 

of treatment (Fig 2). However,  opinions seemed to differ between the two groups for certain 

barriers, such as, ‘lack of FP facilities’ (oncologists – 61%; Gynecologists - 26.5%), ‘ cultural 

and religious barriers’(oncologists – 35%; gynecologists - 16%), and ‘age of patient’ 

(oncologists – 43%; gynecologists - 16%). 
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Among the survey participants (56%), 25 of 49 oncologists (51%) and 31 of 49 gynecologists 

(63%) suggested that there was a need to strengthen utilization of FP in India. The primary 

suggestion given by 61-64% of the healthcare providers in both the groups was ‘awareness and 

sensitization of healthcare providers in fertility preservation’, and 52% of oncologists felt there 

was a need for availability of more FP units closer to cancer hospitals for immediate 

intervention and minimum discomfort to the patients. ‘Creating a social awareness to educate 

the general public’, was suggested by 29% of gynecologists for effective implementation of 

oncofertility programs. Other suggestions included, ‘affordable costs’ (8-13%), ‘need for 

fertility preservation counselling’ (8-13%) and a need for consensus guidelines (13-16%), 

among participants from both groups.  

  

Discussion: 

The present study investigated oncofertility attitudes, knowledge, and practice trends amongst 

Indian oncologists and gynecologists, along with their perception of oncofertility barriers. 

Despite reduced awareness of the international guidelines and inadequate knowledge of some 

of the available services, majority of the oncologists were found to routinely refer their 

oncological patients for FP services, soon after cancer diagnosis. Similarly, gynecologists 

reported routine FP discussions with patients before the commencement of cancer therapy. 

While this is a promising finding, it highlights the need for oncofertility awareness programs 

among oncologists and reproductive specialists to enable effective oncofertility counselling 

and referral. The common oncofertility barriers perceived by both the groups were, economic 

burden to the patient and lack of patient and physician awareness on fertility preservation. To 

the best of our knowledge, this is the first study in India to assess oncofertility knowledge and 

attitudes among oncologists and relate their practice trends with that of gynecologists. 
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In the present study, only 50-53% of the healthcare providers from both medical specialities 

were aware of the ASCO fertility preservation guidelines5 that recommend routine discussion 

of FP options with cancer diagnosed patients. This finding is in line with a Dutch study on 23 

medical professionals that included oncologists and gynecologists, citing lack of awareness of 

FP guidelines among healthcare providers as one of the significant barriers, despite availability 

of this information in journals and websites.12 Also, the perspectives of healthcare providers 

towards oncofertility played a key role in FP discussions. In the present study, majority of the 

oncologists (70.8%) and gynecologists (75%) did not perceive that fertility preservation 

compromises cancer treatment. This finding is in contrast to a Canadian interview-based 

qualitative study on 22 clinicians, including oncologists and fertility specialists, which reported 

that clinicians perceived patient survival as the primary factor and infertility as non-fatal, 

therefore, fertility preservation is secondary and could interfere or even delay cancer 

treatment.13  

Despite the reduced awareness of guidelines, it was interesting to see that a majority of 

oncologists and reproductive specialists participating in the present study reported routine 

fertility preservation discussions and referrals to FP services, before commencement of cancer 

therapy.  However, this is in stark contrast with the reality of oncofertility consultations in 

India, where only 15% of 21 childhood cancer survivors reported to have received counselling 

on infertility risks despite treatment plans involving alkylating chemotherapy, radiotherapy or 

gonadal surgery.6 The need for FP counselling after a cancer diagnosis is emphasized further 

with the findings of a study on newly cancer diagnosed patients in India, which reported that 

87% of cancer patients wish to know the future risks associated with their disease and 

treatment, to allow for positive decision-making.14 Individuals who have been counselled for 

FP have been shown to cope better and have lower distress pertaining to fertility, along with 

an improved quality of life.15 Inadequate or lack of information from the healthcare providers 
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could add to the complexities of decision making during emotionally vulnerable times such as 

soon after a cancer diagnosis.  

The role of oncologists and gynecologists is pivotal in a successful oncofertility program, as 

the former is the first point of contact for cancer diagnosed patients and the latter plays a key 

role in fertility preservation discussion with the patients.4 Their knowledge of FP options and 

comfort in discussing adult and prepubertal options would likely correlate directly with the 

frequency of these discussions with their patients.16 In the present study, knowledge gaps were 

seen among oncologists and even the reproductive specialists, particularly with prepubertal 

options such as testicular and ovarian tissue cryopreservation. This finding correlated with their 

admittance of reduced comfort level in discussing these options with their oncological patients. 

Further, the lack of comfort among oncologists to discuss IVF or GnRHa pre-treatment could 

reflect the dearth of knowledge in this area. In concurrence with our finding, a study from the 

UK reported that oncologists felt knowledgeable mainly about sperm cryopreservation and 

knew little about other options, but referred patients for FP nevertheless, as they perceived it 

as a priority.8  While in-depth knowledge on gonadal toxicity and infertility may not be required 

for counselling, identifying the need for fertility preservation and awareness of the nearest FP 

unit is essential.8 Disparity of knowledge and lack of ease in discussing FP, even among 

reproductive specialists for prepubertal options, highlights the need for further education and 

awareness in this field. Providing healthcare providers with educational resources such as 

toolkits, brochures or through Continuing Medical Education (CME) programs would improve 

the frequency and quality of fertility preservation discussions with their patients.9,12,17 

Barriers in oncofertility hinder the effective execution of fertility preservation services leading 

to their under-implementation. In India, insurance coverage is not provided for FP 

procedures,10 making financial burden to the patient one of the biggest challenges to overcome 
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in the country. Economic burden to the patient is one of the significant barriers perceived by 

both groups of healthcare providers participating in the present study, followed by lack of 

patient and physician awareness. These findings can be corroborated by another study 

conducted in India among gynecologists who also reported social and medical barriers such as 

lack of patient interest, physician awareness and unavailability of fertility preservation 

services.18 Lack of insurance coverage or funding and high costs to patients appear  to 

be common economic barriers in developing countries19,20 that need to be addressed. Similar 

barriers have been reported in developed countries as well, along with other religious or cultural 

restrictions and legal barriers.10,21  

Other important barriers cited by healthcare providers participating in the present study include 

the physician’s lack of awareness, and ‘time to treatment’. Although FP plays a crucial role in 

the quality of life post-treatment, the options may not always be offered, especially to 

prepubertal children and women, due to the urgency to initiate cancer treatment.22,23 Kohler et 

al, reported gender disparity in oncofertility referrals, with around 50% healthcare providers 

referring male pubertal patients for FP but only 13% referrals for female pubertal patients 

which could be attributed to lack of knowledge among physicians, as well as inadequate time 

prior to treatment for services such as IVF or oocyte banking.24 A similar finding was reported 

by Peddie et al,  where one of the reasons why fertility preservation was not discussed with 

cancer diagnosed patients was the belief that treatment had to start urgently and that the delay 

due to FP could not be justified, however, not all the medical professionals were certain of the 

time taken for each of the FP procedures. 25  

In addition to the barriers cited in the present study, healthcare providers also gave their 

suggestions, some of which are potential solutions for a successful establishment of 

oncofertility in the country Suggestions included increasing awareness and sensitization of 
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healthcare providers about FP, an availability of more FP units, a need for consensus 

guidelines, and affordable costs. These suggestions are in line with earlier studies, which also 

included developing reliable referral pathways and training of patient navigators and oncology 

nurses about fertility issues and available options.7,12,16 

In conclusion, this study shows that the two primary healthcare providers involved in an 

onofertility program, i.e, oncologists and gynecologists, agree upon the importance of 

preserving fertility before cancer therapy. It also reveals the necessity of more information on 

FP options. The study highlights the major barriers perceived between the two specialties in 

India, which brings about a need to develop strategies for increased medical and social 

awareness for effective implementation of FP services. One of the strategies for an effective 

nationwide implementation of oncofertility programs could include the formation of a network 

similar to the National Physicians Cooperative (NPC), a network that includes 83 institutions 

within the USA committed to  FP for oncological and non-oncological medical 

conditions that could impact fertility.26 Also, the creation of fertility preservation consortiums 

along the lines of the Oncofertility Consortium, that also includes NPC, would facilitate global 

networking, knowledge sharing, and resource distribution in fertility preservation among 

medical professionals, thereby helping establish a standard-of-care in oncofertility practice27 

in India.  

The present study has its limitations, one of which is the random recruitment of participants 

attending oncology and gynecology national conferences or meetings, rendering it likely to 

have a selection bias. Another limitation is the inclusion of all gynecologists, not all of them 

being experts in fertility management or andrology, whose awareness of the various FP options 

may be limited. Details pertaining to the types of cancers treated by oncologists, the frequency 

of treating adolescent and young adult patients requiring oncofertility services, and whether 
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gynecologists also treated cancer patients are areas that need to be focused upon in future 

studies. 
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Figure legends: 

Figure 1: Trends in fertility preservation among oncologists and gynecologists in India. 

(A) Awareness of ASCO- fertility preservation guidelines among healthcare providers.  (B) 

Healthcare provider’s knowledge of various fertility preservation options. The various fertility 

preservation options in X axis are Sperm freezing (SF), Testicular tissue cryopreservation 

(TTC), Oocyte banking (OB), Ovarian tissue cryopreservation (OTC), IVF followed by 

embryo freezing (IVF) and GnRHa pre-treatment (GnRHa). (C) Frequency of initiating fertility 

preservation discussions with cancer patients. (D) Proportion of healthcare providers 

comfortable in discussing the various fertility preservation options with cancer patients.  

  

Figure 2: Barriers to effective utilization of fertility preservation services in India.  
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Table 1: Demographics of healthcare providers participating in the survey.  

  

Characteristics Percentage of oncologists 

(n=49) 

Percentage of 

gynecologists 

(n=49) 

Age (in years) 

< 30 

31-40 

41-50 

51-60 

>60 

 

10.2 (5) 

59 (29) 

24.5 (12) 

4.1 (2) 

2.1 (1) 

 

16.3 (8) 

32.6 (16) 

22.4 (11) 

10.2 (5) 

18.3 (9) 

Gender 

Male 

Female 

 

40.8 (20) 

59.1 (29) 

 

22.4 (11) 

77.6 (38) 

Practice setting 

University/Institution 

Govt/Aided institution 

Private practice with institutional 

affiliation 

Exclusive private practice 

 

 

53.1 (26) 

20.4 (10) 

14.3 (7) 

 

12.2 (6) 

 

 

51 (25) 

4.1 (2) 

16.3 (8) 

 

28.5 (14) 

Experience (in years) 

<5 

5-10 

11-15 

16-20 

>20 

 

38.8 (19) 

34.7 (17) 

14.3 (7) 

8.2 (4) 

4.1 (2) 

 

30.6 (15) 

14.3 (7) 

16.3 (8) 

12.2 (6) 

26.5 (13) 
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Supplementary Table 1: The 18-item questionnaire administered to oncologists and 

gynaecologists to assess the healthcare provider knowledge, attitudes and barriers in fertility 

preservation. 

Q1. Are you familiar with the American Society of Clinical Oncology (ASCO) guidelines 

regarding fertility preservation for cancer patients? 

a. Yes 

b. No 

 

Q2. How would you grade your knowledge of fertility preservation options available for 

patients affected with cancer?  Please tick the appropriate box. 

Fertility preservation options 
Not 

aware 

Aware but 

not adequate 

knowledge 

Knowledgeable Very 

knowledgeable 

a. Semen cryopreservation 
    

b. Testicular tissue 

              cryopreservation     

c. Oocyte cryopreservation 
    

d.  Ovarian tissue 

cryopreservation     

e. In vitro fertilization with 

embryo cryopreservation     

f. Pre-treatment with GnRH 

agonists     

 

Q3. Offering fertility preservation to patients before cancer therapy compromises their 

oncological treatment. 

a. Agree 

b. Disagree 

c. Do not know 

 

Q4. How often do you initiate a discussion on effects of cancer treatment on fertility? 

a. Never 

b. Only when asked 

c. Occasionally 

d. Most of the time 

e. Routinely 

 

Q5. When do you refer your patients for fertility preservation consultation? 

a. Immediately after diagnosis 
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b. Before planning treatment 

c. During cancer treatment 

d. After cancer therapy 

 

 

 

 

 

Q6. How long do you feel is the time required for a cancer patient to complete the fertility 

preservation procedure? Please tick the appropriate box. 

Fertility preservation options <1 week 2-3weeks 1 month 
Do not 

know 

a. Semen cryopreservation 
    

b. Testicular tissue cryopreservation 
    

c. Oocyte cryopreservation 
    

d. Ovarian tissue cryopreservation     
    

e. In vitro fertilization with embryo 

cryopreservation     

f. Pre-treatment with GnRH agonists 
    

 

Q7. How comfortable are you to discuss the fertility preservation options with your 

patients? Please tick the appropriate box. 

Fertility preservation options 
Not comfortable 

at all 

Comfortable  Very 

comfortable 

a. Semen cryopreservation 
   

b. Testicular tissue cryopreservation 
    

c. Oocyte cryopreservation 
   

d. Ovarian tissue cryopreservation                              
    

e. In vitro fertilization with embryo 

cryopreservation    

f. Pre-treatment with GnRH agonists 
   

 



24 

 

Q8. What is the proximity to the nearest fertility preservation unit you can refer your 

patients to? 

a. Same hospital 

b. Same city 

c. <100kms 

d. >100 kms 

e. Don’t know 

 

Q9. Which factors may be considered as barriers for providing fertility preservation to 

cancer patients? (More than one option may be selected.) 

a. Time to treatment 

b. Financial burden on patient 

c. Lack of patient awareness on importance of fertility preservation 

d. Lack of awareness among healthcare providers about availability of fertility 

preservation options  

e. Lack of fertility preservation facilities nearby 

f. Lack of referrals  

g. Cultural/religious restrictions 

h. Age of patient 

i. Emotional status of patient 

j. Others ……………………………………………………………………….. 

 

 

Q10. Please give your recommendations for effective utilization of fertility preservation 

services by cancer patients, in India.  
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Details of survey participant 

 

Q11. Age of the participant (in years) 

a. 30 

b. 31-40 

c. 41-50 

d. 51-60 

e. >60 

 

Q12. Gender of participant  

a. Male 

b. Female  

 

Q13. Area of specialization 

a. General Medicine 

b. Medical Oncology 

c. Paediatrics 

d. Paediatric surgery 

e. Gynaecology 

f. Reproductive specialist 

g. Others …………………………………… 

 

 

Q14. Which setting would best describe your practise? 

a. University/Academic Institution 

b. Government/Aided Institution 

c. Private practice affiliated with Institution 

d. Exclusive private practice 

e. Others ………………………………………. 

 

 

 

Q15. Work experience in your specialization (in years).  

a. <5 

b. 5-10 

c. 11-15 

d. 16-20 

e. >20 
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Q16. How many new cancer diagnoses are made by you in a month, gender-wise?  

Please tick the appropriate box. 

No. / Gender <5 5-15 16-25 >25 

a. Male     

b. Female     

 

 

Q17. How many of the above new diagnoses are in the following age groups? 

Please tick the appropriate box. 

Age/Gender <15yrs 15-20yrs 21-25yrs 26-30yrs 31-35yrs >35yrs 

a. Male       

b. Female       

 

Q18. How many of the cancer patients come for follow-up? Please tick the appropriate box. 

No. /Gender <5 5-15 16-25 >25 

a. Male     

b. Female     
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Objective Limited data are available from low- and middle-

income countries (LMICs) on the relationship of haemoglobin

levels to adverse outcomes at different times during pregnancy.

We evaluated the association of haemoglobin levels in

nulliparous women at two times in pregnancy with pregnancy

outcomes.

Design ASPIRIN Trial data were used to study the association

between haemoglobin levels measured at 6+0–13+6 weeks and

26+0–30+0 weeks of gestation with fetal and neonatal outcomes.

Setting Obstetric care facilities in Pakistan, India, Kenya, Zambia,

The Democratic Republic of the Congo and Guatemala.

Population A total of 11 976 pregnant women.

Methods Generalised linear models were used to obtain adjusted

relative risks and 95% CI for adverse outcomes.

Main outcome measures Preterm birth, stillbirth, neonatal death,

small for gestational age (SGA) and birthweight <2500 g.

Results The mean haemoglobin levels at 6+0–13+6 weeks and at

26–30 weeks of gestation were 116 g/l (SD 17) and 107 g/l (SD

15), respectively. In general, pregnancy outcomes were better with

increasing haemoglobin. At 6+0–13+6 weeks of gestation, stillbirth,

SGA and birthweight <2500 g, were significantly associated with

haemoglobin of 70–89 g/l compared with haemoglobin of 110–
129 g/l The relationships of adverse pregnancy outcomes with

various haemoglobin levels were more marked at 26–30 weeks of

gestation.

Conclusions Both lower and some higher haemoglobin

concentrations are associated with adverse fetal and neonatal

outcomes at 6+0–13+6 weeks and at 26–30 weeks of gestation,

although the relationship with low haemoglobin levels appears

more consistent and generally stronger.

Keywords haemoglobin levels, low- and middle-income countries,

pregnancy outcomes.

Tweetable abstract Both lower and some higher haemoglobin

concentrations were associated with adverse fetal and neonatal

outcomes at 6–13 weeks and 26–30 weeks of gestation.

Clinical Trial registration: Clinicaltrials.gov (Identifier: NCT02409680).
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Introduction

Anaemia in pregnancy is a common and important health

concern around the world. Globally, anaemia, usually

defined as haemoglobin <110 g/l, affects about 56 million

pregnant women each year with a worldwide prevalence of

about 40% (95% CI 36.4–44.6%)1 ranging from about 24%

in high-income countries to 43% in low-income countries.2

Anaemia is extremely common in south Asia, where the

prevalence approximates 88% and nearly half of pregnant

women are moderately to severely anaemic, generally

defined as having a haemoglobin <90 g/l.3 Maternal anae-

mia is one of the leading risk factors for adverse pregnancy

outcomes including stillbirth, preterm birth, low birth-

weight, pre-eclampsia, eclampsia, neurodevelopmental delay

and maternal death.4,5 However, a causal relationship of

anaemia with adverse pregnancy outcomes remains incon-

clusive and some studies have failed to show any associa-

tion.6–8 Studies have also investigated whether when

anaemia appears in the pregnancy is associated with

adverse outcomes. For example, some studies found a sig-

nificant association of first-trimester anaemia with adverse

pregnancy outcomes,9 whereas others found significant

associations only in the second or third trimesters.8,10

There is reasonable agreement that the severity of anaemia,

especially when moderate or severe, is most strongly related

to adverse outcomes.

Increased haemoglobin concentrations (>130 g/l) during

pregnancy have also been associated with preterm and

small-for-gestational age (SGA) births,11,12 showing a U-

shaped relationship with adverse outcomes at the extremes

of haemoglobin levels.12–14 Lower and higher haemoglobin

appear to have different associations with pregnancy out-

comes. For example, increased risk of preterm birth has

been observed in anaemic women whereas SGA has been

described in women with higher haemoglobin levels.11

Limited data are available from low- and middle-income

countries (LMICs) about the association of poor pregnancy

outcomes with different levels of haemoglobin and the

duration of gestation. In this study, we sought to evaluate

the association of various levels of haemoglobin measured

from 6+0 to 13+6 weeks and 26+0 to 30+0 weeks of gestation

in nulliparous women with pregnancy outcomes occurring

at ≥20 weeks and at ≥26 weeks of gestation, respectively, in

LMIC settings. We felt it important to evaluate haemoglo-

bin levels at two times during pregnancy and to relate them

to outcomes as there is evidence that these relationships

are not consistent over the course of pregnancy. Also,

because hypertension is known to influence many of the

outcomes under consideration, we felt it important to con-

trol for blood pressure while assessing the relationship

between haemoglobin levels and the pregnancy outcomes.

Methods

Study design and population
We used the data from the ASPIRIN Trial15,16 to study the

association between various levels of haemoglobin mea-

sured at two points in pregnancy and pregnancy outcomes.

The ASPIRIN Trial was a multi-country community-based

individually randomised placebo-controlled trial aimed at

assessing the efficacy of low-dose aspirin in the reduction

of preterm birth. The trial was conducted in seven sites in

six countries (Pakistan, India, Zambia, Kenya, Democratic

Republic of Congo and Guatemala) from 23 March 2016

to 11 April 2019. All women in the study were nulliparous

with no more than two previous first-trimester pregnancy

losses. Women were recruited between 6+0 weeks and

13+6 weeks, and had a haemoglobin level measured and an

ultrasound examination at the time of enrolment. Of a

total of 11 976 women enrolled in the ASPIRIN trial,

11 558 (aspirin: n = 5787, placebo: n = 5771) had preg-

nancy outcomes at ≥20 weeks of gestation and 10 751

(aspirin: n = 5377, placebo: n = 5374) women had preg-

nancy outcomes determined at ≥26 weeks of gestation,

respectively (Figure 1). A second haemoglobin measure-

ment was made between 26 and 30 weeks of gestation.

Ethics approval
The study was approved by the relevant ethics committees

of each country and institutional review boards of collabo-

rators in the USA and Research Triangle Institute Interna-

tional. All women provided informed consent for

participation in the trial.

Haemoglobin concentration and other
measurements
The main exposure variable for this study was a maternal

haemoglobin level at randomisation between 6+0 and

13+6 weeks of gestation and again at follow up from 26 to

30 weeks of gestation. Haemoglobin concentration was

measured in a standardised manner using calibrated Hemo-

Cue devices across all study sites. Women with a haemo-

globin level of <70 g/l at screening were excluded from the
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trial. For Guatemala, haemoglobin concentrations were

adjusted with a correction factor for altitude above sea

level.17 Four Guatemalan women with haemoglobin mea-

surements ≥70 g/l at screening had haemoglobin values

adjusted to values <70 g/l. These women were included in

the 70–89 g/l category. For this study, haemoglobin levels

were classified into four categories (70–89, 90–109, 110–
129 and ≥130 g/l) at the time of enrolment and into five

categories (<70, 70–89, 90–109, 110–129 and ≥130 g/l)

including those women who had haemoglobin levels <70 g/

l at their follow-up assessment.

Gestational age was the best estimate based on an algo-

rithm including maternal last menstrual period and the

sonogram at the time of screening between 6+0 and

13+6 weeks of gestation, using the American College of

Obstetrics and Gynecology standard for gestational age

determination.18 Every woman in the study had a first-tri-

mester ultrasound examination. The body mass index

(BMI) in kg/m2 was measured and calculated using mater-

nal height and weight at the time of screening. Blood pres-

sures were recorded as the mean of three systolic and

diastolic blood pressures measured using automated blood

pressure equipment. For this study, the blood pressure val-

ues evaluated were those obtained at the study screening

visit and the last obtained during prenatal care. Birth-

weight was measured in all sites using a calibrated weigh-

ing scale as soon as possible after birth. Values obtained

after 4 days were not included in birthweight or SGA

statistics. A categorical variable ‘region’ (Africa, India,

Pakistan and Guatemala) was created to assess regional

Pregnancy outcome ≥20 weeks,
(n = 5787)

Preganacy outcome ≥20 weeks,
(n = 5771)

Pregnanacy outcome in between 

(n = 397)

Participants enrolled with Hb > 70 g/l in 
)

Allocated to Aspirin
(n = 5990)

Allocated to Placebo 
(n = 5986)

Excluded
Ineligible (n = 16)
Lost to follow up (n =15)
Pregnancy outcome <20 weeks 
(n = 172)

Excluded
Ineligible (n = 07)
Lost to follow up (n =30)
Pregnancy outcome <20 weeks 
(n = 178)

Pregnancy outcome in between 
20+1 and 25+6 weeks 20+1 and 25+6 weeks 

(n = 410)

Pregnancy outcome ≥26 weeks and 
Hb measured at 26–30 weeks, 

(n = 5377)

Pregnanacy outcome ≥26 weeks and 
Hb measured at 26–30 weeks,

(n = 5374)

ASPIRIN Trial (n = 11 976)

Figure 1. Study CONSORT diagram.
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differences in the association of haemoglobin levels with

pregnancy outcomes.

Study outcomes
The study outcomes included preterm birth, stillbirth,

neonatal death, SGA and low birthweight (<2500 g). Pre-

term birth was defined as the delivery at ≥20+0 weeks and

before 37+0 weeks of gestation. Stillbirth was defined as any

fetal loss at ≥20+0 weeks. SGA was defined as having a

birthweight less than the Intergrowth 10th centile for a

given gender and gestational age. Neonatal death was

defined as the death of a live-born baby at <28 days. All

study outcomes were collected through the Global Net-

work’s Maternal and Newborn Health Registry, an ongoing

geographically based registry that collects pregnancy out-

come data for all births in defined geographic areas.19,20

Statistical analyses
Data analyses were performed using SAS software (version

9.4; SAS Institute, Cary, NC, USA). First, haemoglobin

levels were compared across both study arms, i.e. the

aspirin and placebo groups, to assess the difference between

the two groups. The descriptive statistics of various

sociodemographic, obstetric and clinical characteristics were

compared with haemoglobin levels at screening. Moreover,

the study outcomes were analysed by baseline haemoglobin

levels at 6+0–13+6 weeks of gestation and at follow up

between 26 and 30 weeks of gestation, respectively. In addi-

tion, Loess plots of haemoglobin at screening and at 26–
30 weeks of gestation were also plotted by study outcomes

to graphically explore the association between haemoglobin

and study outcomes.

For each of the fetal and neonatal outcomes, a prelimi-

nary generalised linear model with a binomial or Poisson

distribution and a log link was run including the following

potential confounders as co-variates: haemoglobin at

screening, site, treatment, gestational age at randomisation

(to account for potential bias regarding late enrolment),

gravidity, maternal age, BMI, blood pressure at screening

and the interaction of the trial treatment arm and haemo-

globin at screening (to detect differences by study arm).

Then, models were run including the same variables except

that the site was replaced with a variable for region and the

interaction of region and haemoglobin level at screening to

obtain the relative risks for each outcome by region. The

relative risks of each outcome and the 95% CI were

obtained for the haemoglobin concentration at screening

using 110–129 g/l as the reference category for the overall

and regional models. The same process was repeated using

haemoglobin levels obtained between 26 and 30 weeks of

gestation and the last blood pressures before pregnancy

outcome. The interaction terms for haemoglobin levels

with study intervention as well as systolic and diastolic

blood pressure with gestational age at which the measures

were obtained were also included in the models.

Funding
This trial was funded by grants from the Eunice Kennedy

Shriver Institute of Child Health and Human Development

to study sites. The grants were competitively awarded to

study investigators following external review of scientific

quality. Representatives of the funder (MKT and MM) par-

ticipated in oversight of the study implementation; how-

ever, they did not influence the study manuscript.

Results

The mean haemoglobin levels at 6+0–13+6 weeks of gesta-

tion and at 26–30 weeks of gestation were 116 g/l [stan-

dard deviation (SD) 17] and 107 g/l (SD 15),

respectively. The distribution and mean haemoglobin

levels were virtually identical in the aspirin and control

groups at both time-points, strongly suggesting that

aspirin did not influence haemoglobin concentrations.

The mean haemoglobin concentrations at enrolment were

116 g/l (SD 17) for the women in the aspirin group and

116 g/l (SD 17) for the women in the placebo group,

whereas at 26–30 weeks the mean haemoglobin concen-

trations were 107 g/l (SD 15) for the women in the

aspirin group and 107 g/l (SD 16) for the women in the

placebo group. Hence, the entire population was com-

bined for further analyses.

Table 1 describes sociodemographic and clinical char-

acteristics of pregnant women by haemoglobin categories

at enrolment (6+0–13+6 weeks of gestation). There was

wide variation in haemoglobin concentrations across the

participating sites. Among the three African sites, the

Democratic Republic of Congo had 5.2 and 35.8%

women with haemoglobin levels 70–89 and 90–109 g/l,

respectively; Kenya had 3.2 and 18.0% women with hae-

moglobin levels of 70–89 and 90–109 g/l, respectively and

Zambia had 1.2 and 17.1% women with haemoglobin

levels 70–89 and 90–109 g/l, respectively. In addition,

Kenya had the highest proportion (52.0%) of women

with haemoglobin levels 110–129 g/l and Zambia had the

highest proportion (33.9%) of women with a haemoglo-

bin level ≥130 g/l compared with the other two African

sites.

Of the two Indian sites, Nagpur had the highest propor-

tion of women with haemoglobin levels of 70–89 (5.4%) and

90–109 g/l (52.8%), respectively. Nearly 37% of women in

Nagpur had a haemoglobin level of 110–129 g/l and 4.9%

had a haemoglobin level of ≥130 g/l. Belagavi had 4.6 and

27.2% women with haemoglobin levels of 70–89 and 90–
109 g/l, respectively. Furthermore, about 54 and 14% of

women in Belagavi had haemoglobin levels of 110–129 and
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≥130 g/l, respectively. In Pakistan, 23.0 and 44.7% of women

had haemoglobin levels of 70–89 and 90–109 g/l, respec-

tively, whereas 29.0 and 3.2% of women had haemoglobin

levels of 110–129 and ≥130 g/l, respectively. In Guatemala,

1.4 and 9.1% of women had haemoglobin levels of 70–89
and 90–109 g/l, respectively, whereas 52.8 and 36.7% of

women had haemoglobin levels of 110–129 and ≥130 g/l,

respectively.

Among all women, the mean maternal age was 21.0 (SD

3.0) years. At screening, the median gestational age was

10.1 weeks (P25, P75: 8.6, 12.0) and these did not differ

across all levels of haemoglobin concentrations. About

43% of women with haemoglobin levels of 70–89 g/l had

no formal schooling; this proportion decreased with

increasing haemoglobin concentration levels. Similarly,

about 36% women with a haemoglobin level of 70–89 g/l

were underweight (BMI <18.5 kg/m2) and this proportion

decreased with increases in haemoglobin levels. The over-

all mean systolic blood pressure was 106.8 (SD 10.7)

mmHg; however, it was higher in women with haemoglo-

bin levels ≥130 g/l.

The overall pregnancy outcomes at ≥20 weeks of gesta-

tion and at ≥26 weeks of gestation including preterm birth,

stillbirth, neonatal mortality <28 days, SGA and birth-

weight <1500 g and 1500–2499 g were evaluated by haemo-

globin level categories at 6+0–13+6 weeks and 26–30 weeks

of gestation (Table 2). At 6+0–13+6 weeks of gestation, in

general, the pregnancy outcomes were better with increas-

ing haemoglobin levels. However, for stillbirth, there was a

U-shaped relationship showing a higher proportion of fetal

deaths at both lower and higher concentrations of haemo-

globin (Table 2 and Figure 2).

Table 1. Baseline sociodemographic and clinical characteristics of pregnant women in ASPIRIN Trial by haemoglobin levels at enrolment

(6+0–13+6 weeks of gestation)

Total Haemoglobin at enrolment (g/l)

70–89 90–109 110–129 ≥130

Pregnancies ≥20 weeks of gestation, n (%) 11 558 732 (6.3) 3525 (30.5) 5277 (45.7) 2024 (17.5)

Democratic Republic of Congo 1320 68 (5.2) 473 (35.8) 594 (45.0) 185 (14.0)

Zambia 1010 12 (1.2) 173 (17.1) 483 (47.8) 342 (33.9)

Kenya 1328 42 (3.2) 239 (18.0) 691 (52.0) 356 (26.8)

Belagavi, India 2650 123 (4.6) 722 (27.2) 1427 (53.8) 378 (14.3)

Nagpur, India 2046 111 (5.4) 1080 (52.8) 754 (36.9) 101 (4.9)

Pakistan 1533 353 (23.0) 686 (44.7) 445 (29.0) 49 (3.2)

Guatemala 1671 23 (1.4) 152 (9.1) 883 (52.8) 613 (36.7)

Maternal age (years), n (%) 11 558 732 3525 5277 2024

<20 4506 (39.0) 234 (32.0) 1203 (34.1) 2182 (41.3) 887 (43.8)

20–29 6801 (58.8) 481 (65.7) 2263 (64.2) 2964 (56.2) 1093 (54.0)

30–40 251 (2.2) 17 (2.3) 59 (1.7) 131 (2.5) 44 (2.2)

Mean (SD) 21 (3) 21 (3) 21 (3) 21 (3) 21 (3)

Gestational age at enrolment, n 11 558 732 3525 5277 2024

Median (P25, P75) 10.1 (8.6, 12.0) 10.1 (8.4, 12.1) 10.4 (8.9, 12.1) 10.1 (8.6, 12.0) 10.0 (8.6, 11.7)

Maternal education, n (%) 11 556 732 3525 5275 2024

No formal schooling 1658 (14.3) 312 (42.6) 673 (19.1) 559 (10.6) 114 (5.6)

1–6 years of schooling 1713 (14.8) 80 (10.9) 449 (12.7) 801 (15.2) 383 (18.9)

7–12 years of schooling 6924 (59.9) 292 (39.9) 2015 (57.2) 3293 (62.4) 1324 (65.4)

≥13 years of schooling 1261 (10.9) 48 (6.6) 388 (11.0) 622 (11.8) 203 (10.0)

Maternal BMI (kg/m2), n (%) 11 551 732 3524 5275 2020

<18.5 2986 (25.9) 264 (36.1) 1232 (35.0) 1204 (22.8) 286 (14.2)

18.5–24.9 7039 (60.9) 427 (58.3) 2023 (57.4) 3311 (62.8) 1278 (63.3)

25.0–29.9 1262 (10.9) 38 (5.2) 230 (6.5) 632 (12.0) 362 (17.9)

≥30 264 (2.3) 3 (0.4) 39 (1.1) 128 (2.4) 94 (4.7)

Mean (SD) 21.0 (3.7) 19.6 (2.8) 20.0 (3.3) 21.3 (3.6) 22.5 (4.0)

Blood pressure measured at screening (mmHg), n 11 524 724 3513 5267 2020

Systolic blood pressure, mean (SD) 106.8 (10.7) 105.3 (10.6) 105.6 (10.3) 106.8 (10.8) 109.7 (10.6)

Diastolic blood pressure, mean (SD) 65.6 (8.5) 65.1 (8.5) 65.5 (8.5) 65.3 (8.5) 66.8 (8.2)

Haemoglobin measurements have been adjusted for altitude in Guatemala according to the formula in the linked paper: https://onlinelibrary.wiley.com/

doi/full/10.1111/j.1365-3156.2008.02143.x

Four haemoglobin measurements at screening which were adjusted to values <70 g/l are included in the 70–89 g/l category.
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The relationships of adverse pregnancy outcomes with

various haemoglobin levels at 26–30 weeks of gestation were

more marked, often appearing worse at the highest haemo-

globin levels (≥130 g/l). Higher proportions of preterm birth

and stillbirth were observed at both extremes of haemoglo-

bin concentration (Table 2 and Figure 2). To better under-

stand these relationships and account for the large

differences in haemoglobin concentrations between regions

as well as in maternal characteristics, generalised linear mod-

els were performed.

Both in the overall and regional models, of adjusted rela-

tive risks for fetal/neonatal outcomes for haemoglobin at

screening, stillbirth, SGA and birthweight <2500 g, were

significantly associated with haemoglobin levels of 70–89 g/

l compared with haemoglobin levels of 110–129 g/l (see

Supplementary material, Table S1). For Africa, all three

outcomes had a significant association with haemoglobin

levels of 70–89 g/l. Moreover, birthweight of <2500 g was

also associated with haemoglobin levels of 90–109 g/l com-

pared with 110–129 g/l. For Pakistan, birthweight of

<2500 g showed a significant association with haemoglobin

levels of 70–89 g/l compared with haemoglobin levels of

110–129 g/l. Because the Guatemalan site had very few

women with low haemoglobin, the site was excluded from

the regional models in which no outcomes were detected

in any haemoglobin category.

Overall, preterm birth and neonatal mortality <28 days

were not associated with maternal haemoglobin concentra-

tions; however, in Pakistan, neonatal mortality <28 days

had a significant association with maternal haemoglobin

levels ≥130 g/l compared with haemoglobin levels of 110–
129 g/l. The interaction between haemoglobin levels and

study intervention remained insignificant in all models at

6+0–13+6 weeks of gestation (P > 0.05).

We also assessed the relative risks for fetal/neonatal out-

comes for haemoglobin at 26–30 weeks of gestation (see

Supplementary material, Table S2). In the overall model,

stillbirth was the only outcome significantly associated with

haemoglobin <70 g/l compared with haemoglobin levels of

110–129 g/l).

For the regional models, in Pakistan, preterm birth

was significantly associated with all lower (<70, 70–89 and

Table 2. Fetal and neonatal outcomes by haemoglobin levels at enrolment (6+0–13+6 weeks of gestation) for pregnancies ≥20 weeks of gestation

and at 26–30 weeks of gestation for pregnancies ≥26 weeks of gestation

Total Haemoglobin levels (g/l)

<70 70–89 90–109 110–129 ≥130

Pregnancies ≥20 weeks

of gestation, n (%)

11 558 – 732 (6.3) 3525 (30.5) 5277 (45.7) 2024 (17.5)

Preterm delivery, n/N (%) 1422/11 544 (12.3) – 135/732 (18.4) 457/3520 (13.0) 610/5269 (11.6) 220/2023 (10.9)

Stillbirth, n/N (rate/1000) 307/11 544 (26.6) – 38/732 (51.9) 100/3520 (28.4) 116/5269 (22.0) 53/2023 (26.2)

Neonatal mortality <28 days,

n/N (rate/1000)

327/11 235 (29.1) – 30/694 (43.2) 114/3419 (33.3) 137/5152 (26.6) 46/1970 (23.4)

SGA, n/N (%) 3070/10 959 (28.0) – 229/684 (33.5) 1075/3375 (31.9) 1334/5003 (26.7) 432/1897 (22.8)

Birthweight*, n (%) 11 342 – 725 3493 5161 1963

<1500 g 215 (1.9) – 17 (2.3) 70 (2.0) 97 (1.9) 31 (1.6)

1500–2499 g 2064 (18.2) – 181 (25.0) 713 (20.4) 860 (16.7) 310 (15.8)

≥2500 g 9063 (79.9) – 527 (72.7) 2710 (77.6) 4204 (81.5) 1622 (82.6)

Mean (SD) 2787 (512) – 2664 (512) 2721 (508) 2816 (505) 2872 (517)

Pregnancies ≥26 weeks

of gestation, n (%)

10 751 147 (1.4) 1182 (11.0) 4909 (45.7) 3959 (36.8) 554 (5.2)

Preterm delivery, n/N (%) 1205/10 746 (11.2) 30/147 (20.4) 190/1182 (16.1) 546/4908 (11.1) 380/3956 (9.6) 59/553 (10.7)

Stillbirth, n/N (rate/1000) 201/10 746 (18.7) 10/147 (68.0) 29/1182 (24.5) 86/4908 (17.5) 63/3956 (15.9) 13/553 (23.5)

Neonatal mortality <28 days,

n/N (rate/1000)

269/10 544 (25.5) 9/137 (65.7) 47/1152 (40.8) 121/4822 (25.1) 83/3893 (21.3) 9/540 (16.7)

SGA, n/N (%) 2982/10 315 (28.9) 34/133 (25.6) 328/1131 (29.0) 1453/4728 (30.7) 1055/3793 (27.8) 112/530 (21.1)

Birthweight*, n (%) 10 569 144 1162 4834 3880 549

<1500 g 109 (1.0) 4 (2.8) 18 (1.5) 45 (0.9) 34 (0.9) 8 (1.5)

1500–2499 g 1968 (18.6) 36 (25.0) 243 (20.9) 942 (19.5) 673 (17.3) 74 (13.5)

≥2500 g 8492 (80.3) 104 (72.2) 901 (77.5) 3847 (79.6) 3173 (81.8) 467 (85.1)

Mean (SD) 2790 (482) 2660 (503) 2713 (466) 2764 (469) 2832 (488) 2915 (520)

*Birthweight measured within 4 days of delivery or estimated.
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90–109 g/l) and higher (≥130 g/l) haemoglobin levels. In

Africa, stillbirth was significantly associated with haemoglo-

bin levels <70 g/l compared with levels of 110–129 g/l. More-

over, in Africa and Pakistan, birthweight <2500 g was

associated with haemoglobin levels <90 and <70 g/l com-

pared with levels of 110–129 g/l. Because the Guatemalan site

had very few women with low haemoglobin, the site was

excluded from the regional models in which no outcomes

were detected in one or more of the haemoglobin categories.

In India and Guatemala, there were no significant associations

of any adverse fetal or neonatal outcome with haemoglobin

concentrations at 6–13 weeks or at 26–30 weeks of gestation.

Figure 2. LOESS plots of haemoglobin at enrolment by fetal and neonatal outcomes. Note: Binomial variables are plotted at 0 and 1 and the current

figures truncate values of 1 for better viewing of the LOESS curves.
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Discussion

Main findings
The present study included a large multi-country cohort of

nulliparous pregnant women who participated in the

ASPIRIN trial and had haemoglobin levels measured at 6+0–
13+6 weeks of gestation; of them, 93% had haemoglobin

levels measured at 26–30 weeks of gestation. The strength

of this study is that we had two measurements at standard-

ised times in pregnancy and linked them with carefully

obtained outcomes in seven sites in six countries in Asia,

Africa and Central America. We found that anaemia in

pregnancy is common in LMICs and that both lower and

higher haemoglobin concentrations were risk factors for

several adverse pregnancy outcomes; however, there was

wide variation in these relationships across regions.

This study, from three geographically distinct regions,

confirms the global importance of anaemia in pregnancy,

which is especially prevalent in our sites in south Asia, par-

ticularly in Pakistan, followed by our sites in Africa and

Guatemala. However, the prevalence of anaemia reported

in this study for our sites is less than that of global esti-

mates and other studies from these regions.2,3,21,22 One

possible reason for this lower prevalence could be that the

women were enrolled in pregnancy at 6+0–13+6 weeks of

gestation, earlier than many other studies. Haemoglobin

levels tend to decrease as the pregnancy progresses, espe-

cially during the second trimester.

The study showed that haemoglobin levels of 70–89 g/l

at 6+0–13+6 weeks of gestation had a significant association

with stillbirth, SGA and birthweight <2500 g in the overall

population with wide regional differences. It was observed

that in African women, stillbirth and SGA were associated

with haemoglobin levels of 70–89 g/l and birthweight

<2500 g was associated with haemoglobin levels <90 g/l,

whereas only in Pakistani women, birthweight <2500 g was

associated with haemoglobin levels of 70–89 g/l. Various

studies, systematic reviews and meta-analyses across the

world are consistent with the study findings.4,23

Many studies suggest that haemoglobin concentrations in

pregnancy usually decrease from the first to the second tri-

mester because of plasma volume expansion as a physiologi-

cal consequence of pregnancy; however, pregnant women

may have higher haemoglobin concentrations later in preg-

nancy as the result of insufficient plasma volume expansion

leading to poor placental perfusion and fetal distress,24 and

so have more frequent adverse pregnancy outcomes at

higher haemoglobin concentrations. A systematic review

and meta-analyses and other studies have shown a U-

shaped relationship of haemoglobin levels with various fetal

and neonatal adverse outcomes including stillbirth, SGA,

low birthweight and neonatal mortality.25,26 The finding of

neonatal mortality <28 days with higher haemoglobin

concentration (≥130 g/l) at 6+0–13+6 weeks of gestation in

the Pakistan site is consistent with these studies.

With regards to the association of adverse fetal and

neonatal outcomes with haemoglobin levels at 26–30 weeks

of gestation, stillbirth was the only adverse outcome associ-

ated with haemoglobin <70 g/l at 26–30 weeks of gestation

in the overall population, as well as in the African region.

These findings are consistent with the studies assessing the

relation between haemoglobin concentrations and preg-

nancy outcomes during the second or third trimester.10,25

We also found a significant association of birthweight

<2500 g with haemoglobin levels <90 g/l in African women

and <70 g/l in Pakistani women at 26–30 weeks of gesta-

tion. The findings are consistent with studies evaluating the

association of low birthweight with anaemia in the third

trimester27 and regional differences in this relationship.28

There was an interaction between the last measured sys-

tolic blood pressure, haemoglobin levels and gestational age.

Maternal blood pressure is a well-studied determinant of low

birthweight and other adverse birth outcomes. Higher mater-

nal blood pressure is associated with impaired fetal growth

during the third trimester of pregnancy and increased risks

of adverse birth outcomes.29 Moreover, greater increases in

blood pressures from 18 weeks of gestation onwards are

related to reduced fetal growth and shorter gestation even in

women whose blood pressure does not cross the threshold

for hypertensive disorders of pregnancy.30

Our findings of no significant association of haemoglo-

bin levels at 6+0–13+6 weeks of gestation and at 26–30 of

gestation with any of the adverse fetal and neonatal out-

comes in India and Guatemala may be in part because the

majority of these women had haemoglobin levels ≥90 and

≥110 g/l, respectively. Previous studies have found that

moderate to severe anaemia is associated with poor preg-

nancy outcomes in LMICs.3,31

Strengths and limitations
The strengths of this study include the large sample size,

prospective multi-country study, standardised haemoglobin

measurements at 6+0–13+6 weeks and at 26–30 weeks of

gestation and assessment of study outcomes using the Glo-

bal Network Maternal Newborn Health Registry. One limi-

tation of the study was that we did not evaluate the

presence of malaria in most of the study participants,

which might have been a factor especially in the African

sites. Another potential weakness is the exclusion of women

with severe anaemia (<70 g/l) at early pregnancy in the

study. However, it should not have a major impact on the

study findings as there were only 26 women with haemo-

globin concentrations <70 g/l who were excluded at the

time of enrolment (0.2%). We also made multiple compar-

isons and it is possible that some of the reported associa-

tions occurred by chance.

8 ª 2021 John Wiley & Sons Ltd.
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Interpretation
This study confirms the association of low haemoglobin

levels with various adverse pregnancy outcomes and con-

firms that the levels of haemoglobin differ widely by loca-

tion. Similar haemoglobin levels drawn at different times in

pregnancy have different associations with various adverse

outcomes and these relationships differ by country. The

study confirms that high haemoglobin levels may be associ-

ated with adverse outcomes.

Conclusions

Anaemia during pregnancy in any trimester is a major pub-

lic health problem in LMICs with wide regional differences

in prevalence and outcome. Both lower and higher haemo-

globin concentrations are associated with adverse fetal and

neonatal outcomes at 6+0–13+6 weeks and 26–30 weeks of

gestation, although the relationship with low haemoglobin

levels appears more consistent and generally stronger.
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Abstract
 

Objective: To study the clinico-radiological profile of children with acute leukoencephalopathy with restricted
diffusion. Methods: A retrospective chart review of children with acute leukoencephalopathy with restricted
diffusion was done from July 2015 to July 2018. The clinical details, neuroimaging findings, sequelae, and the final
outcome on modified Rankin Score were analyzed. Results: Sixteen children with a mean age of 4.4 years were
diagnosed with acute leukoencephalopathy with restricted diffusion. All, except one, had fever, seizure, and
altered sensorium. The median duration of hospital stay was 3 weeks. Only one out of 16, had biphasic clinical
picture that is characteristic of acute encephalopathy with biphasic seizures and restricted diffusion. Magnetic
resonance imaging showed restriction diffusion in all. While it was symmetric in 13 children, in 3 children it was
asymmetric, and in 2 children there was patchy involvement. Seven children (43.7%) had post-encephalopathic
epilepsy. While complete neurological recovery was seen in 2 children, behavioral problems like hyperactivity in 10
(62.5%), speech problems in 8 (50%), and cognitive delay in 3 (18.8%) children were noted. Conclusion: Acute
leukoencephalopathy with restricted diffusion is emerging as an important cause of acute encephalopathy in
children with a protracted course and long-term sequelae such as cognitive impairment and refractory
postencephalopathic epilepsy. 
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Full Text
 

Acute encephalopathy as a presentation of common viral and bacterial infections often affects young children and
causes death or severe neurological sequelae.[1] An early, prompt diagnosis helps in the institution of appropriate
treatment and most importantly prognosis. In the last decade, a new viral-associated encephalopathy, acute
leukoencephalopathy with restricted diffusion (ALERD) (also known as acute encephalopathy with biphasic
seizures and restricted diffusion [AESD]) has been described mainly from the Asian continent.[2] It is
characterized by seizures with fever, altered sensorium for 1–4 weeks, and magnetic resonance imaging (MRI)
showing areas of restricted diffusion. Depending on the MRI findings, two types of ALERD are described: diffuse
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ALERD and central sparing ALERD. The central sparing ALERD refers to the previously well-described AESD. There
have been no publications from India and hence decreased awareness about this entity among pediatricians,
intensivists, and neurologists. We present our experience with ALERD in the last 3 years.

 Material and Methods

Retrospective chart review of all children with a diagnosis of ALERD from July 2015 to July 2018 was done.
Children with acute encephalopathy and MRI showing predominantly restricted diffusion with inversion on
apparent diffusion coefficient maps were labeled as ALERD. When it followed the use of drugs/toxins it was labeled
as toxic ALERD, otherwise, it was named as post/para-infectious ALERD.[2],[3] The clinical presentation, duration
of illness, hospital stay, investigation, treatment taken, and the follow-up data (outcome on modified Rankin score
(mRS) and sequelae such as cognitive deficits, epilepsy, and behavioral disturbances) was entered in excel sheet
and analyzed using SPSS software.

 Results

A total of 16 children (9 males) had a diagnosis of ALERD. The key findings are summarized in [Table 1]. The
mean and median age was 4.4 and 3.5 years, respectively. All except one, presented with fever, seizures, and
altered sensorium. The child without fever had a head injury due to a fall from a height of 2 m on the day of
presentation. While, one child developed ALERD following the use of methotrexate for hemophagocytic
lymphohistiocytosis (toxic ALERD), another child developed ALERD on the 6th postoperative day (anorectal
malformation repair). The biphasic nature of the disease (onset marked by a prolonged seizure that usually lasts
for >30 min with fever followed by improved consciousness and clustered seizures, signs of frontal lobe
dysfunction, and worsening of consciousness becoming apparent at 3–4 days after onset) that is characteristic of
AESD was seen in only one child [Figure 1]a and [Figure 1]b. The seizures were focal, generalized, or both. The
seizures during the acute phase were recurrent and required 2–3 antiepileptic drugs (AEDs) to control, but
generally subsided in a weeks' time (average 6 days; range: 3–9 days). None of them had signs of meningeal
irritation. The worst mean and median Glasgow coma scale (GCS) during the course of illness was 7.1 and 7.0,
respectively. The altered sensorium took around 2–3 weeks to improve. The mean and median duration of hospital
stay was 28.2 and 20 days, respectively. The cerebrospinal fluid examination was normal in all children (none had
>10 cells). Two of them were tested for autoimmune antibodies (NMDAR) and were found to be negative. Blood
and cerebrospinal fluid culture examinations showed no growth in all children. MRI of brain showed restricted
diffusion in all children [Figure 1]. While it was symmetric in 13 children, in 3 children it was asymmetric [Figure
1]d and [Figure 1]e. The child with toxic ALERD had involvement of the occipital lobes [Figure 1]f. Two of them
had bilateral but patchy involvement. The involvement of deep gray matter was seen in six patients.{Table 1}
{Figure 1}

The children were given supportive care with antiepileptic drugs. After the infection was ruled out, pulse
methylprednisolone was given for 5 days. Antiepileptic drugs were continued at discharge for 3–6 months. In
those without seizure recurrence and normal EEG at 6 months, AEDs were tapered and stopped. No deaths were
seen in our group. The mean duration of follow-up was 13.9 months. Children who had seizure recurrence or new
types of seizures occurring after 3 months were labeled as post-encephalopathic epilepsy (PEE). Seven children
(43.7%) had PEE and all were refractory to medical treatment (three had auditory myoclonus). EEG of these
children showed multifocal epilepsy. While complete neurological recovery was seen in two children, behavioral
problems such as hyperactivity in 10 (62.5%), speech problems in 8 (50%), and cognitive delay in 3 (18.8%)
children were noted. One child with asymmetric ALERD had residual hemiparesis at follow-up. The mean and
median mRS at follow-up after >6 months (data from 12 children; one lost to follow-up, 3 had not completed 6-
months follow-up) was 2.0 (range: 0–5) and 2.0 (range: 0–5), respectively. The only child with poor mRS of 5 had
sustained secondary hypoxic injury during the hospital stay. The follow-up MRI after 6–12 months showed diffuse
cerebral atrophy in those with diffuse ALERD with resolution of white matter restriction on diffusion-weighted
images (DWI). Laminar necrosis and increased signal intensities in the subcortical white matter on T2-weighted
images in three.
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 Discussion

ALERD is a clinico-radiological syndrome and is one of the infection-associated encephalopathy syndromes seen in
childhood.[2] It has been reported mainly from East Asia. In a series of 44 patients from Nagoya University,
Japan, causative pathogens isolated were human herpes virus-6, adenovirus, rotavirus, influenza, Mycoplasma
pneumoniae, enterovirus type coxsackie virus-A6, and Escherichia coli O157:H7.[4] At times, it can be a
presentation of bacterial septic encephalopathy like Streptococcus pneumonia.[5] In the current study, because of
the lack of facilities, specific aetiological workup was not done.

In the present study, there was no gender difference noted and ALERD-affected children were of all ages from 1 to
13 years. The presenting features in all except one included fever, seizures, and altered sensorium which is
common to most acute encephalopathies in children. The seizures in ALERD can be focal, generalized, or both. The
seizures during the acute phase are recurrent and may require 2–3 drugs to control, but generally settle in a
weeks' time unlike fever-induced refractory epilepsy syndrome, where seizures continue for weeks together. The
altered sensorium and the speech take a longer time to recover. However, the protracted course (mean duration of
altered sensorium: 3 weeks) was a pointer toward ALERD. This fact should help to suspect ALERD, differentiating
it from other causes of acute encephalopathy, and it is important to counsel the parents about this fact when we
make a diagnosis of ALERD.

The biphasic nature of the disease (fever with a seizure at presentation followed by improvement and worsening
of consciousness with seizure recurrence at 3–4 days later) that is a characteristic of AESD was seen in only one
child. Hence, the term ALERD is more appropriate for these children than AESD. The diffuse type of ALERD was
the most common type seen in our study. The pattern that we see here is probably different than that seen in the
East-Asian countries. While one child had a history of head injury, another developed ALERD on the 6th
postoperative day. Events such as trauma and surgery might have triggered the occurrence of ALERD. However,
this needs to be looked at in future studies on ALERD.

MRI showed restricted diffusion in all children giving the “bright tree appearance.”[1] Signal changes on the DWI
that revert on the apparent diffusion coefficient maps are characteristic of ALERD. When changes are marked or
when the scan is done late into the disease, the signal changes may be seen on T2 weighted and fluid-attenuated
inversion recovery sequences. However, the changes would be more marked in the DWI sequences. It is important
to note that when the scan is done early, the changes may be subtle and a repeat scan after a week may show
characteristic changes. Hence, when the suspicion of ALERD is strong and the initial imaging is normal, it is
worthwhile to repeat imaging. While the literature has mentioned symmetric changes, three children in the
present study had asymmetric involvement in the current study. Two of them had symmetric patchy involvement
resembling rotaviral encephalitis.[6] This pattern has not been reported earlier in the literature. If this pattern is
specific to rotavirus infection it needs to be studied in future studies. Published case series on AESD have reported
hyperintensities in the caudate nucleus in some patients but sparing of basal ganglia, thalami, and corpus
callosum.[1],[7] However, in the present study, thalamic involvement was seen in four, putaminal involvement in
three, and corpus callosal involvement in one child. There is a need to collect more neuroimaging data to know
the exact involvement of various brain structures in ALERD.

IV pulse steroids and intravenous immunoglobulin (IVIG) have been used in ALERD after neuroinfections have
been ruled out.[1] Currently, there is no evidence for the use of steroids/IVIG in ALERD and hence there is a need
to collect cases of ALERD and conduct randomized studies for a definitive answer. As the proposed pathogenesis
for ALERD is an excitotoxic injury with delayed neuronal death, there have been some case reports with
combination therapy of N-methyl-D-aspartate (NMDA) receptor antagonist, dextromethorphan, and apoptosis
inhibitor, cyclosporine A.[8] A study on four patients with ALERD showed favorable results. However, in the current
study, none of the patients were put on these drugs.

PEE was seen in 43.7% of children in contrast to 23% reported in the literature.[4] Seizures that are induced by
sudden unexpected sounds were seen in three children and was drug refractory. Most of them are refractory to
treatment. Sequelae in the form of cognitive impairment, behavioral problems, and speech impairment alone
and/or in combination was seen in 14 (87.5%) children in contrast to 55.5% in Okumara's study.[1]

This study is the first case series on AESD/ALERD from India. Sixteen children were diagnosed over 3 years from
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one center. This shows that many cases are being missed in our country. The major limitations of our study were
the retrospective nature of data collection and the lack of etiological workup.

In conclusion, ALERD is emerging as an important cause of acute encephalopathy in children with a protracted
course. MRI of the brain shows restricted diffusion and the illness is prolonged and lasts for 2–3 weeks. Diffuse
ALERD is more common in our set up and more than 75% children have cognitive or speech delays with
hyperactivity while almost 50% of them have postencephalopathic epilepsy.
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Abstract

Objective: In the background of a large population of bilinguals globally, the study aimed to develop standards of neuropsy-
chological testing in the context of bilingualism. Because bilingualism is known to affect cognitive processes, bilinguals and
monolinguals were compared on their performance on cognitive tests, to investigate the possibility of the need for separate
normative data for the two groups.
Method: A comprehensive neuropsychological test battery, standardized across five Indian languages: the Indian Council of
Medical Research-Neuro Cognitive Tool Box (ICMR-NCTB) was administered to 530 participants (267 monolingual and 263
bilinguals matched for age and education). A systematic method of testing cognition in bilinguals was developed; to identify the
appropriate language for testing, ensure language proficiency of examiner, and to interpret the bilingual responses. Additionally,
the performance of bilinguals on the ICMR-NCTB was compared with monolinguals.
Results: Cognitive testing in the bilingual context was performed in the most proficient language of the participants, by
examiners well versed with the language. Results from the language-based tests suggested that the frequent occurrence of
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borrowed- and language-mixed words required consideration while scoring. The reported bilingual effect on cognitive processes
did not reflect as differences in the performance between bilinguals and monolinguals.
Conclusions: Observations from the study provide robust recommendations for neuropsychological testing in the context of
bilingualism. Results indicate that separate normative data may not be required for bilinguals and monolinguals. The study will
be relevant and provide a reference framework to address similar issues in the large population of bilinguals in other societies.

Keywords: Norms/normative studies; Assessment; Cross-cultural/minority; Language and language disorders; Executive functions; Fluency

Introduction

Aging populations worldwide are living with a rising burden of dementia, and by 2030, the prevalence of cognitive disorders
and dementia is estimated to reach 75 million, with most of the cases residing in lower and middle income countries (LMICs)
(Prince et al., 2017; United Nations DOEaSA, Population Division, 2015; World Health Organization, 2015). An early and
accurate diagnosis is crucial to reduce the burden of cognitive disorders in LMICs and is dependent on testing cognition
appropriately in a sociodemographically diverse context. Neuropsychological testing is integral to the diagnosis of cognitive
impairment but poses a series of challenges in LMICs: a) cognitive tests are developed mainly in the West, and might not
adequately address sociocultural factors such as illiteracy and linguistic diversity (Iyer et al., 2019; O’Bryant et al., 2008);
b) unavailability of suitable normative data (Manly, Schupf, Tang, & Stern, 2005) or normative data applicable for a certain
demographic group which might not be appropriate for the entire population (Rivera Mindt, Byrd, Saez, & Manly, 2010); c)
creation of ethnicity-based norms for cognitive test scores that might conceal effects of genetic or lifestyle susceptibilities that
could contribute to the disparity (Watermeyer & Calia, 2019); and d) a lack of standardization of the many variations of the
existing cognitive tests available for LMICs (Jotheeswaran, Williams, & Prince, 2010). Therefore, it is a challenge to have
test measures appropriate for diverse populations that can accurately diagnose dementia (Prince, Acosta, Chin, Scazufca, &
Varghese, 2003; Watermeyer & Calia, 2019).

India is linguistically diverse with 122 major languages and 1599 other languages spoken in the country. Indian language
families are diverse in their structures with significant differences in their phonology, grammar, lexicon, and scripts. The 2011
census recorded Hindi as the most widely spoken language (57.1%); 10.6% speaking English, followed by Bengali (8.9%)
and Telugu (7.8%), and 4.9% and 2.9% speaking Kannada and Malayalam languages, respectively (Census of India, 2011).
Indian languages belong to several language families. About 78% of the Indians speak languages belonging to the Indo-Aryan
language family (e.g., Hindi, Bengali, Marathi, Punjabi, Gujarati) and 19.6% speak Dravidian languages (Kannada, Telugu,
Malayalam, and Tamil). In total, 10.6% of the Indian population speak English, an Indo European language, for professional
and commercial communication, especially in interstate contexts (Census of India, 2011). It is also recognized that 26% of the
Indian population are bilingual speakers and 7% are trilingual speakers, and bi/tri/multilingualism is considered a norm in India
(Census of India, 2011; Vasanta, 2011). Furthermore, nearly half of the world’s population is bilingual (Bhatia, Ritchie, & Wiley,
2013). Bilingualism is therefore an important sociodemographic factor that needs to be considered while evaluating cognition
in patients with dementia and cognitive disorders.

Various factors can potentially affect neuropsychological evaluation in a bilingual context, and will need to be addressed:
Firstly, there is a need to evaluate language proficiency of the participant while testing cognition in the context of bilingualism
(Fortuny, Romo, Heaton, & Iii, 2000; Pontón, 2001; Rosselli et al., 2002) across a range of functional domains. This evaluation
is required to choose the language of testing (Malgady & Costantino, 1998; Mindt et al., 2008). Secondly, ensuring proficiency
of examiner in the language of testing that can influence test scores is essential. Thirdly, instructions, interpretation, and scoring
of responses have to be provided in multiple languages during the course of testing. While testing bilinguals, frequent occurrence
of mixing more than one language in their responses is a challenge. Scoring norms for responses in the nontarget language/s
and for words borrowed from other languages have not been clearly developed. Additionally, for the results to be reliable and
valid, it is crucial that the neuropsychological test protocol has been adapted simultaneously and standardized for use across
different languages (Fernández & Abe, 2018). Finally, the effects of bilingualism on language and cognitive processing have
to be taken into consideration. Various studies have reported a bilingual cost for tasks such as semantic fluency and picture
naming (Anderson, Saleemi, & Bialystok, 2017; Bialystok, Craik, Green, & Gollan, 2009; Fernandes, Craik, Bialystok, &
Kreuger, 2007; Singh & Mishra, 2013) and lack of bilingual advantage in card sorting, Simon task, and a metalinguistic
judgment task (Gathercole et al., 2014). In contrast to these results, there is extensive evidence suggesting bilingual advantage
on executive functioning tasks requiring switching, flexibility, inhibitory control, and response conflict (Bialystok, Craik,
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Table 1. Neuropsychological tests in the ICMR-NCTB performed on monolingual and bilingual participants

Domains Neuropsychological Tests

Attention and Executive Functions Trail Making Test B & W (A & B)
Category Fluency (Animals)

Episodic Memory Verbal Learning Test from Kolkata Cognitive Screening Battery (Delayed Recall and Total Learning)
Modified Taylor Complex Figure Test (Delayed Recall)

Language Picture Naming Test (PNT)
Visuospatial Functions Modified Taylor Complex Figure Test (Copy)

& Ruocco, 2006; Costa, Hernández, & Sebastián-Gallés, 2008) and visuo-spatial working memory (Kerrigan, Thomas, Bright,
& Filippi, 2017). In this background, it is yet unclear if and how these differences in cognitive functions between monolinguals
and bilinguals affect neuropsychological test performance. Data from monolingual and bilingual individuals are frequently
combined in neuropsychological practice and research, however, the validity of combining the data has not been investigated.
Studying whether cognitive test scores and the derived normative data differ between bilingual and monolingual speakers is also
crucial, but this remains to be explored.

Although there are recommendations on how to address some of these issues, it is still not clear how these factors are to
be incorporated into the routine course of neuropsychological examination in a setting of linguistic diversity and bilingualism.
Furthermore, although much of the practice of neuropsychology and research is conducted in bilingual communities, efforts to
investigate the role of the above-mentioned factors in cognitive evaluation have been limited so far.

The Indian Council of Medical Research-Neuro Cognitive Tool Box (ICMR-NCTB; Iyer et al., 2019) was developed to
address these gaps in standardizing dementia diagnosis across multiple languages, educational levels, and in the context of
bilingualism (Iyer et al., 2019). In the current study, we aimed to develop standards of testing cognition in the context of
bilingualism, by evaluating a large cohort of monolinguals and bilinguals with the ICMR-NCTB. Secondly, we aimed to
investigate whether there are significant differences in performance between monolingual and bilingual groups on a range of
cognitive tests that may potentially affect normative data and cutoff scores used in a bilingual context.

Methods

Six academic medical institutions from different parts of India collaborated toward this ICMR task force project: Data in
Hindi were collected from New Delhi; Bengali from Kolkata; Telugu and Hindi from Hyderabad; Kannada from Bengaluru and
Belgaum; and Malayalam from Trivandrum.

Neuropsychological Evaluation

The ICMR-NCTB was developed by a systematic process of review of existing neuropsychological test batteries used widely
for the diagnosis of dementia that were considered to be appropriate for the Indian context. The battery consisted of a range
of cognitive tests that were adapted to include standard measures of attention/executive function, verbal and visual memory,
language and visuospatial functions (Table 1): The Trail Making Test A & B (TMT A & B; Kim, Baek, & Kim, 2014) for
attention and executive function; category fluency (animals; Iyer et al., 2019) for executive function and verbal ability; Verbal
Learning Test (VLT) delayed recall and total learning (Das et al., 2007), and Modified Taylor Complex Figure Test (MTCF)
delayed recall (Hubley & Tremblay, 2002) for episodic memory; Picture Naming Test (PNT; Iyer et al., 2019) for language
assessment; and MTCF copy for assessment of visuo-spatial functions. The process of the development and validation of the
ICMR-NCTB for use in five Indian languages, study participant recruitment strategy across centers, and sample size estimation
has been reported previously (Iyer et al., 2019). Test adaptations were done simultaneously in the five Indian languages by the
multidisciplinary team of experts. Cross-cultural adaptation guidelines (Guillemin, Bombardier, & Beaton, 1993) were used by
following cultural modifications, translation-back-translations and piloting. The method called “decentering” was used to avoid
construct bias (Van de Vijver & Tanzer, 2004). This method excludes items/stimuli that are specific to one particular culture or
language by encouraging simultaneous development of tests in multiple languages.

Study Participants

Participants were recruited during the study period 2014 to 2017 from volunteers of senior citizen centers of the cities as
well as healthy family carers of patients visiting neurology and geriatric clinics of the hospitals. A total of 990 cognitively
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healthy participants participated in the main ICMR-NCTB study that included 439 monolingual and 551 bilingual speakers.
Because age and education can potentially confound the effects of bilingualism on cognitive test performance (Ardila, Rosselli, &
Ostrosky-Solis, 1992; Ganguli et al., 1991), for the current study, the monolingual and bilingual speakers included were matched
on these demographic factors. The final number of participants included 530 individuals, comprising of 267 (50.4%) monolingual
and 263 (49.6%) bilingual speakers. Because of the heterogeneity in demographic characteristics in the overall cohort, the
comparison between monolingual and bilingual groups was done separately in five different languages (Hindi monolinguals:
74 and bilinguals: 67; Bengali monolinguals: 32 and bilinguals: 32; Telugu monolinguals: 80 and bilinguals: 80; Kannada
monolinguals: 41 and bilinguals: 42; and Malayalam monolinguals: 40 and bilinguals: 42).

Demographic, cognitive, and medical history of the participants was collected to determine their eligibility for participation
in the study. Participants were administered the Addenbrooke’s Cognitive Examination (ACE-III; Mathuranath et al., 2004;
Mekala, Alladi, Mridula, & Kaul, 2008; Mekala et al., 2020), Rey Auditory Verbal Learning Test (RAVLT; Rao, Subbakrishna,
& Gopukumar, 2004), and Color Trails Test (CTT; Rao et al., 2004) and if scored in the normal range in all the tests were
recruited. The ACE, RAVLT, and CTT have been validated across different age and educational levels and the norms used in
our cohort were based on those derived from diverse populations (Alladi et al., 2011, 2013; Mathuranath et al., 2007; Nandi
et al., 2008; Rao et al., 2004). Monolingual and bilingual speakers were comparable on the gold standard tests Addenbrooke’s
Cognitive Examination (ACE-III), Rey Auditory Verbal Learning Test (RAVLT), and Color Trails Test (CTT). The means,
standard deviations, and range for the gold standard tests are presented in Supplementary Table 1.

The inclusion criteria for the healthy participants included age >50 years, at least 1 year of formal education, no history
of cognitive or behavioral complaints, no history of head injury, absence of substance use disorder, major psychiatric, and
neurological illness. Literacy was measured by asking the participants to read and write a sentence in their native language.

Language Choice for Participants

A structured protocol was developed to conduct neuropsychological evaluation in the context of bilingualism. Based on a
review of existing literature, clinical practice methods, as well as multidisciplinary expert group consensus, the procedure to be
followed for conducting cognitive testing in the bilingual context was developed. The focus was on determining the language of
testing based on the participant’s language proficiency and use, ensuring proficiency of examiner in the language of testing, and
the development of a protocol to score and interpret results of responses in the bilingual context. Toward this, a detailed language
history in all participants was obtained. The choice of language for testing in bilinguals was determined using the language use
questionnaire (LUQ; Vasanta, Suvarna, Sireesha, & Raju, 2010) that has been developed and validated for the Indian context.
The native language of each participant, the number of languages spoken, language choice, and the proficiency levels in these
different languages were also noted using the questionnaire, which was administered in the native language. The participants
rated their language usage (1—never and 5—almost always) and language proficiency (1—cannot do and 5—do it very easily
and very well) on a 5-point rating scale for a set of 10 questions. The percent of proficiency was calculated using the formula:

Actual score × 100

50

The language in which the participants had ≥70% on proficiency and also had the highest score among the different languages
known was identified as the language of testing (Vasanta et al., 2010). In this study cohort, the native language was typically the
most proficient language in 518 participants (97.7%).

A small proportion of our monolingual participants (39/267, 14.6%), who reported that they could only speak one language
fluently, was found to have exposure to two or more languages on the LUQ, but reported minimal language proficiency in these
languages (a score of <3 on a 5-point rating scale) (Hindi: 3/74; Bengali: 6/32; Telugu: 12/80; Kannada: 5/41; and Malayalam:
13/40). These participants typically use only one language in their daily life, but may add a few commonly used words from
other languages. These words will have equivalents in their own language, so they cannot be classified as “borrowed words”
although they may function similarly. Because these speakers do not “use” two languages fluently, they do not fulfill criteria
for being bilingual as per Mohanty’s (1994) definition on bilingual speakers and we considered them to be “predominantly
monolinguals”. Hence “monolingual” and “predominantly monolingual” participants were clubbed into one group. This is a
reflection on the bilingual milieu that exists in India (Vasanta, 2011) and bilingualism is considered to exist as a continuous
spectrum, ranging from solely monolingual, predominantly monolingual to low and high proficient bilinguals (Garland, 2007).
The number of languages known by each participant was also noted for the entire cohort: predominantly one language: 267
(50.3%), two languages: 200 (37.7%), and three or more languages: 63 (11.9%).
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Defining Bilingualism

Bilingualism as it exists in India was defined based on Mohanty’s definition. Mohanty (1994) analyzed the different
ways in which bilingualism has been articulated and studied in India and defined bilingual speakers as “those who meet the
communicative demands of the self and the society in their normal functioning in two or more languages in their interaction
with other speakers of any or all of these languages” (Alladi et al., 2013; Mohanty, 1994). This was further confirmed by LUQ:
bilingual speakers rated their language proficiency as 3 and above on more than one language, on the 5-point scale of the LUQ.
Monolingual speakers rated their proficiency as 3 and above in one language or 3 and above in one native language and <3 in
other languages.

The profile of language combinations spoken by our cohort is presented in Supplementary Table 2. We compared performance
on tests across the three major language combinations spoken (Indo Aryan, Dravidian, and Indo European). Majority of the
language combinations spoken by the bilingual speakers were from two different language families. 94.3% of the bilingual
participants spoke languages from different families and only 5.7% spoke from the same family.

Language Proficiency of the Examiner

Experienced psychologists who fulfilled the following language eligibility criteria were involved in each center to perform the
cognitive tests: a) examiners with ≥70% on proficiency in language of administration as measured using LUQ; b) received formal
education in the language/s used in each memory clinic center, and c) lived in the city for many years and had a long-standing
engagement with the local language and culture. In the current study, examiner’s proficiency in language of administration
ranged from 75% to 100% on the LUQ.

Test Instructions, Interpretation, and Scoring of Responses

Participants were instructed to respond in only one language (that they were found to be most proficient in) and not to switch
to another language. However, in the background of frequent language mixing that prevails in India, it was important to develop
a standardized protocol to interpret the responses given in other languages. Language mixed words or words from the nontarget
languages and words incorporated from one language into another known as borrowed words are frequently encountered in daily
communication, in the context of India (Chengappa, Daniel, & Bhat, 2004; Paplikar, 2016). This situation poses a challenge
to scoring and interpreting responses during neuropsychological evaluation. Borrowed words can be considered as a response
from the “base language” (or native language) as these words are integrated into the base language and are frequently used by
the monolingual speakers of that community (Bhat & Chengappa, 2003). Words from nontarget languages on the other hand,
for which there are equivalent words in use in the target language, are typically scored as “nonresponse’ or are not scored, or
scoring is variable (Gollan, Montoya, Fennema-Notestine, & Morris, 2005; Hernandez, Martinez, & Kohnert, 2000). Based on
existing recommendations as well as inputs from the multidisciplinary expert group, it was decided to score responses in two
ways: i) correct responses in native language (NL) only, which include borrowed words; and ii) correct responses in native
language + other languages (NL + OL), to include words from nontarget languages. The aim of scoring responses in both the
possible ways was to explore the most appropriate way of eliciting maximum responses in our study participants. The two tests
of the ICMR-NCTB where the responses could potentially be affected by the use of nontarget language words were the category
fluency (animals) and picture naming tests.

Statistical Analysis

To compare demographics and performance on neuropsychological test scores of monolingual and bilingual participants,
independent sample t-test and Mann–Whitney U test was used for continuous data, and χ2 tests or Fisher’s exact tests for
categorical data. A multivariate analysis of covariance (MANCOVA) was implemented to identify the independent predictors of
neuropsychological test scores, after adjusting for demographics variables like language, age, education, and gender. A paired
t-test was used to compare the responses of native language (NL) only and native language plus other language (NL + OL) in
picture naming and category fluency tasks in monolingual and bilingual speakers. The data were analyzed using the Statistical
Package for Social Sciences (SPSS) software version 16.0 (SPSS, Chicago, IL). A p-value of <0.05 was considered statistically
significant.
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Table 3. Paired-wise comparison of responses in NL only and NL + OL in category fluency (animals) and picture naming tasks in monolingual and bilingual
speakers

Monolinguals Bilinguals

Responses in NL
only Mean (SD)

Responses in
NL + OL Mean
(SD)

Mean difference
Mean (SD)

Responses in NL
only Mean (SD)

Responses in
NL + OL Mean
(SD)

Mean difference
Mean (SD)

Category Fluency (Animals)
Hindi 10.2 (3.4) 10.3 (3.5) −0.1 (0.3)∗ 11.1 (3.2) 11.2 (3.2) −0.08 (0.57)∗
Bengali 15.6 (3.6) 17.3 (3.6) −1.7 (1.4)∗∗ 17.6 (3.6) 19.8 (4.8) −2.2 (2.3)∗∗
Telugu 14.0 (3.2) 14.1 (3.2) - 14.4 (3.1) 14.5 (3.2) -
Kannada 12.2 (3.2) 12.2 (3.3) −0.05 (0.2) 12.2 (3.9) 12.3 (3.9) −0.05 (0.2)
Malayalam 14.6 (2.6) 15.5 (2.8) −0.9 (0.7)∗∗ 13.2 (2.6) 14.8 (2.6) −1.5 (1.1)∗∗
Picture Naming Test
Hindi 89.3 (1.9) 89.3 (1.9) 88.5 (4.3) 88.9 (2.7) −1.5 (2.2)
Bengali 79.4 (7.2) 79.7 (7.5) −0.3 (1.0) 82.9 (6.3) 83.3 (6.1) −0.1 (0.6)
Telugu 80.9 (5.0) 85.6 (3.7) 4.9 (3.7)∗∗ 79.8 (6.1) 86.9 (3.0) −7.1 (5.8)∗∗
Kannada 80.8 (5.5) 87.2 (4.5) −6.3 (4.6)∗∗ 83.2 (4.8) 88.6 (2.7) −5.5 (4.6)∗∗
Malayalam 81.5 (6.2) 83.2 (6.5) −1.6 (2.2) 82.1 (5.1) 85.5 (3.9) −3.4 (3.2)

Note: ∗∗p < 0.001; ∗p < 0.05.
NL: native language; NL + OL: native language + other language.

Results

The overall study cohort consisted 530 participants of which 267 (50.4%) are monolinguals and 263 (49.6%) bilinguals. There
were 291 (54.9%) men and 239 (45.1%) women in the entire cohort. Participants from both monolingual and bilingual groups
were from a varying range of socioeconomic class (Monolinguals: upper class—27 (10.1%); middle class—-239 (89.5%); and
lower class—1 (0.4%); Bilinguals: upper class—37 (14.1%); middle class—226 (85.9%)) (Bairwa, Rajput, & Sachdeva, 2013;
Kuppuswamy, 1981). Majority of the participants were from the middle class status in all the five language groups. Out of 530,
341 were recruited from the urban areas, 74 from rural areas, and the information about place of dwelling in 115 participants
was missing (Census of India, 2011). The demographic details of monolingual and bilingual speakers across five languages are
presented in Table 2. Monolingual and bilingual groups were comparable for the demographic variables: age, education, gender,
and place of dwelling across all the five language groups.

In the background of language interference during daily communication in the Indian context, the responses were interpreted
in two ways: i) correct responses in native language (NL) only; and ii) correct responses in native language + other languages
(NL + OL). The performance on the two methods of scoring i.e., responses in native language (NL) only vs. native language plus
other language (NL + OL) for the category fluency and picture naming tests was compared in five different languages (Table 3).
In the category fluency test, performance of the participants was comparable in Telugu and Kannada, for both methods of
scoring responses. In Hindi, Bengali, and Malayalam, NL + OL scores were higher than NL only. In the picture-naming test,
performance of the participants was comparable in Hindi and Bengali, on both NL + OL and NL only responses. In Telugu,
Kannada, and Malayalam, NL + OL scores were higher than NL only. This pattern was consistent across monolingual and
bilingual speakers for both the tests (Table 3).

We compared neuropsychological test performance between monolingual and bilingual participants on the ICMR-NCTB,
which is presented in Table 4. The performance of monolingual and bilingual groups was comparable on majority of the tests
across five languages. The cognitive test scores of monolingual, bilingual, and multilingual groups speaking Hindi, Bengali,
Telugu, Kannada, and Malayalam are presented in Supplementary Table 3. No significant differences between monolinguals,
bilinguals, and multilinguals were seen on all the tests of neuropsychological domains in five languages.

A MANCOVA was conducted to determine the effect of bilingualism on each neuropsychological test after adjusting for
the sociodemographic variables: language, age, education, gender, and languages. No evidence of independent main effect of
bilingualism were seen on all the tests of neuropsychological domains scores [TMT A: F(1,337) = 0.085, p = 0.771; partial
η2 = 0.000; TMT B: F(1,337) = 0.092, p = 0.762; partial η2 = 0.00; Category Fluency-Animals (NL + OL): F(1,337) = 0.473,
p = 0.492; partial η2 = 0.001; Picture Naming Test (NL + OL): F(1,337) = 0.613, p = 0.432; partial η2 = 0.002, VLT (DR):
F(1,337) = 0.539, p = 0.463; partial η2 = 0.002; VLT (TL): F(1,337) = 2.75, p = 0.098; partial η2 = 0.008; MTCF Copy:
F(1,337) = 0.24, p = 0.623; partial η2 = 0.008; MTCF DR: F(1,337) = 3.69, p = 0.056; partial η2 = 0.011]. Independent effects
of covariates (language, age, education, and gender) are presented in supplementary results.
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Discussion

The present study aimed to evaluate the impact of bilingualism on neuropsychological evaluation in a linguistically diverse
setting. In a large cohort of 530 participants, a systematic approach was followed to develop recommendations to test cognition
in bilinguals, which included choice of language of testing based on participants’ proficiency, ensuring proficiency of examiner
in the language of testing, use of neuropsychological tests that have been standardized for five different Indian languages, and a
data-based method to interpret and score bilingual responses. On investigating the potential need to develop separate normative
scores for bilinguals, the cognitive effects of bilingualism on a range of domains were explored. No significant differences were
demonstrable on all the tests of ICMR-NCTB after adjusting for confounding factors of language, age, education, and gender,
indicating that common normative data can be developed for monolingual and bilingual speakers.

We went through an essential first step of standardization of the neuropsychological tests of ICMR-NCTB across linguistic
and educational diversity. Adaptation and translation of all the neuropsychological tests was done simultaneously and
systematically in five Indian languages as reported earlier (Iyer et al., 2019). The tests were adapted based on the knowledge of
cross-cultural testing in order to make them appropriate to use across various cultures and languages in India. The administrators
were extensively trained and a detailed protocol with instructions were developed for each instrument in order to increase
reliability of data collected and reduce variability to deal with the method bias (Fernández & Abe, 2018; Iyer et al., 2019).

In our endeavor to develop recommendations for cognitive assessment in the bilingual context, the critical issue regarding
the language in which the neuropsychological testing has to be performed was addressed. It is ideal that the bilingual speaker
should be evaluated in the dominant language reporting greater usage and preference (Mindt et al., 2008). Based on Mindt
et al. guidelines, we administered a detailed language use questionnaire (LUQ) developed for the Indian context (Vasanta et al.,
2010). In this cohort, in majority of participants, the native language was the predominant language of proficiency. To resolve
the important issue of language choice for cognitive testing in a person who speaks more than one language, we recommend the
use of the language use questionnaire to determine the language of highest proficiency.

Similarly, it is also essential to determine the examiner’s language proficiency to ensure appropriate administration and
interpretation of test results (Pontón, 2001). Mindt et al. (2008) and Artiola i Fortuny and Mullaney (1998) suggest that the
linguistic proficiency of the examiner to be at a level of a person “who has lived in the place where the target language is
spoken for some years” or “has completed advanced studies in the target language”. In the current study, the examiners who
administered ICMR-NCTB were all psychologists who received formal education in the target language/s used in the respective
memory clinic center and also lived in the city where they spoke the language/s for many years.

There are no specific guidelines for scoring neuropsychological tests that elicit responses in more than one language. In
the current study, the responses for the language-based tests (category fluency and picture naming tests) were recorded in two
possible ways: firstly, responses in native language only, and secondly, by combining with the responses provided in the other
language. Our observation was that the participants frequently responded in two languages even when instructions were given to
respond only in one language. In the majority of instances, the performance was comparable across both methods of scoring, but
in a few instances, the scores were higher when participants responded in both languages. Mixing of words, phrases, or sentences
from one language into another is a frequent scenario during daily communication in the Indian context (Chengappa et al., 2004;
Paplikar, 2016), and this appears to be reflected on neuropsychological test scores. Based on our results, we recommend that
responses obtained in both native and other languages are taken into consideration for scoring. This is consistent with the practice
of bilingualism in the Indian context and is likely to be more ecologically valid.

The performance between monolingual and bilingual cohort on the ICMR-NCTB indicated that there were no significant
differences in any of the tests evaluating neuropsychological domains in all the five languages after controlling for demographic
factors like language, age, gender, and education. Despite the bilingual advantage generally seen in executive functioning tasks
(Costa et al., 2008; Kerrigan et al., 2017) and the bilingual cost reported in tasks such as semantic fluency, picture naming, word
recall, and comprehension (Bialystok et al., 2009; Singh & Mishra, 2013), we did not find these differences in our cohort on
the ICMR-NCTB tests. Our findings are similar to Anderson et al. (2017) and Friesen, Luo, Luk, and Bialystok (2015) who
reported no significant differences between monolinguals and bilinguals on Trail Making Test (A & B) and category fluency
task, respectively. Other studies have also found monolingual speakers to outperform bilingual speakers on Trail Making Test-
B (Litvin et al., 2019) and category fluency (Anderson et al., 2017). In contrast to our study findings, Gollan et al. (2005)
found that bilingual speakers named pictures slowly and with more errors compared to monolinguals on the picture naming
task. Differences in sociodemographic factors such as education, socioeconomic status, and immigration status between cohorts
might reflect on the varying findings.

Our results are similar to the study by Karlsson et al. (2015), who studied the effect of bilingualism on two widely used
neuropsychological test batteries in children: Wechsler Intelligence Scale for Children—Fourth Edition (WISC-IV) and a
Developmental Neuropsychological Assessment—Second Edition (NEPSY-II). The authors did not find any difference in
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Table 5. List of recommendations for neuropsychological testing in bilingual speakers based on the structured methodology and findings of the current study

Sl. No. Recommendations for neuropsychological testing in bilingual speakers

1. Evaluating linguistic proficiency of bilingual speakers using subjective or objective measures
2. Cognitive testing to be administered in the most proficient language of the speaker
3. Evaluating linguistic proficiency of the examiner using subjective or objective measures
4. Examiner administering the tests to be proficient in the target language used for testing
5. Language interference (borrowed and language-mixed words) to be considered while interpreting the responses during bilingual

testing
6. In a clinical diagnostic setting, there is no need for separate norms for monolingual and bilingual adults in the context of India as the

reported bilingual effect on cognitive processes does not necessarily reflect on the performance on a range of standard
neuropsychological tests.

the test performance between monolingual and bilingual children. Our results indicate that there is likely to be no need to
develop separate norms for monolingual and bilingual adults for clinical diagnostic purposes, at least for the tests of cognition
(attention/executive function, language, memory, and visuospatial functions) included in the ICMR-NCTB. However, we did
not include working memory and inhibitory control tasks such as the Stroop test, Simon and Flanker tasks that are typically
used to evaluate differences between bilingual and monolingual speakers (Costa et al., 2008; Singh & Kar, 2018; Yang & Yang,
2017). In a recent study conducted on children in schools of two cities in India, a cognitive advantage was demonstrated on the
N-back and Raven’s Colored Progressive Matrices tasks for bilingual children compared to monolinguals (Tsimpli et al., 2020).
It is possible that more specific tests of inhibitory control may elicit differences between monolingual and bilingual speakers,
but this remains to be explored.

To summarize, we suggest a list of recommendations to be considered during neuropsychological evaluation of a bilingual
speaker based on a systematic and structured methodology and findings of the current study. The recommendations are presented
in Table 5.

It is however important to note that these recommendations may vary in other bilingual contexts. Bilingual communities differ
across societies. Our results may not be entirely generalizable to countries where bilinguals are predominantly immigrants, or
belong to lower socioeconomic status or in situations in which bilinguals are highly educated. The other limitations of our
study include i) the use of subjective measures to evaluate proficiency. Although there are demonstrations that subjective or
self-reported measures correlate well with objective measures of proficiency (e.g., Jia, Aaronson, & Wu, 2002; Schrauf, 2009),
validated objective measures are ideal for proficiency assessment; ii) we did not include participants who were illiterate or with
minimal education. The ICMR-NCTB also consists of tests adapted for illiterate individuals and a similar study will need to be
conducted using the illiterate version of the ICMR-NCTB in this population; iii) information on early or late bilinguals and the
language in which formal education was obtained could not be collected. iv) Because the study employed convenience sampling
and the participants recruited were above 50 years of age, the bi/multilingual rates did not match the national statistical report
rates for the whole population.

To conclude, ours is the first study that evaluated neuropsychological test performance on a large cohort of monolingual and
bilingual speakers, using a systematic process of cognitive testing appropriate for a setting of linguistic diversity. Although the
implications of the study are specific for the uniquely diverse linguistic context of India, we believe that our observations will
be relevant and provide a reference framework to address similar issues in the large population of bilinguals in other societies.
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Supplementary material is available at Archives of Clinical Neuropsychology online.
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Abstract
Cancer of the penis is an important health problem in India, causing significant morbidity. Involvement of locoregional lymph
nodes is the most significant prognostic factor for patients with penile cancer. In this study, we reviewed clinical data of all
patients who underwent modified inguinal lymph node dissection as a means to diagnose micro-metastasis in inguinal lymph
nodes, and analysed the outcomes.We retrospectively reviewed the hospital clinical charts of patients treated for carcinoma of the
penis. Inguinal and distant metastases were assessed by physical examination, ultrasound imaging of the inguinal region,
computed tomography of the abdomen and pelvis and a chest radiograph. Patients with clinically negative inguinal lymph nodes
underwent modified lymph node dissection (mILND) both to diagnose and stage the disease. Complications occurring during a
30-day period after surgery were defined as early and thereafter as late complications. A total of 40 patients with a mean age of
52.27±13.10 (range 25–73) years underwent mILND. Wedge biopsy from the primary lesion had revealed intermediate-risk
disease in 22 (55%) patients and high-risk disease in 18 (45%) patients. Histopathological examination of the primary penile
lesion revealed a pT1 lesion in 32 patients and a pT2 lesion in the remaining 8 patients. Fourteen (35%) of the 40 patients showed
micro-metastases in the inguinal lymph nodes on frozen sections. The mean follow-up in these patients was 56.6±18.09 months.
There were no instances of local or systemic recurrences seen in 38 (95%) patients within 5 years. Superficial lymph node
dissection and where facilities are available DSLNB remain the standard of care in the management of patients with clinically
groin-negative (cN0) intermediate- and high-risk groups. Modified inguinal lymph node dissection would be a safe and appro-
priate alternative to this in all centres that do not have access to newer modalities like DSLNB, video-endoscopic (VEIL) or
robotic-assisted techniques.

Keywords Carcinoma penis . Inguinal lymph nodes .Modified lymph node dissection . Superficial lymph node dissection

Introduction

Squamous cell carcinoma of the penis represents a significant
cause of mortality and morbidity in many parts of the world.

[1] One of the world’s highest prevalence rates is found in
India, at 3.32 per 100,000 inhabitants, and the lowest inci-
dence is among Jewish men born in Israel, with rates close
to zero. [2] Clinically the most significant prognostic factor for
patients with penile cancer is the involvement of locoregional
lymph nodes. [3] Recurrence free and overall survival of the
patients is largely dependent on inguinal lymph node (ILN)
status, with the 5-year survival for patients with a single in-
guinal node involved being approximately 80%, compared
with 0–12% if deeper pelvic lymph nodes (PLN) are involved.
[4, 5] The spread of metastasis to the lymph nodes, in penile
cancer, occurs in a consistent pattern first involving the ILNs
and subsequently the PLN. The first LNs to be involved are
the ‘sentinel’ lymph nodes, which are found in the superior
medial zone of the inguinal region, followed by the central
inguinal zones. [6]
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Currently the principal aim of the management of lymph
node metastasis in penile cancer is to decrease the morbidity
associated with radical inguinal lymphadenectomy, without
compromising oncological outcomes. Patients with low-
volume lymphatic disease can usually achieve cure with sur-
gery alone; however, patients with extensive locoregional
lymph node involvement are less likely to reach long-term
survival without multimodal management and potentially rad-
ical and morbid surgery. [7]

Occult metastasis to inguinal lymph nodes cannot be de-
tected with physical examination or non-invasive methods,
such as imaging with ultrasound, computed tomography
(CT) or magnetic resonance imaging (MRI), alone. Several
strategies have been suggested in the management of patients
with clinically non-palpable ILNs, such as surveillance, inva-
sive nodal staging or radical lymphadenectomy. [8]
Surveillance of regional LNs is associated with the risk of
developing the disease from undetected micro-metastasis. It
is well known that patients with clinically node-negative dis-
ease at the time of diagnosis (cN0) have a risk of micro-
metastases in approximately 25% of the patients (15). [9] In
comparison, radical inguinal lymphadenectomy in cN0 pa-
tients offers increased long-term survival of 90% when com-
pared to 40% with delayed lymphadenectomy for patients
with regional recurrence. [10, 11] Surveillance should be
counselled and recommended only in patients with pTis/pTa
tumours, carry low-risk G1pT1 tumours and be compliant
with surveillance. [12]

In patients with high-risk primary penile cancer
(>pT1G2 and/or presence of lympho-vascular invasion)
and who have non-palpable ILNs on examination, there
are two invasive options to diagnose presence of metasta-
sis in ILNs, namely dynamic sentinel lymph node biopsy
(DSLNB) or modified/superficial ILND (sILND). [13]
Superficial ILND (sILND) decreases the morbidity related
to radical ILND by limiting surgical dissection to the

superficial lymph node packet which is anterior to the
fascia lata. Modified ILND involves removal of all the
nodal stations with the highest probability of being in-
volved (central and superior zones). Several modifications
have been employed that include a smaller skin incision,
preservation of the saphenous vein, conserving the area
superior to the fossa ovalis and lateral to the femoral ar-
tery, and maintaining the sartorius muscle in situ. [14]
One must note that even invasive lymph node staging
has the potential to fail to detect micro-metastatic disease,
and may lead to regional nodal recurrence at a later date.
We retrospectively reviewed our inpatient/outpatient data
of all patients who underwent modified inguinal lymph
node dissection (mILND) with the objective to assess
the prevalence of positive inguinal lymph nodes (micro-
metastasis) with patients presenting with clinically node-
negative groin and the outcomes of such cases.

Materials and Methods

This study was undertaken following approval of the study
protocol by the Inst i tut ional Ethical Committee.
Epidemiological, clinical and histopathological data of all pa-
tients with penile cancer (Fig. 1) consecutively treated with
mILND at our hospital between Jan 1995 and Dec 2019 were
retrospectively collected from the inpatient and outpatient
charts and analysed comparatively. Patients were generally
assessed for inguinal and distant metastases by physical ex-
amination, ultrasound of the inguinal region, computed to-
mography of the abdomen and pelvis and a chest X-ray.
Tumour stage and grade were determined according to the
current TNM classification. Patients with clinically palpable
inguinal lymph nodes and patients with lymphadenopathy on
USG/CT were excluded from the study.
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Risk groups for occult metastasis were defined according
to pathologic stage of the primary tumour: stages ≤pT1 G1
being low-risk group, stage pT1 G2 being intermediate-risk
group and stages ≥pT1 G3 being high-risk group. The indica-
tions for mILND included patients with clinically negative
disease and belonging to either intermediate- or high-risk
groups. Based on positive frozen section reports, further rad-
ical ILND was performed.

Postoperative care included antibiotic therapy initiated at
the time of skin incision and maintained at least until removal
of drains. Generally, second-generation cephalosporins were
used unless cultures from the primary tumour or urine yielded
results necessitating application of other antibiotics. Patients
were mobilized early on postoperative day 1. Prior to dis-
charge, short-stretch bandage was replaced by individually
matched elastic compression stockings. Unfractionated or
low molecular weight heparin was started after surgery and
discontinued on postoperative day 6 at the earliest unless clin-
ical signs of a significant leg oedema were present. Drains
were removed after the daily amount was below 30 mL.

Complications occurring during a 30-day period after sur-
gerywere defined as early and thereafter as late complications.
Classification of the complication type and severity was per-
formed according to the modified Clavien system. [15]
Clinical variables are presented as absolute numbers, mean ±
standard deviation or percentage. Fisher’s exact test was used
for comparative assessment of the complication rates.

Results

During the study period, a total of 40 patients with a mean
age of 52.27±13.10 (range 25–73) years underwent
mILND. Wedge biopsy from the primary lesion had

revealed intermediate-risk disease in 22 (55%) patients
a n d h i g h - r i s k d i s e a s e i n 18 ( 4 5%) p a t i e n t s .
Histopathological examination (Table 1) had revealed a
pT1 lesion in 32 patients and a pT2 lesion in the remaining
8 patients. Of the pT1 lesions, 22 patients revealed a pT1a
lesion and 10 revealed a pT1b lesion.

Ultrasonography examination of the inguinal region re-
vealed no obvious lymph nodal enlargement in any of the
patients, whereas the CT imaging revealed small (6–13 mm)
inguinal lymph nodes in 8 patients and none in the external
iliac, internal iliac or para-aortic lymph nodes. Chest radio-
graph showed no evidence of any metastases in any of the 40
patients.

Modified inguinal block dissection was done bilaterally
along with the treatment for primary lesion of the penis
(Fig. 2). This included partial penectomy in all the 40
cases, as a safe surgical margin of ≥ 2 cm could be easily
obtained in all. The surgical margins of the partial
penectomy were free of cancer in all (Fig. 3). The mean
number of lymph nodes obtained was 10.3 ± 1.87 on the
right side and 10.02 ± 1.62 on the left side. Fourteen
(35%) of the 40 patients showed micro-metastases in the
inguinal lymph nodes (Table 2) on frozen sections. All the
14 patients having positive inguinal lymph nodes
underwent radical lymph node dissection (RLND) in the
same sitting. There were no instances of positive final
histopathology reports (HPR) in patients reported to have
negative frozen section biopsy. Early and late complica-
tions were noted as shown in (Table 3).

The mean follow-up in these patients was 56.6 ±
18.09 months. There were no instances of local or systemic
recurrences seen in 38 (95%) patients within 5 years. Two
patients died within 5 years of surgery, one due to systemic
metastases and one due to non-cancer reasons.

Table 1 Histopathological details
of the primary lesion Sl. No. Squamous cell carcinoma

intermediate risk (pT1 G2)
Squamous cell carcinoma
high risk (≥ pT1 G3)

Total

1 No. of patients 22 (55%) 18 (45%) 40

2 pT1 22 10 32

pT1a 22 - 22

pT1b - 10 10

3 pT2 - 8 8

Table 2 Outcomes of modified
inguinal lymph node dissection
(mILND)

Sl. No. Intermediate risk High risk Total p value

1 No. of patients 22 18 40 -

2 Lymph nodes positivity 6 (27.2%) 8 (44.4%) 14 (35%) 0.996

3 Mean no. of positive LN 1 1.37±0.51 - 0.463
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Discussion

Treatment of squamous cell carcinoma of the penis remains
primarily surgical. Early and meticulous surgical management
with close follow-up typically provides the best opportunity
for cure. The most important factor determining survival in
patients with penile cancer is the extent of lymph node metas-
tases. [5, 16] The management of the inguinal lymph nodes
therefore is a major and critical factor in the overall treatment
strategy. Approximately 20–25% of patients with clinically
non-palpable inguinal nodes harbour occult metastases. [9,
15] Performing routine bilateral radical inguinofemoral lymph
node dissection (IFLND) in these patients would be over
treating 80% of them and subjecting them to potential in-
creased morbidity.

The optimal approach in these patients would be to identify
patients with metastatic penile cancer in this cohort who are

potentially curable with surgical lymphadenectomy while at
the same time avoiding unnecessary surgery in patients with
pathologically negative inguinal nodes. Strategies to accom-
plish this include (1) improved prognostic algorithms and risk
assessment based on the primary tumour’s pathologic and
clinical characteristics, (2) improved radiographic techniques
and (3) pathologic sampling of first-echelon nodes. [16]
Superficial/modified inguinal node dissection has been pro-
posed as one of the methods to surgically stage penile cancer
patients without palpable lymphadenopathy. The procedure
consists of removal of the nodal packet superficial to the fascia
lata and centred about the fossa ovalis and sapheno-femoral
junction.

Pompeo et al. [17] and Pras-Baez et al. [18] have demon-
strated that no nodes deep to the fascia lata were positive
unless superficial nodes were also positive. A study of
DSLNB that included a cohort of patients who underwent

Table 3 Complications of
inguinal lymphadenectomy as per
modified Clavien-Dindo
Classification

Sl. No. mILND (26) RLND (14)

1 Early

Fever (grade I) 1 (3.8%) -

Bleeding/haematoma formation (grade I) - 1 (7.14%)

Penile oedema (grade I) - -

Wound infection (grade I) 3 (11.5%) -

Wound dehiscence (grade IIIa) - 1 (7.14%)

Flap necrosis (grade IIIb) - 1 (7.14%)

2 Late

Lymph oedema of leg (grade II) - 1 (7.14%)

Lymphocele requiring drainage (grade IIIa) - -

Deep venous thrombosis (grade IVa) - 1 (7.14%)

3 Total 4 (15.38%) 5 (35.71%)

mILND, modified inguinal lymph node dissection; RLND, radical inguinal lymph node dissection

Fig. 2 a Illustrative diagram showing boundaries of mILND (bold lines) and RLND (dotted lines). b Seven- to 9-cm incision taken 2 cm inferior and
parallel to inguinal crease. c The preservation of long saphenous vein and excision of fibro fatty lymphatic package superficial to femoral vein
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complete superficial node dissection also showed that if the
superficial nodes were negative, then there were no recur-
rences with follow-up longer than 3 years. [19] In 1988,
Catalona [15] published his study on a technique of modified
inguinofemoral lymphadenectomy which was designed to
provide the stage of the disease and also offer therapeutic
benefit similar to standard extended lymphadenectomy, with
less morbidity. This procedure involved removal of all the
superficial lymph nodes within the described area, as well as
the deep inguinal nodes that are located primarily medial to
the femoral vein to the level of the inguinal ligament. The
false-negative rate of this procedure ranged from 0 to 5.5%
as reported in a majority of published reports. [20–22] No
head-to-head randomized trials have been performed compar-
ing radical dissection to the modified template in cN0 disease.

Modified inguinal lymphadenectomy is associated with
minor complications including seroma or lymphocele (0 to
26%), lymphorrhea (9 to 10%) and wound infection or skin
necrosis (0 to 15%). [21–23] Lower extremity oedema is
known to occur in 0 to 36% of patients, and persistent clini-
cally significant oedema is uncommon. The development of
minimally invasive procedures in other specialties has led to
the inguinal lymphadenectomy being described using both

laparoscopic and robotic approaches. These have further re-
duced the morbidity. Tobias-Machado et al. [24] in 2008 de-
scribed and reported video endoscopic inguinal lymphadenec-
tomy (VEIL).

Limitations of Study

A retrospective study design and relatively smaller number of
patients make any generalization of our findings difficult. We
were unable to assess the outcomes of completion ILND (i.e.
RILND) in patients with positive lymph nodes on mILND. A
prospectively designed multi-institutional study would be ide-
al to address these issues.

Conclusions

In conclusion, modified inguinal lymph node dissection
would be a safe and appropriate alternative to superficial
lymph node dissection in all centres that do not have access
to newermodalities like DSLNB, video-endoscopic (VEIL) or
robotic-assisted techniques.

Fig. 3 a Gauge piece covering
the penile lesion. b A 6-Fr. Infant
feeding tube is applied at the base
of the penis to act as temporary
tourniquet and partial penectomy
performed 2 cm proximal to the
penile lesion. c Spatulation of the
urethra with urethro-cutaneous
anastomosis. d Penile stump fol-
lowing completion of partial
penectomy
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Following publication of the original article [1], the 
authors identified some errors in the text. The corrected 
text parts are mentioned below:

Abstract
The mean cost of care of a woman experiencing PPH 
in the study sites in India, Kenya, Nigeria, and Uganda 
exceeded the cost of care of a woman who did not experi-
ence PPH by between 10 and 180%.

Our results indicate an increased cost of bleeding of up 
to 2.8 times that for birth without bleeding.

Results
This increase ranged from 10% in the Uganda site to 
180% at one of the Nigerian sites (Page 5 of 8, column 1).

Two of the sites studied showed increases exceeding 
100% in cost of care for PPH cases over no PPH with all 
three formulas (Page 6 of 8, column 1).

Discussion
Our results quantify the increased cost of managing 
women with PPH of up to 2.8 times that of a birth with-
out PPH although there was variability across settings 
(Page 6 of 8, column 1).

We demonstrated that in facilities across the four coun-
tries included in the study, the cost of care of a woman 
who experienced PPH was higher than the cost of care of 
a woman with no PPH, the ratio varying from 1.1 times 
higher (in Uganda) to 2.8 times higher (in a hospital in 
Nigeria), so that the ratio of costs depended on the set-
ting (page 7 of 8).
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Comparison of Levobupivacaine and 
Levobupivacaine with Dexmedetomidine 
for Supraclavicular Brachial Plexus Block 
in Patients Undergoing Upper Limb 
Surgeries-A Randomised Controlled Trial

INTRODUCTION
Regional blocks have secured a pivotel role in modern anaesthetic 
practice with their ability to achieve ideal operative conditions 
without much of systemic side effects. They offer an excellent 
alternative for patients who are haemodynamically compromised 
or too ill to tolerate general anaesthesia [1]. The effectiveness in 
terms of success rates, margin of safety and efficient post-operative 
analgesia are the main reasons which made supraclavicular 
brachial plexus blockade, a technique of choice for most of the 
upperlimb surgeries performed on a day to day basis [2]. The 
first supraclavicular brachial plexus block was performed by 
Kulenkampff D in 1912 [3].
Levobupivacaine is a newer local anaesthetic with less cardiotoxic 
effects and a similar duration of action compared to bupivacaine [4]. 
This favourable clinical profile has prompted many clinicians to choose 
levobupivacaine over bupivacaine for all types of neural blockade. 
Dexmedetomidine, a pharmacologically active dextroisomer of 
medetomidine, is a selective α2-adrenoceptor agonist employed 
for use as an adjuvant during locoregional anaesthesia. It also has 
a potent opioid sparing effect, reducing the opioid requirements 
significantly both during intraoperative and postoperative periods 
[5,6]. A few prevailing literature has demonstrated that adding 
dexmedetomidine to local anaesthetics significantly improves the 
quality of central neuraxial blockades like subarachnoid, epidural, 
and caudal anaesthesia, but there is paucity in literature for its usage 
in peripheral nerve blockades [7-10].

Hence, this study aimed to evaluate the clinical effects of addition of 
dexmedetomidine to levobupivacaine and levobupivacaine alone in 
patients undergoing elective upperlimb surgeries under supraclavicular 
brachial plexus blockade. The primary outcomes assessed were the 
time of onset and duration of sensory and motor blockade along with 
duration of post-operative analgesia; and secondary outcomes were 
haemodyamic parameters namely Heart Rate (HR), Systolic Blood 
Pressure (SBP) and Diastolic Blood Pressure (DBP).

MATERIALS AND METHODS
This randomised controlled study was conducted in Department 
of Anaesthesiology, JN Medical College, KLE Academy of Higher 
Education and Research, Belagavi, Karnataka, India between 
the period of January 2014 to December 2014. The study was 
approved by the Institutional Ethics Committee (reference letter 
no.- IEC-MDC/DOME/10), prior to the commencement and written 
informed consent from the patients was obtained.

Inclusion criteria: Fifty ASA I and II patients between the age group 
18 and 60 years undergoing elective forearm and hand surgeries 
were included. 

Exclusion criteria: Patients with infection at the site of injection, 
clinically significant coagulopathy, pre-existing neuromuscular 
disorders, severe cardiovascular or pulmonary diseases, renal or 
hepatic disorders, pregnancy and lactation and those taking opioids 
or chronic analgesic therapy for any other illnesses were excluded 
from the study.
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ABSTRACT
Introduction: Brachial plexus blockade at the supraclavicular 
level delivers an excellent regional anaesthetic technique 
with unmatched effectiveness for upper limb surgeries. 
Levobupivacaine, a safer alternative to the commonly used 
bupivacaine for regional anaesthesia and addition of α2-
agonists like dexmedetomidine further improves the quality of 
regional anaesthesia.

Aim: To evaluate the efficacy of levobupivacaine in combination 
with dexmedetomidine for supraclavicular brachial plexus block.

Materials and Methods: This randomised controlled study 
enrolled 50 American Society of Anaesthesiologist (ASA) grade I 
and II patients aged between 18-60 years posted for elective 
upper limb surgeries. Randomisation was done and the patients 
were divided into two groups with 25 each, to receive either 39 mL 
of 0.5% levobupivacaine and 100 μgs (1 mL) of dexmedetomidine 
in group LD (Levobupivacaine with Dexmedetomidine) and 

39 mL of 0.5% levobupivacaine and 1 mL of normal saline in 
group LS (Levobupivacaine with Saline). The onset and duration 
of sensory and motor blockade along with duration of analgesia 
were observed. All Quantitative data were compared and 
analysed using student’s unpaired t test while qualitative data 
were analysed using Chi-square test. A p-value of less than 0.05 
was considered to be statistically significant.

Results: The onset of sensory and motor blockade in group LD 
was significantly faster when compared to group LS (p<0.001). 
group LD had a longer mean duration of sensory and motor 
blockade along with duration of analgesia when compared to 
group LS (p<0.001). There was a better hemodynamic stability in 
group LD when compared to group LS.

Conclusion: Dexmedetomidine added to levobupivacaine 
provides significantly shorter onset times, greatly prolongs the 
duration of sensory and motor blockade along with duration of 
analgesia without any systemic side effects.
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Braun, Germany 22 gauge, 4 cm length). The appropriate position 
of the needle in relation to the plexus was achieved when a current 
of <0.5 mA (miliamperes) produced minimal distal motor response. 
On localisation of the brachial plexus, a total volume  of 40 mL of 
local anaesthetic mixture was injected incrementally after  negative 
aspiration for blood or air.

Sensory block was examined by pinprick test with a 3-point scale in 
all nerve territories: 0-sharp pin felt, 1-dull sensation felt (analgesia), 
2-no sensation felt (anaesthesia).

Motor block was assessed by thumb abduction, adduction and 
opposition corresponding to radial, ulnar and median nerves 
respectively. Musculocutaneous nerve was assessed by flexion 
at the elbow joint. The overall motor function was assessed on a 
3-point scale depicting 0-normal flexion and extension of elbow, 
wrist and fingers, 1-reduced motor strength but could move fingers, 
2-complete motor blocks with inability to move fingers.

Sensory and motor blockade were assessed every three minutes 
for the first 30 minutes after the drug injection, every 30 minutes 
during the intraoperative period and then every hour until they 
had resolved. Onset of sensory block was defined as the time 
between the end of local anaesthetic administration to complete 
sensory block. Complete sensory block is defined as anaesthetic 
blockade with score 2 on the 3-point sensory assessment scale 
on all nerve territories. Duration of sensory block is stated as the 
time span between the end of local anaesthetic administration to 
complete resolution of anaesthesia in all nerve distributions [13]. 
Onset of motor block is the time interval existing between end of 
local anaesthetic administration to loss of movements. Complete 
motor block is defined by absence of voluntary movements in the 
hand and forearm (score 2). Duration of motor block is stated as 
the time between completion of local anaesthetic administration to 
recovery of complete motor function of the hand and forearm [13]. 
Duration of post operative analgesia is taken as the time interval 
existing between completion of local anaesthetic administration to 
the first request for rescue analgesia.

After completion of 30 minutes if the desired sensory and motor 
levels of block were not achieved, then the block was considered as 
a failure and the patients were excluded from the study and general 
anaesthesia was administered.

Adverse events such as hypotension (drop  in SBP by 20% from 
baseline) was  treated with Inj.Mephentermine 6 mg IV. Bradycardia 
(decrease in heart rate less than 50 beats per minute) was treated 
with Inj Atropine 0.6 mg IV bolus. Hypoxia with SPO2 <90% was 
treated with oxygen by mask.

STATISTICAL ANALYSIS
For statistical analysis, the software Statistical Package for the Social 
Sciences (SPSS) version 20.0® for Windows was used. All the data 
were expressed as Mean±Standard Deviation (SD). Quantitative 
data was compared using student’s unpaired t-test while qualitative 
data was compared using Chi-square test. The p-value of <0.05 
was considered statistically significant.

RESULTS
Fifty patients were randomly divided into two groups (LS and LD). 
The groups were comparable with respect to their demographic 
profiles like  age, sex distribution and weight [Table/Fig-2].

The formula used for sample size calculation is;

Where, µ1 is mean of the first group, µ2 is mean of the second group, 
σ is the common error variance, Zα/2

 value is 1.96 for 95% confidence 
level and Zβ value is 1.2816 for 90% power. By considering onset 
of motor block in group LD 50 and group LD 100 as 19.75±6.3 
minutes and 14.3±4.2 minutes respectively from previous study, 
at 5% level of significance, and 90% power, the sample size was 
obtained to be 22 subjects per each group [11]. Total sample size 
required was 22×2=44 subjects. As sample size increases, accuracy 
of result increases. So, 50 samples were considered in this study 
(25 in each group).

randomisation: Patients were allocated in a randomised manner 
by computer generated randomisation chart into two groups of 25 
each as group LS to receive levobupivacaine with normal saline 
and group LD to receive levobupivacaine with dexmedetomidine. 
A consort flow diagram of patients and their progress through the 
various phases of this randomised trial is outlined in [Table/Fig-1].

[Table/Fig-1]: CONSORT flow diagram.

Intervention: Group LS received 39 mL of 0.5% levobupivacaine + 1 mL 
normal saline and group LD received 39 mL of 0.5% levobupivacaine 
+ 1 mL (100 µg) of dexmedetomidine. Anaesthesiologist involved in the 
data collection as well as the patients were blinded to the content of the 
study solution. The preparation of the study drug solutions were done 
by an anaesthesiologist not involved in the study.

Pre operative procedure: Preoperatively, an 18G IV line was 
placed in the non-surgical hand and ringer lactate was initiated at 
5 mL/kg/hr. On arrival to the operation theater, ASA recomended 
standard monitors like pulse oximeter, non-invasive blood pressure 
and electrocardiograph (ECG) were attached, and baseline readings 
were taken. HR, SBP and DBP were recorded at 0 min and every 
5 minutes for the first 15 minutes, then 15 minutes once for the first 
hour and every thirty minutes thereafter till the end of surgery. The 
patients were positioned supine with head extended and turned 
towards opposite side and the arm was adducted and fully extended 
towards the ipsilateral knee as much as possible. The midpoint of 
clavicle was marked and patients were told to raise the head slightly 
and posterior border of sternocleidomastoid was palpated and 
further proceeded backwards to pass over anterior scalene muscle 
into the inter scalene groove. The meeting point of a mark made 1.5 
to 2.0 cm from the midpoint of clavicle intersecting the interscalene 
groove denotes the location of subclavian artery confirming the 
landmark for needle entry [12]. Neural localization was achieved 
using a nerve stimulator (Stimuplex; DIG Nerve stimulator, B. Braun, 
Germany) connected to a stimulating needle (Stimuplex Needle, B 

variables Group lS Group ld p-value

Mean age (in years) 41.7±14.71 40.7±15.83 0.81

Male to Female ratio 18:7 16:9 0.54

Mean weight (kg) 66.5±10.16 65.4±12.03 0.72

[Table/Fig-2]: Demographic profile of patients.
LS: Levobupivacaine with saline; LD: Levobupivacaine with dexmedetomidine
Chi-square test was used
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DISCUSSION
Brachial plexus blockade has been traditionally employed as an 
anaesthetic modality of choice for performing upper limb surgeries. 
Nevertheless, the supraclavicular approach to the plexus is the 
commonest way of approaching the trunks where the collaboration 
of sensory, motor and sympathetic innervation exists in a very 
small surface area, eventually culminating in a quick, precise and 
superior anaesthetic blockade with excellent success rates [14]. 
Levobupivacaine is a good substitute for bupivacaine as it not only 
provides longer duration of sensory blockade but is also associated 
with good analgesia with minimal systemic side effects [15]. 
Dexmedetomidine, an α2-adrenergic agonist is being commonly 
used as an adjuvant to local anaesthetic because of its sedative, 
analgesic, anti-hypertensive, anti-emetic actions in addition to 
reducing the anaesthetic drug requirements [16].

In the present study, group LS received 39 mL of 0.5% 
levobupivacaine + 1 mL normal saline and group LD received 39 mL 
of 0.5% levobupivacaine + 1 mL (100 µg) of dexmedetomidine. The 
mean onset time for sensory and motor blockade was significantly 
shorter in group LD than in group LS. The results of this study 
are similar to a study conducted by Kaur H et al., who observed 
that the time of onset for sensory and motor blockade were 6.9 
and 7.6 minutes in dexmedetomidine group compared to 7.6 and 
8.3 minutes in the control group respectively [17]. Levobupivacaine 
results in conduction blockade by inhibiting the passage of sodium 
ions through ion-selective sodium channels in the nerve membranes 
thereby terminating nerve impulse transmission [18,19]. The addition 
of an α-2 agonist like dexmedetomidine to local anaesthetics induces 
vasoconstriction in and around the administration site eventually 
leading to a delay in absorption of the local anaesthetic thereby 
providing increased volume of levobupivacaine at the site of action 
[20,21]. Dexmedetomidine reduces the release of norepinephrine 
in the peripheral adrenoceptors and mediates an α2-receptor 
independent inhibitory effect on nerve fibre action potentials [22]. 
The different mechanism of action of both the drugs can have an 
additive effect and hence when mixed together shortens the onset 
of sensory and motor blockade.

The mean time for duration of sensory and motor blockade was 
significantly longer in group LD than in group LS. The prolonged 
duration in the dexmedetomidine group observed in this study 
were similar to the results of Biswas S et al., where duration of 
sensory block in the dexmedetomidine group was 898 minutes 
compared to 645 minutes observed in the control group and the 
duration of motor block was 840 minutes in dexmedetomidine 
group against 512 minutes in the control group which was 
statistically significant [23].

The mean duration of analgesia in the present study appeared 
to be significantly longer in group LD than in group LS (p-value 
<0.001). These findings were similar to a study done by Esmaoglu 
A et al., who observed a significantly prolonged analgesic duration 
in dexmedetomidine group in comparison to the control group [2]. 
Dexmedetomidine not only terminates the pain signals by suppressing 
the activity in the descending noradrenergic pathway which in turn 
modulates nociceptive neurotransmission. It also inhibits the release 
of substance P at the level of the dorsal root neurons and activates 
α2-adrenergic receptors in the locus coeruleus which can provide 
prolonged analgesia [24,25].

A specific change in trend of vital parameters was observed 
in this study. The mean pulse rate, systolic and diastolic blood 
pressure was comparable between the groups until the first 
15 minute of intraoperative period but there was a significant 
change in the vital parameters in dexmedetomidine group from 
30 minutes of intraoperative period until the completion of the 
study. Dexmedetomidine inhibits sympathetic activity by post-
synaptic activation of α2-receptors thereby decreasing HR and 
BP. Persistence of bradycardia is attributed to central sympathetic 

variables
Group lS 
Mean+Sd

Group ld 
Mean+Sd p-value

Onset of sensory block (min) 8±0.76 5±0.73 <0.001*

Onset of motor block (min) 17.4±1.26 14±1.33 <0.001*

Duration of sensory block (min) 759.6±37.24 838.8±42.35 <0.001*

Duration of motor block (min) 667.2±42.67 738±45.64 <0.001*

Duration of analgesia (h) 14.3±0.61 16.3±0.64 <0.001*

[Table/Fig-3]: Onset and duration of sensory and motor blockade with duration of 
analgesia.
LS: Levobupivacaine with saline; LD: Levobupivacaine with dexmedetomidine; *p<0.05 Students 
Unpaired t-test was used

[Table/Fig-4]: Pulse rate changes across the group.
LS: Levobupivacaine with saline; LD: Levobupivacaine with dexmedetomidine

[Table/Fig-5]: Blood pressure changes across the group.
LS: Levobupivacaine with saline; LD: Levobupivacaine with dexmedetomidine

The mean duration of analgesia was greatly prolonged in group LD 
when comparison to group LS. This difference between the two 
groups was highly significant with p-value <0.001 which proves that 
adding dexmedetomidine to levobupivacaine significantly increases 
analgesic duration in brachial plexus blockade via supraclavicular 
approach [Table/Fig-3].

The intraoperative mean pulse rate was comparable between the 
groups until the first 15 minutes. A steady decline in the mean pulse 
rate was seen in group LD compared to group LS at 30 minutes 
and at different time intervals thereafter during the intraoperative 
period and the difference was statistically significant with p-value 
<0.001. Similarly, the mean SBP and DBP between the groups 
were comparable until the first 10 minutes intraoperatively then a 
steady decline in the mean SBP and DBP was seen in group LD 
compared to group LS at 15 minutes and thereafter during the 
intraoperative period which was also statistically significant with a 
p-value <0.001. These haemodynamic changes are represented in 
the [Table/Fig-4,5]. There were no other block or procedure related 
complications or side effects that were encountered in either of the 
groups during the study.

The mean time for onset of sensory and motor blockade was earlier 
in group LD than in group LS. The statistical analysis by students 
unpaired t-test revealed that a significant difference existed in the 
mean onset times of sensory and motor block between the two 
groups with p-value <0.001. The mean duration of sensory and 
motor blockade was also significantly prolonged in group LD 
compared to group LS with p-value <0.001 [Table/Fig-3].
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inhibition. The normal baraoreceptor response and HR reflex 
to a vasopressor agent is however preserved with the use of 
dexmedetomidine thereby conferring feasibility to clinically tackle 
and treat hypotension and bradycardia providing haemodynamic 
control [26]. A similar observation with lower mean HR, SBP, and DBP 
in the dexmedetomidine group was also encountered by Agarwal 
S et al., on evaluating the efficacy of adding dexmedetomidine 
to bupivacaine in supraclavicular brachial plexus block [27]. 
Hence, the present study established that levobupivacaine with 
dexmedetomidine reduces the onset time and enhances the 
duration of sensory and motor blockade along with increased 
duration of analgesia without any side-effects.

Limitation(s)
The limitation of the study was the usage of standard dose of 
dexmedetomidine (100 mcg) for the study group as there was no 
weight based dosing available for peripheral nerve blockade.

CONCLUSION(S)
Dexmedetomidine shortens the onset time and greatly prolongs the 
duration of sensory and motor blockade effectively enhancing the 
quality of anaesthesia, when employed as an adjuvant for upper limb 
anaesthetic blockades. It is also an adjuvant with greatest potential in 
prolonging the duration of analgesia with minimal systemic side-effects 
for peripheral nerve blockades. Further research should be targeted 
in other combinations of local anaesthetics with dexmedetomidine 
and employing addition of adjuvant in the control arm as well to 
provide the benefit of prolonged anaesthesia for both the groups for 
better clinical comparison and anaesthetic outcomes.
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We read with great interest the original article ‘Homozygous

GRN mutations: new phenotypes and new insights into

pathological and molecular mechanisms’ by Huin et al.
(2020).

Mono-allelic GRN (progranulin gene) mutations have

been a well described cause of dementia (Baker et al.,
2006; Galimberti et al., 2010), pathophysiologically pre-

sumed to be linked to low progranulin levels in serum

(Ghidoni et al., 2012). Only more recently have rare cases

of bi-allelic GRN mutations emerged (Smith et al., 2012;

Almeida et al., 2016; Faber et al., 2017; Kamate et al.,

2019; Isik et al., 2020) and have been linked to ceroid

neurolipofuscinoses (CLN), a rare and heterogenous

group of lysosomal storage disease. Subtype CLN11,

caused by bi-allelic GRN mutations, is only grossly

described phenotypically as juvenile onset epilepsy, vision

loss and ataxia. For the first time Huin et al. have man-

aged to shed some light on the intriguing pathophysio-

logical link between progranulin and lysosomal storage in

neurons (Huin et al., 2020).

Furthermore, they describe three cases presenting clinical

manifestations that bear more resemblance to the previously

well described mono-allelic form of frontotemporal lobe de-

mentia (FTLD) and propose an age-based distinction of

these two different phenotypical manifestations of bi-allelic

GRN mutations. In addition, they propose visual hallucina-

tions as a ‘red flag’ in neuronal ceroid lipofuscinoses and

frontotemporal dementias.

We would like to share clinical information from another

five unrelated families with bi-allelic GRN mutations, as

well as to provide follow-up data from all previously

published cases.
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Case reports

Family A (NM_002087.3,
c.1477C4T, p.Arg493Ter, bi-allelic)

Family A is a Pakistani family with consanguineous parents

(heterozygous carriers, healthy at 47 years of age). Two sons

are homozygous and show a similar phenotype, the sister is

a heterozygous carrier and currently asymptomatic.

The oldest 20-year-old son showed an unremarkable de-

velopment (except for low school performance) until he pre-

sented with a bilateral tonic-clonic seizure arising during

sleep at 10 years of age. Seizures became more frequent and

eventually drug-resistant (bilateral tonic-clonic seizures also

during wakefulness, focal motor seizures with cloni, current

medication valproic acid). In parallel, a rapid decline of

memory function as well as a loss of acquired memories was

noted. He is currently only able to recall the names of his

closest relatives. Furthermore, at the age of 12 years he

started to experience progressive vision impairment, ataxia

and a tremor. His vision is currently heavily impaired, and

his ataxia has worsened to complete wheelchair-dependence.

Cerebral MRI shows severe cerebellar atrophy, and EEG

reveals multifocal epileptiform discharges (maximum fronto-

temporal region).

His 10-year-old brother developed normally until 7 years

of age, when he presented with a focal impaired awareness

seizure with lip smacking, head version and ictal vomiting

lasting for 2 min. Seizure frequency since then varies be-

tween once every 2 months and once per year. His school

performance has always been normal and has not changed

following the development of seizures. To date the neuro-

logical exam is unremarkable.

Family B (NM_002087.3,
c.813_816delCACT,
p.Thr272Serfs*10, bi-allelic)

Family B is an Italian family from presumably distant con-

sanguineous healthy parents (71 and 72 years old). The first

son (40 years old) developed normally until the age of 15,

when he presented with impaired vision, which deteriorated

to complete blindness by the age of 20. At that time he pre-

sented a focal aware non-motor (visual) onset bilateral

tonic-clonic seizure, followed by persistent focal awareness

seizures with flashes in one part of the visual field (occurring

one to four times per month) and occasionally progression

to secondary generalization (once per year). Seizures could

only be partially reduced and are medically refractory (cur-

rently on valproic acid, carbamazepine). At the age of 25

years he developed ataxia, progressing slowly. At 40 years

he needs support but is not wheelchair-bound. In addition, a

steady cognitive decline of executive and memory functions

has been noticed.

Cerebral MRI shows marked cerebellar with mild supra-

tentorial atrophy; the EEG reveals slow background activity

and rare epileptiform discharges over both posterior regions.

Progranulin levels were undetectable.

The patient’s sister is reported to have a similar clinical

manifestation including vision impairment, seizures and

ataxia and is bedridden and therefore not directly

examinable.

Family C [del(17)(21.31); chr17:
42,425,910-42,456,209, deletion
of the entire coding sequence,
bi-allelic]

Family C is a Kurdish-Iraqi family from consanguineous

healthy parents (at age 33 and 34). The eldest daughter

developed normally until presenting with a focal to bilateral

tonic-clonic seizure at 5 years of age. Seizure frequency

increased leading to frequent seizure-related falls, and despite

multiple drugs only partial seizure control could be achieved

(bilateral tonic-clonic seizures momentarily controlled with

levetiracetam, zonisamide and clobazam). She additionally

developed ataxia and marked muscle weakness, along with

visual impairment and nystagmus. At 15 years of age she is

able to attend school, but performance has always been

below average.

Cerebral MRI shows a marked supratentorial and mild

cerebellar atrophy. EEG reveals slow background activity

with multifocal epileptiform discharges, most prominent in

the left posterior quadrant, but also present in the frontal

regions. Whether visual auras precede focal seizures (given

posterior focality of EEG) could not be determined due to a

language barrier.

Family D (NM_002087.3,
c.768_769dupCC; p.Gln257Profs*27
bi-allelic)

Family D is a Brazilian family from consanguineous parents.

The father died from an acute myocardial infarction and

had not been tested for any genetic diseases, the mother is a

confirmed heterozygous carrier and healthy at the age of 55

years.

The oldest daughter, aged 25 years, presented with pro-

gressive vision loss starting at 15 years and leading to blind-

ness by the age of 19. Initial development up until onset of

symptoms was unremarkable. At 19 years she developed

focal non-motor (visual) onset bilateral tonic-clonic seizures

as well as non-motor aware seizures with visual symptoms.

Seizures were difficult to treat and required triple therapy

with valproic acid, phenobarbital and topiramate. Her mem-

ory and executive functions declined from the age of 19. At

the age of 20 she also developed progressive ataxia and dys-

arthria, leading to severe disability.

Neurological examination showed ataxia and dysarthria,

as well as severe cognitive impairment leading to apathy;

ophthalmological evaluation revealed retinitis pigmentosa.
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The EEG showed slow background activity with generalized

spikes as well as occipital spikes, elicited during photostimu-

lation. The cerebral MRI revealed severe cerebellar atrophy.

The patient died from pneumonia aged 25 years. Two

younger sisters and one younger brother are heterozygous

carriers and are healthy.

Family E (NM_002087.3,
c.1477C4T, p.Arg493Ter, bi-allelic)

In Family E, the patient is a Caucasian 17.5-year-old male

from non-consanguineous parents, both asymptomatic (aged

36 and 38 years) heterozygous carriers of the same muta-

tion. He has one younger sister aged 12 years, who was

healthy at the time of diagnosis. The extended family history

is unremarkable.

Initial development was unremarkable and he was a

grade-A student until onset of symptoms at the age of 10

with a spontaneous generalized tonic-clonic seizure.

Following this he began showing behavioural abnormalities

with reduced attention span and declining school perform-

ance, needing transition to a special needs class aged 16.

Tonic-clonic seizures continued to occur up to four times

per year, with only one single episode of focal aware motor

onset seizure with head cloni and impaired vision, and have

become medically refractory (agents used were valproic acid,

zonisamide, lacosamide), though adding clobazam in March

2020 has led to seizure freedom until now.

At 15 years of age he additionally developed progressing

visual impairment, dysphagia with moderate-to-severe

impairment in the pharyngeal phase of swallow and severe

obstructive sleep apnoea syndrome requiring uvulopalato-

pharyngoplasty. Neurological examination at 17.5 years of

age revealed additional dysmetria, and bull’s eye maculop-

athy with temporal disc pallor.

EEG showed interictal generalized spike and wave com-

plexes with photo-paroxysmal response. Cerebral MRI showed

global atrophy (2019) following an unremarkable scan 6 years

earlier. Laboratory investigations, including full metabolic

screening, were normal (progranulin level was not measured)

Follow-up data

Previous to the paper published by Huin et al. (2020), only

four families (five cases) of bi-allelic GRN mutations had

been described, as summarized by Huin et al. (2020). We

have contacted all authors and now provide clinical follow-

up data of those four families (Table 1). An additional case

was published in April 2020 (Isik et al., 2020). Given there

is no follow-up data yet, it is not included in Table 1.

In summary, ataxia and vision impairment worsened sig-

nificantly in all cases over the years of follow-up. Seizures

were difficult to treat and have been medically refractory in

most cases. Seizure control could be obtained in three cases

(with four different anti epileptic agents), one case still suf-

fers from occasional seizures and one is severely refractory.

All patients showed mild-to-moderate cognitive impairment

from the beginning, one has deteriorated dramatically (un-

controllable seizures).

As the patient’s parents (heterozygous carriers) at initial

report might have been too young to manifest symptoms of

dementia, we also inquired about any neurological symp-

toms within the immediate family. Three of the four families

still have healthy parents (aged between 40 and 64 years), in

one family both parents developed severe FTLD, the mother

(who also had additional features of corticobasal syndrome)

has died as an immediate consequence of her disease. In her

family the mother suffered from dementia, two siblings suf-

fer from dementia plus parkinsonian symptoms, and two

from corticobasal syndrome.

Conclusion
Huin et al. proposed an age-based clinical distinction of bi-

allelic GRN mutations: juvenile-onset (CLN-like) and adult-

onset (FTLD-like) phenotype. With the available clinical

data (Huin et al., 2020 and the cases presented here) we

would like to summarize juvenile-onset bi-allelic GRN muta-

tions as follows (Box 1):

(i) Key symptoms are progressive vision impairment, ataxia (±

dysarthria), pharmacologically refractory epilepsy, and mild-

to-severe cognitive decline following normal initial

development.

(ii) First symptom varies, but is mainly a seizure, followed by vi-

sion impairment and ataxia (seizure in 9 of 12 known cases

and vision impairment in 3 of 12 cases).

(iii) Among reported cases, age of onset was variable and ranged

from 5 to 25 years.

(iv) Visual symptoms are described in 11 of 12 cases. Most com-

mon is a progressive vision loss. Second, focal seizure onset

with visual signs (or photo-sensitivity) are described (all in line

with focal EEG abnormalities of the posterior regions).

Cerebral MRI in these cases does not show corresponding

structural abnormalities. We therefore strongly agree with

Huin et al. that visual symptoms (these may be visual halluci-

nations, visual auras or progressive vision loss) in addition to

other CLN features should be a red flag for GRN testing.

(v) Cognitive impairment is observed frequently (8 of 12 cases)

and seems to naturally progress if present. A correlation with

generalized tonic-clonic seizures is observable, but small sample

number does not allow statistical analysis.

(vi) With regards to the natural progression of the disease, ataxia

and vision impairment seem to worsen significantly over the

years of follow-up and are reported to be most debilitating.

Early physiotherapy and ergotherapy should be advised.

Generalized seizures seem pharmacologically controllably in

most cases; partial seizure remains difficult to treat.

(vii) Large ethnic variety.

(viii) Family history of FTLD needs to be carefully assessed. Explicit

screening of relatives may be advised since behavioural changes

as one of the early symptoms of FTLD may be overlooked by

family members.
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Table 1 Clinical follow-up data of all previously published bi-allelic GRN mutations

Published by Faber et al. (2017) Smith et al. (2012) Smith et al. (2012) Almeida et al. (2016) Kamate et al. (2019)

Mutation c.768_769dupCC

p.Gln257Profs*27

c.813_816delCACT

p.Thr272Serfs*10

c.900_901dupGT

p.Ser301Cysfs*60

c.912G4A

p.Trp304Ter

Sex Female Female Male Female Female

Age at last FU exam

(date)

27 y (July 2018) 33 y (May 2019) 36 y (May 2019) 40 y (March 2020) 15 y (January 2020)

Parents Healthy (mother 47 y,
father 48 y)

Healthy (father 64 y,
mother 60 y)

Id. Heterozygous mother
(died at 60 y) FTLD

+ features of CBS,
heterozygous father

(61 y) FTLDvb, se-
vere state

Heterozygous, healthy
(father 45 y, mother

40 y)

Other relatives None reported ill FTLD in maternal

grandfather, paternal

grandmother and
great uncle

Id. Maternal grandmother

dementia (70 y), two

maternal siblings de-
mentia plus parkin-

sonian signs (50 y),
two maternal siblings

CBS (50 y)

Sister died at 16 y, seiz-

ures (8 y) and demen-

tia, MRI cerebellar
atrophy, no genetic

testing

Neurological examination

Motor signs Ataxia worsened,

wheelchair-bound,
spasticity lower

extremities,
increased reflexes

Ataxia worsened, needs

consistent help for
walking

Ataxia worsened, needs

consistent help for
walking

Early ataxia (28 y), un-

able to walk at age
37 and at 40 y bed-

ridden; mild pyram-
idal signs, dystonia

Wide gait, independent

in all ADL, slight gait
ataxia (new)

Vision impairment Declined, still functional Rapid vision loss (22 y),

almost blind (35 y),
retinal dystrophy

Deterioration of vision

(25 y), almost blind,
retinal dystrophy

Rapid progressive visual

deficit with onset at
25 y; severe amaur-

osis at 28 y, retinal

dystrophy

Vision still normal, fun-

doscopy normal

Memory
dysfunction

Frontotemporal symp-
toms, severe decline,

entirely dependent
for ADL

No memory decline Executive functions
borderline

Mild memory dysfunc-
tion (started at 36 y)

Borderline IQ, poor
short time memory,

poor analytic func-
tions, attends school

(15 y), grades are
falling

Psychiatric

comorbidities

Mood lability and delu-

sions (onset at 23

years), deteriorated
to severe apathy,

poor verbal contact

Visual hallucinations

(enhanced by AED)

Mild depression Very repetitive behav-

iour, anxiety, emo-

tional lability since
age 37

None

Epilepsy features

Seizures
controlled?

No Yes Yes Yes Partially

Type(s) of seizure Focal (photosensitive)

and generalized seiz-

ures persisted.

Non-motor onset (vis-

ual) impaired aware-

ness bilateral tonic
clonic seizures, visual

symptoms ‘new’

Non-motor onset (eye

deviation) impaired

awareness bilateral
tonic clonic seizures

Jerks elicited by sudden

sounds since the be-

ginning, but not clas-
sified as epileptic

Tonic-clonic seizures

(one short general-

ized seizure per
year),

photosensitivity

EEG pattern (at
FU)

Slow wave background
activity + epilepti-

form discharges in
posterior regions

during

photostimulation

Background activity 7
Hz + brief sequen-

ces of slow waves +
few spikes occipital

regions

Background activity 7
Hz + brief sequen-

ces of slow waves +
few spikes occipital

regions

Normal at beginning;
FU EEGs refused

Generalized epilepti-
form discharges,

background activity
normal (March 2019)

AEDs trialled (cur-
rent AED)

LTG, LEV, CLB Barbiturates, LEV, ZNS,
VPA, PER

PB, VPA, LEV, ZNS, PER n.a. CBZ, CLB, LEV

Cerebral MRI Global and severe cere-

bellar atrophy

n.a. n.a. Severe global atrophy

with marked cerebel-
lar atrophy

Cerebellar atrophy

Serum progranulin

level

n.a. 50.6 ng/ml (serum) 50.6 ng/ml (serum) 56 ng/ml (serum) n.a.

ADL = activities of daily life; AED = anti-epileptic drug; CBS = corticobasal syndrome; CBZ = carbamazepine; CLB = clobazam; FTLD = frontotemporal lobe dementia; FTLDvb

= frontotemporal dementia behavioural variant; FU = follow-up; LEV = levetiracetam; LTG = lamotrigine; n.a. = not available; PB = phenobarbital; PER = perampanel; VPA = val-

proic acid; ZNS = zonisamide. The reference sequence for GRN is NM_002087.3.
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Data availability

The data that support the findings of this study are available

from the corresponding author, upon reasonable request.
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Hemophagocytic lymphohistiocytosis (HLH) is a syndrome of immune dysregulation

characterized by hyperactivation of the immune system, excessive cytokine secretion

and severe systemic inflammation. HLH is classified as familial (FHL) when associated

with mutations in PRF1, UNC13D, STX11, and STXBP2 genes. There is limited

information available about the clinical and mutational spectrum of FHL patients in Indian

population. This study is a retrospective analysis of 101 molecularly characterized FHL

patients over the last 10 years from 20 different referral centers in India. FHL2 and FHL3

together accounted for 84% of cases of FHL in our cohort. Patients belonging to different

FHL subtypes were indistinguishable based on clinical and biochemical parameters.

However, flow cytometry-based assays viz. perforin expression and degranulation assay

were found to be specific and sensitive in diagnosis and classification of FHL patients.

Molecular characterization of respective genes revealed 76 different disease-causing

mutations including 39 (51%) novel mutations in PRF1, UNC13D, STX11, and STXBP2
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genes. Overall, survival was poor (28%) irrespective of the age of onset or the type of

mutation in our cohort. Altogether, this article sheds light on the current scenario of FHL

in India. Our data reveal a wide genetic heterogeneity of FHL in the Indian population and

confirms the poor prognosis of FHL. This study also emphasizes that though mutational

analysis is important for diagnostic confirmation of FHL, flow cytometry based assays

help significantly in rapid diagnosis and functional validation of novel variants identified.

Keywords: familial hemophagocytic lymphohistocytosis, perforin, degranulation, HLH-targeted therapy, flow

cytomertry, NGS

INTRODUCTION

Familial hemophagocytic lymphohistiocytosis (FHL) is a
disorder of immune dysregulation characterized by persistent
high-grade fever, progressive cytopenias, hepatosplenomegaly
and systemic inflammation. It is an autosomal recessive disorder
and affects mostly infants and young children, but has also been
reported in adolescents and adults (1, 2). So far, based on the
gene mutations observed, FHL is categorized as FHL2 (PRF1),
FHL3 (UNC13D), FHL4 (STX11), and FHL5 (STXBP2) encoding
for Perforin, Munc13-4, Syntaxin11, and Syntaxin binding
protein 2, respectively (3). These proteins play a fundamental
role in lymphocyte cytotoxicity. FHL1 (9q21.3-22) was identified
by homozygosity mapping of four inbred families of Pakistani
origin (4); though, the disease-causing gene in this locus is yet
been unknown.

As the clinical features are similar to those with various
infections and inflammatory disorders, diagnosis can often
be missed. Though, Histiocyte Society has established HLH
diagnosis criteria, which includes clinical manifestations and
laboratory findings; it does not help in classifying FHL patients
and identifying the underline genetic defect.

Impaired function of NK cells and cytotoxic T lymphocytes
(CTLs) due to inherited defect in the granule mediated
cytotoxicity is the hallmark of FHL patients (5). Thus, for the
diagnosis of these patients, evaluating the function of NK cell
and CTLs is crucial. In recent years, assays based on flow
cytometry have been developed for evaluating NK cell and
CTL cell functions viz. measurement of intracellular perforin
expression and degranulation assay determined by upregulation
of CD107a expression (6, 7). Granule release assay (GRA)
is a screening test for detection of FHL3, FHL4, and FHL5
patients. Measurement of intracellular perforin levels serves as a
phenotypic assay in identifying FHL2 patients. These tests serve
as rapid screening tests for identifying FHL patients. However,
molecular characterization of the respective genes is essential for
the final diagnostic confirmation. Identifying underlying genetic
defect is also important for offering genetic counseling and
prenatal diagnosis in affected families.

The incidence of the four FHL subtypes varies significantly
in different ethnic groups; also certain mutations are unique
or commonly seen in a particular population (1, 8–10).
Understanding this pattern of mutation in a particular
population not only helps in cost-effectively designing strategies
for mutation screening but may also have epidemiological

implications. However, very limited data is available on FHL
from India. Thus, in this retrospective study, we report one of
the largest series on general clinical features; immunological and
molecular findings and outcome of FHL in 101 patients from 20
different referral centers of India over the last 10 years.

MATERIALS AND METHODS

Enrollment of Patients and Ethics
Statement
This study was approved by Institutional Ethics committee
(IEC) for Human subjects of ICMR-National Institute of
Immunohematology (NIIH). Ethical clearance was obtained at
each center and patients received research information and
provided written informed consent to participate in this study.
Patients fitting into HLH criteria of the Histiocyte Society
(5) referred to ICMR-NIIH or collaborating FPID centers or
other tertiary care centers in India from 2010 to 2020 were
included in this study. Detailed clinical and family history was
recorded for these patients. All the procedures involving human
subjects were performed in accordance with the international
ethical standards.

Diagnosis of HLH
As a part of diagnostic workup of HLH, perforin expression and
degranulation assay on NK cells were performed as previously
described (6, 7, 11). Lymphocyte subset analysis of patient
samples was performed using Multitest 6-color TBNK reagent
(Becton Dickinson).

Further, confirmation of molecular diagnosis was done
either by direct Sanger sequencing (in perforin deficient
patients) or by targeted Next-Generation sequencing (NGS)
or clinical whole-exome sequencing (WES) (in patients with
abnormal degranulation).

Bioinformatics and Statistical Analysis
The sequences obtained were compared with the reported
gene structures (PRF1, UNC13D, STX11, STXBP2: NCBI)
using the BLASTN program (http://www.ncbi.nlm.nih.gov/
BLAST). Nature of any novel sequence variant was analyzed
by using different prediction software i.e., PolyPhen-2 (http://
genetics.bwh.harvard.edu/pph2/), SIFT (www.http://sift.jcvi.
org/). For splice region variants, Human Splicing Finder tool is
used (https://hsf.genomnis.com/).
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Data was presented in terms of median and percentages.
For a comparison of >2 groups, One-way analysis of variance
(ANOVA) test was used. Mann-Whitney U-test was used for
comparing groups with non-parametric data. The p-values
≤0.05 were considered statistically significant. GraphPad Prism
(Chicago, IL, USA) version 5 was used for statistical calculations.

RESULTS

The Pattern of Familial HLH
In this study, we have included 101 molecularly characterized
FHL patients from the year 2010–2020. Of these, 50 patients were
identified as FHL2, 35 were FHL3, seven were FHL4 and nine
were FHL5 based on the defective genes. Thus, in our Indian
cohort, perforin deficiency was found to be the commonest (49%)
followed by Munc13-4 (35%) deficiency.

Patient Characteristics
The baseline characteristics of these patients are detailed in
Table 1, Supplementary Table 1, which also defines the patients
according to their genotype. Of these patients, 67% of patients
were male, with a male: female ratio of 2:1. The median age of
diagnosis for the entire cohort was 12 months (range: 8 days−33
years) with around 55% of the patients presenting within 1 year
of age. Consanguinity was observed in 43% (37/86) patients and
28% (22/80) patients had a family history of an affected sibling.
No significant difference in age of presentation was observed
amongst the FHL groups.

In our cohort, trigger for FHL development could be identified
in 18 patients. Viral infection was found to be the most
common trigger in nine patients while bacterial infections are
associated with FHL in four patients. Parasitic and fungal
infection was seen in one patient each. Three FHL patients
had hematological malignancy. However, in rest of the patients,
information of triggers for FHL development was not available.
74% of patients fulfilled at least 5/8 HLH diagnostic criteria;
whereas 22% of patients fulfilled 4/8 criteria. A pre-symptomatic
diagnosis in view of strong family history was achieved in
4% patients. The common clinical presentations seen in all
groups of FHL were fever (94%) and hepatosplenomegaly (97%).
Hyperferritinemia was observed in 93% cases while 88% patients
presented with hemophagocytosis on bone marrow examination.
83.5 and 69% of the patients had hypertriglyceridemia and
hypofibrinogenemia, respectively. Deranged liver enzymes were
observed in 69% patients. CNS manifestations were seen in 32%
patients. Seizure disorder was the commonest CNSmanifestation
while cerebral palsy and peripheral neuropathy was observed
in one patient each. Erythematous skin rash was observed
in 19% patients. No significant difference in clinical features
was observed between the different subtypes of FHL patients
(Table 1).

All FHL patients, except six patients (two FHL2, three FHL3,
and one FHL5), had serum ferritin levels >500 ng/ml. Both the
FHL2 patients had a family history and they were asymptomatic
when referred to our laboratory. Three FHL3 patients (P58,
P73, and P74) with <500 ng/ml ferritin had borderline ferritin
levels (471, 474, and 488 ng/ml, respectively). Overall, 65% FHL

patients had ferritin levels between 500 and 10,000 ng/ml while
17% of FHL2 and 11% of FHL3 patients had ferritin levels
>20,000 ng/ml. Ferritin levels did not differ amongst the FHL
subtypes. sCD25 levels were available in 27 patients and were
elevated in 96% patients.

IMMUNOLOGICAL FINDINGS

Lymphocyte Subset Analysis
Lymphocyte subset analysis (enumerating T cells, Tc cells, Th
cells, NK cells, and B cells) was performed in 37 patients (18
FHL2, 11 FHL3, 2 FHL4, and 6 FHL5). Though lymphopenia
was observed in 49% of the patients, the frequency and absolute
counts of lymphocyte subsets did not differ amongst the subsets
of FHL (Supplementary Figure 1).

Perforin Expression
Perforin expression could be checked by flow cytometry in 40
out of 50 FHL2 and 30 out of 51 FHL3/4/5 patients. 38/40
FHL2 (95%) had significantly lower expression of perforin on
NK cells (median 2%; reference range 72 ± 2%) than the healthy
controls (median 92%) and FHL patients in other groups (median
88%) (p < 0.001) (Figure 1A). 92.5% of the FHL2 patients had
≤10% perforin expression on NK cells with 62.5% having ≤2%
expression on NK cells. The cut-off of <10% perforin expression
onNK cells to identify patients with biallelic mutations compared
to patients with normal sequencing results yielded a sensitivity
of 92.5% the specificity of 100%, the positive predictive value of
100%, and negative predictive value of 93.75% with an accuracy
of 97% (AUC of 0.9852) (Supplementary Figure 2A).

Degranulation Assay
CD107a degranulation assay could be performed in 20 out of
50 FHL2, 18 out of 35 FHL3, five out of seven FHL4 and
four out of nine FHL5 patients. Defective degranulation was
defined as ≤10% CD107a expression on stimulated NK cells.
All FHL4 and FHL5 (100%) and 12/18 FHL3 patients (79%)
patients had defective degranulation assay (Figure 1B). Three
FHL3 patients (P56, P59, and P61) had borderline CD107a
expression onNK cells (22, 18, and 17%, respectively), while three
FHL3 patients (P62, P63, and P69) had degranulation within
a normal range (Median 37.5%; 22–54%; reference range 28 ±

8%). Additionally, three FHL2 patients (P27, P36, and P39) had
defective degranulation on NK cells (Figure 1B). The cut-off of
<10% CD107a expression on NK cells for diagnosis of FHL
patients with degranulation defect yielded a sensitivity of 73.91%,
the specificity of 88.24%, the positive predictive value of 89%, and
negative predictive value of 81% with an accuracy of 85% (AUC,
0.8939) (Supplementary Figure 2B).

Mutation Spectrum
Out of 102 molecularly characterized FHL patients, details of the
mutation spectrum were available in 88 FHL patients (44 FHL2,
29 FHL3, six FHL4, and nine FHL5). This manuscript involves
retrospective data from multiple centers all over India of last
10years. Thus, retrieving data of exact annotation of mutations
of very old patients (six FHL2, seven FHL3, and one FHL4)
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TABLE 1 | Comparison of patient characteristics in different groups of FHL patients.

Genotype FHL2 FHL3 FHL4 FHL5

Characteristics

Number of patients 50 35 7 9

Male 31 (62%) 23 (64%) 6 (86%) 8 (89%)

Family history 12/37 (32%) 8/32 (27%) 1/6 (17%) 1/5 (20%)

Consanguinity 16/40 (40%) 15/32 (48%) 2/7 (28.5%) 4/7 (57%)

Age of diagnosis

<3 months 12 (24%) 10 (28%) 0 (0%) 1 (11%)

3–6 months 13 (26%) 6 (19%) 1 (14%) 2 (22%)

6–12 months 4 (8%) 5 (14%) 1 (14%) 1 (11%)

1–4 years 7 (14%) 9 (25%) 2 (29%) 0 (0%)

>4 years 14 (28%) 5 (14%) 3 (43%) 5 (56%)

Median age of presentation (range) (in months) 6 (0.25–384) 6 (1–396) 18 (3–144) 48 (2–168)

Fever 46/50 (92%) 31/33 (94%) 7/7 (100%) 7/7 (100%)

Hepatosplenomegaly 45/46 (98%) 30/32 (94%) 7/7 (100%) 9/9 (100%)

Bicytopenia 29/40 (72.5%) 16/23 (69.5%) 6/6 (100%) 7/9 (78%)

Hyperferritinemia 39/41 (95%) 25/28 (89%) 7/7 (100%) 6/7 (86%)

Elevated sCD25 levels* 19/19 (100%) 5/6 (83%) 2/2 (100%) ND

Hemophagocytosis 38/40 (95%) 18/25 (72%) 6/6 (100%) 5/5 (100%)

Hypertriglyceridemia 30/39 (77%) 23/27 (85%) 6/6 (100%) 7/7 (100%)

Hypofibrinogenemia 21/33 (64%) 18/22 (82%) 3/4 (75%) 2/5 (40%)

CNS symptoms 9/32 (28%) 9/20 (45%) 2/6 (33%) 1/3 (33%)

*sCD25 levels compared to age-matched healthy controls.

FIGURE 1 | Comparison of Perforin expression and CD107a expression on stimulated NK cells in different groups of FHL patients (A) Perforin expression (B) CD107a

expression. One way ANOVA test was used to evaluate differences between activation markers in different groups. ***P < 0.001.

was difficult. However, on records, these patients have proven
mutations with details of underlying defective gene mentioned.
Also for these patients’ transplant details and outcome could be
traced and hence are included in this study.

Total of 76 different disease-causingmutations were identified
in four HLH-related genes (Table 2). Of these 76 mutations
identified; 42 (55%) were missense mutations, 7 (9%) were
nonsense mutations, 18 (24%) were frameshift mutations and 9
(12%) were intronic and splice site mutations (Table 2). 63 (72%)

patients were detected to have homozygous mutations, 12 (14%)
had compound heterozygous variants and 12 (14%) had a single
heterozygous mutation (Figure 3A). In total, 39 (51%) novel
mutations were identified that included 15 missense mutations,
four nonsense mutations, 16 frameshift mutations and four splice
site and intronic mutation.

In the 44 FHL2 patients, we identified 33 different
PRF1 mutations with a total of 17 novel variants (Table 2).
Homozygous mutations were found in 62% of FHL2 patients.
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TABLE 2 | Different mutations identified in patients with FHL.

FHL2 (n = 44) FHL3 (n = 28) FHL4 (n = 6) FHL5 (n = 9)

No of mutations 33 30 5 8

Novel mutations 17 (51%) 18 (60%) 2 (40%) 2 (25%)

Type of mutation

Missense 24 (73%) 11 (37%) 3 (60%) 5 (62%)

Nonsense 5 (15%) 1 (3%) 1 (20%) 0 (0%)

Frameshift 4 (12%) 12 (40%) 1 (20%) 0 (%)

Splice-site and intronic 0 (0%) 6 (20%) 0 (0%) 3 (38%)

The most frequent mutations were c.386G>C (p.W129S) which
was present in five patients; c.1349C>T (p.T450M) which was
present in five patients; c.528_529delinsAA (p. C176X) which
was present in three patients; and c.673C>T (p.R225W) which
was also seen in three patients. Overall, missense mutations were
commonly found in FHL2 patients (48%) in our cohort.

In the 28 patients with FHL3, 30 different mutations
with 18 novel variants were identified (Table 2). Homozygous
mutations were seen 62% of FHL3 patients. Frameshift, intronic
and splice site mutations were more frequently observed
in our FHL3 patients (59%). The most frequent mutations
were c.762delC (p.C255AfsX73) (frameshift deletion); and
c.1822del (V608CfsX16) (frameshift deletion); and c.858+1G>A
(intronic splice site mutation) which were present in two
patients, respectively.

Also, in the six FHL4 and nine FHL5 patients, we identified
five and eight different mutations, respectively (Table 2).
c.173T>C (L58P) was found in two FHL4 patients. Homozygous
intronic splice site variant 1247_1G>C in STXBP2 gene was
observed in three FHL5 patients.

Genotype-Phenotype Correlation
Irrespective of FHL subtype, 53% patients harboring
homozygous mutations presented below 1 year of age (median
age of presentation was 10 months) while patients with
compound heterozygous mutations had later onset of disease
(median age of presentation was 3 years). Similarly, 12 patients
with a monoallelic mutation in FHL genes had a median age of
presentation of 10 months (Figures 2, 3A,B).

Irrespective of the genetic background i.e., presence of
homozygous/compound heterozygous/monoallelic mutations,
FHL2 patients had perforin expression ≤10% except for patient
P34 (with homozygous mutation) and patient P41 (with
compound heterozygousmutation). P34 and P41 had 68 and 89%
perforin expression on NK cells, respectively (Figures 2A, 3C).
However, in P41, mean fluorescence intensity (MFI) of perforin
expression was very low (1.83) as compared to healthy control
(19.83); indicating that not only expression but MFI of staining
also has to be considered during interpretation of the results.

From 43 patients of FHL3/4/5 for whom mutation details
were available; 32 patients had homozygous mutations in
the corresponding genes (Figures 2B, 3D). Seven patients
of FHL3/4/5 had compound heterozygous mutations in the
respective genes while the remaining four patients had a

monoallelic mutation in the respective genes. Five out of
these seven patients with compound heterozygous variants had
CD107a degranulation on NK cells ≤10%, one patient P61 had
borderline degranulation and one patient P69 had degranulation
in the normal range. Additionally, two FHL3 patients (P62
and P63) with homozygous frameshift mutations had normal
degranulation assay. Amongst the four patients with monoallelic
mutations, CD107a degranulation could be performed in two
patients and it was found to be abnormal.

Although majority of the patients had typical HLH
manifestations, four FHL patients (three FHL2 i.e., P6, P7,
P14, and one FHL5 i.e., P93) are identified with atypical
clinical presentations like lymphoma, leukemia, or autoimmune
diseases. All of these patients received treatment for the
respective pathological conditions and then were diagnosed
with HLH. As there was a delay in diagnosis of FHL due to the
unusual clinical presentations, all these patients succumbed to
the disease.

Treatment and Outcome
Of the 101 cases of FHL, 13 patients were lost to follow up and the
outcome and remission status could be reported in 88 patients.
Seven patients expired before starting the HLH treatment, while
51 patients expired even after receiving HLH-2004/94 protocol.
Of the latter, 43 patients did not achieve remission and expired;
another eight showed a relapse of the disease post-remission
and could not be salvaged. Hematopoietic cell transplantation
(HCT) being the definitive treatment, 18 patients underwent
BMT. Thirteen are currently doing well while five patients
expired due to post-transplant complications. Twelve patients
are currently in remission and awaiting transplantation. The
treatment and outcome of HLH patients in our study are
summarized in Table 3.

DISCUSSION

FHL is a genetically heterogeneous disorder of immune
dysregulation affecting the cytotoxic function of lymphocytes
(3, 5). The pattern of FHL has been reported to vary
significantly in different ethnic groups (8–10, 12), however, its
prevalence in Indian population is not known. In this study,
we have comprehensively evaluated clinical, immunological
and molecular findings in 101 molecularly characterized FHL
patients from 20 different centers of India. To the best of our
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FIGURE 2 | (A) Perforin expression and (B) CD107a degranulation in FHL patients with different age categories and genetic background.

FIGURE 3 | Evaluation of age of presentation of disease (A,B), Perforin expression (C) and CD107a expression (D) on stimulated NK cells in different groups of FHL

patients with associated genetic profiles.

knowledge, this is one of the largest studies on the spectrum
of FHL in Indian population. This study also evaluates the
utility of flow cytometry based assays for efficient diagnosis of
FHL patients.

In accordance with previous studies (1, 3, 9, 10, 13), 84%
of our FHL patients were either FHL2 or FHL3 (50 and
35%, respectively); while the remaining 16% were FHL4 and
FHL5 patients. Also as reported in various retrospective studies
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TABLE 3 | Outcome of therapy seen in different FHL groups.

FHL2

n = 50

FHL3

n = 35

FHL4

n = 7

FHL5

n = 9

Total

n = 101-

Expired before receiving the protocol 6 0 0 1 7

Expired even after receiving the protocol 28 16 3 4 51

In remission while on protocol and awaiting transplantation 3 5 2 2 12

Well post-HCT 4 7 1 1 13

Expired post-HCT 3 2 0 0 5

Lost to follow-up 6 5 1 1 13

in other populations, in our cohort as well prolonged fever,
hepatosplenomegaly, hemophagocytosis and hyperferritinemia
were the most common clinical presentations (3, 9, 12, 14). CNS
manifestations were more common in our FHL3 patients, which
is consistent with that reported in literature (15, 16). Although
FHL has widely been considered as a disease of infancy (3, 10, 14),
43% of our FHL patients had onset beyond 1year of age, with
24% of FHL2 patients presenting beyond 4 years of age and
had severe disease. This suggests the importance of screening
for underlying genetic defect in all HLH patients irrespective of
their age.

As reported in previous literature (5, 12, 14), 22% of the
patients in our cohort did not fulfill the Histiocyte society criteria
(5) suggesting certain limitations of existing diagnostic criteria.
Many patients may not meet these criteria early during the
disease, and some patients may never meet criteria including
those with atypical clinical presentations like isolated central
nervous system disease (17–19). In some patients, information
on levels of sCD25 or NK-cell cytotoxicity may not be available.
So in such scenario, measurement of additional screening
markers like flow cytometric detection of perforin, CD107a
degranulation, T cell upregulation of HLA-DR, serum levels
of CXCL9, IL18 are gaining attention for HLH diagnosis and
differentiating HLH patients from patients with rheumatological
diseases (20).

Nowadays, molecular analysis using targeted NGS or clinical
WES is the preferred mode of FHL diagnosis (21). But
such molecular diagnosis can be challenging in terms of
cost, genetic heterogeneity, analytic difficulty, turnaround time
and availability. Thus, in this scenario performing functional
screening of cytotoxic cells by flow cytometry is complementary,
as the results are available within 72 h. Currently, there
are only two Centers of Excellence (COE) in India which
provide Immunoassays like flow cytometry based detection of
perforin expression and CD107a degranulation on NK cells.
Immunoassays (at least one) could be performed in 70 patients
in our cohort. In majority of the cases, results are available within
48 h except for the few traveled samples where additional time is
required for transport. There are several peripheral centers which
send the samples simultaneously for phenotypic and molecular
analysis. In recent years, assays based on flow cytometry for
evaluating NK cell and CTL cell functions are developed
(6, 7, 22–24). In addition to cytotoxicity assays, quantification of
perforin, SAP and XIAP proteins which are involved in granule-
mediated exocytosis are useful in the diagnosis of primary

HLH patients (22, 25–27). Along with NK cells, evaluation
of CD107a degranulation on cytotoxic T lymphocytes (CTL)
is recently reported in the diagnosis of FHL (28, 29). In
our cohort, perforin expression and degranulation assay both
had high specificity and sensitivity for distinguishing patients
with HLH-associated mutations, as seen in previous studies
(11, 23, 24).

Molecular characterization of patients in our cohort, revealed
39 novel variants (51%), highlighting the diverse molecular
findings in Indian population compared to other populations
reported in the literature (1, 12, 30, 31). The mutations identified
in HLH-related genes viz. PRF1, UNC13D, STX11, and STXBP2
genes were widely spread across the coding regions of the
respective genes and no founder mutation could be identified in
our population. As consanguinity is mainly seen (43%) in our
Indian cohort, homozygous mutations in FHL genes are majorly
found in the study.

The minimal or complete absence of perforin protein
is commonly associated with the most detrimental PRF1
gene mutations while, compound heterozygous PRF1 gene
missense mutations may encode partially active perforin and are
predominantly identified in older patients with milder clinical
manifestations (1, 32, 33). In our cohort, most patients (82.5%)
harboring homozygous mutation had perforin expression <10%
(Figures 3B,C). In two patients viz. P34 and P41, perforin
expression was found to be 68 and 89%, respectively, and had
later onset of disease. Patient P34 had c.136G>A (p.E46K) which
is a reported missense mutation. This mutation leads to a defect
in the MACPF domain of perforin protein which consists of
∼349 amino acids stretching in the middle of the protein and is
thought to be involved in pore formation. In P41, though perforin
expression was 89%, MFI of staining was low. This patient
carried compound heterozygous mutation including missense
mutation (c.1349 C>T; p.T450M) and nonsense mutation
(c.1519G>T; p.E507X) affecting the C2 domain of perforin
protein which is involved in Ca2+ and membrane binding.
Both these patients had late onset of the disease (6 and 14
years, respectively) probably attributing to residual perforin
expression. Despite the presence of perforin expression on
NK cells and late-onset of disease, these patients presented
with severe clinical manifestations. Mutations identified in
these patients might be affecting the function or structure
of perforin protein but not its expression, thus highlighting
the fact that presence of a protein does not rule out its
functional or structural defect. So, in case of high clinical
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suspicion, molecular analysis along with functional assays should
be considered.

All FHL2 patients had normal degranulation pattern except
patient P27, P36, and P39. P27 was only 45 days old and
abnormal degranulation pattern could be attributed to the
immature immune system at this early age (34). Unfortunately,
degranulation assay could not be repeated in any of these
patients. Majority of the patients with a homozygous mutation
in either UNC13D or STX11 or STXBP2 had either defective
(≤10%) degranulation on stimulated NK cells (Figure 3D).
Borderline NK degranulation (22, 18, 10, and 17%) was observed
in patients 56, 59, 60, and 61, respectively. Three of these
patients (56, 59, and 61) harbored novel frame-shift mutation
in homozygous state in UNC13D gene leading to premature
stop codon causing truncated protein formation while patient
60 harbored compound heterozygous missense mutation (one
novel and one reported mutation) in UNC13D gene. Although
these patients had degranulation ≥10%, it was lower than
the healthy controls (22–54%). Thus, indicating that these
mutations definitely had effect on the NK cell degranulation
pattern. Amongst the FHL3 patients, three patients (62, 63,
and 69) harboring novel frameshift mutations in UNC13D
gene had NK cell degranulation within normal range. NK cell
degranulation assay though has high sensitivity and specificity,
it is a screening test and hence can have false negative results.
Similar findings were observed in study by Bryceson et al.
(11) wherein degranulation assay was evaluated for diagnosis
of FHL and was found that 4% of the patients with genetically
determined degranulation defects had NK cell degranulation
>10% while 7% had above 20% (11). Thus, indicating that, in
case of high suspension or family history, one has to go ahead
with molecular analysis irrespective of the outcome of functional
assays. Evaluation of parents’ status in these patients and in vitro
functional assays in future may help in assigning pathogenicity in
such novel variants.

Interestingly, in our cohort 12 patients (eight FHL2, four
FHL3) though harbored monoallelic mutations, had severe
clinical manifestations. Phenotypic assays could be performed
in nine patients and were abnormal in eight of them. Clinical
follow up was available in seven patients. Six of them expired
while one required HCT because of relapse and currently
well. Of these patients, mutations in three patients (P76–
P78) were identified by Whole exome sequencing thus ruling
out the possibility of compound heterozygous mutations in
these patients. Presence of monoallelic mutations has also been
observed in previous studies and there is a growing evidence
that monoallelic variants can also contribute to FHL (16).
Though involved in the pathogenesis of the disease, monoallelic
variants may not be sufficient to initiate the disease phenotype
alone. Additional unidentified genetic defects or possibly even
environmental factors may contribute to the development of
HLH (2, 35). The digenic mode of inheritance (35) and deep
intronic variants [c.118-308C>T, c.118-307G>A and 253-kb
inversion] in UNC13D gene (36, 37) are described in FHL
patients carrying monoallelic variants support this inference. The
simple possible explanation is that the variants like promoter
mutation, deep intronic variants and big deletions can be

missed with the commonly used molecular techniques. Another
possibility is that some patients (especially with degranulation
defects) might possess pathogenic variants in additional genes
that contribute to the development of HLH (35, 38). On the
other hand, few monoallelic mutations may confer dominant-
negative function to the encoded protein interfering with the
cytotoxic function of lymphocytes although the exact mechanism
and clinical relevance of these monoallelic mutations need to be
explored (39).

Since cellular cytotoxicity plays a crucial role in immune
surveillance and tolerance, it gives rise to an association of FHL
with cancer, autoimmune susceptibility and other manifestations
(16). In our cohort, we identified four FHL patients with atypical
initial presentations, namely, two FHL2 patients withmalignancy
(P6 and P7), one FHL5 patient with ALPS (P93), and one FHL2
patient with isolated neurological relapse (P14). Particularly,
isolated CNS manifestations in FHL can be challenging to
diagnose (17, 40, 41). These findings highlight some of the
atypical manifestations in FHL which may delay diagnosis in
selected cases.

Management of HLH is mainly focused on treating the
infectious trigger, suppression of hyperactive immune system
and correction of an underlying genetic defect. Prompt initiation
of immunosuppressive chemotherapy is essential for improved
outcome. This can be achieved by increasing the awareness about
the availability of immunoassays for diagnosis of HLH helping
in early initiation of therapy and preparation for HCT. The
underlying triggering infections must be extensively evaluated as
the disease activity can be improved by managing the etiology.
Some biomarkers like sCD25 levels and sCD163 levels are
available at only in limited centers. Awareness to incorporate
these biomarkers along with the fall in ferritin levels must be
used actively in the management of these patients. In cases
of refractory HLH, other novel therapies like Emapalumab or
Alemtuzumab are recommended but they are currently not
easily available in India (20, 42). In our study cohort, 63
patients expired either before initiating therapy or when on
therapy or post-HCT. Thirteen patients are well post-HCT
while twelve patients are in remission on HLH protocol and
awaiting bone marrow transplantation. Two FHL2 patients
having late onset of disease, relapsed when treatment was
tapered and hence, emphasizing on the fact that even patients
with adult-onset FHL need HCT for better outcome (13).
Thus, though early initiation of treatment is necessary for the
survival of HLH patients; HCT is the only curative therapy
for patients with a known genetic defect and also for patients
with recurrence/relapse of the disease despite adequate therapy
(though the genetic cause is not known). HLA-matched sibling
donor is the preferred donor for FHL patients due to the
minimized risk of GVHD. However, various reports on variation
in the age at onset within each family, case studies reporting
the adult FHL patients and also symptomatic patients harboring
monoallelic mutations add to the dilemma of choosing a donor
for HCT (43, 44). The studies from our lab have shown that
parents and siblings of few FHL2 patients were asymptomatic
carriers for the respective mutations in a heterozygous state
and had partial (<50%) perforin expression (unpublished data)
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as has been reported previously (16). Thus, in such cases, the
decision of whether to go ahead with HCT from these potential
donors is a dilemma especially, in a country like India where
transplantation procedures are often not feasible either due to
unavailability of HLA-matched donor or the unaffordable cost
of therapy.

Thus, to summarize, this is one of the largest studies
of retrospective data on the clinical, immunological and
molecular spectrum of FHL patients in Indian population.
Availability of flow cytometry based assays and NGS have
significantly improved the diagnosis and management of FHL
patients. Both flow cytometry based assays and molecular
studies are complementary to each other and aid in key
management decisions. Forthcoming advances in FHL syndrome
recognition to minimize delays in diagnosis and modified
treatment and transplant approaches will continue to improve
patient outcomes.
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Abstract

Objective

To compare the outcome of suture mediated vascular closure device Perclose Proglide (PP) with
manual compression (MC) following transfemoral access for coronary interventions (CI).

Methods

It is a retrospective, observational, single centre study from January 2018 to September 2019.
Consecutive patients undergoing interventions through transfemoral access were divided into PP and
MC groups. Those with less than 3 months follow up were excluded. Two groups were compared for
baseline characteristics and various complications at 24 h and at 30 days.

Results

Out of 1743 patients studied, PP group included 1343 and MC group, 400 patients. Both groups were
comparable in baseline characteristics, sheath size and use of antiplatelets and anticoagulation. PP
group had significantly less minor bleeding (P = .01, CI 0.34–4.03) and hematoma (P = .0007, CI 0.95–
5.10) at 24 h. At 30 days, minor bleeding (P < .0001, CI 0.97–4.25), hematoma (P = .0002, CI 1.05–
4.93) and pseudo-aneurysm (P = .0095, CI 0.03–1.18) were also significantly less in PP group. Obesity
(OR 3.5, CI 1.29–9.49) and hypertension (OR 2.41, CI 1.12–5.19) were associated with increased
minor bleeding at 24 h. Device failure rate was 2.38%.

Conclusions

PP device is safe, effective and is associated with fewer complications than MC in CI. Device failure
rate is low. Obesity and hypertension are associated with increased minor bleeding in both groups.
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1. Introduction

Percutaneous coronary interventions (PCI) are on the rise worldwide with more complex coronary
lesions being taken up for PCI as an alternative to surgery.1 2 However, despite miniaturization of the
catheterization equipment and advances in compression devices, the rate of access site complications
(ASC) remains high.3 This has led to increase in the usage of radial artery for coronary interventions as
it is associated with considerable reduction in ASC4 5 .6 In recent years, radial approach has gained
popularity and has become the standard of care for routine PCI.7 8 However, the choice of hardware is
limited by the smaller size of radial artery in coronary interventions.7 8 Large size of the femoral artery
permits a wider range of hardware which might be required for the treatment of complex coronary
lesions. Traditionally femoral access site hemostasis is achieved by manual compression (MC) which is
associated with various drawbacks such as patient discomfort during compression, vasovagal reaction,
prolonged immobilization and bleeding.9 10

Femoral access site complications (FASC) remain the Achilles heel of interventional cardiology. Hence
adopting measures and acquiring skills to reduce FASC is imperative. Various vascular closure devices
(VCD) have evolved over a period of time and these devices have improved patient comfort and
reduced local complications.11 Perclose Proglide (Abbot Vascular, Santa Clara, CA, USA) is one such
commonly used suture mediated vascular closure device (SMVCD). Perclose Proglide (PP) device
works by placing a suture at the puncture site, and this, unlike the other VCD, allows for even
immediate re-puncturing of the artery at the site of its deployment. There are only two small
observational studies without the control arm on PP device published from India.9 12 The present study
was designed with the aim to understand the performance and clinical outcome of femoral artery
closure with PP in patients undergoing PCI for coronary lesions compared to the conventional MC.

2. Material and methods

In a retrospectively designed study, all consecutive patients who underwent coronary interventions
through femoral access between January 2018 and September 2019 at a tertiary care centre were
studied after taking approval from the institutional ethics committee. Coronary interventions (CI)
included in the study were interventions in calcified coronary lesions, bifurcation stenosis anywhere in
the coronary tree including distal left main, saphenous vein graft stenosis and interventions requiring
rotablation or distal protection devices. Femoral artery puncture was done under fluoroscopic guidance
in all patients as per institutional practice. Vascular doppler or angiography from contralateral side were
not used. Femoral sheath angiogram was done in all patients before PP device deployment. Dual
antiplatelets, glycoprotein (Gp) IIb/IIIa inhibitors and unfractionated heparin were used as per current
recommendations.13 Activated Clotting Time (ACT) was monitored periodically during the procedures
and maintained between 250 and 300 s. Heparin reversal was not done in any patient. It was the
operator’s discretion to opt for either PP or MC. Depending on the method used for hemostasis femoral
access site, the study population was divided into two groups. PP group included all CI patients who
received PercloseProglide device in the study period. In the same period, those who received manual
compression were screened and only age and sex matched patients from a larger pool were included in
the MC group. All the PP devices were deployed by operators who had the experience of having
deployed at least 50 such devices earlier, as per standard recommended techniques.14 For arteriotomies
of size 5French (F) to 8 F, one PP has to be used and for arteriotomy of size > 8 F two or more PPs to
be used.14 In our study, single PP was used in all except in those who had device failure. In the
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absence of any post procedure complications, patients in PP and MC groups were ambulated at 4–6 h
and 8–12 h respectively. Data collection was done from the digital record of all the patients.
Demographic details, atherosclerotic risk factors, medication administered along with details of the
cardiovascular intervention were noted. Patients whose follow up records were not available were
excluded from the study.

Study population was followed up for a minimum period of 3 months with first review in the
cardiology outpatient department at 4–6 weeks post PCI; thereafter patients were reviewed at 3 months
or earlier if clinically indicated. A total of 1743 patients were included in the study after scrutinizing
the records. There were 1343 patients in PP group and 400 patients in MC group as shown in Fig. 1.

Open in a separate window
Fig. 1

Study flow chart.

2.1. Definitions for the study

Device failure –Inability of the PP device to achieve hemostasis due to any of the under mentioned
reasons.

Major complication: Following constituted major complications.

Minor complication: Following constituted minor complications.

Breakage of suture during plunger withdrawal(a)

Failure to form the knot/place the suture despite using correct technique(b)

Failure to achieve complete hemostasis and requirement of manual compression for more than
5 min

(c)

Major bleeding: Any of the under mentioned condition could qualify as major bleeding

• Bleeding causing hemodynamic compromise
• Bleeding leading to fall in Hb > 3 g/dl or decrease in hematocrit > 15%
• Bleeding requiring blood transfusion of at least 2 units of packed red blood cells
• Retroperitoneal bleeding

(a)

Ischemia of limb leading to percutaneous or surgical intervention(b)

Death(c)

Pseudoaneurysm(d)

Major hematoma: Hematoma was defined as localized collection of blood in the tissues outside
the blood vessel. Major Hematoma was defined as measuring >5 cm and causing hemodynamic
compromise and/or requiring blood transfusion.15

(e)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/figure/fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/figure/fig1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/figure/fig1/
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Procedural success: Achievement of complete haemostasis at access site after PP deployment without
requirement of any manual compression or with requirement of minimal compression less than 5 min.

2.2. Statistical methods

Continuous variables were summarized by descriptive statistics such as mean and standard deviation.
Categorical variables were reported by frequency and percentage. Continuous variables in the two
groups were compared using Student’s t test and categorical variables with Chi-square test or Fisher’s
exact test. Risk factors for various complications were analysed using multivariate logistic regression
model. Odds ratio (OR) and 95% confidence interval were reported by a table embedded Forest plot. P-
value less than 0.05 was considered as the statistical significance. The statistical software R version
3.6.2 (R Core Team, 2019) was used for data analysis.

3. Results

A total of 1743 patients were studied (PP group - 1343 & MC group - 400 patients). PP group patients
received a total of 1402 PP devices. The demographic characteristics of the patients and types of
interventions performed are shown in Table 1. There was no difference in the baseline characteristics of
both the groups. There was no difference in use of antiplatelets, heparin or Gp IIb/IIIa inhibitors in both
the groups (Table- 2). Majority of the coronary interventions were done using 7 F sheath (Table 2).

Minor bleeding: Persistent oozing/bleeding after initial manual compression of 20 min in MC
group. Any other bleeding not meeting criteria for major bleeding.

(a)

Persistent pain/inflammation at access site (c) Access site infection(b)

Minor hematoma: Hematoma <5 cm in size and requiring no therapy or requiring only local
compression

(d)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/table/tbl1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/table/tbl2/


1/18/22, 7:29 PM Femoral artery access site closure with perclose suture mediated device in coronary interventions

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/ 5/12

Table 1

Baseline Characteristics of the study population.

PP Group (n = 1343) MC Group (n = 400) p Value

Mean Age ± SD (Years) 51.85 ± 11.06 52.78 ± 11.86 0.15

Male 853 (63.5%) 244 (61%) 0.36

Diabetes 606 (45.12%) 174 (43.5%) 0.57

Hypertension 517 (38.5%) 165 (41.25%) 0.32

Dyslipidemia 501 (37.3%) 155 (38.8%) 0.59

Obesity 761 (56.7%) 234 (58.5%) 0.52

Smoking 515 (38.4%) 142 (35.5%) 0.29

Chronic Kidney Disease 29 (2.2%) 11 (2.8%) 0.48

PTA for Peripheral Arterial Disease 40 (2.97%) 12 (3%) 0.98

PTCA 1303 (97.03%) 388 (97%) 0.98

Open in a separate window

PP Group:Perclose Proglide group, MC Group: Manual compression group; PTCA: Percutaneous transluminal
coronary angioplasty; PTA:Percutaneous transluminal angioplasty.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/table/tbl1/?report=objectonly
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Table 2

Details of antiplatelets, anticoagulation and access in two groups.

PP Group (n = 1343) MC Group (n = 400) p value

Antiplatelets

 Aspirin + Clopidogrel 1209 (90.02%) 364 (91%) 0.56

 Aspirin + Ticagrelor 108 (8.04%) 32 (8%) 0.98

 Aspirin + Prasugrel 26 (1.93%) 4 (1%) 0.21

 Gp IIb/IIIa inhibitors 68 (5.06%) 18 (4.5%) 0.65

Heparin

 7000–8000 U 1088 (81.01%) 318 (79.5%) 0.50

 10000 U 255 (18.99%) 82 (20.5%) 0.50

Sheath size

 6 French 348 (25.91%) 107 (26.75%) 0.74

 7or 8 French 995 (74.09%) 293 (73.25%) 0.74

Open in a separate window

The complications and outcome in the two groups are shown in Table 3. At 24 h, major bleeding was
noted to be less in PP group but this was not statistically significant (p = .07). All cases of major
bleeding were managed with blood transfusion as dictated by the clinical profile. There was one death
of a 63-year-old hypertensive and diabetic lady due to major bleeding in MC group. She had triple
vessel disease. Following PCI to left anterior descending artery (LAD), she developed a large
hematoma along with hypotension. Bed side ultrasound examination showed large groin hematoma
with no retroperitoneal extension. She was started on blood transfusion along with continuous groin
compression; however, she developed sudden cardiac arrest and could not be revived. Minor bleeding
and hematoma were significantly higher in MC group at 24 h. Minor bleeding was managed using
either manual compression or Femostop -femoral compression system (Abbott Cardiovascular, CA,
USA).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/table/tbl2/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/table/tbl3/


1/18/22, 7:29 PM Femoral artery access site closure with perclose suture mediated device in coronary interventions

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/ 7/12

Table 3

Complications and outcome.

PP Group (n = 1343) number
(%)

MC Group (n = 400) number
(%)

p Value

Complications at 24 h

Major Bleeding 1 (0.074%) 2 (0.5%) 0.07

Death related to bleeding Nil 01 (0.25%) 0.06

Minor bleeding 16 (1.19%) 12 (3%) 0.01

Hematoma> 5 cm 18 (1.34%) 16 (4%) 0.0007

Complications at 30 days

Minor bleeding 04 (0.298%) 10 (2.5%) <0.0001

Hematoma 12 (0.89%) 14 (3.5%) 0.0002

Pseudoaneurysm 0 02 (0.5%) 0.0095

Access site infection 02 (0.15%) 02 (0.5%) 0.20

Pain and Induration at access
site

16 (1.19%) 4 (1%) 0.75

Open in a separate window

Follow up at 30 days revealed that hematoma and minor bleeding were significantly higher in MC
group. There were two pseudoaneurysms noted in MC group at 30 days. These were managed with
ultrasound guided compression. One of them required one attempt and the other three attempts. Both
resolved at 12 weeks of follow up. There was no pseudoaneurysm in PP group. Access site infection
was similar in the two groups and responded well to oral antibiotics. Pain and induration at access site
were similar in both the groups which resolved without any active intervention. None of the patients at
3 months follow up were noted to have any access site complication.

There were no arterial occlusions or thrombosis, arteriovenous fistula, distal embolization or nerve
injury in either group. There were 32 (2.38%) device failures in PP group. Twenty-two device failures
were due to breakage of suture while the plunger was being withdrawn. All these cases were bailed out
by using a second device. Ten device failures were due to failure to form or place the knot over the
femoral artery despite using correct technique. All of these were managed with manual compression.

Multivariable logistic regression analysis model was applied to identify the risk factors associated with
various complications at 24 h and 30 days. Minor bleeding at 24 h was significantly associated with
obesity (OR 4.53, 95% CI 1.63–12.58) and hypertension (OR 2.43, 95% CI 1.12–5.24) as shown in 
Fig. 2. None of the risk factors predicted the other complications noted at 24 h and 30 days.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/table/tbl3/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8065371/figure/fig2/
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Open in a separate window
Fig. 2

Multivariable logistic regression analysis of risk factors predicting minor bleeding at 24 h. DM: Disbetes
Mellitus; HT: Hypertension; F: Female; M: Male; CKD: Chronic Kidney Disease; PAD: Peripheral arterial
disease.

4. Discussion

The safety of the PP device post diagnostic coronary catheterization has been established.9 10 Use of
multiple PPs in ‘preclose manner’ has been studied in femoral arteriotomies for TEVAR/EVAR/TAVR
up to 24 F.16 However, the safety of use of single PP device without heparin reversal has not been
tested in CI which require relatively larger sheaths along with higher dose of anticoagulant and
antiplatelet agents. In addition, it is not yet proven whether safety of SMVCD is a class effect or not. In
this single-center retrospective study, we describe our experience of PP versus MC in patients
undergoing CI with majority of patients having relatively large arterial punctures (7 or 8 F). This is the
first comparative study from the Indian subcontinent which has not only demonstrated the safety of the
PP or SMVCD but also a significant reduction in ASC with its use in CI with relatively larger access
sheaths (7 or 8 F).

The risk factor profile of these patients is in conformity with other published Indian studies which have
shown wide heterogeneity in risk factor prevalence.17 18 Our patients were relatively younger
compared to western population as coronary artery disease in Indians occurs a decade earlier with
higher prevalence of triple vessel disease, complex calcified lesions and higher mortality.17 18

A high procedural success rate of PP deployment (97.6%) was noted in the present study with device
failure rate of only 2.4 percent. Earlier studies have reported device failure rate of 3–7
percent.9 10 12 19, 20, 21, 22 An Indian study has reported a failure rate of 4% in 323 patients
studied.9 Device failure rates have reduced over time with evolving operator experience. But it has not
reached the desired perfection. Breakage of suture while withdrawing the plunger was the mechanism
of failure in majority (22 out of 32 failures) of cases in our study. However, this could be managed by
reintroducing the 0.035” guide wire and deploying a second device in all these cases. Failure of
hemostasis post removal of device from the vessel mandated groin compression either manually or by
using a Femo-stop. It is strongly recommended to maintain the wire access to femoral artery while
deploying the device in high stake situations to overcome the bleeding due to device failure or due to
any other reason.

Majority of the complications were reduced in PP group which is consistent with most of the recent
studies.9 10 12 19 20 Major bleeding was less in PP group but this did not reach statistical significance
(p = .07). In literature, rate of major bleeding has ranged from 0 to 1.9%.9 10 12 19, 20, 21, 22 A few
studies have reported no major bleeding at all with PP10; but this has not been reproduced in other
studies. In the present study, groin hematoma and minor bleeding were significantly less with PP at
both 24 h and at 30 days, and similar findings have been reported by others.9 10 12 19, 20, 21, 22
There was no pseudoaneurysm formation in PP group despite a large number of device deployments
compared to two pseudoaneurysms in MC group. This is consistent with other studies which have
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reported no or very few pseudoaneurysms with PP devices.9 10 12 21 23 The rate of pseudoaneurysm
formation even in MC group was less (0.5%) compared to other studies where it was noted to be 2.9–
8% following PCI.24 25 This is probably due to the standard practice at our centre of fluoroscopic
guided femoral punctures which has been demonstrated to reduce the complications associated with
femoral artery puncture.21 23 SMVCD facilitates early patient ambulation and results in greater patient
comfort and satisfaction.9 10 We observed that the patients in PP group could be ambulated early (4–
6 h) as compared to a delayed ambulation in MC group (8–12 h). Reduced time to ambulation and
greater patient comfort has been well established with use of SMVCD10 21 which comes with an
upfront additional cost of the device.

Obesity and hypertension were significantly associated with increased minor bleeding at 24 h in our
study. Higher rate of groin complications has been noted with increasing age, female sex, hypertension
and obesity in other studies.26, 27, 28 Female sex was associated with higher bleeding in our study but
did not reach statistical significance. Age was not found to be a risk factor for groin complications
possibly due to relatively younger subjects in our study compared to western population. Thorough
literature search did not reveal any study assessing predictors of complications at access site in Indian
population.

The strength of the present study lies in the fact that it is one of the largest studies from Indian
subcontinent comparing PP with MC in CI. Our study reported not only in-hospital outcomes but also
included follow up for 3 months thereby demonstrating the long-term safety of the PP device. The
limitation of present study is that it is a single centre study with no randomization. Thereby the
possibility of bias in patient selection for PP device cannot be ruled out.

5. Conclusions

PercloseProglide suture mediated closure device is safe and effective at femoral access site compared
to manual compression in patients undergoing coronary interventions. Device failure rate is low.
Obesity and hypertension are associated with increased minor bleeding.

‘What is Already Known?’
 

SMVCDs are safe and effective in diagnostic catheterization
 

What this Study Adds?’
 

SMVCD has lesser complications compared to MC in coronary interventions. Device failure rates with PP are
low. Obesity and hypertension are associated with increased minor bleeding.

Open in a separate window
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Effectiveness of the game‑based 
learning over traditional  
teaching–learning strategy to instruct 
pharmacology for Phase II medical 
students
Anupama M. Gudadappanavar, Jyoti M. Benni, Shivalingappa B. Javali1

Abstract:
BACKGROUND: Game‑based education is fast becoming an innovative teaching approach in the field 
of medical education. Traditional review sessions (tutorials) are mainly focused on instructor‑based 
learning and they help to review concepts previously taught in the lecture class. The primary objective 
was to evaluate the cognitive learning of students in game based learning (GBL) as compared to the 
conventional review sessions. The secondary objectives were to assess the perception and feedback 
of students regarding GBL and conventional review sessions.
MATERIALS AND METHODS: An interventional GBL study was designed for 2nd year MBBS 
students. The enrolled students were randomly assigned to either tutorial (Group A) or GBL (Group 
B), and informed consent was obtained. Group B students were further divided into smaller groups, 
and for Group A, the traditional tutorial method was followed. For both the groups, a multiple choice 
question (MCQ) pre‑test and post‑test was conducted on the selected topics. A total of 15 MCQs with 
gradually increasing difficulty were used in the GBL. For each group of students, one student would 
be on hot seat by answering the questions and then continued the game. Lifelines were provided. 
RESULTS: From the pretest and posttest scores, students performed better in Group B (39.53%) 
than Group A (18.43%) with respect to the knowledge score, and the difference was statistically 
significant. Students’ perception and feedback regarding GBL were very enthusiastic and promising 
than the tutorial group. Largely, students commented that GBL was unique, active participation, fun, 
and novel learning style.
CONCLUSIONS: GBL is a student‑centered learning and showed more effective than the traditional 
tutorials in understanding the topic and was more enjoyable by students.
Keywords:
Game‑based learning, motivation, pharmacology, review session, student centered

Introduction

Educational gaming, in recent times, has 
gained peak attention as a technique 

to inspire students’ learning by providing 
learner‑centered atmospheres that provide 
experiential experiences, enhance learning, 
and stimulate interest and motivation for 
students to learn. An educational game is 

defined as an instructional method that 
requires the learner to participate in a 
competitive activity with the preset rules.[1] 
Electronic game‑based learning GBL has a 
long tradition in medical education with the 
release of its first application in the 1960s 
and has gained much attention in recent 
years due to rapid technical advances in the 
computer and gaming industries.[2]
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Traditional review sessions (tutorials) are mainly 
focused on instructor‑based learning, provides a brief 
review of concepts taught in the lecture class.[3] Review 
sessions typically involve an overview of course 
materials followed by a period of questions and answers. 
Sometimes, the review sessions are less informative 
and uninteresting, simply a brief lecture on material 
previously covered, leading to little or no student 
participation and without any scope for a higher order 
of learning, i.e., critical thinking or application of the 
acquired knowledge.[4]

Medical educators’ present challenge is to find new 
approaches to make learning more stimulating, 
motivating, and entertaining. The doyens in the field 
of medical education have formerly recommended 
teaching modalities that incorporate student‑based 
active‑learning strategies, also called learner‑centered 
education.[5] The integration of games as a teaching 
tool is an innovative and challenging approach in the 
educational field.[6] Assimilation of digital educational 
games into existing medical education, i.e., GBL is a 
newly designed platform for medical students.[7,8] The 
modern technology of digital games can afford us the 
virtual experiences in a more cost‑effective manner 
with provision to create and evaluate both positive and 
negative outcomes of the games.[9] These games include 
concepts and principles of adult learning; they encourage 
self‑learning and greater participation in group learning 
activities along with enjoyment.[10] Consequently, by 
becoming actively involved in the learning process, 
the students’ level of understanding and aptitude to 
integrate and synthesize material are enhanced.[11]

In addition, this technology provides a safe environment 
for learners to gain skills and self‑confidence without 
harming patient’s life, which otherwise might occur 
in everyday practice compromising the patients’ 
safety.[12,13] A wide variety of studies and reviews in 
GBL in medicine are available for different application 
scenarios and user‑groups. Often used games in 
medical education are quiz games.[14‑17] These studies 
have recommended the positive effect of games on 
medical students’ knowledge.[17‑19] Previous studies have 
concluded that GBL encourages students to actively 
participate in the learning process, ability to integrate 
and synthesize material, promotes problem‑solving skills 
and critical thinking.[4,7] Nevertheless, few authors have 
also stated that, due to the limited number of studies, 
their low‑to‑moderate methodological quality, and 
the inconsistent results, the evidence is less to support 
a general recommendation for the use of educational 
games in medical schools.[20]

Given this, an educational game “who wants to be 
a physician” was conducted in the pharmacology 

department for Phase II MBBS students based on the 
popular television game show “Who wants to be a 
millionaire.” To determine if GBL can meet all our 
expectations, the present study was planned focusing 
on a single topic ‘Drugs acting on Autonomic Nervous 
System (ANS)’ during tutorial hours. It is an active 
learning exercise, because answering the questions 
requires knowledge of ANS as well as application of 
drugs influencing ANS. Hence, the purpose of this study 
was to preliminarily evaluate the attraction, motivation, 
and learning experience of the medical students toward 
GBL. Hence, this study was planned with the following 
objectives.

Objectives
• The primary objective was to evaluate the cognitive 

learning of students in GBL as compared to the 
traditional review sessions

• The secondary objectives were to assess the 
perception and feedback of students regarding GBL 
and conventional review sessions.

Materials and Methods

A quiz, testing the important pharmacological aspects of 
cholinergic and adrenergic system, was designed using 
the format of the international popular television game 
show “Who Wants to Be a Millionaire.”[4,21] The game was 
designed for MBBS Phase II students having completed a 
section of ‘Drugs acting on Autonomic Nervous System’ 
of a pharmacology course through the didactic lectures. 
This game specially focused on “Drugs acting on ANS” 
For both the groups, identical four subtopics from ANS 
with the same learning outcomes were selected.

Ethical approval was obtained from the Institutional 
Ethical Committee (KAHER’s JN Medical College, 
Belagavi, Ref: MDC/DOME/79 dated: 22/11/2017), and 
an interventional study was conducted over a period of 5 
months (October 2017‑ February 2018) in the department 
of pharmacology. The MBBS Phase II students were orally 
informed about the nature of the study, in which a new 
instructional method was being evaluated and further 
informed that their participation was entirely voluntary, 
and the results will have no effect on their final results 
or grades. A total of 98 students were enrolled in the 
study and were randomly assigned to either a traditional 
teaching group, i.‑e., control group (Group A, n = 50) or 
GBL, i.‑e., experimental group (Group B, n = 48), and 
written informed consent from each student was obtained. 
For both the groups, a pretest and posttest was conducted, 
consisting of forty multiple‑choice questions (MCQs) from 
the selected subtopics (ten questions from each subtopic) 
and correct answer carried “1” mark and wrong answer 
“0” marks. For the control group, the traditional method of 
tutorial was conducted by a tutor, and in the experimental 
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group, GBL was conducted. The GBL group was further 
divided into four small groups (12 students/group) 
randomly, and two facilitators played the role of the 
quizmaster to accomplish the quiz.

For the experimental group, a laptop and projector 
were used to conduct the study. A total of 15 MCQs 
of gradually increasing difficulty that are valid in 
terms of clinical practice and meet the desired learning 
outcomes were prepared for selected topic of ANS. 
All questions were provided with a short abbreviated 
answer that was often followed with a detailed 
explanation. For each group of students, one student 
earned the right to become the first contestant (took the 
“hot seat”) by answering and explaining the answer 
to the group task correctly. Once on the hot seat, 
the contestant continued answering questions until 
he/she was unable to select and explain the correct 
answer to a question. They were then replaced with a 
new contestant, and the game started with the same 
sequence of question for the new contestant. When 
ambiguous, contestants had three lifelines (assistance) 
to help them obtain the correct answer. They were 
allowed to ask a friend in the group, ask the audience or 
whole group, or have two incorrect answers removed, 
narrowing their choice. These lifelines were available 
only once to each contestant. Rewards were given 
at various stages. To assess the knowledge gained 
by students, the scores of MCQ pretest and MCQ 
posttest of both groups were compared [Table 1]. 
On completion of the sessions, students’ perception 
regarding the tutorials/GBL as an educational method 
was measured with a questionnaire consisting of 
14 questions using a Likert scale [Table 2‑questionnaire 
on perception]. In addition, a general comment section 
was included for any additional suggestions or 
comments. And also, feedback from both the groups 
was obtained to know the students’ opinion of the 
overall usefulness of either pharmacology instructional 
method using a dichotomous questionnaire consisting 
of 14 questions (yes scored as “1” and no scored as 
“0”) [Table 3‑ questionnaire on feedback].

The results were expressed as mean ± standard deviation. 
All the statistical analyses were carried out using SPSS 

software version 20.0 IBM corp. A comparison of within 
group was through paired‘t’ test and between group 
was through independent sample ‘t’ test. P < 0.05 was 
considered statistically significant.

 Results

The scores of pretests and posttests followed a normal 
distribution. From this study, we observed that the 
cognitive learning outcome measured with the pretest 
and posttest scores, students performed better in Group 
B (39.53%) than Group A (18.43%), and the difference was 
statistically highly significant (P < 0.001***) [Table 1 and 
and Figure 1]. The perception of the students toward the 
learning experience was measured using a questionnaire 
on the 5‑point Likert scale, and the score was higher in 
the GBL group (P < 0.001***) compared to the control 
group [Table 1 and Figure 2]. Group B students’ 
perception was more encouraging; they enjoyed the game 
as it made the learning more interactive, collaborative 
learning environment and felt more confident. The 
Group A students’ perception was little supportive 
about tutorials, had less enjoyment or enthusiasm, felt 
monotonous, were less confident, and had little active 
participation. Feedback of the students was taken using 
a questionnaire, scores of the experimental group were 
more encouraging (p < 0.001***), they felt unbiased, and 
sessions were very well organized than compared to the 

Table 1: Effect of interventions on knowledge, perception, and feedback scores in control (Group A) and 
experimental (Group B)
Parameters Time Mean±SD P#

Control (Group A) Experimental (Group B)
Knowledge score Pretest 24.20±2.11 23.77±2.57 0.368

Posttest 28.66±2.82 33.17±2.93 <0.001*
P@ <0.001* <0.001*

Perception scores Posttest 34.48±6.77 62.12±6.07 <0.001*
Feedback scores Posttest 6.04±1.38 13.25±1.37 <0.001*
@Paired t‑test, #Independent t‑test. SD=Standard deviation

Figure 1: Effect of interventions on knowledge scores in control (Group A) and 
experimental group (Group B)
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control group [Table 1 and Figure 2]. Students enjoyed 
the quiz sessions and helped them deeper understanding 
of the ANS. In general comments, most of the students’ 
commented that GBL was unique, active involvement, 
less stressful, fun, and novel style of learning. Overall, 
the comments about the GBL were promising, and 
students would look forward to incorporate this method 
of teaching in their curriculum.

Discussion

In the present randomized control study, we compared 
the effectiveness of GBL to the traditional review 
sessions (tutorials), used to teach pharmacology for 
medical students, and also assessed the attitudes of 
students toward tutorials or GBL. This present study 
shows that students in the GBL group had a significantly 
higher cognitive learning outcome when compared 

with the students in the tutorial group. We believe that 
students in the GBL group had high enthusiasm, actively 
participating and probably had better retention, helped 
them to achieve better cognitive results in the posttest. 

Table 2: Questionnaire on students’ perception about the tutorials/game‑based learning in pharmacology
Item number Items 5 4 3 2 1
1 The questions asked were relevant
2 Instructions given were clear and adequate
3 Time allocated was sufficient for each question
4 Questions were consistent with the teaching objectives
5 I enjoyed this session on ANS
6 The session built on my previous learning in relation to ANS
7 Exploring the topics in a collaborative environment with a group of colleagues was useful for learning
8 The facilitator/tutor provided a learning environment, in which I felt confident to explore my understanding 

of ANS
9 Personality, gender, and other attributes did not affect the scores
10 Faculty were approachable
11 Timely feedback was given
12 The entire learning in the session was well coordinated and organized
13 The learning session was free of confusing or conflicting concepts and mechanism.
14 The use of hints/lifelines was helpful in answering the question
15 Additional comments/suggestions
Likert scale: 5=Strongly agree, 4=Agree, 3=Uncertain, 2=Disagree, 1=Strongly disagree. Tick: Group A/Group B. ANS=Autonomic nervous system

Table 3: Questionnaire on students’ feedback regarding tutorials/game‑based learning, as a teaching‑learning 
educational method in pharmacology
Theme of student responses Student response: Yes/no
Fun and enjoyable learning
Opportunity to explore and explain answers/admit uncertainty
Group learning, collaborative teamwork
Feel confident at the end of the session
Novel style of learning
Relaxed and informal learning environment
Building on/using PBL
Novel/different approach to learning and testing knowledge
There is a thematic organization of content to develop higher level thinking skills
Interactive and supportive learning environment
Covered wide knowledge area
It provides a chance for the application of knowledge to clinical practice
It is less stressful
It should be continued in pharmacology as a method of education
Tick: Group A/Group B. Scoring yes as “1” and no as “0” for data analysis. PBL=Problem‑based learning

Figure 2: Effect of interventions on perception and feedback scores in control 
(Group A) and experimental group (Group B)
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Furthermore the GBL group compared to the tutorial 
group had more fun, enjoyable learning and would 
like to learn more in this style. Students’ comments 
were very enthusiastic and encouraging and also 
offered clear evidence for the beneficial effect of GBL 
on the students’knowledge and their attitudes toward 
their learning experience. Nevertheless, the long‑term 
memory was not evaluated in our study.

Lifelines played an important role in the success of 
the game, involving more audiences actively. Lifelines 
kept everybody attentive since the audience could be 
called upon at any time and were rewarded. They were 
allowed to ask a friend in the group, ask the audience 
or whole group, or have two incorrect answers 
removed, narrowing their choice. These lifelines 
were designed to encourage the audience to answer 
questions when they were called upon for assistance 
by the contestant. Besides, by answering on their 
own, students could compare their answers with the 
contestant’s response. In addition, the use of lifelines 
upholds the development of fundamental collective 
social interactive skills.[4]

Our study results were similar to a study done by 
Boeker et.al., proved that game‑based e‑learning is more 
effective, and had a high positive motivational impact on 
learning and performance of students. It also concluded 
that students had more fun, and would like to learn more 
in this style.[7] Another study concluded in their study 
that the game show helped medical students to learn in 
a relaxed and supportive learning environment.[18] Moy 
et. al. used an educational game to review the pulmonary 
physiology concepts in the 1st year medical students, 
and they found comparatively higher audience and 
participation of the students in the game, approximately 
one‑half of the class enrollment, suggest a strong interest 
in this educational tool.[4] The students reported that 
they found the educational tool extremely useful, well 
presented, thorough in its content, and valuable in the 
mechanisms it reinforced from their prior course in 
pulmonary physiology.[4] In another study, the authors 
showed that the GBL method is comparable to the 
traditional learning method in general and in short‑term 
gains, while the traditional lecture still seems to be more 
effective to improve students’ short‑ and long‑term 
knowledge retention.[14]

A 2010 systematic review of Akl et. al. on educational 
games found only five studies with low‑to‑moderate 
methodological quality eligible for the analysis.[20] Of 
these RCTs, three suggested a positive effect of the 
games on medical students’ knowledge. However, 
the authors concluded that, due to the limited number 
of studies, their low‑to‑moderate methodological 
quality, and the inconsistent results, the evidence is 

less to support a general recommendation for the use 
of educational games in medical schools.[20] These 
games may be futile for learners who resist to process 
information or who do not enjoy playing games.[22] Other 
shortcomings may be as only a small percentage of the 
class participated, while the remaining students were 
the game’s audience, thus sometimes failing to engage 
the entire class.[23]

Many previous studies stated that GBL encourages 
students to actively participate in the learning process, 
a role that promotes problem‑solving skills and critical 
thinking.[4,7,20] By becoming actively involved in the 
learning process, the student’s ability to integrate and 
synthesize material will be enhanced, and also student’s 
knowledge to conceptualize systems and understand 
how they work will also be improved.[7,19] Ultimately, 
games absolutely suit millennials because games 
generate enthusiasm and stimulation throughout the 
educational process, as noted in the positive feedback 
from students as seen in our study and also previous 
study.[24] The main strength of games noted is that their 
ability to promote student‑to‑student interaction and 
peer learning and their excitement while playing.[25,26] 
In view of the advancement of the medical education 
technology and enthusiasm among millennial students, 
there is a call for designing computer‑based educational 
games that will cater to the needs of new generation 
medical students. Conversely, limitations of this study 
were, long‑term memory of students could have been 
evaluated, a large number of students were unable to 
involve in the game, as some of the students were the 
game’s audience, thus sometimes failing to engage 
the entire class, and also teachers opinion about GBL 
could have been obtained with the purpose of adding 
in this student‑centered learning method in their future 
curriculum.

Conclusions

GBL should be taken sincerely into account as an 
alternative instructional method on topics where 
student motivation might be a problem. Our objective 
in doing this study was to provide a fun, interactive, and 
innovative method of learning for students. The total 
posttest scores for all the four sessions were higher for 
the GBL group, indicating that GBL is more effective than 
conventional teaching during tutorials in understanding 
not only basics but also deeper aspects of the subject. GBL 
also showed that students had more fun, and would like 
to learn more with this concept of active learning. We 
would, therefore, recommend that GBL should be used 
to teach pharmacology, which involves active‑learning 
strategies, student centered, an interactive learning 
environment to develop interpersonal, communication, 
and problem‑solving skills.
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The Historical Timeline of Cranioplasty 

 

                  Cranioplasty, defined as the reconstruction of cranial defects, not only offers 

protective effects with an aesthetically pleasing outcome, but also reverses the altered 

physiology post craniotomy and craniectomy. 
1
 The journey of cranioplasty from its roots to 

the neoteric armamentarium depicts how enormously the innovation of surgical techniques 

have changed the face of plastic surgery. 

                  The origin of Cranioplasty dates back to 7000BC as documented by 

archaeological evidence of ancient civilizations. 
1
 In 2000 BC, a gold plate was found to be 

used for covering left frontal defect in a Peruvian skull. 
1
 Literature from ancient Asia, Egypt, 

Greece, and Rome documented that Hippocrates covered the defects using lint until the 

wound granulated over. 
2
 Similar use of wine, oil of roses, egg white, gourd and flesh were 

also mentioned. 
2
 The first recorded true description of cranioplasty was given by Fallopius in 

1562 who proposed that the bone could be replaced given that dura is not violated, if so, gold 

plate should be used. 
1,2

  

                 The experimental foundation for the bone grafting was laid in the 19th century. 

Ollier, (1668), the pioneer of bone regeneration, distinguished autograft, allograft, and 

xenograft. 
1,3

 Meekeren (1668) documented the first successful cranioplasty by using a canine 

cranial bone graft to repair a human calvarial defect. 
2,4

 The allografts were advocated by 

Morestein, (1914) using cadaveric cartilage while Sickard and Dambrine (1917) used heat 

sterilized cadaveric skull allografts and reported unfavourable results.
2
  Multiple metals were 

the subjects of trials dating back to World War I and II such as aluminium, gold, silver and  

Tantalum. They soon fell out of the favour owing to their de-merits like corrosion. 
1,4

 

Titanium was first used for cranioplasty in 1965 and the only metal which has stood the test 

of time. 
5
 

                  



 

4 
 

                 Barth (1893) described the histology of bone replacement, later elaborated by 

Dallas B. Phemister (1914) as the concept of ‘creeping substitution’. 
2
 The autografts soon 

became the ideal choice due to their marked strength, biocompatibility, and resistance to 

infection. 
4
 The credit of the first documented autograft goes to Walther (1821). Various 

potential donor sites for bone graft were studied subsequently, such as tibia (Seydel 1889), 

ribs (Dobrotwoski 1911), scapula (Ropke 1912), ilium (Mauclaire 1914) and sternum (Muller 

1915). 
1,2,4

 In order to overcome the donor site morbidity of full-thickness bone, Hacker 

(1903) introduced the use of only the outer cortex (split thickness bone graft) which is the 

current gold standard. 
4
  

                  The constant developments ushered in a new age of promising reconstructive 

alternatives. Zander, 1940 first implanted Methyl methacrylate (MMA) and it was widely 

used during World War II. The idea of resorbable implants arose in 1960 while the benefits 

of Hydroxyapatite became evident in 1970. Polyetheretherketone (PEEK) implants were 

primarily devised for spinal surgery and hip replacement surgery in 1998 and currently 

designed specific to the craniotomy defect with 3D printing technologies. 
1,5

 Application of 

the emerging frontrunners of bone regeneration such as stem cells and recombinant growth 

factors hold enormous promise in cranioplasty. 
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Abstract

Introduction

The World Health Organization’s (WHO) Labour Care Guide (LCG) is a “next‐generation” partograph
based on WHO’s latest intrapartum care recommendations. It aims to optimize clinical care provided to
women and their experience of care. We evaluated the LCG’s usability, feasibility, and acceptability
among maternity care practitioners in clinical settings.

Methods

Mixed‐methods evaluation with doctors, midwives, and nurses in 12 health facilities across Argentina,
India, Kenya, Malawi, Nigeria, and Tanzania. Purposively sampled and trained practitioners applied the
LCG in low‐risk women during labor and rated experiences, satisfaction, and usability. Practitioners
were invited to focus group discussions (FGDs) to share experiences and perceptions of the LCG,
which were subjected to framework analysis.

Results
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One hundred and thirty‐six practitioners applied the LCG in managing labor and birth of 1,226 low‐risk
women. The majority of women had a spontaneous vaginal birth (91.6%); two cases of intrapartum
stillbirths (1.63 per 1000 births) occurred. Practitioner satisfaction with the LCG was high, and median
usability score was 67.5%. Practitioners described the LCG as supporting precise and meticulous
monitoring during labor, encouraging critical thinking in labor management, and improving the
provision of woman‐centered care.

Conclusions

The LCG is feasible and acceptable to use across different clinical settings and can promote woman‐
centered care, though some design improvements would benefit usability. Implementing the LCG
needs to be accompanied by training and supportive supervision, and strategies to promote an enabling
environment (including updated policies on supportive care interventions, and ensuring essential
equipment is available).

Keywords: childbirth, intrapartum care, labor, partograph, WHO Labour Care Guide

1. INTRODUCTION

In the past two decades, considerable efforts have been made to encourage and support pregnant
women to give birth in health facilities, where they ideally receive good‐quality intrapartum care from
skilled health personnel. An essential component of this care is ensuring that women are adequately
monitored during labor, typically by prospectively completing a partograph based on regular clinical
assessments during labor. 1 Although partograph designs vary, they typically track a woman’s vital
signs, cervical dilatation, fetal descent, uterine contractions, the use of medications in labor, and fetal
well‐being. The WHO‐modified partograph also has alert and action lines, which were meant to trigger
interventions during labor if progress is slower than 1 cm per hour. 1 In February 2018, WHO
published new recommendations on intrapartum care for a positive childbirth experience, which
included updated definitions and durations for first and second stage of labor, based on evidence from
systematic reviews. 2 , 3 , 4 The WHO guideline panel concluded that the duration of the first and
second stage of labor is highly variable, and a cervical dilation rate of 1 cm per hour in the first stage is
unrealistically fast for some women. They also concluded that a cervical dilatation rate slower than
1 cm per hour was by itself a poor predictor of adverse birth outcomes, and should not be the sole
indication for obstetric intervention. 2

To help practitioners implement these recommendations, WHO subsequently initiated development of
a “next‐generation” partograph known as the WHO Labour Care Guide (LCG) (Box 1, File S1). The
new design was intended to promote woman‐centered care, stimulate practitioners to think critically
around labor decision‐making, and (to the extent possible) individualize labor monitoring.
Development included expert consultations, iterative prototype development and testing, and
international survey of maternity care practitioners and qualitative research with midwives from 6
African countries. New features included the following: monitoring the use of supportive care
interventions (such as companionship and pain relief); removing the 1 cm per hour threshold relating to
the alert and action lines; documenting numerical values for monitored parameters; and explicit
threshold values to trigger action following all maternal and fetal assessments.

Aims of the WHO Labour Care Guide

The Labour Care Guide aims to support health care practitioners:
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2.2.1. Phase 1—health care practitioner sampling and training

2.2.2. Phase 2—recruitment of women and application of LCG

Monitor maternal and fetal status and progress in labor;

Continuously remind practitioners to offer supportive care throughout labor;

Guide practitioners on what observations should be regularly made and recorded during
labor, to identify any emerging complication in mother and/or baby;

Provide reference thresholds for abnormal labor observations that should trigger specific
action(s);

Minimize overdiagnosis and underdiagnosis of abnormal labor events and unnecessary use of
interventions; and

Support audit and quality of care improvement.

It is critical to ensure that the LCG performs as intended and can meet the needs of maternity care
practitioners. The aim of this project was to evaluate the usability, feasibility, and acceptability of the
LCG, and barriers and facilitators to its use, in routine clinical settings. It also aimed to identify what
improvements could be made to the LCG to enhance usability.

2. METHODS

This was a three‐phased, mixed‐methods project where skilled health personnel (ie, doctors, midwives,
or nurses) were trained in how to use the LCG (Phase 1), applied the LCG in managing the labor of
low‐risk women (Phase 2), and participated in focus group discussions on their experiences (Phase 3).
We adopted the International Organization for Standardization definition of usability as “the extent to
which a product can be used by specified users to achieve specified goals with effectiveness, efficiency
and satisfaction in a specified context of use.” 5 The LCG design used in this evaluation is provided
(File S1). The project was conducted in accordance with Good Clinical Practice (GCP) standards, and
results reported were in line with STROBE and COREQ guidance. 6 , 7 All participating practitioners
and women signed an informed consent form before participation.

2.1. Setting

A convenience sample of 12 hospitals across six countries (Argentina, India, Kenya, Malawi, Nigeria,
and Tanzania) was identified. Participating hospitals were those with more than 1000 births per year,
with a minimum of 25 skilled health personnel working in labor ward, and who were able to provide at
least basic emergency obstetric and neonatal care (Table S1). Apart from the LCG, clinical care
provided to women was according to the existing practices in these hospitals.

2.2. Design and participants

At each hospital, at least 10 skilled
health personnel who were employed on labor ward and experienced in use of a partograph were
approached to participate. Practitioners were purposively sampled to ensure participation of relevant
cadres providing labor care in the hospital, and representation from senior and junior staff and from
different shifts. Consenting practitioners attended an in‐person workshop where they received practical
training on how to use the LCG correctly, by means of a standardized implementation manual and
training package in English (five countries) and Spanish (Argentina only).
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2.2.3. Phase 3—focus group discussions with practitioners

2.4.1. Quantitative analysis

2.4.2. Qualitative analysis

Women attending participating hospitals for childbirth were prescreened in order of arrival to identify
women being admitted for childbirth with term, singleton pregnancies with a live fetus and normal vital
signs. These women were formally screened using a standardized form. If eligible, they were invited to
undergo an informed consent process by means of a private interview in a language of the woman’s
choice. Eligible women were aged 18‐34 years; at ≤5 cm cervical dilatation with a cephalic
presentation and a vaginal birth was anticipated; had no uterine scar; and were otherwise considered as
low‐risk according to the local guidelines. Consenting women were enrolled and their data collected
until 1 hour after complete expulsion of the placenta. Practitioners continued to enroll women until the
per‐country sample size of 200 women was reached.

In Phase 3, all participating practitioners
were invited to attend a focus group discussion (FGD) and completed a questionnaire on their
experiences with the LCG. One FGD per hospital was conducted using a structured discussion guide
(File S2) and led by a local facilitator experienced in qualitative research methods. The FGDs explored
health care practitioners’ views on usability, feasibility, and acceptability, and barriers and facilitators
to using LCG in their setting. Participants were also invited to suggest improvements to the LCG
design and training materials. In five of the six countries (India, Kenya, Malawi, Nigeria, and
Tanzania), FGDs were conducted in English or a mix of English and local language. In Argentina,
FGDs were conducted in Spanish.

2.3. Data collection and management

Participating practitioners and enrolled women were assigned unique numbers, and only deidentified
data were collected. Each practitioner completed a questionnaire after the initial training workshop.
Practitioner’s experiences with LCG were collected by means of a postpartum questionnaire after each
birth using a 5‐point Likert scale. After enrollment had concluded, each practitioner completed a
satisfaction and usability questionnaire. Satisfaction was measured for each section of the LCG and
overall using a 5‐point Likert scale. Usability was assessed using an adaptation of the System Usability
Scale (SUS), a valid, reliable, and widely used 10‐item instrument for assessing usability. 8 Project
staff also extracted data from medical records on enrolled women’s characteristics, the use of obstetric
interventions during labor and childbirth, and birth outcomes. All data were collected using paper
forms and entered into REDCap, 9 a GCP‐compliant, password‐protected online data management
system with validation checks. Data queries and discrepancies were resolved at site level. All project‐
related information was stored securely at project sites, with participant information in locked file
cabinets in areas with limited access.

2.4. Analysis

All data were generated from the online data management system, with the
analysis based on the multicountry database. The analysis was descriptive (without statistical inference
testing), with outcomes reported by site and overall. Categorical data were reported using proportions
and percentages, and continuous variables, using median and interquartile range (IQR). Data on
practitioner’s perspectives were assessed overall and by site, cadre (doctor, midwife, nurse), maternal
parity (nulliparous or multiparous), and number of births attended using LCG (<5 or ≥5 births). SUS
scores were converted to a score out of 100, with >70 considered “good” (File S3). 10 Analyses were
performed using SPSS 26 (IBM Corp).

All FGD transcripts, field notes, and participant‐generated data were
imported into NVivo 12 (QSR International). Transcripts in Spanish were translated into English, with
coding of all transcripts conducted centrally. Qualitative data were analyzed using framework analysis.
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11 An a priori coding framework was developed based on two existing evidence syntheses exploring
barriers and enablers for partograph use. 12 , 13 Two researchers applied these codes in duplicate to
two transcripts from one country (Tanzania), and compared data under each code to refine the coding
framework and code definitions. The final coding framework was applied independently by the
researchers to the remaining 10 transcripts. Researchers met frequently during coding to share
reflections on the data and discuss application of the coding framework. Once coding was complete,
data under each code were reviewed, and axial coding was applied to develop subcodes and analytical
themes. Qualitative research leads from each site verified country‐specific data contributing to each
finding and contributed to overall interpretation.

3. RESULTS

3.1. Quantitative findings

A total of 136 practitioners across 12 hospitals participated. In total, 64.7% were midwives, 33.1%
were doctors, and 2.2% were nurses (Table 1). After completing the practical training, most
practitioners agreed or strongly agreed that the workshop and the training manual were helpful (95.1%)
and that they felt ready to use the LCG (82.4%) (Table S2). Participating practitioners identified 1268
eligible women, of whom 1,226 consented and were enrolled. Most women were aged between 18 and
30 years (85.1%), married or cohabitating (95.4%), had 10 or more years of formal education (61.6%),
and had no previous births (43.4%) or 1‐2 previous births (41.8%) (Table 2). In total, 91.6% had a
spontaneous vaginal birth, 1.3% had an instrumental vaginal birth, and 7.1% had a caesarean section.
In total, 4.4% of babies were <2500 g, 3.3% were more than 4000 g, and there were two stillbirths
(equating to an intrapartum stillbirth rate 1.63 per 1000 births). No maternal deaths occurred.

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8246537/table/birt12511-tbl-0001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8246537/table/birt12511-tbl-0002/
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Table 1

Characteristics of participating practitioners

N %

Total 136 100.0

Professional role

Doctor 45 33.1

Midwife 88 64.7

Nurse 3 2.2

Number of years of experience providing clinical care in labor ward

≤1 yr 26 19.1

<1‐5 yrs 60 44.1

>5 yrs 50 36.8

Gender

Female 99 72.8

Male 37 27.2

Births attended in the past 4 wks

Less than 30 births 84 61.8

30 to < 50 births 18 13.2

50 or more births 34 25.0

Open in a separate window

Prior to commencement of project.

 a

a

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8246537/table/birt12511-tbl-0001/?report=objectonly
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Table 2

Characteristics of participating women

Open in a separate window

Does not total to 100% as women may have >1 pain management option

N %

Total 1226 100.0

Maternal age (y)

18‐24 616 50.2

25‐30 428 34.9

31‐34 182 14.8

Maternal education (y)

0‐6 177 14.4

7‐9 294 24.0

10‐12 500 40.8

13 or more 255 20.8

Marital status

Married/cohabitating 1170 95.4

Single/separated/widowed/divorced 55 4.6

Missing 1 0.1

Parity

0 532 43.4

1 or 2 513 41.8

3 or more 181 14.8

Best obstetric estimate of gestational age (completed weeks) at time of birth (median, IQR) 39 2

Final mode of birth

Cephalic vaginal birth 1113 90.8

Breech vaginal birth 10 0.8

Vacuum or forceps vaginal birth 16 1.3

Cesarean section 87 7.1

Pain relief

Nonpharmacological pain relief 544 44.4

Oral pain relief medication 47 3.8

Epidural and/or spinal 63 5.1

Injectable analgesic (IM or IV) 187 15.3

 a

a

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8246537/table/birt12511-tbl-0002/?report=objectonly
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When completing questionnaires about their experiences with the LCG after each birth (n = 1226),
practitioners agreed or strongly agreed that they were able to use the LCG (96.0%) and complete it
correctly (94.2%), that they were satisfied using the LCG (91.0%), and that the LCG was helpful in
managing the woman’s labor and childbirth (90.2%) (Table 3). At 79.5% of births, practitioners agreed
or strongly agreed that they were satisfied with the LCG design (Table 3). In general, Argentinean
practitioners had lower experience rankings than other countries (Table S3). Practitioner experiences
were largely similar when stratified by cadre (doctors, midwives, nurses) or woman’s parity; however,
there was a trend toward better practitioner experiences when they had attended more than five births
using LCG (Table S3).

 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8246537/table/birt12511-tbl-0003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8246537/table/birt12511-tbl-0003/
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Table 3

Practitioner’s perspectives on using the LCG (after each birth)

Open in a separate window

After enrollment was completed, each practitioner rated their satisfaction with different sections of the
LCG (Table S4). The highest practitioner satisfaction score was reported for the supportive care
monitoring section (87.5%), and the lowest score was reported for the birth outcomes section (66.2%).

N %

Total 1226 100

I was able to use the LCG in managing this labour and childbirth

Strongly agree 580 47.3

Agree 597 48.7

Neither agree nor disagree 46 3.8

Disagree 2 0.2

Strongly disagree 0 0.0

Missing 1 0.1

I was able to complete the LCG correctly

Strongly agree 495 40.4

Agree 659 53.8

Neither agree nor disagree 57 4.6

Disagree 14 1.1

Strongly disagree 0 0.0

Missing 1 0.1

I was satisfied using the LCG in managing this woman’s labour and childbirth

Strongly agree 479 39.1

Agree 627 51.1

Neither agree nor disagree 108 8.8

Disagree 11 0.9

Strongly disagree 0 0.0

Missing 1 0.1

The LCG was helpful in managing this woman’s labour and childbirth

Strongly agree 516 42.1

Agree 600 48.9

Neither agree nor disagree 95 7.7

Disagree 14 1.1

Strongly disagree 0 0.0

Missing 1 0.1

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8246537/table/birt12511-tbl-0003/?report=objectonly
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3.2.1. Acceptability

In their final assessment, 75.7% of practitioners agreed they were satisfied with the LCG design
overall. Usability scores ranged from 22.5 to 95, with a median score of 67.5 (interquartile range: 57.5
to 75.0). In total, 58 practitioners (42.6%) scored the LCG as 70 or greater (ie, good usability). Within
the component questions of the SUS score (File S3), an outlier was 45.5% of practitioners agreeing that
“I needed to learn a lot of things before I could get going with the Labour Care Guide.”

3.2. Qualitative findings

Twelve FGDs were conducted with 105 staff (35 doctors, 69 midwives, and one nurse). A summary of
findings is presented below.

Although many practitioners across all sites found adopting a new tool challenging,
most reported that they became comfortable using the LCG with practice.

There was a consensus that recording numerical observations within the LCG was more precise, and
consequently more accurate, than recording information graphically (such as in alternative
partographs). However, some practitioners found this required more attention and could be more time‐
consuming.

Practitioners in Argentina and Kenya noted that the LCG presented numerical observations in a visual
way (by circling alerts, and through documenting dilatation and descent on a grid) and that this was
easy to interpret quickly. Other practitioners (in India, Malawi, Nigeria, and Tanzania) said that the
LCG is more difficult to quickly scan and interpret, compared with partographs that use predefined
alert and action lines.

Practitioners across all sites appreciated the one‐page structure and found its content to be streamlined
and coherent, though there was a strong consensus that the layout needed to be larger. They
consistently reported that the current layout made it impossible to complete legibly in real time. This
affected its usefulness, with practitioners not writing all observations, taking too long to write (at the
expense of other tasks), writing on a separate piece of paper to copy over later, or writing illegibly.

Practitioners in multiple sites also reported that the frequency of monitoring was different from their
usual practice, although several practitioners also noted that it was no more frequent than existing
recommendations. In Argentina, practitioners indicated women were concerned that monitoring was

After the first day […] things started getting easier, and even enjoyable to use after a week
(Midwife, Kenya)

[E]specially while marking the blood pressure and pulse it is easy to write rather than searching
for the number and then putting the dot and then connecting the graph which we usually do […]
Contractions and the vital [signs] are easy to write. (Doctor, India)

[T]he previous one [partograph] would tell if the baby is in distress by just looking, it was not
taking us too much energy to think that the baby is in distress. Unlike this one, you have to think
about how the fetal rate is as compared to the normal. (Midwife, Malawi)

[O]ne extremely difficult thing is the space to fill. It's tiny. With my handwriting, when I write the
heart rate, it cannot be read directly. (Midwife, Argentina)
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3.2.2. Utility

3.3.1. Time and workload

less frequent than they expected, whereas in other sites, the frequency of monitoring led some women
and families to believe there was a problem. Several practitioners reported that responding to these
concerns added to their workload.

Practitioners reported that the LCG supported frequent, meticulous, and timely monitoring
of woman and baby, and guided objective, data‐driven decision‐making, with positive impacts on the
quality of labor care and maternal and newborn health outcomes. In all settings except Argentina,
practitioners stated the LCG prompted staff to assess women in labor more frequently, and record more
observations, compared with routine practice in their labor wards. Practitioners perceived that this had
improved quality of care and health outcomes. Specifically, practitioners across multiple sites
perceived that the LCG supported them to be more responsive to women’s unique labors, reducing
unnecessary and early interventions.

Practitioners across all sites also emphasized that using the LCG guided them to provide supportive,
person‐centered labor care—whether or not they had been familiar with WHO guidance on supportive
care—and strengthen the relationships between health practitioners and women.

Overall, practitioners across all sites considered the LCG an effective source of information that was
precise, coherent, and relevant. They also reported there was no duplication of information within the
LCG, although in some sites, the LCG captured information that was documented in existing local
health records. However, some practitioners across multiple sites were concerned that specific
information, which is normally reported in the woman’s medical record but which they consider
essential to labor care was missing from the LCG. Examples were maternal HIV status, maternal blood
type and rhesus status, and postpartum hemorrhage in the third stage of labor.

Many practitioners across multiple sites commented that the LCG supported practitioners’ critical
thinking in planning labor care and also facilitated clinical handover. Practitioners speculated that staff
at primary care facilities (with less training and support) may not be equipped to lead labor care
planning.

3.3. Anticipated barriers and facilitators to using LCG

Practitioners were asked to consider what possible barriers and facilitators may affect using LCG
(based on their initial experience with the LCG and their routine partograph).

Using the LCG, we show more care to our patients than before, we provided them what they
needed. So we had less complications and less interventions [due to] early detection and decision
making. (Midwife, Nigeria)

We all know what the WHO's [supportive care] recommendation is, but many professionals do not
offer it because they are used to working fast […] No one wants to fill it [the LCG] up with pure
no, no, no, so it forces you somehow to offer it [supportive care] to the patient. (Midwife,
Argentina)

As you know, HIV now is a challenge in our country […] But here it’s not clearly indicated that
the serostatus of the mother is reactive, or how long she has been on treatment, whilst in previous
labour charts we were using it’s there. (Midwife, Malawi)
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3.3.2. Equipment and supplies

3.3.3. Knowledge and skills

Practitioners across all sites reported that heavy workloads in labor wards make it challenging to
consistently take all observations and can contribute to making errors. In all sites except Argentina,
practitioners indicated that completing the LCG for some women would mean that other women in
labor would not receive the care they needed. Practitioners in several sites described situations where
they had not been able to complete the LCG, or not in real time, because another woman required
urgent or critical care. However, practitioners acknowledged that heavy workloads and time pressures
make it challenging to use any partograph, regardless of design.

Practitioners also commented that the frequency of observations and the time required to make certain
observations for the LCG created an additional time burden, compared with their existing partograph.
However, practitioners across several sites commented that because the LCG reduced unnecessary and
early interventions through improved monitoring and facilitated more responsive, personalized labor
care, it reduced their workload overall.

In all sites except Argentina, practitioners reported challenges in
accessing basic equipment and supplies, such as thermometers, sphygmomanometers, urinalysis strips,
watches, and Doppler fetal monitors.

Practitioners in multiple sites reported that not all staff responsible for
completing the LCG, particularly at primary facilities and in rural areas, would have the skills required
to take certain measurements (such as assessing caput, molding, and fetal position), particularly at
primary facilities and in rural areas.

Although some practitioners commented that the alerts effectively triggered action, others felt that the
absence of alert and action lines made it more challenging to understand how and when to respond, and
that a higher level of knowledge would be required to use the LCG.

Practitioners also commented that there needs to be increased knowledge of current WHO labor care
recommendations across a range of stakeholders, including health staff working outside the labor ward,
health policymakers, and women’s families and communities, in order to support effective use of the
LCG.

It is difficult where one staff member has 10 mothers. It is quite difficult, almost impossible, the
monitoring will be not be done well. […] (Midwife, Kenya)

[W]hen we talk about the time that we need to sit and fill it, then we may feel it added to our
workload. But eventually, since at the long run, interventions have been reduced and the patients
end up with a normal labour and go home after a few hours after delivery instead of having a
[caesarean section], and then also staying for more than 4‐5 days […] I think in the long run, it
reduced our workload. (Doctor, Nigeria)

I got challenge for […] filling this protein plus or albumin. […] The resources are for high‐risk
women, not every mother in the labour ward. […] they are there for those with oedema and high
blood pressure. (Doctor, Tanzania)

[I]n the previous partograph […] by just looking at it we know whether it is crossing the alert line
[…] we can look at it and say that this patient needs immediate intervention, but now it becomes
little bit cumbersome to go through the details (Doctor, India)
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3.3.4. Policy and procedures In all countries except Argentina, practitioners reported that national or
hospital policies relating to the physical layout of labor wards, equipment and medical supplies, and
standard protocols for labor care would need to be updated to provide an enabling environment. This
was particularly the case for supportive care interventions requiring pain management protocols,
storage of analgesics, and physical arrangements to facilitate birth companions.

4. DISCUSSION

4.1. Key findings

This multicountry, mixed‐methods evaluation demonstrated that the proposed LCG design is feasible to
use in routine clinical settings. An international sample of 136 doctors, midwives, and nurses from 12
hospitals were trained to use the LCG, and applied it in 1226 low‐risk women. In total, 91.6% of
women had a spontaneous vaginal birth and there was an intrapartum stillbirth rate of 1.63 per 1000
births. Practitioners were highly satisfied with the LCG when using it to monitor women in labor. They
highlighted it was a coherent and streamlined tool that prompted them to make more precise, accurate
documentation during labor, which supported critical thinking in labor care. This made them more
responsive to women’s unique needs and facilitating clinical handover. Practitioner experiences became
more positive with practice, and they reported that the LCG improved the quality of care provided to
women.

We also aimed to identify areas where the LCG design could be improved. Usability evaluation is
performed to provide real‐world data on product performance so it can be optimized. 5 , 14 Improving
the LCG’s design and functionality can in turn improve its acceptance by health care practitioners and
reduce misuse. 5 We interpreted the usability scores (using an adaptation of the validated System
Usability Scale) to mean that design refinements could further improve user experience. A major
finding was the need to increase the cell size in which regular assessments are documented—
practitioners indicated this would make it easier to complete and interpret in busy labor wards. Lower
satisfaction scores for some LCG sections (particularly birth outcomes and monitoring of baby) also
indicates areas where design can be improved. Usability scores were affected by 45.5% of practitioners
indicating that they needed to “learn a lot of things before I could get going with the LCG”. This is
possibly related to the training required to use the LCG, or perhaps labor management skills more
broadly. This was also reflected in the qualitative findings around the need for practical training to
support LCG introduction and implementation. Findings from this evaluation have also informed the
improvement of the LCG manual and training materials. Effective initial and ongoing training is
essential to ensuring not only that labor observations are performed in a timely manner, but also that
the appropriate actions are taken when abnormal observations are identified, including seeking senior
help where appropriate.

Practitioners identified several challenges to using LCG that are common to the use of any partograph.
A 2014 systematic review on partograph use in low‐income and middle‐income countries found that
while the partograph was generally seen as a useful tool for monitoring labor, its use was often
perceived as time‐consuming. 13 Similarly, participating practitioners highlighted that using LCG can
be challenging in settings with insufficient numbers of staff and that these pressures can contribute to
avoidable errors. Some themes emerging from the qualitative component reflect that not all
practitioners are able (or accustomed) to implementing WHO’s full package of intrapartum care

[O]ur labour [ward] cannot accommodate and will never accommodate a companion (Midwife,
Malawi)
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recommendations. For example, practitioners described their facility as unable to accommodate labor
companions without additional space, privacy measures, or updated facility policies. Furthermore,
broader, more systemic barriers identified by practitioners (such as insufficient staff and lack of
essential equipment) will negatively affect on the use of any labor monitoring tool.

These findings echo the 2017 realist review by Bedwell et al 12 that showed that to use a partograph
effectively, practitioners need essential equipment (sphygmomanometers, thermometers, and fetal
stethoscopes); clear hospital policies on correct partograph use; effective supervision; and regular
refresher training. The design of the LCG (or any labor monitoring tool) alone cannot address these
broader systemic issues, which require dedicated efforts on quality improvement, infrastructure
development, and, in some instances, policy reform and increased staff. Implementation research on
how evidence‐based intrapartum care packages can be effectively adopted into routine care in limited‐
resource settings is needed. Ideally, these efforts are championed by national or health facility
leadership and accompanied by the necessary supplies, training, and enabling environments to ensure
practitioners can monitor labor consistently and take prompt action when needed. Some comments
from practitioners reflected context‐specific routine practices that may not apply to all settings (eg, that
HIV status or blood type should be routinely documented on the tool), which are best addressed
through adaptation at national or facility levels.

In some instances, findings from Argentina differed from other sites, including lower levels of
satisfaction. These practitioners had on average more years of experience in labor wards compared with
practitioners from other countries. This may have led to higher confidence in their usual clinical
practice, and less courtesy bias when rating their experience. In addition, Argentinean practitioners
reported working in well‐equipped environments with detailed labor records, which could have
contributed to greater satisfaction with their usual practice. Furthermore, Argentina was the only study
site that used a translated tool and training materials, whose uptake may require cultural adaptation.

Strengths of this project include a robust, mixed‐methods design conducted using a standard protocol
across multiple countries and care settings, with a diverse group of practitioners. One limitation was
that the prevailing intrapartum care practices (and adapted partograph designs) varied across sites—
practitioners sometimes expressed a preference for their customary practice. Another limitation was
that not all WHO‐recommended interventions (particularly labor companionship and pain
management) were practiced in all hospitals, leading practitioners to highlight that they were unable to
use these interventions when prompted by the LCG. In this sense, the LCG is highlighting deficiencies
in routine care that need to be acted on by health system managers.

5. CONCLUSIONS

The new LCG was feasible to use in different hospitals and countries with variable intrapartum care
practices. Although practitioners were highly satisfied, they identified some areas where the LCG
design could be improved to enhance usability. As a redesigned WHO partograph, the LCG has the
potential to promote woman‐centered care and continuous assessment and decision‐making throughout
labor. Implementing the LCG should be accompanied by the necessary initial and ongoing training, and
supportive supervision, and strategies to promote an enabling environment for practitioners to use LCG
efficiently. This includes ensuring essential equipment is available, and updating facility policies on
effective intrapartum interventions.
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Abstract

Objective: To define diagnostic VNG features in anterior canal BPPV during positional testing (Dix-
Hallpike, supine head hanging, and McClure Pagnini tests).

Study Design: A retrospective study of patients diagnosed with anterior canal BPPV across four
referral centers in New Delhi, Kochi, Bangalore, and Dubai.

Subjects and Methods: Clinical records of 13 patients with AC BPPV out of 1,350 cases, during a 3-
years period, were reviewed and analyzed by four specialists.

Results: Four patients had positional down beating nystagmus with symptoms of vertigo during the
bilateral DHP maneuver. Seven cases had positional down beating nystagmus only on one side of DHP.
Typical down beating nystagmus was seen in 10 out of 13 cases during the straight head hanging
maneuver. Down beating torsional nystagmus was seen in 6 out of 13 cases. Down beating with
horizontal nystagmus was seen in three cases (in DHP and MCP mainly) while pure down beating
nystagmus during SHH was only seen in four cases.

Conclusion: We conclude that anterior canal BPPV is a rare but definite entity. It may not be apparent
on positional testing the first time, so repeated testing may be needed. The most consistent diagnostic
maneuver is SHH though there were patients in which findings could only be elicited using DHP
testing. We recommend a testing protocol that includes DHP testing on both sides and SHH. MCP
testing may also evoke DBN with or without the torsional component. Reversal of nystagmus on
reversal of testing position is unusual but can occur. The Yacovino maneuver is effective in resolving
AC BPPV. We also propose a hypothesis that explains why DHP testing is sensitive to AC BPPV on
either side, whereas MCP lateral position on one side is only sensitive to AC BPPV on one side. We
have explained a possible role for the McClure Pagnini test in side determination and therapeutic
implications.

Keywords: Anterior canal BPPV, VNG, VNG features, Dix Hallpike test, McClure Pagnini, Yacovino
maneuver, Down beating Nystagmus, Benign paroxysmal positional vertigo
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Introduction

Benign positional paroxysmal vertigo (BPPV) is the most frequent vestibular disorder displaying a
10% incidence rate in the general population (1). Posterior-canal BPPV accounts for 80–90% of cases,
while lateral-canal BPPV (LC-BPPV) occurs in 10–20% of patients. Anterior (superior) canal BPPV
(AC BPPV) is very rare (1–2%) (2–4).

Posterior canal BPPV, and lateral canal BPPV are well-defined entities, and their diagnosis is based on
the direction of the nystagmus elicited by head position change, which include up beating and torsional
in posterior canal BPPV and horizontal in horizontal canal BPPV.

The diagnostic criteria for BPPV of the anterior semi-circular canal (AC BPPV) is less clearly defined.
Even the existence of the AC BPPV has been questioned (2).

The presence of a downbeat nystagmus with or without a torsional component during positional testing
is the only described feature of AC BPPV (5). There is a need to firmly establish the existence of,
define the diagnostic criteria, and clarify the treatment for AC BPPV.

To this end, we undertook an analysis of 13 cases of AC BPPV with a view to identify reliable
diagnostic criteria during positional tests like supine head hanging (SHH), Dix-Hallpike (DHP) and
McClure Pagnini (MCP) tests for this rare form of BPPV.

Materials and Methods

This study analyzed patients diagnosed with AC BPPV from among over 1,350 patients of vertigo,
seen in four referral centers for vertigo and dizziness in New Delhi, Kochi, Bangalore, and Dubai,
during a 3-years period from 2017 to 2020. The records, both clinical and VNG, were each reviewed
by all four vertigo specialists equally, and only 13 cases of AC BPPV were confirmed.

The patients were tested as per protocol and treated in their respective centers, and consent for the use
of the data for publication after suitable anonymization was obtained.

The patients' details and VNG findings were discussed jointly by the consultants via video
conferencing at a meeting convened for this study.

All these patients had been referred for a neuro-vestibular opinion after excluding other medical and
central causes, because of one or more of the following problems: vertigo, dizziness, or postural
instability.

The clinical history was compatible with BPPV, i.e., describing brief episodes of rotational vertigo
lasting for a few minutes, when turning in bed, lying down and looking up, bending forwards, or
extending the head backwards.

The physical examination consisted of a basic clinical, neurological evaluation and otoneurological
examination such as range of motion of eyes, Otoscopy, Romberg and Unterberger tests, and cranial
nerve and cerebellar tests.

Videonystagmography was undertaken using the same device (Balance Eye ®) in all centers. Balance
Eye is a binocular VNG system which is class 2A European CE certified. It has the provision for eye
movement recording with vision allowed and denied. We evaluated oculomotor activities like saccades,
smooth pursuit, gaze with and without fixation and responses to horizontal high frequency headshake,
hyperventilation, lateral canal head impulse test, and positional tests.
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To explain the movement of otoconial debris in the McClure Pagnini position, we used the three-
dimensional (3D) study tool of the membranous labyrinth named BPPV viewer developed by Traboulsi
and Teixido (6).

The diagnosis of BPPV was confirmed using the diagnostic criteria established by the (2). These
include a history of recurrent transient positional dizziness/vertigo and an induced positional
nystagmus by the Dix-Hallpike test (DHP), McClure Pagnini supine roll test (MCP) done bilaterally,
and supine head hanging test (SHH) (5, 7, 8).

A diagnosis of AC BPPV was made if a short duration (less than a minute) of vertical down beating
nystagmus (DBN) with or without a torsional component was observed during the DHP and/or SHH
tests. We used the Barany society criteria (9) to record the type of torsional nystagmus. The nystagmus
beats predominantly downward but with a small torsional component in which the upper pole of the
eye beats toward the affected ear (9).

The AC BPPV was classified as Definite if the vertigo was resolved by a repositioning maneuver
(Yacovino maneuver) (5) and Probable if it was refractory (5).

Case Reports

Case 1

A 73-year-old female complained of vertigo of a spinning nature, 2 min in duration, and was present
only when changing head posture and bending forward for 3 months. It was not associated with any
other symptoms like headache, phonophobia, and photophobia. It was relieved after vomiting. Her
medical and audiological examination was normal for her age.

VNG Examination

DBN was seen during the DHP on the right with extension, the DHP on the left was negative. Down
beating nystagmus was seen on the right lateral MCP and supine head extension (90°) maneuver. She
was treated with the Yacovino maneuver and her symptoms resolved instantly. We unfortunately lost
this patient before follow-up.

Case 2

A 67-year-old lady had complaints of a “spinning” sensation with vomiting over the last 3 months with
reduced hearing and aural fullness of the right ear. Over the last year she had occasionally experienced
tinnitus in both ears, with the right being more affected than the left ear. She also had hypertension and
cervical spondylosis. Audiological evaluation showed mild sensorineural hearing loss in the right ear
and normal hearing with a sensorineural component at high frequencies in the left ear. Cervical VEMP
was normal for both ears. The medical and neurological examination was normal.

VNG Findings

The saccades and smooth pursuit examination were normal. Down and right beating nystagmus was
seen during the DHP on the left and right (left > right).

The Yacovino maneuver was done but the symptoms recurred after 5 days. We attempted the Yacovino
maneuver again on a second visit, but she was not relieved of her symptoms. We performed the DHP
maneuver and saw that DBN was more on the left than the right side on her third visit. We performed
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the Yacovino maneuver again with her head rotated to the right side by 30° to make the left anterior
canal more vertical. She was relieved of vertigo sensation after that maneuver. The symptom-free
follow-up period is now 3 months.

Case 3

A 43-year-old male came in with a history of spinning vertigo lasting for less than a minute starting 2
weeks prior. The vertigo was triggered by positional changes like sitting up from the supine position
and while turning in bed. The vertigo was associated with nausea. He denied any history of head injury.

His clinical examination was normal. On positional testing the DHP test on the left side elicited the
symptoms of vertigo and down beating torsional (upper pole of eye beating to left) nystagmus. On
getting up, the patient had symptoms of vertigo without any apparent nystagmus on VNG. The MCP
maneuver was negative on the right side. On the left side, the patient had symptoms of vertigo and
down beating nystagmus. The SHH maneuver elicited vertigo and down beating torsional (upper pole
of eye beating to left) nystagmus. The patient underwent the Yacovino maneuver with apparent success
and his symptoms resolved and have not recurred over the last 6 months.

Case 4

A 65-year-old male presented with vertigo and neck pain starting 2 years prior. Vertigo episodes were
brought on from getting up from bed and looking down. It lasted for a few seconds along with the
sense of imbalance. Audiometric findings revealed bilateral moderate to severe high frequency
sensorineural hearing loss.

VNG Findings

During the DHP test, a few down beats were seen with extension on the right, while the left was
negative for vertigo and nystagmus. On the right lateral during MCP down and left beating nystagmus
was seen, while returning to supine position displayed only down beats.

The Yacovino maneuver was done on follow-up and he recovered from vertigo attacks. He has been
symptom-free for the past 2 months.

Case 5

A 56-year-old lady complained of vertigo especially when looking down and turning her head to either
side 1 month prior. She also had left ear pain and tinnitus and had fallen once for which she was
admitted. She was unable to do her daily chores of house cleaning and washing clothes. Her medical
and neurological examination was normal, and apart from degenerative changes in the cervical spine,
there were no comorbid conditions.

VNG Findings

Left and down beating nystagmus was seen on right during the DHP test, which reversed to right and
down on making her sit, left, and DBN was seen on the right lateral of the MCP with reversal on
getting up. Disappearance of symptoms after the Yacovino maneuver led to the diagnosis of AC BPPV.
The patient has been symptom-free for 6 weeks now.

Case 6
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A 55-year-old gentleman presented with a history of short episodes of spinning vertigo when lying
down in bed and when turning over in bed for the last 4 months. The episodes were short, eventually he
also felt dizziness while walking. Dizziness subsided within 10 days but after 3 months he again felt
the same dizziness for which he came to our clinic.

VNG Findings

Down beats with associated vertigo were seen on right DHP maneuver. Short-lived down beats were
also seen on the SHH maneuver. He recovered from vertigo after the Yacovino maneuver and has been
symptom free for 2 months.

Case 7

A 43-year-old male came in with a history of spinning vertigo lasting for less than a minute during that
day. The vertigo was triggered by positional changes like sitting up from the supine position. He denied
any history of head injury. His clinical examination was normal.

VNG Findings

The DHP maneuver on the right side elicited the symptoms of vertigo and down beating nystagmus.
The torsional component was not apparent. There was no reversal of nystagmus on sitting up. The DHP
on the left side and MCP maneuver were negative. The SHH maneuver elicited vertigo and DBN. The
nystagmus duration was only for a few seconds and for 4–5 beats. The torsional component was not
apparent. The patient underwent the Yacovino maneuver and has been symptom-free for over a month
now.

Case 8

A 36-year-old male came in with a history of spinning vertigo lasting for less than a minute after 1
week. The vertigo was triggered by positional changes like sitting up from the supine position. He had
associated nausea and vomiting. He denied any history of head injury.

His clinical examination was normal. The DHP on both the sides was negative. The MCP maneuver on
the right side was negative and on the left side it elicited torsional (upper pole beating to left)
nystagmus. The SHH maneuver elicited vertigo and down beating torsional (upper pole beating to
right) nystagmus. The patient underwent the Yacovino maneuver and has been symptom free for a
period of 1 month.

Case 9

A 36-year-old female came in with a history of spinning vertigo lasting for less than a minute starting 3
weeks earlier. The vertigo was triggered by positional changes like bending down and moving her head
while walking. She had associated nausea and denied any history of head injury.

Her clinical examination was normal. The DHP on both sides was negative but while getting up from
the right side the patient had sitting up vertigo without any nystagmus. The MCP maneuver on the right
and left side was negative. The first SHH maneuver was negative (probably due to voluntary
convergence) but on sitting up the patient had vertigo with up beating nystagmus for 3 s. The second
SHH maneuver showed down beating torsional (upper pole beating to left) nystagmus. The patient
underwent the Yacovino maneuver and has been symptom free for over 1 month now.

Case 10
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A 50-year-old female came in with a history of spinning vertigo lasting for less than a minute starting
over 6 weeks prior. The vertigo was triggered by positional changes like turning to left in the supine
position. She had associated nausea and vomiting during a few episodes.

Her clinical examination was normal. She underwent positional testing. The findings were as follows:
the DHP test on both sides was positive and showed DBN without a torsional component. The MCP
maneuver on the right side was negative and on the left side it elicited torsional (upper pole beating to
left) nystagmus. The SHH maneuver elicited vertigo and down beating torsional (upper pole beating to
left) nystagmus. The patient underwent the Yacovino maneuver but the symptoms recurred again after
15 days. She recovered after a third Yacovino maneuver. She has been asymptomatic since then.

Case 11

A 46-year-old doctor came to our clinic with a history of spinning vertigo lasting for a few seconds for
the last 5 days. The vertigo was triggered by positional changes like turning to either side in the supine
position. It was also triggered by looking up and down. Neurological and other examinations were
normal.

She underwent positional testing with the help of VNG. The findings were as follows: the DHP test on
both sides was positive and showed DBN without a torsional component. On the right side, the DHP
showed down and right beating nystagmus. The SHH maneuver elicited vertigo and down beating
torsional (upper pole beating to left) nystagmus. The patient underwent the Yacovino maneuver but it
failed. She recovered after a fourth Yacovino maneuver. She has been asymptomatic since then
(Supplementary Videos 1, 2).

Case 12

A 52-year-old lady came in with a history of spinning vertigo lasting for less than a minute which
began that day. The vertigo was triggered by getting up from the supine position. She had associated
nausea and vomiting. She denied any history of head injury.

On positional testing, the DHP test on the right side elicited vertigo with DBN. On getting up from the
right side, the patient had sitting up vertigo without any nystagmus. DHP on the left side was negative
for symptoms and nystagmus, but the patient had sitting up vertigo without any apparent nystagmus.
The SHH maneuver elicited vertigo and down beating torsional (upper pole beating to right)
nystagmus. The patient underwent the Yacovino maneuver which resolved the symptoms.

Case 13

A 70-year-old gentleman came to our clinic with spinning vertigo which began 2 weeks prior. Duration
was for a few seconds and it was associated with position change and looking up and down. He had a
known case of hypertension and was taking regular medication.

VNG Findings

DHP on both sides showed DBN. No nystagmus was seen on the MCP test. Down beating nystagmus
was also seen during the SHH maneuver with extension. There was no reversal in any positional test.
The patient underwent the Yacovino maneuver twice which resolved his symptoms (Figures 1–3).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F3/
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Open in a separate window
Figure 1

Case 13—Dix-Hallpike left showing down beating nystagmus from 5 to 40 s (Only vertical movements
are shown in this graph).

Open in a separate window
Figure 3

Case 13—Supine head hanging showing down beating nystagmus from 5 to 25 s. Note that DBN is most
prominent in the left eye (Only vertical movements are shown in this graph).

Open in a separate window
Figure 2

Case 13—Dix-Hallpike right showing down beating nystagmus from 19 to 48 s (Only vertical movements
are shown in this graph).

Summary of all cases and findings are given in Tables 1, 2. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F3/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F2/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/table/T2/
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Table 1

Age, sex, history, and duration of vertigo in 13 patients.

No. Sex Age Clinical history Head
trauma

Time
course

Sensorineural hearing loss
(SNHL)

1 F 73 Vertigo No 3 months No

2 F 67 HT No 90 days Mild SNHL R

3 M 43 Vertigo No 14 days No

4 M 65 Neck pain, vertigo No 2 years B/L mod SNHL

5 F 56 Ear fullness, tinnitus, and
vertigo

No 30 days Yes

6 M 55 Vertigo No 120 days No

7 M 43 Vertigo No 1 day No

8 M 36 Vertigo No 7 days No

9 F 36 Vertigo No 21 days No

10 F 50 Vertigo No 6 weeks No

11 F 46 Vertigo No 5 days No

12 F 52 Vertigo No 1 day No

13 M 70 Vertigo No 14 days No

Open in a separate window

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/table/T1/?report=objectonly


1/18/22, 7:38 PM Clinical and VNG Features in Anterior Canal BPPV—An Analysis of 13 Cases

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/ 9/18

Table 2

Findings in DHP, MCP, and SHH maneuvers with direction and type of nystagmus.

DHP right DHP left MCP right
lateral

MCP left
lateral

SHH/ Yacovino Reversal

1 Down – Down – Down No

2 Down + H(Rt) Down + H(Rt) Not done Not done – No

3 – Down +
T(Left)

– Down Down + T(Left) No

4 Down – Down + H(Left) – Not done No

5 Down +
H(Left)

– Down + H(Left) – – Yes

6 Down – Not done Not done Down No

7 Down – – – Down No

8 – – – T(left) Down and T
(Right)

No

9 – – – – Down + T(Left) Yes

10 Down Down – Torsional (Left) Down +T(Left) No

11 Down + T(Rt) Down Not done Not done Down + T(Right) No

12 Down – Not done Not done Down + T(Right) No

13 Down Down – – Down No

Open in a separate window

H(rt) and H(lf) indicates Horizontal right and left beating nystagmus. T(lf) and L(rt) indicates Torsional
nystagmus with upper pole of eye beating to left and right side.

Discussion

The anterior semicircular canal is one of two semicircular canals in the sagittal plane, whose
anatomical orientation is 41° to the sagittal plane while the posterior canal is oriented 56° to the sagittal
plane. These canals converge at the crus commune, which leads to the utricle (10). Terms like superior
canal and anterior canal are used interchangeably in literature. In this article we will use the term
anterior canal (11).

Anterior canal BPPV (AC BPPV) is the rarest form of BPPV, with reported incidence of 1–2%, (4, 5,
12–14) although some authors have reported higher incidences in their series (10, 11). There is no
consensus on the diagnosis and treatment, and the existence of AC BPPV as a separate entity has been
questioned (15). In our study we noted an incidence of <1% (13 cases out of 1,350 cases of vertigo,
pooled data from four specialized vertigo clinics).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/table/T2/?report=objectonly
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Involvement of the anterior canal is suggested when a down beat nystagmus with a small torsional
component appears on positional tests. The torsional component, if it is present, is usually in the
direction of the involved ear as judged by the movement of the upper pole of the eye (12).

Note that DBN is also seen in cases of the apogeotropic variety of PC BPPV. DBN also occurs in
central positional nystagmus associated with various brainstem and cerebellar lesions (16, 17), and this
needs to be differentiated. In our study, central positional nystagmus was ruled out clinically and
radiologically prior to evaluation in the vertigo and balance clinics in all cases.

There are two features that make determining the side of AC BPPV difficult. The first is that the
torsional component may be very subtle and easy to miss. Second is that the nystagmus elicited is
similar during DHP testing (down beating) on both sides even when the unilateral canal is involved,
therefore the lateralization is hard to confirm (18–22).

According to the Barany Society criteria of 2015, the nystagmus of BPPV of the anterior canal can be
elicited by any or all the positional tests, such as DHP tests unilaterally or even bilaterally and the SHH
test (2) (Table 1).

Particles in the anterior canal can be free floating (canalolithiasis) or they might be attached to the
cupula (cupulolithiasis) (23). Canalolithiasis of the anterior canal has a latency of up to 10 s and a
maximum duration of 1 min. While cupulolithiasis of the anterior canal can present as persistent down
beating nystagmus (more than 1 min) with or without torsional nystagmus (23).

Dix-Hallpike Test (DHP)

The DHP test is traditionally considered as a test for BPPV of the ipsilateral posterior canal. However
as the test aligns a canal pair, i.e., ipsilateral posterior canal and contralateral anterior canal along the
gravity plane, it is actually a test of a pair of canals rather than an individual canal.

Note that during natural head movements, the same movement is stimulatory to one canal and
inhibitory to the other canal in the pair. During DHP testing, the gravity-induced debris movement is
stimulatory to the anterior canal when debris is present in the anterior canal and stimulatory to the
posterior canal when debris is present in the posterior canal. Therefore, the elicited nystagmus is that of
excitation of the involved canal.

Down Beating Nystagmus

In our study, seven patients (1, 3, 4, 5, 6, 7, and 12) had positional DBN during the unilateral DHP test,
while four patients out of 13 cases (cases 2, 10, 11, and 13) had positional DBN with symptoms of
vertigo on the bilateral DHP test.

Casani et al. in their series of 18 cases noted positional DBN unilaterally with the DHP maneuver only
in six cases and bilaterally in four patients (21).

Lopez-Escamez et al. found that DBN was seen during right DHP in five out of 14 cases, while during
left DHP in only three cases. Three cases had positional DBN during both the left and right DHP test
(22).

Similar findings are seen with Yang et al., where positional DBN was seen in 26 patients out of 40
during the DHP test (including both unilateral and bilateral), bilateral DHP was positive in 17 patients
out of 40 (24).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/table/T1/
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Bertholon et al. reported that out of 12 patients, the nystagmus was triggered by the DHP test
bilaterally in nine patients (75%) and unilaterally in one. In two patients with a typical history of
positional vertigo but had a negative DHP test, the straight head-hanging maneuver was performed and
was found to be effective.

The nystagmus of anterior canal BPPV is elicited in bilateral DHP testing even though only one side of
the canal is involved (Eggers et al. and Barany's criteria) (19). It is believed that during a contralateral
DHP maneuver, the affected canal is aligned with the gravity plane causing movement of the otolithic
debris, whereas during an ipsilateral DHP test, the canal is oriented orthogonal to the gravity plane
making it immune to gravity-induced debris movement. However, the fact that the anterior semicircular
canal makes an angle of 40° with the para-sagittal plane and DHP testing involves turning the head by
45° results in the canal not being perfectly orthogonal to the gravity plane when performing the
contralateral DHP test. This leads to movement of otolithic debris under the influence of gravity and
explains the nystagmus.

Torsional Nystagmus

In our study, torsional nystagmus was seen in four cases (2, 3, 5, and 11) during the DHP test.

According to Eggers et al., positional DBN of anterior canal BPPV is best seen in the SHH test (19).
But the torsional component is usually better seen with DHP positioning and less frequently seen with
a SHH test (4, 18, 21, 25).

Casani et al. noted that there was a torsional component of the nystagmus in six out of 18 cases, it was
noted in five cases in unilateral DHP and in one case, they found it on bilateral DHP (21).

All 14 patients had positional DBN on different positional tests including DHP according to Lopez et
al. (22). However, no torsional nystagmus was reported in their study (22).

According to Ewald et al. and von Brevern et al., the torsional component might or might not be seen
in AC BPPV (2, 5, 13, 26), possibly because of the anterior canal's anatomical orientation which is
closer to the sagittal plane (about 41°) compared to that of the posterior canal (56°) (16). However, the
invariable demonstration of a torsional component during provocative testing of superior canal
dehiscence syndrome (SCDS) argues against the anterior canal's anatomical orientation as an
explanation for the lack of torsional component in BPPV.

Furthermore, the provocative test of SCDS is done in the upright position and positional testing moves
the head to varying degrees of extension from the supine position. This gravity-related position
difference during the observation of provoked nystagmus between the two conditions combined with
the observation that the torsional component varies between DHP and SHH tests gives credence to our
hypothesis that the difference in torsion is related to the difference in degree of otolithic influences on
semicircular canal responses.

In our study, in two cases (8 and 9) no nystagmus was seen during the DHP test, of them nystagmus
was seen during the SHH and MCP tests (case 8). We hypothesize that the degree of otolithic
stimulation is the determinant factor in eliciting torsional nystagmus. The debris moving in the plane of
the same canal causes different degrees of torsional nystagmus depending on the testing maneuver
employed (DHP and SHH), and possibly reflects varying degrees of otolith semicircular interactions
depending on head orientation with respect to gravity.

Supine Head Hanging Test
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In our study, 12 out of 13 patients underwent the SHH with extension maneuver and pure down beats
were seen in four cases (cases 1, 6, 7, and 13), while down beating torsional nystagmus was seen in six
cases in the SHH test.

Down Beating Nystagmus in SHH

Three cases out of 14 had positional DBN on the SHH test according to Lopez et al. (22). According to
Yang et al., during the SHH test, a DBN was observed in 33 (82.5%) patients (24).

Torsional Nystagmus in SHH

In our study, down beating torsional nystagmus was seen in six out of 12 patients in the SHH test.
Casani et al. noted that torsional nystagmus was seen in six out of 18 patients (21). Yang et al. noted
that DBN with a torsional component was observed in seven patients out of 40 (24). Bertholon et al.
reported that out of 12 patients, the DHP test was negative in two patients but the straight head-hanging
(SHH) maneuver was positive. In six patients, torsional nystagmus was present during the positional
tests (16).

In our study, we also found that SHH was more sensitive than the DHP test. It was positive in 10 cases
out of 12. In two other cases (cases two and five), down beating nystagmus was only elicited during
DHP tests.

McClure Pagnini Test

The role of the MCP test in AC BPPV has not been clarified, but the presence of a horizontal
component with DBN has been mentioned in a few studies (24, 27).

Imbaud et al. (27) in their series of 20 patients with AC BPPV saw horizontal torsional nystagmus
beating toward the uppermost ear in the lateral supine position with reversal on standing.

In our study, down beating torsional nystagmus was seen in four cases in the DHP and MCP tests, also
in some cases it was associated with a mild horizontal component with down beats. However, in a few
positions of DHP and MCP, pure down beating nystagmus was also seen (cases 1, 4, 6, 7, 10, 12, and
13).

The vertical canal plane orientation is traditionally described as a tilt away from the para-sagittal plane
toward the coronal plane. However, it is also known that the vertical canals are also tilted toward the
horizontal plane. This results in the projection vector of rotations around the vertical canals influencing
the projection vectors of rotations around horizontal canals resulting in the observed horizontal
component of nystagmus.

In our study, an MCP test was done in nine cases. We found that the nystagmus was similar in
directional properties to that seen in the DHP tests, though of a lesser intensity. In few cases,
nystagmus was consistently unidirectional in DHP and MCP, if nystagmus was elicited on the right
DHP then nystagmus was only seen on the right lateral of MCP. In case 3, the nystagmus was only seen
in a left sided examination (left DHP and left lateral of MCP). While in cases 1, 4, and 5, nystagmus
was only seen on the right side (right DHP and right lateral of MCP).

In case 10, down beating nystagmus was elicited on both DHP (right and left) but MCP was only
positive on the left lateral, which was exactly same as the direction of torsional nystagmus and toward
the side of canal involved.
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We propose that the direction of nystagmus on MCP may indicate the side of involvement. But on DHP
tests on the right or an MCP in the right lateral position, the otoconial debris from the left anterior canal
can be expected to move toward the common crus. However, no such movement of otoconial debris is
expected in the right anterior canal as it is already in the most dependent position (Figure 4).

Open in a separate window
Figure 4

Movement of otoconia in MCP test. The direction of nystagmus during MCP may indicate the side of
involvement. But during the DHP test on the right side or an MCP test in the right lateral position, the
otoconial debris from the left anterior canal can be expected to move toward the common crus. However,
no such movement of otoconial debris is expected in the right anterior canal as it is already in the most
dependent position.

There can be three possibilities in the right lateral position of McClure Pagnini:

First, when the particles are at/near to the ampulla of the left (uppermost ear) anterior canal,
no/minimal movement is seen in the right lateral position (part 1 of Supplementary Video 3). Second,
when the particles are slightly away or distal from the ampulla (which might be due to DHP or SHH),
we can see that the particles are moving toward the common crus (part 2 of Supplementary Video 3).
Third, when the particles are in the right (undermost ear) anterior canal, in the right lateral position
there is minimal or no movement of otoliths (part 3 of Supplementary Video 3). Therefore, the
presence of nystagmus evoked in the lateral position of MCP suggests a distal location of the debris in
the anterior canal of the uppermost ear.

This consideration can help us in the following ways. If we know the side of canal, we can tilt the head
by 30° and make the Yacovino maneuver more effective. It will definitely bring down the number of
Yacovino maneuvers performed in each patient. If we know that the left anterior canal is involved then
we can ask the patient to sleep in the right lateral position for two days, which will help the particles go
toward the common crus and eventually toward the utricle. We see the possibility of ourselves or other
workers in trying the prolonged lateral decubitus position combined with the Yacovino maneuver for at
least a subset of patients with positional down beating nystagmus.

Reversal of Nystagmus

In our study, two subjects (case five and nine) had a reversal of nystagmus on getting up, which is an
unusual but not new finding. Imbaud et al. suggested that reversal is seen in cases of AC BPPV after
making the patient sit up from a supine position (27). Some authors contest this and argue that reversal
of nystagmus is not seen in cases of AC BPPV (18, 19).

Treatment

We performed the Yacovino maneuver in every patient and the definitive diagnosis of AC BPPV was
made only after successful resolution of vertigo by the Yacovino maneuver.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F4/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/figure/F4/


1/18/22, 7:38 PM Clinical and VNG Features in Anterior Canal BPPV—An Analysis of 13 Cases

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7988206/ 14/18

If the side of involvement is known, the modified Yacovino maneuver is performed with the head
turned 30° away from the affected side. The patient sits up at the end while maintaining 30° of head
rotation.

If the side of involvement is not known, the Yacovino maneuver is completed but is not dependent on
the side of the canal (5, 21, 24). It treats AC BPPV irrespective of the side of canal involved.

Surgical management has also been described by Naples et al., with plugging of anterior semicircular
canal which is to be reserved for refractory cases (28).

Conclusion

We conclude that anterior canal BPPV is a rare but definite entity. It may not be apparent on positional
testing the first time, so repeated testing may be needed with more than one maneuver. The most
consistent diagnostic maneuver is SHH though there were patients in whom findings could only be
elicited during DHP testing.

We recommend a testing protocol that includes DHP testing on both sides and SHH. MCP testing may
also evoke vertigo and DBN with or without a torsional component. The utility of this finding in
determining the side involved deserves further exploration. Reversal of nystagmus during the reversal
of testing position is unusual but can occur. The Yacovino maneuver is effective in resolving AC BPPV
though some patients require up to four repetitions, requiring multiple visits.

We proposed a hypothesis that explains why DHP testing is sensitive to AC BPPV on either side,
whereas an MCP lateral position on one side is only sensitive to one-sided AC BPPV.
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AC anterior canal

BPPV benign paroxysmal positional vertigo

DHP Dix-Hallpike

DBN down beating nystagmus

MCP McClure Pagnini

SHH supine head hanging

LC lateral canal

PC posterior canal

VNG videonystagmography.

Supplementary Material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fneur.2021.618269/full#supplementary-material

Supplementary Video 1

Case 11—Dix-Hallpike left showing down beating nystagmus.

Click here for additional data file.

Supplementary Video 2

Case 11—Dix-Hallpike right showing down beating torsional (upper pole beating to right side)
nystagmus.

Click here for additional data file.

Supplementary Video 3

Explanation of three types of debris movement in right lateral position of McClure Pagnini.
First, when the particles are at/near to the ampulla of the left (uppermost ear) anterior canal,
no/minimal movement is seen in right lateral position (part 1 of this video). Second, when the
particles are slightly away or distal from the ampulla (which might be due to DHP or SHH), we
can see that the particles are moving toward the common crus (part 2 of this video). Third, when
the particles are in the right (undermost ear) anterior canal in the right lateral position, there is
minimal or no movement of otoliths (part 3 of this video).

Click here for additional data file.
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A B S T R A C T

Purpose: New Competency-Based Medical Education (CBME) curriculum has emphasized on the acquisition of
core competencies by an Indian Medical Graduate (IMG). Likewise ability to perform basic microbiological in-
vestigations, and diagnose infectious disease is deemed critical for a doctor of first contact. In order to prepare
students to achieve these competencies, effective skill training and assessment is paramount. However, micro-
biology skill training is known to vary across Indian medical schools. This survey has explored faculty perceptions
and current practices across the country, to suggest measures for strengthening skill acquisition. Methods: Online
survey was conducted through Google form questionnaire. Faculty shared their perceptions and practices on the
Likert scale about teaching, learning and assessment of microbiology skills. Results: Sixty faculty members from
58 medical colleges from 17 states of India participated. Majority of the faculty considered interpretational skills
as more important than technical skills. Faculty perceptions and practices varied. Although most of the skills are
being taught and assessed on one or more occasions, some important clinical microbiology skills were not
assessed. Feasibility was an issue for new set of CBME competencies. Blue print and skill laboratory was adopted
by 10% and 31.66% colleges respectively. Conclusions: Variation in perceptions and practices in teaching and
assessment of microbiology skills in Indian context is now documented. Skill training requires a standardised and
robust program with ample opportunities for practice and feedback. Faculty orientation and use of innovative
strategies are overriding to augment skill acquisition and thus, successful implementation of new CBME
curriculum.

1. Introduction

An undergraduate (UG) medical student is expected to demonstrate
achievement of a set of predetermined competencies at the end of the
course more so with increasing load of infectious diseases and antimi-
crobial resistance [1]. Similarly at the end of Microbiology course,
he/she is expected to acquire competencies at ‘shows how’ level and
apply the same in patient care as per Medical Council of India's Com-
petency Based Medical Education (CBME) curriculum [2]. Such skills
include, a) selection of suitable laboratory investigations for diagnosis of
common infectious diseases, b) practice of appropriate method of clinical
sample collection, storage and transport c) performance of appropriate
bedside tests like, Gram's stain and stool microscopy, d) correlation of
clinical manifestations with etiological agents, e) interpretation of

laboratory reports, f) use of antimicrobial sensitivity tests for selection of
suitable antimicrobial agents and g) complying with appropriate infec-
tion control practices. Therefore, in order to prepare our students to
achieve these competencies, providing scope for repeated practice,
coupled with assessments and constructive feedback is deemed impor-
tant.(reconstruct this sentence for clarity) The content and pattern of
skills-training and assessment is diverse across various medical colleges
of India due to variable resources, teacher capabilities and motivation
levels. There is lack of data on current practices in teaching learning and
assessment of microbiology skills and achievement of competencies by
the UGs. Nonetheless, some such data is available on postgraduate edu-
cation [3,4]. Therefore, there is strong need to bring uniformity and
standardization of teaching and assessment patterns, to enhance learning
and produce competent Indian Medical Graduate (IMG).
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As a first step towards this, a nationwide survey was conducted to
understand perceptions as well as practices adopted by teachers across
the medical colleges regarding microbiology skills teaching and assess-
ment. Aim of this initiative was to collect and analyse the data thus ob-
tained, and summarize major findings so as to suggest measures to
strengthenmicrobiology skill acquisition across the country and facilitate
successful implementation of CBME curriculum.

2. Methodology

An online survey was conducted in the year 2018–19, after approval
from Institutional Research Ethics committee. This survey was conducted
through Google form (https://docs.google.com/forms/d/e/1FAIpQLSco
JUUtppniDqJlwgAfBvpVT8_KghlWU3PYRymihFJ8PEU_kw/viewform?
vc&equals;0&amp;c&equals;0&amp;w&equals;1&amp;usp&equals;mai
l). The link was shared with various faculty members and heads of the
department of microbiology either through personal or group mails. The
survey was also hosted on home page of Indian Association of Medical
Microbiologists (IAMM) website for greater visibility. Goal and objec-
tives of the survey with invitation to fill the form was sent in the for-
warding mail. The questionnaire was designed by microbiology subject
experts and was validated by medical education experts.

After validation, the questionnaire was sent to ten microbiology fac-
ulty members for pilot testing. The questionnaire consisted of five sec-
tions; Section I contained general instructions and stated the voluntary
nature of survey. Section II sought relevant institutional information like
number of years since existence, number of students admitted per year,
institutional status of MCI recognition etc. Section III included the skill list
under different categories as identified by MCI for UG students. The
faculty were requested to share their institutional practices and percep-
tions about teaching, learning and assessment of microbiology skills on a
four point Likert scale (Yes, required to be taught and assessed in
microbiology, Yes, required to be taught but need not be assessed, Not
required at all, and Can't comment). List of skills belonged to learning
domains namely, knowledge (K), skills (S), attitude (A) and communi-
cation (C) and learning levels like, knows (K), knows how (KH), shows
how (SH) and performs (P). Similarly, the perceptions and practices on
assessment of practical skills were obtained on a four point Likert scale
(Not being assessed, Assessed in day to day assessment, Assessed in in-
ternal exams and Assessed in preliminary/university exams). Provision
was made to mention any other skill/s that they felt must be included in
UG curriculum with reason for the same. Section IV included the new set
of skills as per new CBME curriculum about which the participants were
asked to comment if teaching and assessment of these skills was
perceived as appropriate & feasible, appropriate but not feasible and not
appropriate. Section V sought the information on scheme of skill assess-
ment in the institutions like spotting, OSPE and use of blue print on an
open ended format. Participants were also requested to suggest/share
any other methods for skill assessment. (This whole paragraph can be
better represented in Table format).

The responses thus gathered were analyzed by descriptive statistics
and key findings were compiled to draw inferences and suggest measures
to strengthen skills training.

3. Results

Sixty faculty members from 58 medical colleges across the country
responded to the survey. Of 58 participating colleges, one medical col-
lege each were from the states of Uttar Pradesh, Tamilnadu, Punjab,
Manipur, Himachal Pradesh, Haryana, Assam, Chhattisgarh and Andhra
Pradesh, two medical colleges from Bihar and Rajasthan, three medical
colleges from Madhya Pradesh, Kerala and Telangana, eight medical
colleges from Maharashtra and fourteen medical colleges each from
Karnataka and Gujarat, representing total 17 states of India. Year of
medical college inception ranged from 1947, the oldest to the most
recent college in 2018. Seventeen colleges were relatively new with less

than five years of existence but majority i.e., 41 colleges existed of more
than five years. Fourteen colleges admitted 100 students, 23 colleges 150
students, seven colleges 200 students and 14 colleges 250 students per
year (Section-II of questionnaire).

I. Faculty Perceptions and Practices on Microbiology Skills Teaching
And Assessment (Section-III of questionnaire).
A. Staining and Microscopic Procedures; Gram and ZN staining

are considered as the core skills in microbiology for UG stu-
dents and accordingly, majority of the faculty practiced and
opined that, procedural knowledge and interpretation skills
related to Grams and Ziehl Neelsen stain should to be taught
and assessed. Majority of faculty, did teach, but did not assess
the technical and interpretational skills of Albert, Giemsa and
Negative staining techniques (Table .1). Nonetheless, faculty
opined that, only interpretation skills to be taught and assessed
for Albert, Giemsa and Negative staining as compared to the
procedural knowledge. Similarly, the faculty felt that, teaching
and assessment of knowledge about Grams stain (88.3%), mi-
croscope focusing skills (83.3%) and interpretation of stool
microscopy (83.3%) are essential to be taught and assessed.
Some skills like Giemsa and Negative staining were thought to
be non-essential.
Overall, 63.3% and 73.3% of faculty felt that, procedural
knowledge and interpretation skills on microscopy and stain-
ing procedures are required to be taught and assessed respec-
tively. Whereas, 31.8% and 20.2% faculty opined that,
procedural knowledge and interpretation of staining and
microscopic procedures are to be taught but, need not be
assessed respectively (Table, 2).

B. Clinical Specimen Collection; Faculty considered the knowl-
edge of urine sample collection in a catheterized patient
(76.6%) and instructing the patient/relative for collection of
midstream urine, sputum and stool samples (71.6%) important
and thus, needs to be taught and assessed. While, 23.3% of
faculty felt that there is no need to assess the ability of students
to provide instructions to patient and/or relative for collection
of midstream urine, stool and sputum samples. Teaching and
assessment of knowledge and performance skills on blood
collection in a simulated environment was perceived to be
important by 70% of respondents (Table .1). Majority of them
opined that, knowledge about clinical specimen collection is
more important and thus needs to be taught and assessed
(73.3%), (Table .2).

C. Diagnostic Procedures and Their Interpretations; Most of the
faculty opined that, it is necessary to teach and assess inter-
pretation skills of important diagnostic procedures (71%), than
performance of such procedures (39.8%). Some negated the
need for assessment of performance (49.9%) and in-
terpretations (26.6%) of diagnostic procedures (Table .2).
Identification of drug resistance mechanisms in bacteria fol-
lowed by interpretation of serological test results were
considered to be important skills to be taught and assessed by
75% and 71.6% of faculty respectively. Whereas, the need to
teach and assess performance and interpretation skills for slit
skin smear and Montoux test were considered as not very
important by 36.6% and 41.6% faculty respectively. Few par-
ticipants (30%) felt the need to teach the interpretation skills
of antimicrobial susceptibility testing (Table .1)

D. Antisepsis, Asepsis And Sterilization Procedures; Skills related
to asepsis, antisepsis and sterilization techniques were deemed
necessary to be taught and assessed by majority of respondents
(80.85) while, 18.32% faculty felt that, there is no need to
assess acquisition of such skills (Table .2). Majority expressed
the need to teach and assess skills related to biomedical waste
management (86.6%) (Table .1). On the other hand, 15% &
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25% opined thought that, there is no need to assess techniques
of hand hygiene and donning and doffing of PPE respectively.
Similarly 20% faculty opined that there is no need for assess-
ment of skin disinfection before phlebotomy.

II. Teaching And Assessment of Competencies As Per New CBME
Curriculum (Section IV Of Questionnaire); With regard to faculty
perception about feasibility and appropriateness of teaching and
assessment of new competencies as per new MCI curriculum, it
was found that, majority of the skills were deemed to be appro-
priate and feasible by most of them, except for “Investigation of an
outbreak/Epidemic” where, 29 (48.3%) faculty thought this
competency was appropriate but not feasible. (sentence is too
long. Suggested to split it). Similarly, “Suggest empirical therapy
based on the clinical diagnosis”, was perceived as non-feasible by
13 (21.6%) of faculty (Table .3).

III. Scheme of Skill Assessment (Section V);

It was found that, majority of them assessed core microbiology skills
on one or more occasions like, day today assessments and internal/uni-
versity exams. Majority but not all of the colleges are conducting spotting
exercise for skills assessment however, among the institutions that
included spotters; there was large variation in marks distribution as well
as number of spots. Number of spots used in different colleges range from
5 to 10, andmarks for each spot range from half to two per spot. Only few
colleges (14, 23.33%) practiced Objective Structured Practical Exami-
nation (OSPE). Some colleges (19, 31.66%) used Blueprints for skills
assessment. Post graduate students, if available are largely engaged for
teaching learning and assessment by majority of the colleges. Only 6
(10%) colleges had provision of Skill laboratory for acquisition of tech-
nical skills like, sample collection in simulated environment.

Table 1
Faculty perceptions on teaching and assessment of Microbiology practical skills (n¼ 60).

Sl.No. Skill/Competency (Learning domain/Performance level) Practice Perceptions

Skills taught but
not assessed (%)

To be taught &
assessed (%)

To be taught, need
not be assessed (%)

Not Required
at all (%)

Can't
Comment (%)

I Staining and Microscopic procedures
1 Focusing microscopic preparations under various magnifications (S/

P)
3(5) 50 (83.3) 10 (16.6) 0 0

2.a Performing Gram staining (S/P) 1(1.6) 53 (88.3) 7 (11.6) 0 0
b Interpretation of Gram stained slides (K/KH) 4 (6.6) 57 (95) 2 (3.3) 1 (1.6) 0
3. a Performing ZN staining (S/P) 1 (1.6) 50 (83.3) 9 (15) 1 (1.6) 0
b Interpretation of ZN stained slides reading stained slides and

interpretation (K/KH)
4 (6.6) 58 (96.6) 2 (3.3) 0 0

4. a Performing Albert staining (S/P) 42 (70) 29 (48.3) 28 (46.6) 2 (3.3) 1 (1.6)
b Interpretation of Albert stained slides (K/KH) 35 (58.3) 37 (61.6) 19 (31.6) 3 (5) 1 (1.6)
5.a Performing Giemsa staining (S/P) 54 (90) 16 (26.6) 34 (56.6) 6 (10) 4 (6.6)
b Interpretation of Giemsa stained slides (K/KH) 41 (68.3) 30 (50) 20 (33.3) 6 (10) 4 (6.6)
6. a Performing Negative staining (S/P) 45 (75) 27 (45) 29 (48.3) 3 (5) 1 (1.6)
b. Interpretation of Negative stained (K/KH) slides 35 (58.3) 32 (53.3) 22 (36.6) 5 (8.3) 1 (1.6)
7.a Preparation of stool normal saline and iodine mounts (S/P) 19 (31.6) 41 (68.3) 17 (28.3) 1 (1.6) 1 (1.6)
b Interpretation of stool normal saline and iodine mounts (K/KH) 10 (16.6) 50 (83.3) 8 (13.3) 1 (1.6) 1 (1.6)
II Clinical specimen collection
8 Knowledge and performance of Blood collection for culture in

simulated environment (S/P)
42 (70) 42 (70) 18 (30) 0 0

9 Knowledge on sample collection and ability to communicate with
patient/relative for collection of midstream urine, stool and sputum
samples (K/KH)

27 (45) 43 (71.6) 14 (23.3) 3 (5) 0

III Diagnostic procedures and interpretations
10 Performing Slit skin smear for Lepra bacilli (S/P) 56 (93.33) 22 (36.6) 32 (53.3) 5 (8.3) 1 (1.6)
11 Performing and reading Montoux Test (S/P) 55 (91.66) 25 (41.6) 28 (46.6) 5 (8.3) 2 (3.3)
12 Interpretation of serological test results (K/KH) 19 (31.6) 43 (71.6) 16 (26.6) 1 (1.6) 0
13 Interpretation of antimicrobial susceptibility test (AST)results (K/

KH)
39 (65) 40 (66.6) 18 (30) 1 (1.6) 1 (1.6)

14 Ability to choose antimicrobial therapy based on AST and drug (K/
KH)

39 (65) 45 (75) 14 (23.3) 1 (1.6) 0

IV Antiseptic, aseptic and sterilization procedures
15 Hand hygiene technique (S/P) 36 (60) 51 (85) 9 (15) 0 0
16 Donning and doffing of PPE (S/P) 43 (71.6) 45 (75) 15 (25) 0 0
17 Skin disinfection for phlebotomy (S/P) 41 (68.3) 46 (76.6) 12 (20) 0 2 (3.3)
18 Ability to segregate and dispose biomedical waste (K/KH) 28 (46.6) 52 (86.6) 8 (13.3) 0 0

*Learning Domains – K-Knowledge, S-Skill.
**Performance levels, K-Knows, KH-Knows how, SH-Shows how, P-Performs.

Table 2
Summary of faculty practices and perceptions on teaching and assessment of
Microbiology practical skills.

Type of skill To be
taught &
assessed
(%)

To be taught,
Need not be
assessed (%)

Not
Required at
all (%)

Can't
Comment
(%)

I Staining and Microscopic procedures
Knowledge 63.3 31.8 3.0 1.6
Interpretation
skills

73.3 20.2 4.4 1.7

II Clinical specimen collection
Knowledge 73.3 25.8 0.8 0.0
Performance
skills

70.8 26.6 2.5 0.0

III Diagnostic procedures and interpretations
Performance
skills

39.8 49.9 8.3 2.4

Interpretation
skills

71.0 26.6 1.6 0.5

IV Antiseptic, aseptic and sterilization procedures
Performance
skills

80.8 18.32 0.0 0.8
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4. Discussion

Infectious diseases pose serious public health threat with wide variety
of emerging and re-emerging microbes [1,5]. The diagnosis of infectious
disease, where interpretational skills are critical, is a challenging task
sometimes even for the experts.[6] Teaching learning and assessment is a
dynamic and continuously evolving process and therefore, it is the re-
sponsibility of the educational institutions to train students appropriately
[7,8]. As a key finding of the survey, teaching of interpretational skills
(cognitive domain) are uniformly perceived as more important (by>90%
faculty) than technical skills (psychomotor domain). This is in line with
the expectations of new MCI CBME curriculum from microbiology
discipline in making of a doctor of first contact in the community [2].
Likewise, certain core technical skills including the ability to focus mi-
croscope, preparing smears for Grams and ZN staining, stool wet mount,
steps of hand hygiene, use of PPE and skin antisepsis were perceived to be
important for teaching and assessment by majority of faculty (90%).
Although these skills were being taught by majority of faculty members,
their individual assessment varied across the participating medical col-
leges (1.6–93.33%). Nonetheless, teaching of infection control practices
is getting their due importance, but their assessment is still lacking in
46.6–71.6% colleges.

Skill assessment is one of the important driving force and motivating
factor for effective competency acquisition at the end of a course [9,10].
Correspondingly in this study, assessment of interpretational skills were
deemed important and essential by 70–80% of the faculty. Assessment of
other skills varied across different colleges Skills related to staining, sample
collection and infection control i.e, hand hygiene, use of PPE, biomedical
waste segregation & disposal were not being assessed by many colleges
which raises concerns in view of CBME curriculum. Majority of the skills
required inmicrobiology are interpretative/intellectual/non-technical type
where, the competence can be acquired bymodifying design and process to
facilitate enquiry based learning in real life context. This can be accom-
plished by posting the students in diagnostic microbiology laboratory for
short period, where they can observe and experience application of theo-
retical principles and concepts in diagnosis and management of infectious
diseases [8,11,12].

When faculty perceptions were matched with actual teaching and
assessment practices, we found the gap; interpretational skills were not
being assessed by 6.6–68.3% college faculty for various staining pro-
cedures. Likewise, faculty perceptions differed from current practices for
teaching and assessment of some clinically significant interpretational

skills like antimicrobial susceptibility test. It was felt that, clinical sample
collection skills need not be assessed at all (23.3–30%). Further, for
critical skills like blood collection for culture, 70% faculty felt the need to
teach and assess but in practice all of them are not actually assessing this
skill. This gap between perception and practices of faculty from different
colleges needs to be understood in depth and if required, must be
addressed, keeping in mind the criticality of those skills and their in-
clusion in assessment for effective acquisition of competencies. Regular
faculty trainings can minimise the gap and strengthen skill training.

Learning of new skills as identified in CBME curriculum are well
perceived (by >90% faculty) but feasibility (by 6.6–48.3% faculty) is an
issue, more so for some of the skills like “Investigation of an outbreak”
(by 48.3% faculty) and “Suggestion on empirical therapy” (by 21.6%
faculty). For effective learning of new skills, criticality v/s feasibility
matrix needs to be evaluated. Sometimes, lack of resources, increasing
number of students and colleges contribute to poor feasibility. Since
these are considered as core and critical skills, these challenges can be
overcome by developing skills labs, institutional collaborations and
increased use of online learning platforms. Establishment of skills labo-
ratory with simulation facility for practice of skills like sample collection
needs to be emphasized. Adopting the newer technology enabled inter-
active teaching methods can enhance skill learning and may help to
overcome the related feasibility issues.

Six (10%) out of 58 medical colleges had skills laboratories for
teaching and assessment of microbiology related skills to undergraduate
students like sample collection in simulated environment. Though MCI
has mandated all the medical colleges to establish skills laboratories, due
share to be given to the microbiology related skills in the clinical skill
laboratory is likely to be variable [11].

Importance of a well-designed blueprint need not be overemphasized
in ensuring validity and reliability of any assessment [13]. Presently, few
(31.66%) colleges utilized blueprint for student assessment. Effective
designing and application of blue print in assessment is an intellectual
and dynamic process requiring faculty training [14]. Majority of the
colleges presently do not use blue prints however, there is need to have a
standardized and uniform blue print to ensure enhanced skill learning.

In the present era of curricular reforms like CBME, the traditional
approach to skill development may not suit effective skill learning. It is
found that, skill development in majority of Indian setups takes place
in class rooms except for few colleges where, bedside demonstration,
projects or use of technology & simulations are explored for skills
training [11,15,16]. Many researchers have explored the use of freely
available online teaching material to enhance teaching and learning in
different subjects with positive outcomes17]. Antonio Pena-Fernandez
et al. have developed web based resources to teach parasitology skills
in an engaging and interesting manner [18]. These platforms also have
inbuilt assessment mechanism with instant feedbacks. Inability to
reach larger number of faculty and collect details on blue print and
type of instructional methods adopted have been the limitations of this
study.

This nationwide survey has helped us to understand the diverse fac-
ulty perceptions and practices about teaching and assessment of micro-
biology practical skills for undergraduate medical students. In the present
era of curricular reforms in India, it is important to emphasize on
acquisition of critical microbiology skills for effective clinical practice.
Skill development requires a well-designed, uniform and standardised
clinical case based training programs with plenty of opportunities for
students to practice and receive constructive feedback. Utilization of
innovative, interactive and engagingmethods of teaching and assessment
with or without use of technology can help students to acquire core
clinical microbiology skills. Moreover, developing and utilizing blue
printing, skill laboratory and centrally standardized pool of resources/
modules can complement effective skill teaching. Beside all, conduct of
regular and robust faculty orientation and training programs in medical
education can go a long way in successful implementation of CBME and
creating skilled medical professionals.

Table 3
Faculty Perception on Teaching and assessment of New Skills as suggested in new
CBME curriculum.

Skill/Competency (aLearning
domain/bPerformance level)

Appropriate
and Feasible

Appropriate
But Not
Feasible

Not
Appropriate

Demonstrate respect for
clinical samples (K/KH)

53 (88.3) 6 (10) 1 (1.6)

Maintain confidentiality of
patient identity in
laboratory reports (K/KH)

54 (90) 4 (6.6) 2 (3.3)

Investigate an outbreak/
Epidemic (K/KH)

30 (50) 29 (48.3) 1 (1.6)

Order suitable standard/
Specialized diagnostic tests
based on the clinical
diagnosis (K/KH)

51 (85) 8 (13.3) 1 (1.6)

Suggest empirical therapy
based on the clinical
diagnosis (K/KH)

43 (71.6) 13 (21.6) 4 (6.6)

Suggest specific antibiotic
therapy based on AST (K/
KH)

50 (83.3) 8 (13.3) 2 (3.3)

a Learning Domains – K-Knowledge, S-Skill.
b Performance levels, K-Knows, KH-Knows how, SH-Shows how, P-Performs.
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Abstract

Neuronal	 ceroid	 lipofuscinosis	 (NCL)	 is	 a	 group	 of	
neurodegenerative	disorders	mainly	affecting	the	gray	matter	
characterized	by	seizures,	cognitive	decline,	myoclonus,	visual	
impairment,	and	abnormal	movements.[1]	These	disorders	are	
both	clinically	and	genetically	very	heterogeneous,	 thereby	
complicating	 its	 diagnoses.	 They	 are	 characterized	 by	
lysosomal	accumulation	of	autofluorescent	material	in	neurons	
and	extraneuronal	tissues	with	an	incidence	of	1	in	12,500	to	1	
in	100,000	births	in	the	west.[1‑4]	There	are	no	epidemiological	
studies	from	India.	The	age	of	symptom	onset	varies	widely	
from	 infancy	 to	 late	 adulthood;	mostly	 adult	 case	 series	
dominate	the	literature.	Neuroimaging	abnormalities	in	NCL	
include	varying	degrees	of	diffuse	cerebral	atrophy,	cerebellar	
atrophy,	 and	 thalamic	 hypointensities.[5]	The	 diagnosis	 is	
established	on	the	basis	of	electron	microscopy	of	skin	biopsy,	
enzyme	assay	for	few	types	of	NCL,	and	by	genetic	testing	
mainly	using	next‑generation	sequencing	(NGS)	techniques.	
Although	 they	 are	 the	most	 common	 type	 of	 progressive	
myoclonus	epilepsies	seen	in	children,	comprehensive	studies	
from	the	Indian	subcontinent	describing	a	large	cohort	of	NCL	
are	 limited.	This	 often	 results	 in	 delay	 in	 diagnosis,	 failed	
opportunity	for	prenatal	diagnosis,	and	stress	on	the	parents.	
Only	a	few	case	series	of	NCL	in	children	are	published	from	
India	and	they	are	mainly	based	on	enzymatic	studies.[6]	The	
published	large	studies	on	NCL	from	India	were	mainly	based	
on	electron	microscopy.[7,8]	With	the	commercial	availability	
of	NGS,	we	 are	 able	 to	 diagnose	 different	 types	 of	NCL.	
Enzyme	replacement	therapy	is	being	tried	for	CLN2	patients	
and	animal	studies	are	on	for	a	few	other	types	of	NCL.[9‑11]	
Hence,	it	is	important	to	know	the	different	types	of	NCL,	their	
presentation,	and	the	natural	history	of	the	disease.	The	purpose	

of	this	study	is	to	describe	our	experience	with	pediatric	NCL	
in	a	tertiary	care	center	in	southern	India.	Herein,	we	report	
the	clinical	findings,	correlate	the	neuroimaging	findings	with	
the	type	of	NCL,	and	depict	the	natural	history	of	the	disease.

metHods

A	retrospective	review	of	files	of	children	with	a	diagnosis	
of	 neurometabolic/neurodegenerative	 disorders	 in	 the	 last	
10	years	was	done.	Only	those,	where	the	diagnosis	of	NCL	
was	 confirmed	 by	 genetic	 analysis	 (NGS)	 and/or	 enzyme	
assays	were	taken	for	the	final	analysis.	Lysosomal	enzyme	
study	was	carried	out	from	leukocytes	using	4‑MU	specific	
substrate	 for	PPT1	 and	TPP1	 for	NCL	 type‑1	 (CLN1)	 and	
NCL	 type‑2	 (CLN2),	 respectively.	The	 presenting	 features	
including	 details	 of	 developmental	 milestones,	 family	
history,	neurological	examination	details,	neuroimaging,	and	
electrophysiology	 findings	 of	 all	 patients	with	NCL	were	
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extracted	 and	 entered	 in	 predesigned	 proforma.	Children	
who	were	alive	were	called	for	follow‑up,	and	their	current	
status	was	noted.	Siblings	when	available	were	also	examined.	
Among	those	who	died,	the	age	of	death	was	recorded.	The	
details	 of	 the	 genetic	 defect	 and	 enzyme	 assays	were	 also	
noted.	Information	of	some	patients	who	were	lost	to	follow‑up	
was	obtained	by	telephonic	interview.	Descriptive	statistical	
methods	were	 applied	 for	 analyzing	 the	 data.	Categorical	
variables	were	presented	as	frequency	percentage.	Continuous	
variables	were	presented	as	mean	and	standard	deviation	 if	
normally	distributed	and	as	median	and	range	otherwise.

results

A	 total	 of	 50	 children	 had	 genetically/enzymatically	
confirmed	NCL	 [Tables	 1	 and	2]	 and	were	diagnosed	over	
the	last	10	years.	Because	of	the	cost	and	ease	of	availability,	
most	cases	of	NCL‑1	and	NCL‑2	were	diagnosed	based	on	
enzymatic	assays	and	other	 types	were	diagnosed	based	on	
NGS	gene	panels.	Fifteen	children	were	diagnosed	 to	have	
CLN‑1	(ceroid	lipofuscinosis,	neuronal‑1)	based	on	palmitoyl	
protein	 thioesterase‑1	 (PPT1)	 deficiency;	 24	 children	were	
diagnosed	with	CLN2	(ceroid	lipofuscinoses	neuronal‑2)	based	
on	 deficient	 tripeptidyl‑peptidase‑1	 (TPP‑1)	 activity;	 three	
patients	were	diagnosed	as	CLN6,	five	patients	as	CLN7,	one	
case	each	of	CLN‑8,	CLN‑11,	and	CLN‑14	based	on	NGS.

CLN1/palmitoyl protein thioesterase‑1 (PPT1) related NCL
The	 key	 clinical	 findings	 and	 investigations	 of	 patients	
diagnosed	with	PPT1	related	NCL	are	summarized	in	Table	1.	
Common	presenting	features	included	motor	delay/regression,	
abnormal	movements,	and	irritability.	Seizures	were	present	
in	 only	 nine	 patients	 (60%);	 none	 had	microcephaly	 at	
presentation.	Parents	did	not	have	any	visual	 concerns	 and	
fundus	examination	was	normal	in	all	patients.	Consanguinity	
was	present	in	11	children	(73.3%).	The	median	time	taken	for	
diagnosis	was	24	months	(range:	18–48	months).	All	patients	
had	deficient	PPT1	enzyme	activity.	The	median	duration	of	
follow‑up	was	68	months	(range:	36‑108	months)	and	all	of	
them	had	a	progressive	downhill	course.	The	MRI	of	the	brain	
in	all	patients	showed	diffuse	cerebral	atrophy	with	thalamic	

hypointensities	[Figure	1a	and	b].	The	cerebellum	was	normal	
at	 presentation.	 Follow‑up	 imaging	 showed	 progressive	
cerebral	 atrophy.	The	 electroencephalogram	 in	 all	 patients	
showed	background	slowing	with	occasional	generalized	sharp	
waves	in	few.	About	12	of	15	children	died	after	a	median	age	
of	5	years	of	the	disease.

CLN 2/Tripeptidyl‑peptidase‑1 (TPP1) related NCL
There	were	24	cases	of	TPP1	related	NCL,	the	most	common	
type	in	our	series.	The	median	age	at	presentation	was	4	years	
2	months	(range:	6	months	to	8	years).	The	clinical	findings	
and	neuroimaging	findings	are	summarized	in	Table	1.	The	
most	 common	presenting	 feature	was	 seizures,	which	was	
seen	 all	 patients,	 followed	 by	 regression	 of	milestones.	
Seizures	were	of	complex	partial,	myoclonic,	or	generalized	
tonic‑clonic	 (GTCS)	 types.	One	 of	 the	 patients	 presented	
with	delayed	attainment	of	milestones,	chorea‑athetosis,	and	
reflex	(auditory)	myoclonus.	None	of	the	patients	complained	
nor	 their	 parents	 had	 any	visual	 concerns	 and	 two	patients	
had	 partial	 optic	 atrophy	 on	 fundus	 examination.	All	 of	
them	had	cerebellar	atrophy	and	periventricular	white	matter	
hyperintensities	on	MRI	and	in	those	who	also	had	cerebral	
atrophy;	 cerebellar	 atrophy	was	more	 pronounced	 than	 the	
cerebral	 atrophy	 [Figure	 1c	 and	 d].	 In	 two	 patients	who	
had	 serial	 neuroimaging	 done,	 the	 cerebellar	 atrophy	was	
progressive.	All	patients	had	a	significantly	deficient	activity	
of	TPP	 enzyme.	All	 patients	 had	 a	 progressive	worsening	
in	 the	 seizures	 and	 ataxia.	 Eleven	 of	 24	 patients	 became	
nonambulatory	1–3	years	after	diagnosis	(mean	age	9	years;	
SD:	5.92).	There	was	a	delay	of	6	to	24	months	before	reaching	
the	correct	diagnosis.	Four	patients	had	received	a	diagnosis	
of	the	mitochondrial	disorder	and	were	given	treatment	for	the	
same	before	NCL	was	diagnosed.

Other CLN types
CLN7	was	the	next	common	type	of	NCL	seen	in	five	children.	
The	median	age	at	presentation	was	3	years	(range:	2–4	years)	
and	consanguinity	was	seen	in	four	of	seven	families.	Two	were	
siblings.	All	 had	 seizures,	 cognitive	 regression,	myoclonic	
seizures,	 and	 ataxia.	One	 child	 had	 opsoclonus	 also	 and	
fundus	examination	was	normal	in	all	children.	EEG	showed	

Table 1: Table showing salient clinical manifestations, age at presentation/diagnosis, neuroimaging findings, and survival 
details in children with CLN1 and CLN2 disease

Characteristic CLN 1 CLN 2
Number	of	patients 15 24
Consanguinity 11/15	(73.3%) 9/16	(56.3%)*
Refractory	seizures 13/15	(86.6%) 14/20	(70%)
Regression	of	milestones/dementia 15	(100%) 24	(100%)
Ataxia/myoclonus 9/15	(60%) 11/20	(55%)
Age	at	presentation	Median	(range) 12	months	(6	to	30	months) 50	months	(6	to	96	months)
Age	at	diagnosis	Median	(range) 24	months	(18	to	48	months) 64	months	(24	to	144	months)
MRI	imaging Prominent	cerebral	atrophy	with	hypointense	thalami	in	all	15	

patients
Predominant	cerebellar	atrophy	with	periventricular	
hyperintensities	in	all

Age	at	death	(median	and	range) 68	months	(36	to	108	months)	(12/15),	(3	patients	are	alive) 108	months	(72	months	to	20	years)**
*data	was	not	available	in	8	children	with	CLN2	disease.**	data	was	available	only	for	14	children	with	CLN2	disease
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Table 2: Table showing clinical, neuroimaging, genetic defect, duration of disease, and survival of NCL patients other 
than CLN1 and CLN2

Age of onset/Sex Clinical features Examination Findings Consan Neuroimaging Type/NGS findings Outcome/Duration of illness
5	year/F Regression	of	

milestones,	ataxia,	
hyperactive	
behaviour,	decreased	
speech	output

Myoclonus	
microcephaly

No Thalamic	
hypointensities,	
periventricular	WM	
changes	with	mild	
cerebellar	atrophy

CLN6/Homozygous	
c.185G	>A	inexon2	
of	CLN6	gene

Alive,	3	years

4	year/M Regression	of	
milestones,	
refractory	seizures

Myoclonus,	spasticity III Thalamic	
hypointensities,	
periventricular	WM	
hyperintensities	
and	mild	cerebellar	
atrophy

CLN	6/Homozygous	
c.476C	>T	in	exon	4	
of	CLN6	gene

Died	at	11	years	of	age

5	year/M Regression	of	
milestones,	
refractory	seizures,	
frequent	falls

Microcephaly,	ataxia,	
spasticity	in	limbs

III Thalamic	
hypointensities,	
periventricular	WM	
changes	with	mild	
cerebellar	atrophy

CLN	6/Homozygous	
c.184C	>Tin	exon	2	
of	CLN6	gene.	

Alive	at	14	years,	bedbound	
at	present

2	year/M Regression	of	
milestones	decreased	
speech,	abnormal	
movements

Myoclonus,	fundus	
normal

No Thalamic	
hypointensities,	
periventricular	WM	
changes,	prominent	
cerebellar	atrophy

CLN7/Homozygous	
c.694delC	in	exon	7	
of	MFSD8	gene

Died	at	7	years

3	year/M Seizures‑3	years,	
abnormal	
jerks‑4	years,	motor	
regression‑5	years

Opsoclonus,	myoclonus II Thalamic	
hypointensities,	
periventricular	WM	
changes	with	severe	
cerebellar	atrophy

CLN7/Homozygous	
c.699‑1G	>A	in	intron	
7	of	the	MFSD8	gene

Bedridden	at	6	years

2	year/M Seizures,	regression	
of	milestones	and	
abnormal	eye	and	
limb	movements

choreoathetoid	
movements,	ataxia,	
microcephaly

II Thalamic	
hypointensities,	
periventricular	white	
matter	changes	with	
diffuse	cerebellar	
atrophy

CLN7,	Homozygous	
c,699‑1G	>A	in	
essential	splice	
acceptor	site	in	intron	
7	of	the	MFSD8	gene

Alive,	bedridden	at	5	years

4	year/M Seizures,	regression	
of	milestones,	
imbalance	while	
walking,	myoclonic	
jerks

myoclonus III Thalamic	
hypointensities,	
periventricular	white	
matter	changes	with	
diffuse	cerebellar	
atrophy

CLN7/Homozygous	
c.699‑1G	>A	in	intron	
7	of	the	MFSD8	gene

Alive,	no	improvement

3	year/M Seizures,	regression,	
and	abnormal	
movements

Choreoathetoid	
movements,	

III Thalamic	hypo	
intensities,	mild	
diffuse	cerebellar	
atrophy	with	
periventricular	white	
matter	changes

CLN	7	Homozygous	
5’	splice	site	variation	
in	intron	3	c	154	+	1G	
>A	of	MFSD8	gene

Died	at	9	years	of	age

2	year/M Seizures,	regression	
of	milestones,	
imbalance	while	
walking

Ataxia III Thalamic	
hypointensities,	
periventricular	white	
matter	changes	with	
mild	diffuse	cerebral	
and	cerebellar	
atrophy

CLN	8/Homozygous	
c.1A	>C	in	exon	2	of	
the	CLN8	gene.

Bedbound	at	9	years	of	age

12	year/F Recurrent	seizures Mild	gait	ataxia,	poor	
short‑term	memory

II Diffuse	vermian	and	
cerebellar	atrophy	
with	hypoplasia

CLN11/Homozygous	
progranulin	gene	
(GRN)	in	exon	9	c.	
912G	>A	position

Seizures	reasonably	under	
control

3	year/F Delayed	speech,	
choreoathetoid	
movements	and	
seizures

myoclonic	jerks,	
choreoathetoid	
movements,	autistic	
features

II Generalized	
cerebellar	atrophy

CLN14/Homozygous	
dup	c.(314	+	1_315‑1)_
(*3997_?)	duplication	
of	exons	3‑4	in	the	
KCTD7	gene.

Alive,	no	improvement

Consang:	Degree	of	consanguinity;	WM:	White	matter;	NGS:	Next‑generation	sequencing
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periventricular	white	matter	 hyperintensities,	 and	 thalamic	
hypointensities	 in	 all	 [Figure	 1e	 and	 1f].	 In	 three	 children	
where	follow‑up	imaging	was	available	after	a	year	of	disease	
onset,	there	was	progressive	cerebellar	atrophy	with	diffuse	
cerebral	atrophy,	periventricular	hyperintensities,	and	thalamic	
hypointensities.	Three	children	had	CLN6.	All	had	onset	less	
than	5	years	and	presented	with	seizures,	dementia,	myoclonic	
jerks,	 and	 seizures.	Two	were	 born	 to	 a	 consanguineous	
couple.	The	MRI	of	the	brain	in	all	patients	showed	thalamic	
hypointensities	and	periventricular	white	matter	hyperintensities	
like	in	CLN7	but	the	cerebellar	atrophy	was	very	mild.	The	
only	child	with	CLN8	had	a	similar	clinical	presentation	at	
3	years	and	his	MRI	showed	 thalamic	hypointensities	with	
periventricular	white	matter	hyperintensities	but	both	cerebral	
and	cerebellar	atrophy	[Figure	1g	and	1h].	We	had	one	child	
with	CLN11	who	presented	at	12	years	of	age	with	gradually	
increasing	frequency	of	seizures	for	the	past	1	year	without	
any	 signs	 of	 visual	 abnormalities	 and	 dementia.	 She	 had	
mild	gait	ataxia.	Her	electroencephalogram	showed	frequent	
generalized	epileptiform	discharges	and	magnetic	resonance	
imaging	 (MRI)	 showed	 diffuse	 vermian	 and	 cerebellar	
atrophy	with	hypoplasia	[Figure	2a	and	2b].	Her	seizures	were	
well‑controlled	with	antiepileptic	drugs	and	she	continued	to	
attend	school	even	2	years	into	the	disease	suggesting	a	mild	
disease.	The	only	case	with	CLN14	in	our	series	presented	
with	 developmental	 delay	 and	 dyskinesias	 in	 the	 form	of	
choreoathetosis	 and	 dystonia	 along	with	myoclonus.	 She	
also	had	autistic	features.	Her	EEG	showed	hypsarrhythmia	
like	 pattern.	Her	MRI	 showed	 only	 generalized	 cerebellar	
atrophy	without	 hypoplasia,	 periventricular	white	matter	
hyperintensities,	and	thalamic	involvement	[Figure	2c	and	2d].	

diffuse	background	slowing	with	occasional	generalized	sharp	
waves.	MRI	brain	showed	early	prominent	cerebellar	atrophy,	

Figure 1: (a, b) FLAIR axial section of the brain of CLN1 child at the level of basal ganglia and cerebellum respectively showing diffuse cerebral atrophy, 
thalamic hypointensities, and sparing of the cerebellum. (c, d) FLAIR axial section of the brain of CLN2 child at the level of basal ganglia and cerebellum 
respectively showing diffuse cerebellar and cerebral atrophy (cerebellum more than cerebrum); normal thalamus and periventricular white matter 
hyperintensities. (e, f) FLAIR axial section of the brain of CLN6 child at the level of basal ganglia and cerebellum, respectively showing mild diffuse 
cerebellar atrophy, thalamic hypointensities, and periventricular white matter hyperintensities. (g, h) FLAIR axial section of the brain of CLN7 child at 
the level of basal ganglia and cerebellum, respectively showing prominent diffuse cerebellar more than cerebral atrophy, thalamic hypointensities, and 
periventricular white matter hyperintensities
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Figure 2: (a, b) FLAIR axial section of the brain of CLN8 child at the level of 
basal ganglia and cerebellum, respectively showing mild diffuse cerebellar 
and cerebral atrophy, thalamic hypointensities, and periventricular white 
matter hyperintensities. (c, d) T1‑weighted sagittal section of the brain and 
T2‑weighted axial section of the brain at the level of cerebellum respectively 
showing isolated cerebellar atrophy (mainly vermian) with hypoplasia
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There	was	 second‑degree	 consanguinity	 and	 her	 genetic	
tests	revealed	duplication	in	KCTD	gene	suggesting	CLN14.	
With	 steroids,	 her	myoclonic	 jerks	 reduced	 in	 frequency	
and	currently	 she	has	only	3–4	myoclonic	 jerks	per	day	 in	
isolation.	Almost	5	years	into	the	disease	she	is	still	surviving	
with	myoclonic	 jerks	 and	 autistic	 behavior	 and	 there	 is	 no	
regression	 of	 any	 attained	milestones	 suggesting	 a	mildly	
progressive	course.

dIscussIon

Diagnosing	NCL	 in	 pediatric	 cases	 can	 be	 challenging	 in	
view	of	varying	age	of	onset,	clinical	features,	neuroimaging	
features,	 and	different	 types	of	NCL	described.	Delayed	or	
missed	diagnosis	deprives	the	parents	of	prenatal	diagnosis	and	
hence	the	urgency	in	reaching	the	correct	diagnosis.	NCL	has	
been	traditionally	classified	based	on	the	age	of	onset,	clinical	
features,	 and	 histopathological	 findings	 into	 infantile,	 late	
infantile,	juvenile,	and	adult	forms.	It	is	now	known	that	NCLs	
exhibit	 remarkable	 genotype‑phenotype	 heterogeneity.[1,4]	
Identical	 phenotypes	 can	 result	 from	different	mutations	 in	
a	single	gene	or	different	mutations	in	different	genes.	This	
was	 seen	 in	our	 study	also,	with	CLN2	patients	presenting	
anywhere	from	6	months	to	8	years	of	age.	Traditionally,	CLN2	
was	to	have	a	late‑infantile	presentation.	Similarly,	the	same	
mutation	 in	a	single	gene	may	result	 in	variable	phenotype	
among	 individuals,	 and	within	 a	 single‑family.	Hence,	 the	
nomenclature	based	on	the	genetic/enzymatic	defect	is	now	
preferred	over/along	with	phenotypic	classification.

Out	of	50	cases	of	confirmed	NCL,	the	most	common	type	
of	NCL	was	CLN2	 followed	by	CLN1.	This	was	 followed	
by	CLN7.	This	could	be	due	to	the	fact	that	CLN1	and	CLN2	
can	be	easily	diagnosed	by	enzymatic	assay	which	is	cheaper	
than	the	genetic	studies	and	the	genetic	studies	became	widely	
available	and	affordable	only	in	the	last	5	years.	There	was	
no	gender	predisposition	and	there	was	variable	age	of	onset	
ranging	from	less	than	6	months	to	adolescent	age	group	though	
most	of	them	presented	in	the	first	5	years	of	age.	Most	of	them	
had	a	progressive	decline	in	cognitive	functions	but	not	all	of	
them	had	seizures.	CLN11	and	CLN14	patients	had	a	more	
slowly	progressive	course	as	compared	to	other	types.	Many	of	
them	had	abnormal	movements	such	as	myoclonus,	dyskinesia,	
and	ataxia.	Because	of	the	young	age	of	cases,	many	of	them	
did	 not	 have	visual	 complaints	 and	 fundus	 examination	 in	
many	was	normal	at	presentation.

Neuroimaging	in	the	form	of	MRI	was	useful	in	suggesting	
the	diagnosis	of	NCL.	Careful	correlation	of	the	findings	with	
the	type	of	NCL	gave	important	patterns	that	could	suggest	
a	particular	type	of	NCL	and	aid	further	testing	in	the	form	
of	enzymatic	studies	or	genetic	diagnosis.	While	in	all	CLN1	
children	 there	was	 early	 prominent	 cerebral	 atrophy	with	
thalamic	 hypointensities	 and	 sparing	 of	 the	 cerebellum	 at	
presentation,	 in	 all	CLN2	 children	 there	was	 diffuse	 early	
cerebellar	 atrophy	with	 faint	 periventricular	white	matter	
hyperintensities.	The	 imaging	findings	of	CLN6	and	CLN7	

overlapped	with	both	types	showing	thalamic	hypointensities,	
periventricular	white	matter	hyperintensities,	and	cerebellar	
atrophy;	the	CLN7	patients	had	more	pronounced	and	early	
cerebellar	atrophy.	In	other	 types	of	NCL,	as	 there	was	 the	
single	case	only,	it	is	difficult	to	generalize	however,	the	pattern	
appeared	different	as	compared	to	other	types.	More	studies	
on	this	aspect	from	other	centers	involving	more	patients	can	
help	to	confirm	these	findings.	The	suggested	MRI	findings	are	
relevant	in	the	initial	part	of	the	disease	i.e.	in	the	initial	few	
months	of	presentation.	As	the	disease	progressed,	all	types	
had	diffuse	cerebral	and	cerebellar	atrophy	with	periventricular	
white	matter	hyperintensities	and	the	imaging	pattern	was	not	
helpful	in	suggesting	a	particular	type	of	NCL	at	later	stages	
of	the	disease.

Knowing	the	specific	type	of	NCL	helps	in	knowing	the	natural	
history	of	the	disease,	to	counsel	parents	about	the	treatment	
prospects,	 and	 prenatal	 diagnosis	 can	 be	 offered.	Enzyme	
replacement	 therapy	 is	 being	 tried	 in	 children	with	CLN2	
and	animal	studies	are	going	on	for	CLN1	and	CLN10.	This	
highlights	the	importance	of	knowing	the	type	of	NCL	in	the	
current	era.[9‑11]

An	important	limitation	of	the	current	study	is	its	retrospective	
design.	Patients	who	were	bedbound	and	from	far‑off	places	did	
not	come	for	follow‑up.	Electrophysiological	studies	(ERG,	
VEP)	and	electron	microscopy	of	skin	biopsy,	lymphocytes	for	
inclusion	bodies	were	not	done	because	of	lack	of	facilities	in	
the	study	center.	Multicenter	collaborative	prospective	studies	
can	overcome	these	limitations	in	future.

To	conclude,	this	study	confirms	the	genetic,	neuroradiological,	
and	clinical	heterogeneity	of	NCL	in	children.	Neuroimaging	
findings	 can	 give	 a	 clue	 to	 the	 underlying	 type	 of	NCL.	
While	type‑1	and	type‑2	can	be	diagnosed	by	enzyme	assay,	
diagnosis	 of	 other	 types	 need	 genetic	 studies	 using	NGS	
gene	panels.
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A B S T R A C T   

Background: Psoriasis is a chronic inflammatory disease and requires long term management due to which pa-
tients become non-adherent to the therapy. Hence this study aims to assess the impact of clinical pharmacists to 
improve medication adherence in patients with psoriasis. 
Materials and methods: This is a randomized controlled study conducted at a tertiary care teaching hospital in the 
dermatology department, among 68 patients. Aged 18–65 years from the outpatient department diagnosed with 
psoriasis disease and on treatment were enrolled in the study. Patients with multiple co-morbidities like HIV, 
hepatitis B/C, and vulnerable populations like lactating and pregnant women are excluded from the study. Enrolled 
patients are then randomized after taking the Informed consent form. The interventional groups of patients were 
provided with a patient information leaflet and pharmacist education and counselling along with standard care. 
Medication adherence of the patients was evaluated at the baseline level to the follow-up after 1 month. 
Results: Total of 68 were enrolled in the study, out of which 63 completed the study. There was no difference 
observed at the pre-test in both the groups. After the intervention, there was a significant difference in the experi-
mental group after post-test (U = 200.00, p = 0.0001). Adherence was improved in the experimental group. 
Conclusion: There is a need for clinical pharmacists in providing the patients with knowledge about long term 
disease management like psoriasis. The implement of specialty pharmacists in dermatological disorders is an 
excellent choice to address the unattended needs of the patient.   

1. Introduction 

“Psoriasis is by nature a chronic, incurable disease which is used to 
describe autoimmune disorders of the skin that are characterized by an 
increased growth cycle of skin cells, resulting in the build-up of lesions 
psoriasis patients are bound to experience the ill effects of sorrow and 
nervousness issue and have an expanded pace of self-destructive idea-
tion. Plaque psoriasis (psoriasis vulgaris), the most common subtype, 
and psoriatic arthritis (PsA) together are known as Psoriatic disease”.1,2 

The consequence is often life-long treatment. Prevalence of psoriasis 
falls under range between 0.44 and 2.44% in developing countries like 
India. About 2–3% of population is affected by psoriasis worldwide. It 
more often than not influences in late 20’s and mid 30’s of age gath-
ering, commonly affected age group is between 50 and 59. It is likely to 
affect twice in men as compared to women.3 

“Medication Adherence is defined as the degree to which the 
behaviour of a patient correlate with the recommendations from a 
healthcare professional to which the patient agrees”.2 

Adherence to therapy is very important for the disease to get cured 
and restore the normal health. Non adherence is very commonly seen in 
patients with psoriasis due to various reasons such as lack of knowledge, 
economical factors, neglect fullness, forgetfulness etc. Even though 
there are many new discoveries in treatment, yet there is non-adherence. 
Early assessment of non-adherence factors is necessary to identify and 
improve adherence using new ways. 

Screening at regular intervals for these associated diseases and for 
co-medication to prevent drug-drug interactions or drug-triggered pso-
riasis as well as recognition of trigger factors and their treatment are an 
essential part of psoriasis management.3 Lack of awareness about pso-
riasis and its associated co-morbidities results in under-diagnosis and 
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ineffective therapy, inappropriate to the needs of the patient. 
Non-adherence to treatment is a barrier to quality care for people with 

psoriasis. Multiple recurrences, side-effects and cost of treatment can 
dishearten patients. This can lead to poor adherence to therapy and prevent 
patients from achieving the best possible results from treatment.2 Hence, 
this study mainly aimed to assess the medication adherence with the help of 
pharmacist in patients with psoriasis, and to improve adherence by patient 
counselling, creating awareness of the disease to the patient. 

2. Materials & methods 

A randomized controlled study was conducted in department of 
dermatology at tertiary care teaching hospital and medical research centre, 

for a duration for five months (November 2019–March 2020). Institutional 
ethical clearance was obtained from the human ethics committee of KLE 
college of pharmacy, Belagavi (Ref No; KLECOP/651/2018–19). Patients 
of age ranging between 18 and 65 of either sex, who were willing to involve 
in the study, and who have been diagnosed with psoriasis disease and on 
treatment were involved in the study. Patients with multiple co-morbidities 
like human immuno-deficiency virus, hepatitis B/C and vulnerable popu-
lation like lactating and pregnant women are excluded from the study. 

8-Item Morisky Medication Adherence Scale (MMAS-8) was used to 
assess the medication adherence before and after intervention which was 
based on the Medication Adherence Questionnaire (MAQ), developed by 
Morisky et al. in 2008. “It contains eight questions, first 7 questions are 
yes/no responses and last 8th question has got 5 Likert response.“3 
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3. Intervention 

All the patients included in the study were followed frequently with 
telephonic calls and follow up visits to dermatology outpatient depart-
ment. This intervention group received standard care as well as phar-
maceutical care from the clinical pharmacist regarding the importance 
of medication adherence and how it reflects in management and cure of 
the disease. Patient information leaflet was provided along with patient 
education in languages which patient is comfortable. Clinical pharma-
cist assessed the parameters like medication adherence (MMAS-8) at 
baseline and after one month of follow up. 

4. Data collection 

The data collection was carried out with the questionnaire using 
MMAS- 8 item questionnaire scale to assess the medication adherence. 
The patient complaints, medication history, current medication, types of 
psoriasis, present health status were noted on data collection form. 
Additional information related to patient’s medical records, information 
provided by patients were recorded & documented in data collection 
form. 

5. Statistical analysis 

The data was entered in excel sheet and analysed in SPSS (IBM 
version 22.0). Socio-demographics variable are summarized using 
descriptive statistics and the medication adherence between pre and 
post intervention was analysed using Mann Whitney U test and Wil-
coxon Matched Pair test. 

6. Results 

Total 68 patients were enrolled out of which 63 patients completed 
study successfully. There was not much difference in male n = 31 
(49.21%) and Female n = 32 (50.79%) in our study as shown in Table 1. 
The age group 50–59 years (n = 18) were more prevalent and 18–29 
years (n = 7) were least prevalent in this study as depicted in Table 1. 

Chronic plaque psoriasis 74.60% (n = 47) was most common and 
pustular psoriasis 1.59% (n = 1) is the least common observed in this 
study. More details on types of psoriasis is given in Table 2. 

Medication adherence in control at baseline were mild adherence 
46.88%, moderate adherence 43.75% high adherence 9.38%, experi-
mental at baseline mild adherence 70.97%, moderate 16.13% and high 
adherence 12.90%. At the follow up there was significant difference of 
adherence in experiment group after post-test when compared with 
control. 

Medication adherence in control at baseline were mild adherence 
46.88% (n = 15), moderate adherence 43.75% (n = 14) high adherence 
9.38% (n = 3), experimental at baseline mild adherence 70.97% (n =

22), moderate 16.13% (n = 5) and high adherence 12.90% (n = 4). At 
the follow up there was significant difference of adherence in experi-
ment group after post-test when compared with control as represented 
in Table 3. 

To evaluate the difference of pharmacist intervention between con-
trol and intervention group at different time points for medication 
adherence was analysed using Mann U Whitney test. At post-test there is 
significant difference between the control and intervention group (U =
200.00, p value = 0.0001*) as shown in Table 4. 

In control group there is only 7.69% of change in medication 
adherence concluding that there is not much difference between pre-test 
& post-test p = 0.3464 (p > 0.05) where as in experimental group there 
is 59.09% of change in medication adherence indicating significant 
difference in pre-test and post-test after intervention p = 0.0001 (p <
0.05) by using Wilcoxon Matched Pairs test as represented in Table 5. 

7. Discussion 

Interventional group (59.09% change, p value = 0.0001*) had a 
better adherence than control group (7.69% change, p value = 0.3464) 
after pharmacist intervention. Dario Nicolas Kivelevitch et al.4 showed a 
review was performed among 176 psoriasis patients at Fernandez 
emergency clinic at Buenos Aires, Argentina. 77% were observed to be 
non-adherent and 33% were self-sedated. These 2 groups were about 
82% of population examined. 

Rod Tucker and Stewart D et al.5 conducted a study to evaluate the 
effect of education intervention delivered by community pharmacist in 
helping the patients with psoriasis for self-care. The important findings 
are pharmacist based intervention helped in increasing patients’ 
knowledge about the disease, minimizing the severity of disease and 
ameliorating quality of life which was similar in our study where 
medication adherence had reflective improvement in interventional 
group after the follow-up as compared to the standard care p = 0.0001 
(p < 0.05). It demonstrates that there is explicating role of speciality 
pharmacist in increasing the medication optimization. 

Zschocke, U, E. Karakasili1 K. Reich6 conducted a study in which the 
aim was to address non-adherence. The study stated that there was 

Table 1 
Distribution of participants according to gender and age groups in control and 
experiment group.   

Control group (%) Experiment group (%) Total (%) 

Gender 
Male 17 (53.13) 14 (45.16) 31 (49.21) 
Female 15 (46.88) 17 (54.84) 32 (50.79) 
Total 32 (100) 31 (100) 63 (100) 
Chi-square = 0.4001 P = 0.5271 
Age Groups 
18–29 6 (18.75) 1 (3.23) 7 (11.11) 
30–39 6 (18.75) 9 (29.03) 15 (23.81) 
40–49 9 (28.13) 6 (19.35) 15 (23.81) 
50–59 9 (28.13) 9 (29.03) 18 (28.57) 
60–65 2 (6.25) 6 (19.35) 8 (12.70) 
Total 37 (100) 37 (100) 74 (100) 
Chi-square = 6.7572 P = 0.1491  

Table 2 
Comparison of control and experiment groups by types of psoriasis.  

Types of psoriasis Control group 
(%) 

Experiment group 
(%) 

Total (%) 

Chronic plaque 
psoriasis 

25 (78.13) 22 (70.97) 47 
(74.60) 

Erythrodermic 1 (3.13) 4 (12.90) 5 (7.94) 
Guttate psoriasis 1 (3.13) 1 (3.23) 2 (3.17) 
Palmoplantar psoriasis 2 (6.25) 0 (0) 2 (3.17) 
Psoriatic arthritis 0 (0) 2 (6.45) 2 (3.17) 
Pustular psoriasis 0 (0) 1 (3.23) 1 (1.59) 
Scalp psoriasis 3 (9.38) 1 (3.23) 4 (6.35) 
Total 37 (100) 37 (100) 74 
Chi-square = 6.7572, P = 0.1491  

Table 3 
Comparison of control and experiment groups with medication adherence at 
pre-test and post-test treatment time point.  

Medication 
adherence 

Control group (%) Experiment group (%) Total (%) 

Pre-test 
Mild adherence 15 (46.88) 22 (70.97) 37 (58.73) 
Moderate adherence 14 (43.75) 5 (16.13) 19 (30.16) 
High adherence 3 (9.38) 4 (12.90) 7 (11.11) 
Post-test 
Mild adherence 20 (62.50) 0 (0) 20 (31.75) 
Moderate adherence 8 (25.00) 23 (74.19) 31 (49.21) 
High adherence 4 (12.50) 8 (25.81) 12 (19.05) 
Total 32 (100) 31 (100) 63 (100)  
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improvement in the medication adherence after the intervention. 
Intervention involved the active sessions, call reminders etc, similarly in 
this study proper patient education was provided to each patient to 
enhance the knowledge, importance of medication in disease improve-
ment with the help of PIL. This helped the patient’s in the interventional 
group reaching the goal of high adherence which is identical with this 
study. In our study, there was significant difference in pre-test and 
post-test in adherence after intervention signifying the value of clinical 
pharmacist’s role in psoriasis management. Non-adherence to drugs is 
one of the main sources of treatment disappointment can incur unnec-
essary hospital re-admissions, multiple visits which can lead to inef-
fective treatment.7 

Identified disappointment with desired drug efficacy, side effects, 
and economic burden were the most imperative reasons proposed for 
non-compliance to the physician suggestions, which results in medica-
tion non-adherence. The disappointment with treatment adequacy was 
seen in our patient.8 Evaluation demonstrates that implausible desires 
for treatment might contribute non-adherence.9 Educating patients 
about the course of psoriasis on regular basis will help set up sensible 
desires for treatment.10,11 

8. Conclusion 

This study helps to bridge the gap in developing countries like in 
India where there is need for recognition as a speciality pharmacist who 
provides health care services diligently. This study had shown the pos-
itive impact among the participants which improves the outcomes and 
influences greater health benefits in the long term management of 
ineradicable diseases like psoriasis. Hence there is a need of clinical 
pharmacist in improving the affirmative health for betterment of unmet 
needs of the psoriasis patient. 
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Table 4 
Comparison of control and experiment groups with respect to Medication Adherence at pre-test and post-test time points by Mann-Whitney U test.  

Treatment Control group Experiment group U-value Z-value p-value 

Mean SD Median IQR Mean SD Median IQR 

Pre-test 1.63 0.66 2.00 0.50 1.42 0.72 1.00 0.50 397.00 − 1.3611 0.1735 
Post-test 1.50 0.72 1.00 0.50 2.26 0.44 2.00 0.50 200.00 − 4.0695 0.0001* 

*p < 0.05. 

Table 5 
Comparison of changes from pretest and posttest Medication adherence in two groups (Control and experiment) by Wilcoxon matched pairs test.  

Groups Variables Changes % of change T-value Z-value p-level 

Control Medication adherence Pretest to posttest 7.69 37.50 0.9416 0.3464 
Intervention Medication adherence Pretest to posttest 59.09 9.50 3.9083 0.0001* 

*p < 0.05. 
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Introduction 
Diabetic macular oedema (DMO) is the most common cause of visual impairment amongst 
diabetic patients.1,2 The treatment of DMO has evolved over time as our understanding of the 
pathogenesis of DMO has increased. The demonstration of higher levels of vascular endothelial 
growth factor (VEGF) in the vitreous samples of eyes with DMO prompted the use of intravitreal 
injection (IVI) of anti VEGF agents to treat DMO.3

Ranibizumab (Lucentis, Genentech, Inc., United States [US]) is an antibody fragment of humanised 
monoclonal antibody to VEGF, and its efficacy in the treatment of DMO was demonstrated in 
randomised clinical trials.4 Hence, its use was approved by the United States Food and Drug 
Administration (FDA) for the treatment of DMO.

Because of the high cost of ranibizumab, many clinicians have used IVI of bevacizumab (Avastin; 
Genentech, US), a full length humanised monoclonal antibody to VEGF, to treat DMO, although 
it is not approved by FDA for intravitreal use.5

Randomised clinical trials have demonstrated efficacy and safety of off label use of bevacizumab 
in the treatment of DMO and its non-inferiority to IVI of ranibizumab.6,7

Background: The treatment of diabetic macular oedema (DMO) by intravitreal injection (IVI) 
of approved anti-vascular endothelial growth factor (VEGF) is costly and hence off label use of 
bevacizumab is practiced in spite of concerns about its safety.

Aim: To examine the effect of three IVI of bevacizumab given monthly, on best corrected visual 
acuity (BCVA) and central foveal thickness (CFT) of eyes with DMO.

Setting: Charity hospital attached to a medical college in India.

Methods: Patients with centre involving DMO with BCVA ≤ 6/9 and CFT ≥ 260 microns 
were recruited prospectively, and three IVI bevacizumab given monthly (from a common 
vial). At four months BCVA and CFT were assessed and compared with baseline data. Side 
effects, if any, were recorded. Best corrected visual acuity was converted to logMAR units 
for statistical analysis. Student’s t-test were conducted to see statistically significant changes 
in BCVA and CFT.

Results: A total of 50 eyes of 38 patients received three monthly IVI bevacizumab. Best 
corrected visual acuity (logMAR) improved from baseline mean of 0.80 ± 0.49 to final mean of 
0.51 ± 0.36, which was significant (p = 0.0001). The mean baseline CFT (μm) improved 
from 448.40 ± 149.47 to 368.76 ± 131.49, which was significant (p = 0.0001). No cases of 
endophthalmitis were reported. Various factors such as diabetes duration and HbA1c 
(hemoglobinA1c) value were not found to be significant for the improvement in BCVA 
and CFT.

Conclusion: Intravitreal injection bevacizumab given as three monthly injections was safe, 
economical and effective in the management of DMO.

Keywords: diabetic macular oedema; anti vascular endothelial growth factor; bevacizumab; 
intravitreal; off label use.
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However, preparation of multiple aliquots or repeated 
withdrawal of bevacizumab from a 4 mL vial is subjected to 
risk of contamination and clusters of endophthalmitis 
because of IVI bevacizumab have been reported.8,9

However, as one vial of ranibizumab costs nearly INR22 000.00 
(Indian rupee) (equivalent to $297.00) in India compared 
with INR1500.00 (equivalent to $19.00) for one dose of 
bevacizumab drawn from a multi-dose vial, it has economical 
advantage in countries such as India where most patients are 
not able to afford ranibizumab. In the United States, it is 
reported that one dose of ranibizumab costs $1543.00 
compared with $43.00 for one dose of bevacizumab.10

Bevacizumab is the most commonly used anti VEGF for the 
treatment of DMO and other retinal vascular disorders such 
as neovascular age related macular degeneration (NAMD), 
macular oedema because of retinal vein occlusions and 
myopic choroidal neovascular membranes in our institute 
because of economic reasons. In this study, we report the 
efficacy and safety of three IVI of bevacizumab given 
monthly for the treatment of DMO and its effect on central 
foveal thickness (CFT) as measured by optical coherence 
tomography (OCT).

Methods
This was a single centre, prospective, non-comparative 
and interventional study conducted in the Department of 
Ophthalmology of Karnataka Lingayat Education Society 
(KLES) Dr. Prabhakar Kore Hospital and Medical Research 
Centre, a multi-specialty hospital based in a rural area of 
southern India. This is a teaching hospital attached to 
Jawaharlal Nehru Medical College, KLE (Karnataka 
Lingayat Education Society) Academy of Higher Education 
and Research, Belagavi, Karnataka, India.

Patients for the study were prospectively recruited from 
those diabetic patients attending the out-patient eye clinic of 
our hospital. The criteria for inclusion were patients with 
type II diabetes mellitus (DM) aged between 25 years and 
75 years who were able to give informed consent for the 
study and were having centre involving DMO with best 
corrected visual acuity (BCVA) of 6/9 or worse and CFT of 
≥ 260 μm on spectral domain optical coherence tomography 
(SDOCT) (3D OCT-1 Maestro, Topcon Corp., Japan).

Exclusion criteria were patients with active ocular infections, 
previous history of IVI of anti VEGF in the last 4 months or 
IVI of steroids in the last 6 months, history of focal or 
grid laser for DMO or panretinal photocoagulation (PRPC) 
in the last 4 months or pars plana vitrectomy in the eye 
affected, glaucoma or ocular hypertension on more than two 
topical anti-glaucoma medications, advanced proliferative 
diabetic retinopathy (PDR), vitreo-macular traction or 
presence of fibrovascular membranes, significant media 
opacity, recent stroke or myocardial infarction and pregnancy. 
The study duration was of one year from January 2019 to 
December 2019.

Informed consent was obtained from all the participating 
patients and the ethical committee of the institution gave the 
permission to conduct the study. The study followed the 
guidelines of the Declaration of the Helsinki Principles.

The name, age, sex, addresses and contact details of the 
recruited patients were recorded. A detailed medical history 
with particular reference to the type of diabetes mellitus 
(DM) and its duration, treatment for DM, history of 
hypertension, ischemic heart disease, stroke, renal 
involvement and other morbidities were noticed. A detailed 
ocular history was taken to note duration of visual 
deterioration, affected eye and history of treatment including 
any ocular surgery.

All the recruited patients underwent detailed ocular 
examination that included assessment of BCVA on the Snellen 
chart, slit lamp biomicroscopic examination with particular 
attention to detect neovascularisation of the iris and observing 
the status of the lens, measurement of intraocular pressure 
by Goldmann applanation tonometry and detailed fundus 
examination. Diabetic retinopathy (DR) was classified on the 
basis of fundus examination and according to the Early 
Treatment of Diabetic Retinopathy Study (ETDRS) guidelines.11

The presence of DMO and if it involved the macular centre 
were assessed. All the recruited patients underwent OCT 
examination with spectral domain OCT using macular scan 
and line scan programmes after pupillary dilatation. The 
CFT was the mean thickness of the innermost circle of 1 mm 
diameter in the macular scan, which was recorded.

The patients who were eligible for the study received the IVI 
of bevacizumab within 10 days of recruitment. All IVI 
procedures were carried out in the operating theatre. The eye 
to be injected was dilated with commercially available 
preparation of tropicamide 0.8% with phenylephrine 5% 
instilled twice at 15 min interval. The surgeon always 
scrubbed and wore sterile gloves for the procedure. In the 
operation theatre, topical proparacaine hydrochloride 0.5% 
and povidone iodine 5% were instilled in the eye alternately 
for three times at 2 min interval. The circulating nurse brought 
the bevacizumab vial stored in the refrigerator and cleaned 
the rubber cap with povidone iodine 10% and alcohol swab 
70% and held it for withdrawal. The surgeon withdrew 0.1 mL 
of the drug in a single use sterile 31 g BD (bis in die [twice 
daily]) U-100 insulin syringes (BD Medical-Diabetes care, 
United States of America) and adjusted the dose to 0.05 mL.

If there were more than one patient, then that many numbers 
of syringes were loaded taking care to clean the rubber cap of 
the vial each time with povidone iodine 10% and alcohol 
swab 70%. The loaded syringes were kept on a sterile tray. 
After withdrawal of the drug in required number of syringes, 
the rubber cap of the bevacizumab vial was again cleaned 
with povidone iodine 10% and alcohol swab 70% and kept in 
the refrigerator. In this way, the vial was used for up to a total 
of 20 withdrawals and then discarded. Usually this happened 
within 30 days.

http://www.avehjournal.org�


Page 3 of 6 Original Research

http://www.avehjournal.org Open Access

The procedure of injection was as follows. The eye was 
painted with povidone iodine 10% and draped. A sterile 
speculum was inserted, and a sterile cotton bud soaked in 
proparacaine hydrochloride 0.5% was held at injection site 
for 30 s followed by cotton bud soaked in povidone iodine 
5% was applied at the injection site. Then, the 0.05 mL 
bevacizumab containing 1.25 mg of the drug injected through 
the pars plana at a distance of 3.5 mm in pseudophakic or 
aphakic eyes and 4 mm in phakic eyes, respectively. A sterile 
caliper was used to mark the distance at which injection was 
to be made. The injection was given in the supero-temporal 
quadrant in all the cases.

After the injection, the site of injection was held pressed for 
30 s with a cotton bud and the globe was checked for hardness 
and then a drop of povidone iodine 5% was instilled and the 
eye was patched for 4 h. No post-operative topical or systemic 
antibiotics were prescribed, and the patient was reviewed 
after 1 week and then 4 weeks after the injection. Patients 
were instructed to report earlier if they experienced any pain 
or diminished vision. Patient was scheduled for the next 
injection usually at 28–35 days’ time after the last injection.

Patients underwent a thorough ocular examination at the 
visit after one month of each injection and ocular examinations 
were carried out as described here. Special care was taken to 
detect rise in intraocular pressure (IOP), signs of anterior 
chamber activity, vitritis, injury to the lens, retinal tears, 
retinal detachment or vitreous haemorrhage. All patients 
received three injections at monthly intervals and at the end 
of one month after the last injection, complete ocular 
examination with BCVA, IOP and OCT examination was 
performed. The CFT was recorded from macular scan.

Statistical analysis
The data were entered in an Excel sheet and Snellen visual 
acuity was converted into logarithm of the minimum angle 
of resolution (logMAR) units for statistical analysis. The main 
outcomes studied were the difference between (1) initial and 
final BCVA (2) initial and final CFT and (3) initial and final 
IOP. The statistical analysis was carried out with student’s 
t-tests using the Statistical Package for Social Sciences (SPSS) 
software version 20.0 (SPSS Inc., United States [US]). We also 
examined if any variable was significant for improvement of 
BCVA by two (2) Snellen lines or more and reduction in CFT 
by 50 μm or more. P-value of less than 0.05 was regarded as 
significant.

Ethical considerations
Approval to conduct the study was received from Jawaharlal 
Nehru Medical College Institutional Ethics Committee on 
Human Subjects Research, Jawaharlal Nehru Medical 
College, Belagavi (MDC/DOME/66).

Results
A total of 50 eyes of 38 patients were eligible to be included 
in the study as they had completed three IVI at monthly 

intervals and follow up of 4 months. There were 31 males 
(81.6%) and the average age of the patients was 61.1 years 
(range 38–75 years, standard deviation [SD] 9.0). A total of 12 
patients who had bilateral DMO, received IVI in both eyes 
and 26 patients received IVI in only one eye.

All patients were suffering from type 2 DM and the mean 
duration of diabetes was 12.35 ± 7.6 years (range: 7 months 
to 30 years). A total of 23 patients (60.5%) were on oral 
hypoglycemic agents, 6 (15.8%) on insulin therapy and 
9 (23.7%) patients were receiving both insulin and oral 
hypoglycemic agents for their diabetes. The control of DM 
in our cohort was unsatisfactory as seen in average 
HbA1c of 8.81% ± 1.04 (range: 7–11.4). Many patients had 
systemic comorbidities such as hypertension in 20 (52.6%), 
hypercholesterolemia in nine (23.7%) and nephropathy in six 
(15.8%). A total of 11 patients (28.9%) were smokers.

The ocular features in the 50 eyes included pseudophakia in 
13, phakic in 37, glaucoma on medication in one eye and 
history of pan retinal photocoagulation more than 4 months 
ago in nine (18%) eyes. The diagnosis of DR was mild non-
proliferative DR (NPDR) in one eye, moderate NPDR in eight 
eyes, severe NPDR in 19 eyes and with past pan retinal 
photocoagulation in nine eyes (bilateral in three patients) and 
non-high risk characteristic PDR in 13 eyes.

There were various systemic comorbidities observed in 
38 patients of the cohort (Table 1).

The average baseline BCVA and final BCVA were 0.80 ± 0.48 
logMAR (range: 0.17–1.77) and 0.50 ± 0.36 logMAR (range: 
0.17–1.47), respectively, and the difference was statistically 
significant (p = 0.0001). Similarly, the average baseline CFT 
and the final CFT were 449.4 ± 148.1 μm (range: 275–925) and 
368.8 ± 131.5 μm, respectively, and the difference was 
statistically significant (p = 0.0001) (Table 2). There was no 
significant difference between initial and final average IOP of 
the 50 eyes (Table 2).

A total of 19 (38%) eyes improved vision by two or more lines 
and one-line improvement was seen in 30 (60%) eyes. One 
eye did not show any improvement after three injections and 
none had worsening of the vision.

We wanted to see the role of variables such as age, sex, 
duration of DM, level of initial HBA1c and the presence of 
comoribities in improvement in BCVA by two or more lines 

TABLE 1: Various systemic comorbidities.
Comorbidities Present  

n
Present  

%
Absent  

n
Absent  

%
Hypertension 20 52.6 18 47.4
Anticoagulant therapy 4 10.5 34 89.5
Hypercholesterolemia 9 23.7 29 76.3
Nephropathy 6 15.8 32 84.2
Smoking 11 28.9 27 71.1

Note: Percentage of comorbidities present (n = 38 patients).
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and reduction of CFT by 50 μm or more. However, the 
univariate analysis did not show any variable to be significant 
for improvement of BCVA by two or more lines or reduction 
in CFT of 50 μm or more.

Complications included subconjunctival haemorrhage in 
seven eyes (14%), corneal epithelial defect in two eyes (4%) 
and anterior chamber reaction of grade 2 in one eye (2%). All 
complications were conservatively managed and they did 
not have any effect on visual acuity. None of the patients had 
lens injury, retinal detachment, vitreous haemorrhage, 
endophthalmitis or retinal tears. No systemic adverse effects 
were reported by the patients.

Discussion
India has a very high rate of DM amongst adults aged 
20 years and above with the second highest number of cases 
of DM in the world and a projected number of 101 million 
cases of DM by the year 2030.12

With increasing number of diabetic population, the vision 
threatening complications of DR such as DMO and PDR will 
cause economic burden on the society. Hence, it is important 
to explore economical and effective treatment strategies for 
vision threatening complications of DR. In this context our 
study shows the safety and efficacy of three IVI of 
bevacizumab given monthly in cases of DMO with selection 
criteria of the study.

The treatment of DMO has evolved over time according to 
evidence-based medicine. Early Treatment of DR Study 
showed in a randomised clinical trial that, focal or grid laser 
photocoagulation was superior to observation only, in cases 
with clinically significant macular oedema.13

In the early 2000s, studies showed that IVI of triamcinolone 
acetonide was effective in treating DMO and was comparable 
to laser photocoagulation therapy.14,15

However, soon it was realised that intravitreal triamcinolone 
acetonide injection was not superior in terms of visual results 
and also led to complications of increased IOP and 
development of cataract in significant number of patients 
needing medical or surgical intervention.16

The interest in anti VEGF agents as modalities of treatment 
for DMO led to randomised controlled studies that showed 
an anti VEGF drug ranibizumab was better than sham 
injections in the treatment of DMO.4 A Diabetic Retinopathy 
Clinical Research (DRCR) Network study demonstrated that 
prompt treatment of DMO with IVI of ranibizumab was 
better than laser photocoagulation (Protocol I study).17

Many investigators reported off label use of IVI of 
bevacizumab in place of ranibizumab for the treatment of 
DMO and validated its efficacy with or without comparison 
to laser treatment.6,18 The off label use of bevacizumab for IVI 
in cases of DMO is routinely practiced the world over.

A new anti VEGF known as aflibercept (Eylea, Regeneron, 
United States of America), which acts as VEGF trap was 
investigated for its efficacy in DMO and was shown to be 
effective in the treatment of DMO.19

A DRCR network conducted study compared the efficacy of 
ranibizumab, aflibercept and bevacizumab for the treatment 
of centre involving DMO and reported that, at the end of 
two years, the three anti VEGF drugs were similar in terms of 
visual gains in eyes with good initial visual acuity.7 However, 
in eyes with poor initial vision (20/50 or worse), only 
aflibercept and not ranibizumab was better than bevacizumab 
in terms of visual gains at the end of two years.7 The analysis 
of costs involved and the visual acuity gains made by the 
three anti VEGF drugs in the given study showed that both 
ranibizumab and aflibercept were not cost-effective compared 
with bevacizumab in the treatment of DMO.20

Our study clearly shows that monthly IVI of bevacizumab 
for 3 months is a good economic treatment for DMO in our 
population.

Our cohort had male preponderance (81.6%), which is higher 
than that observed in studies by Vyas et al.21 Some studies 
have shown that males are more prone to develop DMO than 
females.22 In our study it could be because of inaccessibility 
of diabetic care for women of our rural region because of 
social, economic or logistic factors.

Many cases of our cohort were having comorbidities such as 
hypertension, nephropathy and hypercholesterolemia, which 
have been shown to increase the risk of DMO.22

TABLE 2: Comparison of initial and final best corrected visual acuity, central foveal thickness and intraocular pressure by dependent t-tests.
Parameters Mean SD Mean difference SD difference Percentage of change Paired t p

BCVA
Initial 0.80 0.49 0.29 0.21 36.09 9.6104 0.0001*
Final 0.51 0.36 - - - - -
CFT (μm)
Initial 448.40 149.47 79.64 69.21 17.76 8.1369 0.0001*
Final 368.76 131.49 - - - - -
IOP (mmHg)
Initial 15.68 2.76 0.25 2.66 1.61 0.6701 0.5060
Final 15.43 2.61 - - - - -

SD, standard deviation; BCVA, best corrected visual acuity; CFT, central foveal thickness; IOP, intraocular pressure.
*, p < 0.05.
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The improvement in visual acuity and reduction in CFT 
were statistically significant at the end of 4 months from 
recruitment after three IVI of bevacizumab in our study. All 
the patients except one showed improvement of at least one 
line of Snellen acuity in our study. Bevacizumab or laser 
therapy (BOLT) study, which had administered 3–9 IVI of 
bevacizumab also observed significant improvement of 
visual acuity and reduction in CFT.23 Solaiman et al. who 
used an average of 3.3 IVI of bevacizumab also reported 
similar results.24 Our study showed outcomes similar to 
several studies (Table 3).

Diabetic macular oedema is unfortunately a chronic disease 
and tends to recur in many patients after stopping treatment 
with IVI of any anti VEGF. Patients who receive more number 
of IVI in the first year of treatment improve visual acuity 
significantly.4

The Protocol-T 5 year follow up study which showed that the 
initial visual acuity gains are partially lost after the frequency 
of IVI of anti VEGF was reduced between third and fifth year 
of the follow up study. It is pertinent to note that patients 
received more than 10 injections in the first year of clinical 
trials.4,29

However, it is difficult to emulate the protocols of clinical 
trials in real life scenario. In India, it is much more difficult 
with IVI of ranibizumab and aflibercept because of their cost. 
In a study of patients who did not adhere to regimen of IVI of 
anti VEGF, it was shown that non-affordability and poor 
response to treatment were the main reasons.30

So, in such circumstances, treatment of DMO with IVI of 
bevacizumab is the best option for economically disadvantaged 
populations.

The safety of multiple withdrawals of bevacizumab from the 
same vial is a concern as contamination can occur and lead to 
cases of endophthalmitis. However, many authors have shown 
that the rate of endophthalmitis is low with this method.31,32 
The rate of endophthalmitis after IVI of anti VEGF can vary 
from 0.01% to 0.41%.31,32,33,34,35,36

Fintak et al. and Shah et al. did not find any difference 
in rates of endophthalmitis between bevacizumab and 
ranibizumab.37,38

However, risks of contamination resulting in clusters of 
endophthalmitis in cases of withdrawal of bevacizumab 
from the same vial have been reported.9 In the United States, 
the aliquots of bevacizumab are prepared by pharmacy 
according to guidelines of US Pharmacopeia.39

But in spite of such strict adherence, clusters of 
endophthalmitis have occurred in United States because 
of contamination in the pharmacy. Also, the facilities of 
compounding bevacizumab in separate syringes in the 
pharmacy are not available in most areas of India. Hence, it is 
very important to follow strict aseptic methods, including 
cleaning of the rubber cap of the vial with povidone iodine 
10% and alcohol swab 70% as followed in our study.

Shortcomings of our study are the small number of cases, 
short period of follow up and no comparative samples. 
However, most of the studies involving bevacizumab have 
small number of cases.21,23,24,25,26

Conclusion
Our study shows that three IVI of bevacizumab given 
monthly is effective in treatment of DMO. All except one 
showed improvement in BCVA at the end of 4 months. Most 
of the patients showed reduction in CFT indicating the 
effectiveness of IVI of bevacizumab. We did not encounter 
any serious side effects in our study.
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TABLE 3: Comparison between studies similar to the present study.
Serial no. Study No. of eyes No. of IVI Mean baseline 

BCVA (logMAR)
Mean final 

BCVA (logMAR)
p Mean baseline 

CFT (μm)
Mean Final 
CFT (μm)

p

1 Aksoy et al.25 20 6 0.68 ± 0.25 0.59 ± 0.25 0.001* 514 ± 100 430 ± 88 0.001*
2 Solaiman et al.24 22 3.3 0.60 ± 1.5 0.40 ± 1.6 > 0.050 465 ± 32 243 ± 87 < 0.050*
3 Seo et al.26 30 > 1 0.73 ± 0.36 0.61 ± 0.40 0.006 498.96 ± 123.99 421.40 ± 192.76 0.035*
4 Haritoglou et al.27 51 > 2 0.86 ± 0.38 0.84 ± 0.41 > 0.050 501 ± 163 377 ± 117 0.001*
5 BOLT study23 42 3–9 0.60 ± 1.5 0.44 ± 1.5 0.019* 507 ± 145 378 ± 134 < 0.001*
6 Protocol-T7 92 16 (12–20) 0.60 ± 1.5 0.30 ± 1.5 - 471 ± 153 282 ± 102 -
7 Vyas et al.21 52 2.78 0.80 0.63 < 0.001* 449.03 326.51 < 0.001*
8 Arevalo et al.28 78 1–3 0.87 0.6 < 0.0001* 387.0 ± 182.8 275.7 ± 108.3 < 0.0001*

IVI, intravitreal injection; BCVA, best corrected visual acuity; CFT, central foveal thickness; logMAR, logarithm of the minimum angle of resolution.
*, p < 0.05.
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A B S T R A C T   

Background: Morbidities during infancy have a deadly effect on growth and development among infants. Glob-
ally, more than 0.5 million newborns die a year due to morbidities. In India, fifty percent of them are 
underweight. 
Objectives: To study morbidities during first year of life and to assess socio-demographic, biological and cultural 
factors influencing morbidity during first year of life. 
Methodology: This Longitudinal study was carried out in rural community of Kinaye, Vantamuri and Handignur 
PHC. Study population constituted of Babies born during May 2013–March 2014. Sample size was calculated and 
962 infants were enrolled by using random number tables. Data was obtained from mothers using semi struc-
tured pretested questionnaire. The baseline data was collected within first week of the birth and were followed 
up monthly till the child completes 1 year. Descriptive statistics and inferential statistics were used for analysis. 
Results: The incidence of morbidities during first year of life was 14.18 episodes per child-year. The incidence of 
Acute respiratory infections, Diarrhea and Fever during twelfth month was 0.31/infant-year, 0.25/infant-year 
and 0.22/infant-year. The socio demographic factors associated with Morbidities were non working (AOR: 
1.320) illiteracy (AOR: 1.964) among mothers from low socio economic status (AOR: 1.651), Biological factors 
associated were low Gestational age (AOR: 2.594), No ANC registration (AOR: 3.047) and Low birth weight 
(AOR: 1.771). Cultural factors associated were Delayed initiation of breast feeding (AOR: 2.284) and Delayed 
bathing (AOR: 1.383). 
Conclusion: Improving female literacy and employment plays a major role in alleviating the morbidity among 
infants in rural areas.   

1. Introduction 

Today’s child is tomorrow’s hope, Children are precious and are 
crown jewels not only of the family but also of nation. Their develop-
ment is also the development of the nation as a whole. As the saying 
goes, home is the first school for the child and mother is the first teacher, 
hence the cultural and behavioural practices of the parents are passed on 
to their progeny. Globally, over five lakh newborns die of serious in-
fections and majority of these deaths occur in developing countries as 
compared to developed countries.1 The mortality and morbidity among 
infants and mothers can be controlled by skilled attendants and skilled 
care. Accessibility to quality health care during ante and postnatal care 
is crucial to reducing these.1 More than 98% of neonatal deaths occur in 

developing countries, their major cause being infections accounting for 
37%, followed by birth asphyxia and congenital anomalies.2 Morbidities 
during infancy have a deadly effect on growth and development among 
infants. Globally, more than 0.5 million newborns die a year due to 
morbidities during neonatal period and 9 to 10 million under-five die 
yearly,.3,4 Longitudinal studies are more advantageous since it is useful 
to observe the morbidity pattern of infants over a duration of time.5 

Environmental factors have a major role as compared to biological 
factors in influencing the morbidity of infants. But no such studies have 
been carried out in India to assess the effect of all the factors together on 
morbidity among infants. 
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2. Methodology 

This was a Observational, descriptive study adopting longitudinal 
study design carried out in rural area of Belagavi district. Babies born 
during study period in the all three Primary Health Centers which fit the 
inclusion criteria were enrolled in the study. Only the infants who were 
followed till the completion of 1 year were taken for analysis. Consid-
ering annual birth rate of May 19, 1000/year as per the SRS data, 
approximately 160 babies (substracting 15% attrition) were born per 
months in our study area. Sample size was calculated using the formula: 
N = (Z 1-α)2 x pq/d2 Prevalence of ARI (p): 28.8. Prevalence of normal 
health(q): 100-p: 71.2 Standard Normal variate (Z 1-α):1.96, Tolerable 
error (d):3%. Sample required. n = [(1.96)2 × 28.8*71.2]/32 = 875.27 
= 875. Adding 10% attrition rate. Sample Size = 963. 

963 babies born were selected using random number table and fol-
lowed up from birth till 1 year at a interval of 1month. The infants born 
were numbered in 3 digits starting from 001 to 244 who fit into inclusion 
criteria. A three digit random number was generated from random 
number table and followed column wise till the desired enrollment. The 
number greater than 244 was skipped. Every month Random number 
table was used for enrollment of babies till we got the desired number i.e 
963. The enrollment was continued till the subsequent month. 

2.1. Inclusion criteria 

Singleton live born babies. Whose weight at birth was recorded and 
is more than 1500 gms, with no congenital abnormalities and mothers 
have been residing in PHC areas for at least 6 months, before the 
commencement of study; Infants available for study from birth till 1 
year. 

2.2. Exclusion criteria 

Were Multiple births and Home deliveries. 
Detailed information like types of morbidities, duration of morbid-

ities were collected using detailed interview technique. Questionnaire 
was used to collect data pertaining to socio demographic and obstetric 
history whereas interview schedule was used to obtain data pertaining 
to feeding practices, morbidities and cultural practices. The baseline 
data was collected within first week of the birth. Every neonate enrolled 
were followed up at monthly intervals till the child completes 1 year. 
During the follow up visits, data regarding infants feeding and cultural 
practices, morbidity in the earlier month and immunization were ob-
tained. Anganwadi workers were trained to collect the data. 

The results were presented with appropriate tables, graphs and 
narrative forms. Descriptive and inferential statistics were used for 
analysis of data. Descriptive statistics used were frequency, mean, 
standard deviation, percentage, median and range. Inferential statistics 
used for analysis were Chi square test, Z scores, correlation and binary 
logistic regression models. Logistic regression model was used to check 
the relationship of socio demographic, maternal and cultural factors 
affecting morbidity. Odds ratio and P value was used to check the as-
sociation. P value < 0.05 was considered significant. 

Ethical clearance was obtained from Institutional Ethical Committee 
of KLE University Belgavi before the commencement of research. 
Informed consent was obtained from the study participants. 

3. Results 

A total of 962 new born were enrolled in our study. 37 infants were 
loss to follow up, whereas a total of 925 infants were followed for 1 year 
duration. 925 infants enrolled were analyzed as per the objectives. Out 
of 925 mothers, majority of the mothers belonged to age group of 19–30 
years. Teenage pregnancy was seen among 4% of mothers. Mean Age of 
the Mothers was 24.76 ± 3.914.As per the age at first pregnancy, 24 of 
them had first pregnancy before the age of 18yrs, whereas 72% had 

pregnancy during the 19–20 years. 
In our study majority of mothers were house wives (62%) and 25% of 

Mothers worked as cooli.16% of the mothers were illiterate whereas 
41.6% of mothers had completed secondary education. The mean age of 
father was 29.43 ± 3.363. Around 34% of fathers worked on daily wages 
while 30% of them practiced farming. 

51% were Hindu followed by Muslim comprising 32%. According to 
the family size, 53% of the family had more than 6 members in the 
family, whereas 42 families had 1 to 3 members. In our study majority of 
the family belonged to class III socio economic status compromising 
40% followed by class II 32%. About 48% infants belonged to third 
generation family whereas 37% of infants belonged to nuclear family. 
Only 15% belonged to joint family. 

95% of women had ANC registered. 52% of women had 4 to 6 ANC 
visit and 26% of women had more than 6 ANC visits. 61% of women had 
consumed 100 to 200 IFA tablets during ANC and 86% of women had 
received the appropriate doses of Tetanus injections.76% of infants were 
born through vaginal delivery and 24% of infants were born through 
caesarean section. 

Out of 925 infants 54% were male. All the infants were given 
neonatal vaccinations like OPV, BCG and Hep B at birth. 21% of infants 
were born without proper birth spacing of 2 years, whereas 76% of in-
fants were born with proper birth spacing of 2–5 years. Majority 53% of 
infants belonged to more than third birth order. 6% of infants birth 
weight was between 1800 and 2000 gms and 11% of infants birth weight 
was between 2100 and 2400 gms. The mean birth weight of infants 
being 2.85 ± 0.365. 

79% of infants were started with breast feeding within 30 min of 
birth. 7% of women stated feeding between 31 and 60 min of time, 
whereas 14% infants initiated breast feeding after 8 h of birth. Colos-
trum was given to 96% infants. Prelacteal feeds was given among 15% of 
infants. 88% of mothers followed demand feeding whereas4% were 
exclusively breast feed for less than 3 months. 85% of infants were 
exclusively breast fed for 6 months and more. 

The total numbers of episodes of morbidities during first year of life 
were 13120. The incidence rate of morbidities during 1st year of life was 
14.18 episodes per child-year during the 1st year of life. Our study 
revealed incidence of ARI being 3.21/infant year. Diarrhea incidence 
being 2.88/infant year, fever incidence being 2.54/infant year. The 
incidence of ARI was slightly more (1.73 episodes per infant) during 
second six months of life. The incidence of Diarrhea was drastically 
increased during second six months of life (2.09 episodes per infant) as 
compared to 0.9 episodes per infant during first six month of life this can 
be attributed to poor feeding practices. 

The incidence of fever was also slightly more during second six 
months of life. The incidence of fever during second six months of life 
was 1.34 episodes per infant, more as compared during first six months 
of life. The incidence of other morbidities like otitis media, conjuncti-
vitis, acute rhinitis and other infection were decreased during second six 
months of life. The incidence being 0.34, 0.34, 0.21 and 0.03 episodes 
per infant respectively(Fig. 1). 

3.1. Socio-demographic profile affecting morbidity among infants 

As per the socio-demographic profile the factors that were signifi-
cantly associated with ARI were mothers occupation (p = 0.015), 
Educational status of mothers (p = 0.004), and socio economic status (p 
= 0.001). The factors significantly associated with incidence of diarrhea 
were religion (p = 0.009) and socio economic status (p = 0.006). The 
factors significantly associated with fever were mothers occupation (p =
0.012), mothers education (p = 0.001) and fathers education (p =
0.033) (Table 1). 

3.2. Biological factors affecting morbidity among infants 

As per the biological profile, the factors that were significantly 
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associated with ARI were Gestational week (p < 0.001), Birth order (p =
0.03), consumption of IFA tablets (p < 0.001), Sex of the new born (p <
0.001) and birth weight (p = 0.006). The factors significantly associated 
with incidence of diarrhea were type of delivery (p = 0.02), ANC 
registration (p = 0.05), Consumption of IFA tablets (p < 0.001) and Sex 
of newborn (p = 0.007). The factors significantly associated with inci-
dence of fever were weeks of gestation (p = 0.022), Consumption of IFA 
tablets (p < 0.001) and birth weight (p = 0.011) (Table 1). 

3.3. Impact of cultural factors on morbidity among infants 

As per the cultural and feeding factors that were significantly asso-
ciated with ARI were initiation of breast feeding (p = 0.016), application 
of oil to umbilicus (p = 0.041), bathing within 24 h of birth (p = 0.048), 
and application of black carbon to inner cantus (p = 0.041). The factors 
significantly associated with incidence of diarrhea were application of 
oil to umbilicus (p = 0.022) and application of black carbon to inner 
canthus (p = 0.022). The factors significantly associated with incidence 

Fig. 1. Diagram representing the incidence of morbidities among infants.  

Table 1 
Socio demographic, biological and cultural factors associated with morbidity among infants.  

Variable ARI 
Episodes 

Diarrhea 
Episodes 

Fever 
Episodes 

Mothers Occupation 
Housewife N = 606 168 77 322 
Working N = 319 67 50 144 
χ2,Df, P,OR 4.979,1,0.015,1.320 1.554,1,0.126,1.035 5.343,1,0.012,1.177 
Mother Education 
Illiterate N = 150 24 25 57 
Literate N = 775 211 102 366 
χ2,Df,P, OR 8.357,1,0.004, 1.964 1.304,1,0.156, 1.266 10.973,1,0.001,1.823 
Fathers Education 
Illiterate N = 140 43 16 81 
Literate N = 785 192 111 385 
χ2,Df, P,OR 2.453,1,0.074,1.256 0.738,1,0.237,1.276 3.691,1,0.033,1.180 
Socio- Economic Status 
Class III, IV and V N = 376 75 65 181 
Class I and II N = 549 160 62 285 
χ2, Df, P, OR 9.961,1, 0.001,1.651 6.769,1, 0.006,1.531 1.272,1,0.144,1.163 
Gestational Week 
≤37 Weeks N = 182 88 23 79 
>37 Weeks N = 743 197 104 367 
χ2, Df, P, OR 32.70,1,<0.001,2.594 0.228,1,0.366,1.125 4.406,1,0.022, 1.417 
IFA tablets 
<100 tablets N = 370 282 118 191 
χ2, Df, P, OR 220.76,1,<0.001,8.89 45.413,1,<0.001,2.996 29.526,1,<0.001,2.09 
Sex 
Male N = 502 229 169 260 
Female N = 423 106 108 206 
χ2, Df, P, OR 42.00,1,<0.001,2.508 7.23,1,0.007, 1.48 0.879,1,0.192, 1.064 
Birth Weight 
<2500 gms N = 156 27 16 65 
χ2, Df, P, OR 6.493,1, 0.006,1.771 1.911,1,0.102,1.476 5.697,1,0.011,1.526 
Umbilical oil application 
Yes N = 245 73 24 136 
χ2, Df, P, OR 3.390,1,0.041,1.251 4.354,1,0.022,1.644 3.511,1,0.036,1.144  
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of fever were application of oil to umbilicus (p = 0.036), bathing within 
24 h of birth (p = 0.022) and application of black carbon to inner cantus 
(p = 0.036) and depositing of oil drops into ears (p = 0.048) (Table 1). 

4. Discussion 

Infancy is an important stage in childhood growth and development, 
and numerous landmark programmes have been set in place to improve 
their survival and growth. Some of the major programmes include 
Reproductive, Maternal, Newborn Child and Adolescent Health 
(RMNCH + A) strategy, National Health Mission (NHM) and ICDS (In-
tegrated Child Development Services). NHM program focuses on the 
provision of resources for newborn’s health, whereas RMNCH + A and 
ICDS are devoted to the continuation of the care model to health and 
nutritional status of infants, children and adolescents. Morbidities like 
ARI, Diarrhea and fever have a serious effect on the infant’s nutritional 
status and development leading to reduced appetite, underweight, 
stunting and wasting. Diarrhea is significantly associated with under-
weight and ARI has a chronic impact on stunting among children. 

The study revealed that the incidence of Diarrhea increased steadily 
during the second half of infancy, and ARI and fever were high during 
the neonatal period and the first six months of life. Our results are 
similar to a study in rural areas of Jammu, where the incidence of ARI 
and Diarrhea was the same compared to fever.8 In various studies in 
Guntur and south India, the incidence of morbidities like ARI and 
Diarrhea was more common during the second six months of life.7,8 The 
increased incidence of morbidities during the second six months of life 
may be attributed to faulty feeding practices like inappropriate exclusive 
breast feeding, improper weaning and cultural practices leading to 
malnutrition and increased morbidities.9 

The cultural and feeding factors that were significantly associated 
were initiation of breastfeeding, application of oil to umbilicus, bathing 
within 24 h of birth, and application of black carbon to inner canthus. A 
study in Jammu revealed that the annual incidence of morbidity was 
4.6/child -year. The incidence was more of ARI and Diarrhea and was 
more associated with the female sex, malnourishment and infancy. No 
association was seen with parental literacy status.7 A longitudinal study 
in Guntur showed that morbidities were more during the second six 
months of infancy as compared to the first six months. The incidence of 
morbidities was significantly associated with poor feeding practices.8 

Breastfeeding had a protective effect on the incidence of morbidity 
among infants. Lower odds ratio of morbidities was seen among the 
infants who were exclusively breastfed. Income was not associated with 
the incidence of morbidities. Infants with siblings had significantly 
increased incidence of morbidities as compared with those with no 
siblings.9A longitudinal study in Dundee revealed that the infants who 
were breastfed for 13 weeks or more had less incidence of morbidity as 
compared to those who were breastfed for less than 13 weeks.10 Another 
longitudinal study on the effect of feeding practices on infant’s health 
showed that the factors significantly associated with the infant’s health 
and the incidence of morbidities were inappropriate exclusive breast-
feeding and sanitation. Introduction of water during the first six months 
was also significantly associated with increased incidence of 
morbidities.11 

Longitudinal studies in Delhi and south India among infants revealed 
that the morbidity rate was low during the first six months as compared 
to the next six months. There was positive correlation among socio- 
economic status, literacy rate and the sex of the infants.2,3,12,13 Longi-
tudinal studies in semi-urban areas and the Safdurjung Hospital in New 
Delhi and Hadassah Hospital in Jeruselam revealed that morbidity was 
more during the first half of infancy than in the second half. The ma-
jority of illnesses were due to RTI and diarrhea. The incidence was found 
to decrease with rise in family income and proper feeding 
practices.14,15,16 

A longitudinal study in Aligarh among infants to study the morbidity 
pattern and feeding practices showed that top-fed infants had more 

incidence of RTI, diarrhea, severe malnutrition, anemia and Vitamin A 
deficiency. The incidence of RTI among artificially fed infants showed 
an abrupt increase after six months of age.17,18A prospective study at 
Vajjra Hospital in Thialand revealed that iron-deficiency anemia was 
significantly higher among formula-fed infants.19,20 

A one-year longitudinal study conducted among Malawian infants 
during March 2006 with monthly visits to assess morbidity and growth 
parameters revealed that the infants with early complementary feeding 
were significantly associated with increased risk of RTI.21,22 A 
cross-sectional study on infant feeding and rearing practices among 
rural and urban infants of Jammu including various faulty feeding 
practices showed delayed initiation of breastfeeding, administration of 
prelacteal feeds and early weaning practices. All these factors contribute 
to an increased incidence of diarrhea and vomitting.23,24 

Faulty feeding practices were seen in a study carried out in the rural 
areas of Pondicherry and Jammu on infant feeding and rearing practices. 
These included delayed initiation of breast feed, and rearing practices 
like instillation of oil into eyes, nose, ears and mouth which led to 
morbidity among infants. Diarrhea and vomiting occurred with greater 
frequency among the top-fed infants.6,26 

5. Conclusion 

The incidence of ARI, Diarrhea and fever among infants in our study 
was quite less as compared to the national figures of these morbidities 
among under five children. Morbidities were significantly high during 
second six month of life due to inappropriate feeding practices. 
Improving female literacy and employment plays a major role in alle-
viating the morbidity. 
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Neck circumference measurement as a screening tool for obesity in children 
– A cross sectional study 
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A B S T R A C T   

Background: Conventional anthropometric measurements for obesity in children offer several limitations which 
the newer methods propose to overcome. 
Objective: To determine whether neck circumference can be used as a screening tool to identify obesity in 
children and to find out the correlation between neck circumference and body mass index, waist circumference, 
waist/hip ratio in evaluation of obesity in children. 
Methodology: This was a cross-sectional study. Total 360 children (13–16 years) of a private school were study 
participants. Body mass index, waist circumference, hip circumference, waist-to hip ratio was compared with 
neck circumference of the same subjects. Pearson’s correlation coefficient was calculated between neck 
circumference and other obesity indices. Data was analyzed and compared using t-test/ANOVA and the signif-
icance level was set at p < 0.05. 
Result: The mean weight, waist circumference, neck circumference, hip circumference was significantly less in 
the group with Body mass index less than 23 kg/m2 in comparison to the subjects with Body mass index greater 
than or equal 23 kg/m2 (p value < 0.0001) for both the sexes. Ratio of males was more than females and the 
mean ± Standard Deviation of Body mass index was 20.88 ± 3.9 kg/m2 with prevalence of obesity 25.56%. 
Conclusion: The neck circumference is an efficacious tool for screening obesity with good sensitivity and speci-
ficity. There was a significant correlation between neck Circumference and different anthropometric measure-
ment in both the sexes.   

1. Introduction 

Obesity and overweight can lead to a range of chronic non- 
communicable diseases, such as cardiovascular disease, metabolic syn-
drome, and diabetes mellitus etc.1 Obesity in young age is a growing 
chief public health crisis, particularly hazardous for type 2 diabetes 
mellitus, hypertension, and cardiovascular disorders in the later stages 
of life. In children, the prevalence of obesity has increased up to 300% 
over the last 40 years.2 The National Health and Nutrition Examination 
Survey (2009–2010) found 32% of children between 2 and 19 years of 
age to be overweight or obese.2 Obesity varied from 10 to 40% in 
different European populations.3Upper body trunk girth is an important 
predictor of obesity related complications such as hypertension, dia-
betes and cardiovascular diseases.2 

Currently various methods have been used to assess obesity in chil-
dren like BMI and waist hip ratio. But each of them has limitations. BMI 

is widely used tool to define obesity in children as well as adults but is 
actually an inaccurate and misleading indicator as it is suboptimal to 
assess the total body fat and central obesity. Waist circumference is not 
only time consuming but also problematic in terms of cultural and 
environmental issues. Also, WC may be affected by abdominal distention 
after consuming meals.3,4 Thus, these are broad and non-specific tools. 
So, there is a need of alternative tools to assess obesity in children as 
prevention of childhood obesity can prevent non communicable diseases 
in adulthood. 

Neck circumference (NC), an indicator of upper body subcutaneous 
adipose tissue allocation can predict a higher metabolic threat.1,2 Neck 
circumference is correlated with cardiovascular disease risk factors even 
after adjustment for visceral adipose tissue (VAT) and BMI. These 
findings indicate that upper body fat may be a distinctive, pathogenic fat 
store.5 Neck circumference measurement is a distinct anthropometric 
dimension compared to body mass index, waist circumference, 
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waist/hip ratio and waist height ratio1,6 Significant advantage of the NC 
measurement in an assessment of overweight and obesity which is 
evaluated on a more secure body area when compared to WC. An added 
advantage of using NC as a proxy for upper body fat distribution is that it 
shows no variation in size throughout the day.1,10 The scientific litera-
ture on the accuracy of neck circumference (NC) as a tool to identify 
overweight and obesity is especially scarce, mainly in the children. 
Hence the present study aimed to determine the validity of neck 
circumference as a screening tool for obesity in children. The main ob-
jectives of the study were to determine whether neck circumference can 
be used as a screening tool to identify obesity in children and to find out 
the correlation between neck circumference and body mass index, waist 
circumference, waist/hip ratio in evaluation of obesity in children. 

2. Materials and methods 

The present Cross-sectional study was conducted in one of the pri-
vate schools of Belagavi for 2 months on 360 children, studying in Class 
8th to 10th in an urban school in Belagavi. 

Universal sampling was carried out and all the students present on 
the data collection days were included in the study i.e., 360 students. 
School children aged between 13 and 16 years were included in the 
study while Children having goitre, cervical lymph adenopathy, neck 
masses, neck deformity, diabetes, Cushing’s disease, and children on 
medication (steroid) were excluded. Data collector was trained in data 
collection and measurements. 

Data was collected by the Principal investigator using weighing 
machine, height measuring scale and flexible measuring tape. Height 
was measured by using a stadiometer, each participant was instructed to 
stand barefoot and head held in Frankfurt horizontal plane to the nearest 
0.1 cm. Weight was measured by using a calibrated electronic weighing 
scale, to the nearest 0.1 kg. Neck circumference was measured between 
the mid cervical spine and mid anterior neck, using a flexible measuring 
tape with the child in the standing position, head held erect and eyes 
facing forwards and neck in the horizontal plane at the level of most 
prominent position, the thyroid cartilage. 

WC was measured by using flexible measuring tape to the nearest 
0.1 cm with the child standing, and at the end of normal expiration at a 
point midway between the inferior margin of the lowest rib and the iliac 
crest. 

Hip circumference was measured at the maximum circumference 
around the buttocks. 

Waist-To-Hip Ratio (WHR) was calculated by dividing WC by HC. 
BMI kg/m2 was calculated and interpreted according to WHO 

guidelines using formula Weight in kilograms (kg)/(Height in meter). 
BMI for age and sex percentile growth curves were used to classify the 
subjects and was defined as Underweight (Less than 5th percentile), 
Normal weight (5th percentile to less than the 85th percentile), Over-
weight (85th to less than the 95th percentile) and Obese (Equal to or 
greater than the 95th percentile). Study subjects were divided into two 
categories based on BMI. One group with BMI less than 23 kg/m2 and 
another group with BMI more than or equal to 23 kg/m2. 

Informed consent was obtained from the head of the school and 
assent was obtained from school students. Informed consent was also 
taken from parents. Approval was obtained from the Institutional Ethics 
committee before instating the study. 

2.1. Statistical analysis 

Data was analyzed using R software version 3.6.1 and Excel. Cate-
gorical variables were represented in the form of frequency table. 
Continuous variables were represented as mean ± Standard Deviation 
(SD). Data was compared using t-test/ANOVA, Welch’s t-test and Mann- 
Whitney test and the level of significance was set at p < 0.05. 

3. Results 

The present study recruited 360 participants between 13 and 16 
years. Among the 360 subjects, 196 were males and the mean age 
observed was 14.38 ± 0.85 years and 164 were females. 92 subjects 
were identified with a BMI greater than 23 Kg/m2. Prevalence of obesity 
was 25.56%. 

Table 1 shows the distribution of age, neck circumference, waist 
circumference between the two groups and sexes. In males, mean 
weight, waist circumference, neck circumference, hip circumference 
was significantly less in the group with BMI less than 23 kg/m2 

compared to the subjects with BMI greater than or equal 23 kg/m2 (p- 
value < 0.05). In females, mean weight, height, waist circumference, 
neck circumference, hip circumference was significantly less in the 
group with BMI less than 23 kg/m2 compared to the subjects with BMI 
greater than or equal 23 kg/m2. All the anthropometric parameters were 
found to be significantly higher in overweight/obese children than their 
normal weight peers and higher in boys when compared to girls. 

Table 2 illustrates the sensitivity, specificity, area under curve, cut- 
off values, positive and negative likelihood ratio for neck circumfer-
ence, waist circumference and hip circumference among males and fe-
males. In males, area under the curve for neck circumference assessing 
obesity was 0.7356. A male patient was 4.05 times more likely to be 
obese if his neck circumference was greater than or equal to 32.5 cm 
(cut-off value). In females, area under the curve for neck circumference 
assessing obesity was 0.8178. A female subject was 6.07 times more 
likely to be obese if her neck circumference was more than or equal to 
30.5 cm (cut-off value). Total prevalence of obese male and female 
subjects was 32.65% and 22.96% and 28.06% and 23.97% with respect 
to neck circumference and BMI, respectively. 

Fig. 1 illustrates the Receiver Operating Characteristic (ROC) curve 
of neck circumference to screen obesity in males and females. 

Table 3 presents the correlation between BMI and other variables 
over gender. In males, a strong positive correlation was present between 
neck circumference and age, weight, waist circumference, hip circum-
ference and BMI by Pearson correlation test. By Spearman’s correlation 
test, there was a small amount of positive correlation between neck 
circumference and age. In females, a strong positive correlation was 
present between neck circumference and weight, waist circumference, 
hip circumference and BMI by Pearson correlation test. 

Table 4 presents the sensitivity and specificity analysis for neck 
circumference over age. In males, 100% sensitivity in age group of 16 
years with the cut-off value for NC of 32.5 cm was reported. In females, 
86% sensitivity was observed with the cut-off value for NC as 30.5 cm in 
the age group of 15 years. 

Table 5 depicts a significant association between BMI and neck 
circumference for males by Chi-square test. 

Table 1 
Baseline characteristics of study participants.  

Gender Variables BMI (kg/m2) p-value 

<23 kg/m2 ≥23 kg/m2 

Male Age 14.35 ± 0.8 14.5 ± 0.91 0.4931M 

Weight (in kg) 50.59 ± 7.66 71.52 ± 12.74 <0.00001 wt 

Height (in cm) 163.73 ± 9.62 165.74 ± 9.48 0.2134t 

Waist circumference 72.94 ± 6.97 90.02 ± 9.06 <0.00001 wt 

Neck circumference 31.09 ± 2.51 34.07 ± 1.99 <0.00001t 

Hip circumference 85.59 ± 6.27 101.76 ± 8.01 <0.00001t 

Female Age 14.34 ± 0.84 14.4 ± 0.89 0.9571M 

Height (in cm) 156.95 ± 6.01 159.15 ± 5.76 0.01629t 

Weight (in cm) 47.45 ± 6.25 66.42 ± 8.84 <0.00001 wt 

Waist circumference 68.9 ± 6.16 82.33 ± 8.14 <0.00001t 

Neck circumference 29.51 ± 5.04 31.67 ± 1.97 0.002313t 

Hip circumference 86.72 ± 5.44 100.42 ± 7.1 <0.00001t 

Abbreviations: t: t-test, Wt: Welch’s t-test, M: Mann-Whitney test. *Significant p- 
value < 0.05. 
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4. Discussion 

Before the 20th century, obesity was rare; but in 1997 World Health 
Organization (WHO) officially acknowledged obesity as a global 
epidemic.7 According to the WHO report, 65% of the world’s population 

Table 2 
Sensitivity and specificity analysis for neck, hip, and waist circumference over gender.  

Gender Variables Sensitivity (CI) Specificity (CI) AUC (CI) Cut-off LR+ (CI) LR− (CI) 

Male Neck Circumference 78% (63%–89%) 81% (74%–87%) 0.7356 (0.6701–0.8011) 32.5 cm 4.05 (2.82–5.82) 0.28 (0.16–0.48) 
Waist Circumference 82% (68%–92%) 91% (86%–95%) 0.8426 (0.7785–0.9067) 81.5 cm 9.55 (5.58–16.34) 0.19 (0.10–0.37) 
Hip Circumference 87% (73%–95%) 89% (83%–94%) 0.8333 (0.7704–0.8961) 93.5 cm 8.18 (5.07–13.18) 0.15 (0.07–0.31) 

Female Neck Circumference 83% (69%–92%) 86% (79%–92%) 0.8178 (0.7525–0.8832) 30.5 cm 6.07 (3.78–9.74) 0.20 (0.10–0.37) 
Waist Circumference 89% (77%–96%) 83% (75%–89%) 0.8142 (0.7519–0.8765) 74.5 cm 5.23 (3.47–7.89) 0.13 (0.06–0.30) 
Hip Circumference 94% (82%–99%) 88% (81%–93%) 0.8652 (0.7519–0.8765) 92.5 cm 7.82 (4.76–12.86) 0.07 (0.02–0.22) 

Abbreviations: AUC: Area Under Curve; LR+: Positive likelihood ratio; LR− : Negative likelihood ratio; CI: Confidence interval. 

Fig. 1. ROC Curve for males and females to screen the obesity.  

Table 3 
Correlation analysis between neck circumference and other variables over 
gender.  

Gender Variables Correlation coefficient p-value 

Male Age 0.396941 (Spearman’s rho) <0.0001 
Weight (in kg) 0.8271033 <0.0001 
Waist circumference 0.7213742 <0.0001 
Hip circumference 0.8161293 <0.0001 
BMI (kg/m2) 0.6775628 <0.0001 

Female Age 0.072409 (Spearman’s rho) 0.3568 
Weight (in kg) 0.742741 <0.0001 
Waist circumference 0.67800 <0.0001 
Hip circumference 0.676661 <0.0001 
BMI (kg/m2) 0.662298 <0.0001 

*Significant p-value < 0.05. 

Table 4 
Sensitivity and specificity analysis for neck circumference over age.  

Gender Age (in years) Neck circumference (Mean ± SD) kg/m2 Sensitivity (CI) Specificity (CI) AUC (CI) Cut-off (cm) 

Males 13 30.07 ± 2.02 67% (22%–96%) 95% (77%–100%) 0.8565 (0.6519–1) 31.5 
14 31.57 ± 3.24 76% (50%–93%) 83% (71%–91%) 0.7357 (0.6286–0.8429) 32.5 
15 32.42 ± 2.09 80% (52%–96%) 71% (58%–83%) 0.6794 (0.5784–0.7804) 32.5 
16 32.93 ± 1.53 100% (54%–100%) 78% (40%–97%) 0.875 (0.7146–1) 32.5       

Females 13 29.07 ± 2.07 71% (29%–96%) 91% (71%–99%) 0.8117 (0.6208–1) 30.5 
14 31.24 ± 6.94 85% (62%–97%) 76% (60%–89%) 0.78 (0.6736–0.8865) 30.5 
15 29.45 ± 1.76 86% (57%–98%) 92% (81%–98%) 0.855 (0.7421–0.9679) 30.5 
16 31.27 ± 2.2 83% (36%–100%) 80% (28%–99%) 0.8167 (0.5615–1) 30.5 

Abbreviations: AUC: Area Under Curve; CI: Confidence interval. 

Table 5 
Comparison of neck circumference and BMI over gender.   

Male Female 

NC < 37 NC ≥ 37 NC < 37 NC ≥ 37 

BMI (kg/m2) < 23 149 (99.33) 1 (0.67) 115 (99.14) 1 (0.86) 
≥ 23 41 (89.13) 5 (10.87) 47 (97.92) 1 (2.08) 

p-value 0.00199MC* 1MC 

MC: Monte-Carlo’s simulation was used to obtain p-value; BMI: Body mass 
index, NC: neck circumference, *: Significant p-value < 0.05. 
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live in countries where overweight and obesity kill more people than 
underweight.8 

The prevalence of obesity is growing at an alarming speed, and the 
harmful implications are renowned. The Waist hip ratio which is 
commonly used is usually known to recognize individuals with central 
obesity and overweight/obesity.6 But the limitation is waist circumfer-
ence is less specific and can vary throughout the day in the postprandial 
period, in menstrual period, and according to bowel function.9 

Neck circumference reflects the deposits of adipose tissue in the 
neck, which can be used as an indicator of subcutaneous adipose tissue 
in the upper body. The neck is at the junction between the head and the 
trunk, and is often not covered by clothing, which provides easy access 
for measurement.9 Similarly, NC measurements are less invasive than 
measuring WC and less cumbersome than assessing BMI.8 

In present study, the observed ratio of males was more than females. 
The mean ± Standard Deviation of BMI was 20.88 ± 3.9 kg/m2, and 
prevalence of obesity was 25.56%. 

A study conducted by Ferretti R de L et al. in children between ad-
olescents showed that there was a significant correlation between neck 
circumference and body mass index in both the genders, (31.62 ± 4.54 
kg/m2, p < 0.001).10 Similar findings were observed by Yashoda et al. 
(2017), (25.27 ± 2.0 kg/m2, (p < 0.001)), Rajagopalan et al. (2017), 
(18.81 ± 0.2 kg/m2, p < 0.001) Kelishadi et al. (2016), (31.35 ± 0.7, 
kg/m2 p < 0.01).2,11,12Earlier Atef et al. (2015) (28.98 ± 1.6 kg/m2, p <
0.01), Hassan et al. (2015), (32.90 ± 1.6 kg/m2, p < 0.01), Kim et al. 
(2014), ((r = 0.78, p < 0.001), Hatipoglu et al. (2010), (28.0±0 kg/m2,p 
< 0.01), also showed a similar outcome in various age groups between 6 
and 18 years.11–16 

Numerous studies have reported the use of NC as a screening tool for 
the identification of obesity (high BMI), but the studies done in school 
children are limited. In the present study, mean weight, WC, NC, HC in 
males were observed significantly less in the group having less BMI than 
23 kg/m2 and in females, it was seen to have high or equal BMI after 
comparison. After comparison between the genders, females were 6.07 
times more likely to be obese with NC of more or equal to 30.5 cm. 
Finally, it was observed that AUC was more for WC, HC when compared 
to NC in boys and girl’s ratio. In males, 100% sensitivity in age group of 
16 years with the cut-off value for NC of 32.5 cm and in females, 86% 
sensitivity was observed with the cut-off value for NC as 30.5 cm in the 
age group of 15 years was reported. Thus, the study confirmed the utility 
of NC to assess obesity among the children. 

The study had some limitations, that is it was a cross-sectional study 
with a small sample size in a single geographic area. Although neck 
circumference had a strong correlation with various obesity parameters 
there is a need to derive and validate neck circumference cut-off values 
for different pubertal stages, different BMI categories and different age 
groups for the Indian population. 

4.1. What is already known? 

Currently various methods have been used to assess obesity in chil-
dren like BMI and waist hip ratio. But each of them has limitations. 

4.2. What this study adds? 

The present study concluded that NC is a valuable tool for screening 
the obesity among children (13yrs–16yrs) with reasonable sensitivity 
and specificity. It also established the obesity predictor cut-off values for 
this populace. There was a strong positive correlation between neck 
circumference and weight, BMI, hip circumference, waist circumference 
in both the genders. 
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Immunotherapy with convalescent plasma (CPT) is one such therapeutic option.
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Methods: A systematized search was conducted for articles published between December 2019 and 18th
January 2021 focusing on convalescent plasma efficacy and safety in COVID-19. The primary outcomes
were defined as mortality benefit in patients treated with convalescent plasma compared to standard
therapy/placebo. The secondary outcome was pooled mortality rate and the adverse event rate in
convalescent plasma-treated patients.

Results: A total of 27,706 patients were included in the qualitative analysis, and a total of 3,262 (2,127 in
convalescent plasma-treated patients and 1,135 in the non-convalescent plasma/control group) patients
died. The quantitative synthesis in 23 studies showed that the odds of mortality in patients who received
plasma therapy were significantly lower than those in patients who did not receive plasma therapy [odds
ratio (OR) 0.65, 95% confidence interval (CI) 0.53–0.80, p < 0.0001, I  = 15%). The mortality benefit
remains the same even for 14 trials/prospective studies (OR 0.59, 95% CI 0.43–0.81, p = 0.001, I  = 22%)
as well as for nine case series/retrospective observational studies (OR 0.78, 95% CI 0.65–0.94, p = 0.01, I
= 0%). However, in a subgroup analysis for 10 randomized controlled trials (RCTs), there was no
statistically significant reduction in mortality between the CPT group compared to the non-CPT group
(OR 0.76, 95% CI 0.53–1.08, p = 0.13, I  = 7%). Furthermore, the sensitivity analysis of 10 RCTs,
excluding the study with the highest statistical weight, displayed a lower mortality rate compared to that
of non-CPT COVID-19 patients (OR 0.64, 95% CI 0.42–0.97, p = 0.04, I  = 0%). The observed pooled
mortality rate was 12.9% (95% CI 9.7–16.9%), and the pooled adverse event rate was 6.1% (95% CI 3.2–
11.6), with significant heterogeneity.

Conclusions and Relevance: Our systemic review and meta-analysis suggests that CPT could be an
effective therapeutic option with promising evidence on the safety and reduced mortality in concomitant
treatment for COVID-19 along with antiviral/antimicrobial drugs, steroids, and other supportive care.
Future exploratory studies could benefit from more standardized reporting, especially in terms of the
timing of interventions and clinically relevant outcomes, like days until discharge from the hospital and
improvement of clinical symptoms.

Highlights

What we Already Know About This Topic

• COVID-19 is an ongoing global pandemic, for which convalescent plasma has been recommended as a possible
therapeutic drug.

• Preliminary clinical trial results propose that there may be a satisfactory safety profile and better clinical outcome
for patients treated with convalescent plasma compared with those treated with placebo or were under standard of
care; however, data are limited at the current time.

What This Article Tells Us That Is New

• This systematic review and meta-analysis provides an exhaustive summary of current literature on the efficacy and
safety of convalescent plasma use in COVID-19 patients.

Introduction

The first case of coronavirus was identified in Wuhan, China, at the end of 2019 (1). The World Health Organization
(WHO) declared a public health emergency of international concern on 30th January 2020 and a global pandemic on
11th March 2020 (2). The WHO estimates that serious illness occurs in 13.8% of cases and that 6.1% cases are critical
(3). As of 3rd February 2021, there have been 104,077,986 confirmed cases of COVID-19, including 2,259,391 deaths,
reported worldwide (4).
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Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is an RNA virus that is believed to primarily affect
the respiratory tract; however, numerous complications related to systems other than the respiratory system have also
been noted (5). Even though certain drugs, such as remdesivir, have been repositioned for emergency use in COVID-
19, no particular drugs have yet been identified as an effective treatment of COVID-19. Therefore, various clinical
trials are ongoing in search for the best therapy. With a scarcity of high-grade evidence for COVID-19 treatment,
researchers and health care providers across the world have resorted to classical and historical interventions.
Immunotherapy with convalescent plasma (CPT) is one such therapeutic option.

Convalescent plasma uses have been well-described in various diseases such as severe acute respiratory syndrome (6),
Middle East respiratory syndrome coronavirus (6), Ebola virus disease (7), pandemic influenza A (6), and avian-origin
influenza A (6), and a neutralizing antibody response directed against the viral S protein of the SARS virus has been
reported (8). The antibodies primarily target the trimeric spike (S) surface glycoproteins, which are used by the virus
to enter the host cells (9). The antibody thus hinders the ability of the SARS-CoV-ACE2 to enter the host cells and can
be detected even 24 months after the onset of infection (9). Subsequently, the Food and Drug Administration (FDA)
approved the use of convalescent plasmas for patients with serious or immediately life-threatening COVID-19
infections on 24th March 2020 (10).

One of the first studies demonstrating the benefit of CPT was reported in April 2020 (11). Since then, there has been
increasing interest (12, 13), and three inconclusive Cochrane reviews (14–16) revealed that unmatched cohort studies
are still the most frequent reports. As the literature around CPT is evolving and newer studies are being reported
across the world, we conducted a systematic review and meta-analysis to appraise the currently available data for the
clinical usefulness of convalescent plasma for the treatment of COVID-19. Organizing summaries of the available
clinical evidence regarding safety and effectiveness from published literature through a systematic review can provide
a synopsis of clinical evidence on the potential benefits and adverse events of CPT therapy in critically ill COVID-19
patients.

Methods

Our study has been performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement (17, 18).

Search Strategy

The search strategy was designed and conducted by the authors (IM, KM, and VB). A systematic search was conducted
from COVID-19 inception through 7th August 2020 for full-length articles focusing on the efficacy and safety of
convalescent plasma in COVID-19 in three major COVID-19 research article databases, namely, WHO Global
Research Database, CDC COVID-19 Research Articles Downloadable Database, and LitCovid database. These
databases automatically gathered for articles related to COVID-19. Other literature sources such as the
Eurosurveillance, China CDC Weekly, Homeland Security Digital Library, ClinicalTrials.gov, bioRxiv (preprints),
medRxiv (preprints), chemRxiv (preprints), and SSRN (preprints) were searched as well. The search strategy
consisted of a combination of keywords such as “Convalescent Plasma, Plasma therapy, COVID-19, SARS-CoV 2,
Mortality, Systemic, Review, Meta-analysis” across the combined COVID-19 databases. After a thorough search was
performed, full-length articles meeting the inclusion criteria were evaluated. All titles and abstracts were identified by
the authors and screened to accrue potentially eligible studies. A manual search of the references of the included
studies was also performed to supplement the electronic search. Then, the same reviewers (AT, IG, KM, PA, RS, and
SG) independently assessed all selected full-text manuscripts for eligibility.

Eligibility Criteria

The specific inclusion criteria for the systematic review and meta-analysis were as follows: (1) all RCTs or prospective
studies or retrospective studies in hospitalized patients with COVID-19, (2) the use of plasma as therapy for COVID-
19, (3) all studies with information available to evaluate the incidence of mortality in COVID-19 patients with plasma
use [number of events, sample size, odds ratio (OR), and confidence interval (CI)], and (4) full-text articles. Thus,
reviewed studies included in our analysis were RCTs and prospective and retrospective studies evaluating the
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outcomes of plasma therapy in COVID-19 patients. Studies focusing on patients <18 years of age, focusing on
pregnant females, and limited to particular comorbidities and organ dysfunctions were excluded to avoid selection
bias. We also excluded case reports from our systematic review.

Data Extraction

Once the studies met the inclusion criteria, four reviewers (AT, HK, IG, IM, KM, RS, or SD) independently reviewed
and abstracted data for mortality rate and adverse event rate for each eligible study (Figure 1). If there were multiple
reports stemming from a specific study database, data from the most robust study were extracted, with other studies
contributing toward the bibliography. Subsequently, the data were collected and tabulated using Microsoft Excel. The
included data were checked for accuracy by AB, KM, IG, and VB. The reviewers sorted the data separately in all stages
of study collection, data extraction, and quality assessment. All discrepancies found between two reviewers were
resolved with consensus and inputs from other authors.

FIGURE 1

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
g001.jpg)
Figure 1. PRISMA study flow diagram.

Study Characteristics and Quality Assessment

Randomized trial and prospective studies were evaluated using the Cochrane risk-of-bias tool (19), and the correlation
of quality measures with estimates of treatment effects in the meta-analyses of RCTs (20) was used for quality
assessment of the same. We used the NIH Quality Assessment Tool for Case Series Studies (21) and the Newcastle–
Ottawa Scale (NOS) (22) for case–control or non-randomized retrospective cohort studies. For each non-randomized
study, we assessed the study design and content. The studies were then graded using a “star system” on the basis of (1)
the selection of the study groups, (2) the comparability of the groups, and (3) the ascertainment of the outcome of
interest. Quality assessments were also conducted independently, and discrepancies were resolved by consensus.

Outcome Measures

All the studies describing the outcomes of plasma therapy in patients with COVID-19 were analyzed in detail. Primary
outcomes were mortality benefits for patients on CPT in COVID-19. The mortality rate was evaluated in comparison to
that of the control group (placebo or non-CPT). The defined secondary outcome was the pooled mortality rate and
pooled adverse event rate.

Quantitative Data Synthesis

Primary outcomes were analyzed by the Review Manager (RevMan) computer program, version 5.4 for Windows (23),
and the Comprehensive Meta-Analysis software package (BioStat, Englewood, NJ, USA) (24) was used for calculating
the mortality and adverse event rates. The final pooled risk estimates were obtained using random effects models (25).
Raw data for outcomes and non-events from each study were used to calculate crude OR with respective 95% CI for
each study. The Cochrane Q and the I  statistics were calculated to assess heterogeneity between studies (25, 26). p <
0.10 for chi-square tests and I  <20% were interpreted as low-level heterogeneity. We planned to perform a subgroup
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analysis by study design (trial/prospective studies and observational) to decrease burden of selection bias of the
observational studies. It is expected that the estimates from observational studies will be more overestimated than
those from RCTs (26). Furthermore, we planned to conduct a sensitivity analysis for randomized trials in
trial/prospective studies to check for robustness of the results. The probability of publication bias was assessed using
funnel plots and Egger's tests.

Results

The initial library search identified potentially relevant citations from the WHO Global Research Database, CDC
COVID-19 Research Articles Downloadable Database, and LitCovid PubMed database comprising 174,398 articles.
Subsequently, 61,487 duplicates were removed. Out of the remaining 112,911 articles, a total of 2,262 focused on
convalescent plasma. A total of 2,014 articles were excluded after title and abstract reviews due to not having patient
data. We added 404 articles during literature update on 18th January 2021 in the initial literature search. The
remaining 652 manuscripts were scrutinized further, and 615 were further excluded because of unclear evidence and
non-relevance to the objective of the manuscript. Thus, 38 studies (11, 12, 27–62) were included in their entirety, as
shown in Table 1. The PRISMA flowchart is shown in Figure 1.

TABLE 1A

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
t001.jpg)
Table 1A. Study characteristics.

Study Characteristics

A total of 38 studies (11, 12, 27–62) were included in the qualitative analysis (Tables 1A,B). Out of which, 23 studies
(11, 27, 28, 30, 31, 33–35, 41–43, 47, 49, 53–62) compared the mortality in convalescent plasma-treated patients vs.
that in patients treated by standard therapy/placebo. Out of 14 trials/prospective studies, 10 trials (28, 31, 34, 42, 56,
58–62) conducted proper randomization, and six trials/prospective studies matched with the cohort retrospectively
(27, 30, 41, 43). Zhang et al. (50) concluded that seroconversion occurred in 5–24 days, while Zeng et al. (49)
mentioned that all six patients tested negative within 3 days of starting convalescent plasma. Tan et al. (45) evaluated
the viral shedding period in convalescent plasma-treated patients, which was 16–46 days. Joyner et al. conducted the
largest interventional case study with 20,000 convalescent plasma-treated patients and evaluated the safety profile
(12).
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TABLE 1B

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
t002.jpg)
Table 1B. Study characteristic outcomes.

Primary Outcome

Mortality Comparison Between Plasma Therapy and Placebo

Twenty-three studies reported the mortality rate in COVID-19 patients on plasma and non-CPT therapy (11, 27, 28,
30, 31, 33–35, 41–43, 47, 49, 53–62). This yielded a sample size of 7,542 patients, with 2,392 patients on plasma
therapy and 5,150 patients in the control group. In the CPT therapy cohort, 392 patients died, while 1,135 patients
died in the placebo/non-CPT cohort. The meta-analysis of these mortality rates showed that the odds of mortality on
plasma therapy were significantly lower than those in patients who did not receive plasma therapy (OR 0.65, 95% CI
0.53–0.80, p < 0.0001, I  = 15%). This is shown in a Forrest plot (Figure 2A). We performed a subgroup analysis by
study designs and observed similar mortality benefits in 14 trial/prospective studies (27, 28, 30, 31, 34, 41–43, 56,
58–62) (OR 0.59, 95% CI 0.43–0.81, p = 0.001, I  = 22%) (Figure 2B) as well as for nine case series/retrospective
observational studies (11, 33, 35, 47, 49, 53–55, 57) (OR 0.78, 95% CI 0.65–0.94, p = 0.01, I  = 0%) (Figure 2C).
However, during the sensitivity analysis of 10 randomized trials (28, 31, 34, 42, 56, 58–62), no statistically significant
reduction of COVID-19 deaths was shown (OR 0.76, 95% CI 0.53–1.08, p = 0.13, I  = 7%) (Figure 2D). Agarwal et al.
(28) demonstrated a different effect and had a large statistical weight (34.3%). Therefore, a sensitivity analysis was
performed by excluding the study by Agarwal et al. (28). This revealed a significant reduction in the odds of mortality
with COVID-19 (OR 0.64, 95% CI 0.42–0.97, p = 0.04, I  = 0%) (Figure 2E).

FIGURE 2

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
g002.jpg)
Figure 2. (A) Overall comparison of mortality rate in patients on CPT vs. non-CPT treatment. (B) Subgroup
analysis of mortality rate in patients on CPT vs. non-CPT treatment (trial/prospective studies). (C) Subgroup
analysis of mortality rate in patients on CPT vs. non-CPT treatment (observational). (D) Sensitivity analysis for
mortality rate in patients on CPT vs. non-CPT treatment (trial/prospective studies) true randomized controlled trial
(removed pseudorandomized or trial with matched cohort). (E) Sensitivity analysis for mortality rate in patients on
CPT vs. non-CPT treatment (trial/prospective studies) true randomized controlled trial [removed Agarwal et al.
(28)].

Secondary Outcome
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Pooled Mortality Rate

Thirty-eight studies (11, 12, 27–62) reported the mortality rate in COVID-19 patients on plasma therapy, as shown in
Figure 3. A total of 22,556 patients with CPT were included in the analysis, of which a total of 2,127 patients died. This
yielded a pooled post CPT mortality rate of 12.9% (95% CI 9.7–16.9) with a substantial amount of heterogeneity (I  =
89.6) in the analysis (Figure 3).

FIGURE 3

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
g003.jpg)
Figure 3. Pooled mortality rate with use of CPT in COVID-19.

Pooled Adverse Event Rate

Similarly, 37 studies (11, 12, 27–53, 55–62) reported the adverse event rate in COVID-19 patients on plasma therapy,
as shown in Figure 4. A total of 21,668 patients with CPT were included in the analysis, of which a total of 1,506
patients had adverse events. This yielded a pooled adverse event rate of 6.1% (95% CI 3.2–11.6) with significant
heterogeneity in the analysis (I  = 94.9) (Figure 4).

FIGURE 4

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
g004.jpg)
Figure 4. Pooled adverse event rate with use of CPT in COVID-19.

Risk-of-Bias Assessment

Two authors (KM and AT) independently assessed the risk of bias of each study included. All disagreements were
discussed with all the authors, and decisions were made via a consensus. The Cochrane tool for risk of bias (19) was
used for RCTs (Table 2A), and the correlation of quality measures with estimates of treatment effects in meta-analyses
of RCTs (20) was used for quality assessment of the same (Table 2B). Non-randomized studies were evaluated using
the NOS for the case–control/cohort (22) (Tables 2C,D) and the NIH Quality Assessment Tool for Case Series Studies
(21) (Table 2E). Quality assessments were conducted independently, and discrepancies were resolved by consensus.
Overall, risk-of-bias assessment showed that the included studies had low to medium risk of bias.

TABLE 2A
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t003.jpg)
Table 2A. Assessment of the trials included in the study.

TABLE 2B

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
t004.jpg)
Table 2B. Risk-of-bias assessment of the trials included in the study.

TABLE 2C

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
t005.jpg)
Table 2C. Quality assessment for case–control studies included in the study.

TABLE 2D

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
t006.jpg)
Table 2D. Quality assessment for cohort studies included in the study.

TABLE 2E

(https://www.frontiersin.org/files/Articles/624924/fmed-08-624924-HTML/image_m/fmed-08-624924-
t007.jpg)
Table 2E. Quality assessment of the case studies included in the study.

Discussion

In this systematic review and meta-analysis of CPT in COVID-19 patients, 38 studies (11, 12, 27–62) were included
and critically evaluated. All included studies reported excellent outcomes for CPT in COVID-19. Our systemic review
and meta-analysis is one of the first ones to summarize all such existing evidence on the efficacy and safety of CPT in
humans with COVID-19. According to the results of our systematic review and meta-analysis, CPT is effective in
reducing the mortality rate and has low incidence of serious adverse events during and after convalescent plasma
infusion, which are mostly controllable.
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CPT confers immediate immunity via interruption of the viral entry into the cells. Additionally, in the context of
COVID-19, neutralizing antibodies are anticipated to be the primary active agent in convalescent plasma and the
marker of plasma potency (9). In the past, CPT has been shown to provide benefits in severe acute respiratory
syndromes (6). Prior studies have also reported promising outcomes in Spanish influenza A (H1N1) infection (63),
avian influenza A (H5N1) (64), viral hemorrhagic fevers such as Ebola (65), influenza A (H1N1) infections in
2009/2010 (66), and SARS-CoV infections in 2003 (67). A systematic review and meta-analysis revealed a consistent
reduction in mortality with the use of plasma therapy (6). The results are similar to our findings. One of the possible
hypotheses for the observed decreased mortality could be due to antibodies that can hamper virus reproduction in the
active phase of infection and help clear the virus, which is advantageous to the rapid recovery of the disease (67).
Mechanistic and clinical data also support the observed mortality reduction benefit associated with convalescent
plasma administration (68, 69).

There was no significant reduction in mortality rate between patients with CPT and controls based on data from RCTs.
However, sensitivity analysis [excluding the study by Agarwal et al. (28)] revealed that patients transfused with CPT
had a lower mortality rate. The Agarwal et al. (28) trial comprised ~70% of the patients in the CPT cohort who
received plasma with low levels of SARS-CoV-2 antibodies. Additionally, the remaining 30% of the patients received
plasma with no detectable antibodies. Thus, there were strong methodical and clinical rationales to exclude this study
from statistical models during sensitivity analysis. Nevertheless, Agarwal et al. (28) did observe a positive effect of
CPT on clinical symptoms and viral clearance.

It is worth noting that the doses of CPT vary between the included studies. However, the Chinese study (11) described
the use of a single dose of 200 ml of convalescent plasma, whereas Bin Zhang et al. (50) reported a maximum of 2,400
ml of convalescent plasma. The optimal dose of CPT for COVID-19, therefore, could not be estimated.

It is also important to note that the included patients were critically ill and received ICU admission (n = 12,095) or
underwent mechanical ventilation (n = 8,200) and that all COVID-19 patients described in our meta-analysis received
concomitant antiviral drugs and steroids including CPT; also, many patients received antibacterial/antifungal drugs
for co-infection. All included studies described little mortality with the use of CPT, and the pooled analysis suggests a
mortality rate of 12.9% (95% CI 9.7–16.9). However, the individual impact of CPT could not be determined as patients
also received multiple other agents (including antiviral medications). Therefore, further studies evaluating the use of
CPT alone are warranted.

The safety profile of CPT in COVID-19 has not been described in detail. The observed pooled adverse event rate was
6.1% (95% CI 3.2–11.6). This suggests that CPT was well-tolerated by the participants in the included studies. It is
important to note that no fatality was reported as adverse event with the use of CPT. Human plasma transfusion is
routinely performed in hospitals. Human anti-SARS-CoV-2 plasma differs from standard plasma as it contains
antibodies against SARS-CoV-2. The risks to transfusion recipients are similar to those of standard plasma. The risk of
transfusion-transmissible infection is low in developed countries. The incidence rates of infections such as HIV,
hepatitis B, and hepatitis C are less than one infection per 2 million donations (70). Other adverse events with plasma
therapy include allergic transfusion reactions, transfusion-associated circulatory overload (TACO), and transfusion-
related acute lung injury (TRALI) (71). Even though TRALI occurs in <1 for every 5,000 transfused units, it is
concerning in COVID-19 patients. Donor screening including HLA antibody screening decreases the risk of TRALI
(72).

A risk benefit analysis based on age, symptoms, comorbidities, and COVID-19 transmission parameters was published
in a recent review by Bloch et al. (73). Five hundred simulations were carried out, assuming varying degrees of
effectiveness of convalescent plasma treatment. The model revealed that convalescent plasma was beneficial in
COVID-19 infection even at the lowest estimates of 25% effectiveness. In other words, the model suggests that the
potential benefit of plasma therapy outweighs the risk of transfusion in COVID-19 infection (73).

The important strengths of our study are a comprehensive search of the already published clinical studies and the
large number of patients included in the analysis. This is one of the first meta-analyses on CPT use in COVID-19
patients showing an overwhelming positive result. The review of sample of articles by two co-authors is again a
testimony of the quality check of data collection in this review. The generalizability of these results is also a strength of
this article. (https://w
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Despite the numerous strengths of the meta-analysis, there are certain limitations. One of the limitations of the meta-
analysis is integral to the methodology. The summarization of varying pieces of information may ignore important
differences between studies. Nonetheless, this is a controversial aspect of the meta-analysis (74). Additionally, a meta-
analysis generalizes results despite differences in primary research and does not simply report a summary effect. The
heterogeneity is high in our studies, especially regarding the pooled adverse event rate and pooled mortality rate.
Further studies may be needed to confirm the findings and explain the mechanisms. A lack of high-quality RCT
studies and relevant literature paucity limited our analyses. All the reported studies were predominately case reports
or series, had no proper control groups, and had a moderate to high risk of bias. Most studies in our meta-analysis
were observational studies with a high risk of bias, which are subject to inherent limitations of the study design with
unmeasured differences in the study population and residual confounders despite all adjustments. The currently
available evidence on the safety and effectiveness of convalescent plasma for treatment of people with COVID-19 is of
very low strength. Our study predominantly describes the clinical data and incidence rates in hospitalized patients.
Also, we could not register the review. We tried to prospectively register our systematic review but decided to go
against it as it was taking an unreasonably longer time than expected due to the increased pool of COVID-19-related
articles. Another limitation of our study is the inclusion of 12 studies (30, 31, 37, 39, 40, 42, 45, 57–59, 61, 62) from
the preprint databases which have not been peer reviewed and are necessary for a thorough evaluation of the
currently available data on CPT in our meta-analysis. Preprint articles possibly indicate the undetermined quality of
available literature and biased articles on CPT; however, we will update the status of these above-mentioned studies in
the risk-of-bias table. Lastly, many studies were determined to have a significant risk of bias. This was related to a
combination of factors such as non-randomized design, confounding, poor methodological conduct, and limited
information on dose and duration of the CPT. Importantly, many of the patients enrolled in the studies included in the
present analysis received convalescent plasma transfusions later in their disease course. As a result, our analysis may
underestimate the mortality reduction achievable through early administration of high-titer convalescent plasma for
COVID-19. Based on low-quality evidence, there is no suggestion that convalescent plasma would cause any serious
adverse events in patients with COVID-19 and lower the mortality in COVID-19 patients. Thus, any conclusions that
are drawn based on these data are of limited value, and these conclusions are subject to change as more reliable
results become available.

Conclusion

Based on the consolidated clinical data derived from the systemic review and meta-analysis, it is suggested that, in
addition to antiviral/antimicrobial drugs and steroids, CPT could be an effective concomitant therapeutic option as
the use of CPT decreased mortality with a safe clinical profile and promising evidence on the safety and reduced
mortality. We recognize that a definitive conclusion cannot be drawn regarding optimal doses and treatment time
point for the CPT. Future larger observational studies (75) and clinical trials could benefit from more standardized
reporting, especially in terms of the timing of intervention and clinically relevant outcomes, like days until discharge
from hospital and improvement of clinical symptoms.

Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue
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Abstract To observe and evaluate the intricrate relation-

ship of recurrent laryngeal nerve (RLN) and external

branch of superior laryngeal nerve (EBSLN) to various

anatomical structures in the neck like the inferior thyroid

artery (ITA), Berry’s ligament (LB), Zuckerkandl’s tuber-

cle (ZT) and with the superior thyroid artery (STA) for the

knowledge of surgical cruciality during surgeries for thy-

roid gland diseases. This cadaveric observational study was

conducted in the department of Otorhinolaryngology and

Head and Neck Surgery with logistic support from

Department of Anatomy. Total of 40 fresh frozen latex

injected cadavers neck dissection was performed to study

anatomical variations of thyroid gland and its related ves-

sels and nerves. All measurements were recorded using

digital caliper sensitive to 0.01 mm and photographs were

documented. Topography of RLN was studied in relation to

ITA, LB and ZT. The RLN was predominantly a posterior

relation of the ITA in 86.25%, was deep to LB in 46.25%

and was related posterior to ZT in 80% of cadaver dis-

sected. The EBSLN has a variable relation with STA which

was observed to lie at a distance of\ 1 cm from STA in

66.25%. The difference between left and right side was not

found to be statistically significant in all parameters

(p[ 0.05). The awareness and appreciation of the intricate

topographical relations and its variations reinforce the

surgeons to be careful when performing surgical proce-

dures in the central compartment of the neck which avoid

complications.

Introduction

Thyroid gland (THY-GL) is a butterfly shaped organ sur-

rounding the anterolateral aspect of trachea in root of neck,

has three parts, a right and left lobe joined by isthmus in

midline. It is closely related to important structures in neck

such as cervical esophagus, larynx, RLN, major vessels,

superior laryngeal nerve (SLN), and parathyroid glands.

Knowledge about precise anatomy of related structures

play a vital role in thyroidectomies. Insult to the RLN can

cause permanent or transient hoarseness, dysphasia, and

total vocal cord paralysis. The RLN shows a great number

of topographical relations to the adjacent cervical struc-

tures because of the multiple variations in its course. The

complication resulting from injury to the RLN can be

evaded by the identifying landmarks of the nerve [1–4].

Compared to the RLN, the SLN and its branches have

not received comparable attention in surgical literature as

the detection of injury to SLN branches requires a higher
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degree of investigation. Damage to the EBSLN causes

paralysis of the cricothyroid muscle, the tensor of vocal

cords, which affects the patient’s ability to achieve higher

tones [5]. Upper pole of thyroid gland is the most sus-

ceptible site for injury to EBSLN during thyroid surgery,

therefore, knowledge about the course of STA in relation to

EBSLN is necessary to avoid post-operative complications.

There are different landmarks to expose and identify the

RLN during the surgery. The important ones are ITA, LB

(suspensory ligament of the thyroid gland), ZT and trachea-

oesophageal groove. Other landmarks in the form of tri-

angles like Beahr’s, Joll’s, Simon’s, Lore’s are also used to

identify the RLN [6]. The most common site of injury to

the RLN is near the LB, where the nerves penetrate into the

larynx [7]. A reliable landmark and method for identifying

the RLN is necessary to prevent postoperative

complications.

The wide variability has been reported previously in

regards to the location of RLN and its relationship to the

surrounding structures. In the present study, by performing

bilateral neck dissection of previously perfused forty fresh

cadavers, we determine the relationship between the RLN

and the ITA, LB, ZT and relationship of EBSLN with STA

at upper pole of thyroid gland.

Ethical Clearance

Institutional ethical clearance was obtained-MDC/DOME/

62.

Materials and Methods

This study involved bilateral neck dissection in 40 (27

males, 13 females) fresh frozen previously perfused with

formalin and latex cadavers in Anatomy dissection labo-

ratory at our institution. The cadavers who had history of

trauma or surgical procedures around neck region and had

evidence of neck deformities and neck tumors were

excluded.

Methodology

Prior to dissection latex was injected in all 40 cadavers into

the CCA to enhance vasculature for observation of topo-

graphic relationship of major arteries around thyroid gland.

A midline incision extending from mentum to manubrium

was given. Infrahyoid muscles identified and cut. Fascia

from the thyroid gland removed to expose arteries and

veins and their branching pattern. After lifting the lower

part of the gland, the RLN was identified in groove

between trachea and oesophagus and its topography related

to ITA, LB, ZT was studied. EBSLN and its relation to

STA was observed. Data collection included morphometric

details and anatomical distribution and variations of sur-

rounding structures of both the sides of thyroid gland. Data

were recorded and analysed with descriptive statistics i.e.

frequency and percentages. The Pearson’s chi-square test

for independence was applied to find out the association or

differences between sides with selected parameters in the

study. The statistical significance was set at 5% level of

significance (P\ 0.05).

Results

In the study, a total of 40 cadavers including 80 sides (i.e.

right and left). RLN was found posterior to inferior thyroid

artery in 69 sides (86.25%), in 9 sides (11.25%) RLN

passed in between the branches of inferior thyroid artery

and 2 sides (2.50%) RLN passed anterior to ITA (Table 1,

Fig. 1). The difference between right and left sides was not

found to be significant (Chi-square = 4.9080, P[ 0.05).

In 37 sides (46.25%) RLN ran deep to LB, in 33 sides

(41.25%) superficial to it and in 10 sides (12.50%) RLN

ran through the LB (Table 2). No significant difference was

observed between right and left sides (Chi-square =

0.5160, P[ 0.05).

The size of ZT was observed as grade 1(\ 5 mm) in 28

sides and in 52 sides as grade 2 (6–10 mm) (Table 3). RLN

passed posterior to ZT (Type A) in 64 sides (80%) and in

16 sides (20%) RLN passed lateral to ZT (Type D)

(Table 4, Fig. 2). No statistically significant difference was

observed when left and right sides were compared (Chi-

square = 0.3131, P[ 0.05).

Distance between STA and the EBSLN was found to

be[ 1 cm (Type 1) in 27 sides (33.75) and\ 1 cm (Type

2) in 53 sides (66.25%) (Table 5). No significant difference

was observed between right and left sides (Chi-square =

0.0560, P[ 0.05).

Discussion

Major concern during thyroidectomy is to preserve RLN,

EBSLN. Injury to these structures result in morbidity

which includes hoarseness of voice, dysphagia, vocal cord

paralysis. The RLN innervates intrinsic musculature of

larynx and provides sensory supply to glottic area of lar-

ynx. On the left RLN arises from vagus when it crosses

arch of aorta. It then loops around aorta to climb in tra-

cheoesophageal groove behind THY- GL to enter the lar-

ynx [8, 9]. RLN on right side originates from vagus when it

crosses right subclavian artery in front. It then circles

around artery and climbs in tracheo-esophageal groove, to
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enter larynx behind cricothyroid articulation and inferior

cornu of thyroid cartilage behind THY-GL [10–12].

The RLN in the neck is supplied by branches of ITA that

supply parts of trachea and esophagus. The distal part of

RLN is supplied by branch of inferior laryngeal artery

which itself is branch of ITA [13]. Multiple variations have

been explained in relationship of nerve to ITA and the

branches. The 3 basic configurations include nerve anterior

to the artery, nerve between branches of the artery, and

nerve posterior to the artery [8]. We observed RLN had a

variable relation with ITA. On both the sides the nerve was

observed predominantly passing posterior to the ITA (90%

on right and 82.50% on left). The RLN passing between the

branches of ITA was more commonly observed on the left

side (17.50%) compared to right side (5%). The nerve

passing anterior to the ITA was least common noted on the

right sides (5%) in our study. In a study led by Monfared

et al. (2002) [13] the nerve passed anterior (21%) or pos-

terior (28%) to its branches, on right. The nerve passed

posterior to the branches of the artery (50%), between its

branches (28%), and anterior to RLN (21%) on the left

side. In the analysis of present study, higher frequency

(86.25%) of posterior location of RLN to the ITA when

both sides were considered as a set, followed by in between

the branches of artery (11.25%) and least frequency of

anterior location (2.50%) which was similar to study con-

ducted by Kaisha et al. (2011) [14].

The relationship of the RLN to LB has been debated in

the literature. LB anchors thyroid gland to laryngotracheal

complex and forms a surgically important medial relation

of the RLN as it loops to enter the larynx [15]. The rela-

tionship of RLN and LB has been observed as dorsolateral

to ligament. Variations seen are the RLN is said to be

medial to, lateral to, or embedded in lateral LB. In majority

of the cases the RLN is embedded in suspensory LB and

the nerves may be pulled forward and are therefore vul-

nerable to injury during glandular traction [11]. In present

study we observed in majority of cadavers (46.25%) the

Table 1 Comparison of right and left sides with status of RLN

location in relation to ITA

Location in relation to

ITA

Right side n

(%)

Left side n

(%)

Total n (%)

Anterior 2 (5.00) 0 (0.00) 2 (2.50)

Posterior 36 (90.00) 33 (82.50) 69 (86.25)

Between 2 (5.00) 7 (17.50) 9 (11.25)

Total 40 (100.00) 40 (100.00) 80 (100.00)

Chi-square = 4.9080 P = 0.0860

Fig. 1 Topography of RLN in relation to ITA, 1-Thyroid gland, 2-recurrent laryngeal nerve, 3-inferior thyroid artery

Table 2 Comparison of right and left sides with status of RLN in

relation to LB

In relation to LB Right side n (%) Left side n (%) Total n (%)

Deep 17 (42.50) 20 (50.00) 37 (46.25)

Superficial 18 (45.00) 15 (37.50) 33 (41.25)

Through 5 (12.50) 5 (12.50) 10 (12.50)

Total 40 (100.00) 40 (100.00) 80 (100.00)

Chi-square = 0.5160 P = 0.7730

Table 3 Comparison of right and left sides with status of ZT

ZT Right side n (%) Left side n (%) Total n (%)

Grade 1 14 (35.00) 14 (35.00) 28 (35.00)

Grade 2 26 (65.00) 26 (65.00) 52 (65.00)

Total 40 (100.00) 40 (100.00) 80 (100.00)

Chi-square = 0.0000 P = 1.0000
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nerve ran deep to ligament of Berry, when both the sides

were considered as a set followed by superficial to ligament

in (41.25%) and (12.5%) through the ligament. Sasou et al.

(1998) [15] in their study found RLN was dorsolateral to

LB in all the cases. Our study was similar to study con-

ducted Kaisha et al. (2011) [14] where the RLN passed

superficial to the ligament in 66.9% and it passed through

the ligament in 7.4% of cases. Henry BM et al. (2017) [16]

in their study noted RLN to be superficial to ITA in 90.3%

of cadavers. Where as in there meta-analysis they noted

that the pooled prevalence estimate of RLN being super-

ficial to ITA was only 78.2%. They also noted that most

Asian studies reported the relation of RLN being superfi-

cial to ITA was low (59.3%).

The ZT is the most protuberant area of the postero-

lateral margin of the thyroid. Emil Zukerkandl named it in

1902. It is an embryologic fusion of ultimobranchial body

and median thyroid process and forms a milestone for RLN

in thyroid surgery. The ZT was found to be a reliable

landmark to the nerve in our study. Pelizzo et al. (1998)

[17] classified ZT based on size into 4 grades-Grade

0-unrecognizable, Grade 1-\ 5 mm, Grade 2–6–10 mm,

Grade 3-[ 10 mm. He also gave relation in course of RLN

with ZT as Type A- posterior to ZT surface, Type B –

anterior to ZT, type C and type D- passing through ZT and

lateral to ZT respectively. The present study found that

location of RLN in relation to ZT in 64 sides (80%) was

posterior (Type A) and in 16 sides (20%) nerve lied lateral

to it (Type D). Our observation was similar to study by Yun

et al. (2008) [18] where Type A was found in 92.1%.

External branch of superior laryngeal nerve (EBSLN)

supplies cricothyroid muscle and mucous membrane of

upper part of larynx. It has variable course along the

branches of superior thyroid artery. It curves anteriorly and

medially close to the lower edge of the thyroid cartilage

before innervating of the cricothyroid muscle [19]. Kierner

et al. (1998) [19] classified the topographical relationship

of EBSLN to the STA into 4 categories. Type 1- EBSLN

intersects STA[ 1 cm above upper pole of thyroid, Type

2- EBSLN intersects STA\ 1 cm of the upper pole, Type

3- EBSLN intersects STA immediately above thyroid

gland upper pole, Type 4- EBSLN does not cross STA, but

runs dorsal to the artery before it ramifies. In the present

study we noted Type 2 to be the commonest being seen in

Table 4 Comparison of right and left sides with status of RLN in

relation to ZT

In relation to ZT Right side n (%) Left side n (%) Total n (%)

Type A 33 (82.50) 31 (77.50) 64 (80.00)

Type D 7 (17.50) 9 (22.50) 16 (20.00)

Total 40 (100.00) 40 (100.00) 80 (100.00)

Chi-square = 0.3131 P = 0.5760

Fig. 2 Topography of RLN in

relation to ZT, 1-Thyroid gland,

2-recurrent laryngeal nerve,

3-Zuckerkandle’s tubercle

Table 5 Comparison of right and left sides with status of EBSLN in

relation to STA

In relation to STA Right side n (%) Left side n (%) Total n (%)

Type 1 14 (35.00) 13 (32.50) 27 (33.75)

Type 2 26 (65.00) 27 (67.50) 53 (66.25)

Total 40 (100.00) 40 (100.00) 80 (100.00)

Chi-square = 0.0560 P = 0.8130
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66.25% followed by Type 1 in 33.75%. In the study by

Kierner et al. (1998) [19] showed Type 1 to be the most

common type observed in 21 specimens (42%), Type 2 in

(30%), Type 3 and Type 4 in 14% specimens each.

Conclusion

The present study noted that the RLN is mainly in posterior

relation to the ITA, passed deep to LB and was seen pos-

terior to ZT. The EBSLN has a variable relation with

superior thyroid artery with type 2 being the commonest.

Though individually ITA, LB and ZT showed to be reliable

guide to locate the RLN, due to the presence of variability

in literature we recommend to use all the known anatom-

ical guides rather than using individual guide when locat-

ing the RLN along with the use of intra-operative nerve

monitor which will enhance the chances of safe isolation of

the nerve during the surgery.
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Obstetric haemorrhage is the leading cause of maternal death worldwide, 99% of which occur in low and middle income countries. The majority of deaths and adverse events
are associated with delays in identifying compromise and escalating care. Management of severely compromised pregnant women may require transfer to tertiary centres for
specialised treatment, therefore early recognition is vital for efficient management. The CRADLE vital signs alert device accurately measures blood pressure and heart rate,
calculates the shock index (heart rate divided by systolic blood pressure) and alerts the user to compromise through a traffic light system reflecting previously validated
shock index thresholds.

Methods

This is a planned secondary analysis of data from the CRADLE-3 trial from ten clusters across Africa, India and Haiti where the device and training package were randomly
introduced. Referral data were prospectively collected for a 4-week period before, and a 4-week period 3 months after implementation. Referrals from primary or secondary
care facilities to higher level care for any cause were recorded. The denominator was the number of women seen for maternity care in these facilities.

Results

Between April 1 2016 and Nov 30th, 2017 536,223 women attended maternity care facilities. Overall, 3.7% (n = 2784/74,828) of women seen in peripheral maternity
facilities were referred to higher level care in the control period compared to 4.4% (n = 3212/73,371) in the intervention period (OR 0.89; 0.39–2.05) (data for nine sites that
were able to collect denominator). Of these 0.29% (n = 212) pre-intervention and 0.16% (n = 120) post-intervention were referred to higher-level facilities for maternal
haemorrhage. Although overall referrals did not significantly reduce there was a significant reduction in referrals for obstetric haemorrhage (OR 0.56 (0.39–0.65) following
introduction of the device with homogeneity (i-squared 26.1) between sites. There was no increase in any bleeding-related morbidity (maternal death or emergency
hysterectomy).

Conclusions

Referrals for obstetric haemorrhage reduced following implementation of the CRADLE Vital Signs Alert Device, occurring without an increase in maternal death or
emergency hysterectomy. This demonstrates the potential benefit of shock index in management pathways for obstetric haemorrhage and targeting limited resources in low-
middle- income settings.

Trial registration

This study is registered with the ISRCTN registry, number ISRCTN41244132 (02/02/2016).

Peer Review reports

Background

We have recently demonstrated obstetric haemorrhage to be the cause of 36% of maternal death in urban areas of low-middle income countries [1]. Haemorrhage is also a
significant contributor to long-term disability, prolonged recovery and organ dysfunction associated with shock and remains a major challenge to health systems worldwide
[2]. A woman dies due to postpartum haemorrhage (PPH) approximately every 4 min [3]. The majority of maternal deaths from bleeding are preventable through early
recognition of deterioration, allowing prompt management or referral for specialist care. Effective triage means that scarce resources can be targeted to those at greatest risk
of death and other complications [4]. There is substantial intercountry variation in incidence of severe postpartum haemorrhage and this may result from differing health care
systems and referral pathways.

It has been suggested that an efficient strategy for low-resource countries to reduce maternal and neonatal complications is placing skilled birth attendants at health centres
with referral capacity, and therefore institutional delivery at community (primary care) and district health centres (secondary care) is promoted [5]. The framework of the
three delays conceptualises that maternal outcome is most adversely affected by factors that delay decisions to seeking care, arrival at the health facility or provision of
adequate care [6, 7]. Referral and patient transfer introduce potential delay to necessary care. Efficient decision making within the referral process could limit delays to
accessing care and ensure the correct patients are referred promptly.

Vital signs are used to assess haemodynamic state and detect deterioration in hypovolemic shock. The CRADLE (Community blood pressure monitoring in Rural Africa &
Asia: Detection of underLying pre-Eclampsia and shock) Vital Signs Alert device (CRADLE VSA) is a semi-automated vital signs measurement device developed
specifically for use in low-resource settings. Unlike most other commercially available devices, it is low cost, accurate and has been specifically validated for use in
pregnancy, pre-eclampsia and shock [8,9,10,11,12,13]. It measures a patient’s blood pressure and heart rate, calculating the shock index (heart rate divided by systolic blood
pressure) and displays a traffic light early warning system based on shock index thresholds. We have validated these thresholds (red (1.7) and amber (0.9)) in low- and
middle- income countries in women with postpartum haemorrhage and have demonstrated predictive value with adverse outcomes (admission to high dependency units,
blood transfusion over 4 units and maternal death) [10,11,12,13,14]. Shock index compares favourably to conventional vital signs in consistently predicting risk of adverse
clinical outcomes in women with post-partum haemorrhage [15].

Integrated into the CRADLE VSA device, shock index could be a valuable tool for risk stratifying patients. Its simplicity is important where routine clinical tasks are
undertaken by health care workers, students, or volunteers, and where community health workers are the vital link to emergency services for unwell patients [5, 16]. We
anticipate that the CRADLE VSA device identifies patients requiring referral for haemorrhagic shock and that this will be of benefit in low-income countries where decisions
frequently fall to untrained health workers [9, 17,18,19]. However, improved identification of at-risk women must be balanced against overall referral rates and clinical
outcomes given the limited resources available.

The CRADLE-3 trial was a pragmatic, stepped-wedge, cluster-randomised controlled trial to evaluate the effect of the CRADLE VSA device on maternal mortality and
morbidity in low-resource settings. The results demonstrated that there was a reduction in emergency hysterectomy, a pre-defined secondary outcome, as might be
anticipated with earlier recognition of haemorrhagic shock. However, after adjustment for between-centre variability, which was greater than anticipated, there was
insignificant evidence to demonstrate the efficacy of the intervention on the primary composite outcome (at least one of eclampsia, hysterectomy and maternal death). This
secondary analysis of our recent CRADLE-3 trial evaluates the impact of using the CRADLE VSA in management of referrals for bleeding women in multiple low-resource
settings.

Method

This is a planned secondary analysis of the CRADLE 3 trial; a pragmatic, step-wedge, cluster- randomised control trial that evaluated the CRADLE VSA intervention
(CVSA device and training package) in low resource settings [1].

Study design

The CRADLE 3 intervention consisted of implementing the CRADLE VSA device and associated training package in routine community and hospital maternity care in low-
resource settings. Prior to implementation of the intervention package, management was based on local guidelines and assessment of patients used varying medical devices,
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and this was used as a control. The trial was carried out across ten clusters over eight countries, including Addis Ababa (Ethiopia), Cap Haitien (Haiti), Freetown (Sierra
Leone), Harare (Zimbabwe), Gokak (India), Kampala and Mbale (Uganda), Lusaka and Ndola (Zambia), and Zomba and the Southern Region (Malawi). Each cluster
included at least one urban or peri-urban secondary or tertiary facility and multiple peripheral hospitals that referred to the region’s central hospital. In total 286 facilities and
536,223 deliveries were included in the CRADLE intervention between April 1 2016 and November 30 2017.

Clusters crossed over from the control to the intervention at a randomly allocated timepoint, at 2 monthly intervals. At this randomly selected timepoint, all existing devices
were replaced with the CRADLE VSA and health care providers at the facility were provided with access to the device and training package. Prior to intervention,
management was based on local guidelines and assessment of patients used varying medical devices, and this was used as a control. Ethics approval was granted by the
King’s College London (UK) Research Ethics Subcommittee (LRS-14/15–1484) and in all countries before the start of the trial. Institutional-level consent on behalf of the
cluster was obtained. In total 3868 devices were delivered to 286 facilities.

Participants

All women identified as pregnant or up to 42 days postnatal presenting to the facility were eligible to be exposed to the intervention. There were no exclusion criteria.

Randomisation

The randomisation was the cluster. A computer-generated randomly allocated sequence run by the CRADLE statistician determined the order in which the clusters received
the intervention. All clusters were masked to the order of implementation until 2 months before the intervention. Because of the nature of the intervention the trial was not
masked.

Procedures

At each randomly allocated date, the training package was delivered to health workers in each facility by interactive group sessions. Existing equipment for vital signs
observations was replaced with the CRADLE device unless specific function were required (e.g. cyclical BP monitoring in HDU).

The proportion of women referred from periphery facilities to higher-level care was collected from a 4-week period before and another 4-week period repeated 3 months
post-implementation. Referrals were either counted from referral registers and compared to number of patients seen in antenatal clinic or admitted to ward, or data was
documented prospectively as patients were referred. It was not possible to collect accurate denominator referral data in one large site with multiple referral areas (Kampala)
therefore this area was not included.

Maternity staffing levels and access to essential treatment (intensive care beds, capacity for blood transfusion) were also assessed at each facility and recorded throughout the
trial period. Major changes to infrastructure, patient payment requirements, or environmental conditions were systematically evaluated each month in each site. The trial
ended after 20 months as planned. Reason for referral was documented as infection, bleeding, high blood pressure, labour or other (which included anaemia, malaria, early
pregnancy complications).

Outcomes

The primary outcome of the CRADLE-3 trial was a composite of at least one of eclampsia, hysterectomy or maternal death. In this analysis we reviewed the number of
patients referred from primary to secondary or tertiary higher-level care for bleeding pre- and post- intervention. We report outcomes from the CRADLE-3 trial related to
haemorrhage i.e. death from obstetric haemorrhage or emergency hysterectomy due to obstetric haemorrhage.

Statistical analysis

We evaluated the effect of implementation on referrals for bleeding through a planned secondary analysis of the CRADLE-3 data. Odds ratios were calculated for each
centre, comparing event rates pre- and post- CRADLE intervention. As there was considerable heterogeneity, random effects meta-analysis was used throughout [20].

For evaluation of outcome the CRADLE-3 trial reports the bent stick analysis. This achieves great stability to the trend-and-step pattern originally proposed in the CRADLE
3 trial, because it allows for separate linear trends in each cluster before and after intervention.

Statistical analyses used Stata, version 14.2 (by PTS). This study is registered with the ISRCTN registry, number ISRCTN41244132.

Results

Between April 1 2016 and Nov 30th, 2017 536,223 women attended maternity care facilities. In our previous paper, we reported that 2784 (3.7%) of 74,828 women seen in
peripheral maternity facilities were referred in the pre-intervention period compared with 3212 (4.4%) of 73,371 women in the intervention period (adjusted OR 0.89, 95%
CI 0.39–2.05; data from the Mulago (Kampala) cluster were excluded because the site was unable to collect the denominator) [1]. The majority of sites demonstrated a small
but significant decrease in referrals with a single site (Gokak) demonstrating a 16-fold increase. (Note that once allowed for grouping the effects have been reversed from a
rise in referrals to an odds ratio < 1. This can be likened to the Simpson-Yule paradox phenomenon in statistics, in which a trend disappears or reverses when groups are
combined and may relate to the use of random-effects meta-analysis. This result regardless is insignificant and should not be over-interpreted.)

By disaggregating these data by indication for referral, we have shown that referrals for haemorrhage significantly reduced from 212 women (0.29%) to 120 women (0.16%)By disaggregating these data by indication for referral, we have shown that referrals for haemorrhage significantly reduced from 212 women (0.29%) to 120 women (0.16%)
(OR 0.56 95% CI 0.42–0.74 (OR 0.56 95% CI 0.42–0.74 pp = 0.212) following intervention as shown in Fig.  = 0.212) following intervention as shown in Fig. 1. This was not associated with any significant change in death from haemorrhage, as shown
in our previous trial report [1], using either the trend and step comparison (adjusted OR 0·86; 95% CI 0·56–1·33) or bent stick comparison (adjusted OR 0.56; 95% CI 0.29–
1.0), and with no change in emergency hysterectomy for postpartum haemorrhage (trend and step comparison: adjusted OR 1.23; 95% CI 0·72–2·10; bent stick comparison:
adjusted OR 0.45 95% CI 0.11–1.09). There was no change in the proportion of deaths from all causes that occurred in the community compared to in health care facilities.
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Forest plot displaying random effects meta-analysis of referrals for bleeding from all sites

Full size image

Discussion

These findings indicate the CRADLE VSA training package is a safe intervention that can reduce strain on tertiary services. We can speculate that the documented benefit of
shock index in diagnosing haemorrhagic shock may have improved prompt management thus reducing rates of massive haemorrhage requiring referral. Shock index bases
risk assessment of the patient on haemodynamic observations as opposed to visual estimation of loss or late signs such as collapse. The CRADLE VSA and training package
highlighted evidence-based treatment protocols guided by shock index thresholds, which may have improved management and mitigated patient compromise. This analysis
supports existing evidence that the CRADLE VSA intervention improves capacity to make clinical decisions, escalate care and make appropriate referrals [21].

A problem encountered in low-resource settings is referral of the moribund patient, and therefore recognition around when to treat versus when to refer is essential.
CRADLE-3 data demonstrates that proportion of deaths in each level of care remained similar pre- and post- intervention. This supports the findings that referrals were
sensible, and patients were not simply referred later after attempts to treat locally.

Predefined blood loss thresholds are difficult to measure accurately, especially when patient transfer in involved, and do not accurately represent severity of outcome. Shock
index can be used to identify the early stages of haemodynamic compromise and trigger intervention in those that need it. Conversely its use can avoid unnecessary
intervention in patients that cope well with blood loss if they remain clinically stable. A normal shock index in spite of haemorrhage (which would normally prompt referral
based on visual estimation of blood loss) may reassure clinicians and allow patients to be treated locally preventing unnecessary referral. Use of shock index bases decisions
on a patients haemodynamic state as opposed to arbitrary values of blood loss which may not be clinically useful. The CRADLE VSA is more accurate (especially in low
blood pressure associated with shock), durable, and easier-to-use than commonly used machines, thus improving vital sign observation.

Emergency transport is often scarce in these environments and shared with other specialties. Transfer can be on foot or public transport, incurring significant time delay and
cost to patients or their families. Reducing referrals and targeting resources to those most at need is likely to be beneficial. Reducing unnecessary use of scarce ambulances
will free up availability for use in any subsequent adverse event. Future research needs to equate the safety of shock index in this setting particularly as a rule-out test for
referral. Our data is supported by previous observations that a green light (representing SI < 0.9) is rarely associated with significant morbidity in women with post-partum
haemorrhage [22].

Strengths and limitations of this study

The strengths of these data are the multiple countries and multiple levels of health care facilities involved, as well as the rigorous data collection methods. The CRADLE-3
trial was multicentre, randomised, cluster controlled and evaluated the device across over 500,000 deliveries.

Data on all patients attending the facilities during the period of analysis was not collected therefore number of bleeding patients referred cannot be presented as a proportion
of all bleeding patients who presented (denominator was patients presenting for all causes). Cause and timing of bleeding was not documented and therefore not assessed.
Further research into the effect of the CRADLE VSA on rates of haemorrhage and time to management in peripheral units would aid in this evaluation.

The outcomes we use in support of the safety of this reduction in referrals are limited to emergency hysterectomy and death only. Potential adverse outcomes associated with
reduced referrals include near-misses. We did not assess near misses that may have occurred as a result of the intervention, but overall the trial was associated with no
increase in morbidity or mortality related to haemorrhage and the best estimates show a non-significant reduction. We were unable to control for time trends, however it
remains unlikely, given the provision of other interventions remained constant, that the substantive reduction in referrals can be accounted for by other causes. There is a
chance that referral data may have been collected differently following CVSA training package, thus affecting data collection. To mitigate this risk, health care professionals
were encouraged to report in the same manner and a trained research teams collected the data.

Although the introduction of the CRADLE VSA was not associated with a significant change in referral patterns overall, there was significant homogeneity in this data. One
site (Gokak, India) was an outlier with a substantially high referral rate that increased 15 fold following intervention (1.12% to 15.3%). On interrogation we believe this was
related to shock index > 0.9 being triggered by severe anaemia, a condition highly prevalent in Karnataka. This is a subject of further research at present. When this outlier is
removed, overall referrals were significantly reduced by the CVSA for all causes (OR 0.62 (0.43–0.90 p = 0), but none as great as those for haemorrhage. During the trial
period there was a 9% reduction in mortality in absolute terms pre- and post- intervention [1].

Conclusion
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Implementation of the CVSA and training reduced referrals to higher level care for bleeding women without significantly increasing death or emergency hysterectomy.
Overall referrals did not increase significantly.

Poor outcomes following obstetric haemorrhage have been attributed to delayed treatment, inaccurate estimation of blood loss, absence of treatment protocols, poor
communication among the treating teams, and inadequate organisational support [23, 24]. We propose the use of the shock index as an accurate and simple observation tool
that, when integrated into the CRADLE VSA intervention can improve efficiency in referral and management. This secondary analysis of the CRADLE-3 trial determines
that the CRADLE VSA intervention reduces strain on systems from bleeding patients without a negative effect on outcome. Further analysis would be useful in evaluating
the use of shock index in reducing time to treatment and reducing poor obstetric outcomes through a prospective in-country analysis and trial of its use in management.

Availability of data and materials

The dataset from CRADLE-3 is available to appropriate academic parties on request from the Chief Investigator in accordance with the data sharing policies of King’s
College London, UK, with input from the Co-investigator where applicable.
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Introduction

Hypertension in pregnancy is a major challenge in antenatal 
practice due to its impact on obstetric and fetal outcomes. 
Hypertension plays a significant role in up to 15% of  complications 
over the course of  pregnancy and the postpartum period.[1] 
Hypertensive disorders of  pregnancy encompass preexisting (or 
chronic) hypertension, gestational hypertension, preeclampsia, 
and eclampsia; accounting for an estimated prevalence of  5% 

to 10% in women belonging to the reproductive age group.[2,3] 
These are a significant contributor to maternal and perinatal 
morbidity and mortality and account for 30,000 maternal deaths 
annually at the global level and 10% to 15% of  maternal deaths 
in low‑ and middle‑income countries.[4,5] A multicenter study 
performed in four developing countries (India, Nigeria, Pakistan, 
and Mozambique) found that one out of  every ten pregnant 
women had hypertension.[6]

Studies have found pregnancy‑induced hypertension to be a 
significant independent risk factor for developing gestational 
diabetes mellitus.[7] The risk of  developing cardiovascular 
diseases (CVD) in later life is reportedly higher among women 
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AbstrAct

Background: Hypertension in pregnancy is a major challenge in antenatal practice due to its impact on obstetric and foetal 
outcomes. Objective: To assess the prevalence of hypertension during pregnancy and its associated risk factors among pregnant 
women availing of antenatal care at public sector hospitals in Bengaluru, Southern India. Methods: The sample frame included 
pregnant women who were attending the antenatal clinic at three public sector hospitals. The data were analyzed for 783 pregnant 
women who had completed their baseline visit over a period of 18 months (September 2017 to March 2019). The blood pressure 
was categorized based on the American College of Cardiology/American Heart Association 2017 guidelines. Results: Out of the 783 
respondents who were examined, 13.9% were found to be hypertensive. The adjusted Odd's ratio was significantly higher for those 
who were employed outside the house and obese respondents. Other factors such as higher maternal age, lower socioeconomic 
status, pregnancy‑related anxiety, prenatal depression, nulliparity appeared to increase the risk. Conclusion: Hypertension during 
pregnancy continues to be a matter of concern. Risk factor profiling of pregnant women is of utmost importance to identify those 
who may be likely to develop hypertensive disorders during pregnancy.
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with a history of  raised blood pressure during pregnancy.[8‑10] 
This has been attributed to the presence of  common CVD risk 
factors such as type 2 diabetes, chronic hypertension, and raised 
blood lipids associated with rapid urbanization and changing 
lifestyles.[11,12] The incidence of  hypertension during pregnancy 
is on the rise and is associated with an increased risk of  fetal 
growth retardation and adverse birth outcome.[13] Studies from 
India report that hypertension during pregnancy may contribute 
to up to one‑third of  maternal deaths.[14,15] While blood pressure 
measurement is routinely monitored as a part of  antenatal care, 
it is important to get a better understanding of  the burden of  
hypertension during pregnancy and its associated risk factors. 
Primary care physicians are usually the first point of  contact and 
it is essential for them to be sensitized concerning hypertension 
during pregnancy. Identification of  modifiable risk factors would 
be vital for primary prevention of  this condition and in avoiding 
adverse maternal and fetal outcomes.

Given this background, the present study aims to assess the 
prevalence of  hypertension during pregnancy and its associated 
risk factors among pregnant women availing antenatal care at 
public sector hospitals in Bengaluru, Southern India.

Methods

Study setting and participants
The present study is part of  a cohort study to assess the effect 
of  prenatal exposure to maternal cortisol and psychological 
distress on infant development in Bengaluru.[16] The sample 
frame included pregnant women who were attending the 
antenatal clinic at three public sector hospitals: Jayanagar General 
Hospital, Kempu Cheluvarajamanni (KC) General Hospital, and 
H Siddaiah Referral Hospital. While Jayanagar General Hospital 
and K.C General Hospital are state government sub‑district 
hospitals, H Siddaiah Referral Hospital is managed by the city’s 
municipal corporation. The eligibility criteria for being selected 
for this study included pregnant women (i) who were between 
18 to 40 years of  age, (ii) having a gestational age of  fewer than 
or equal to 24 weeks, and (iii) without any reported obstetric 
complication. Pregnant women who met the inclusion criteria 
and volunteered to participate in the study were recruited into 
the study. The data were analyzed for 783 pregnant women 
who had completed their baseline visit over a period of  
18 months (September 2017 to March 2019).

Data collection and measurements
The participants were explained about the nature of  the study, 
and a participant information sheet was given to them for 
further reference after which a written informed consent was 
obtained. The study questionnaire was digitally recorded through 
an App (CASCADE version 2.1.3) installed on an Android 
tablet. The questionnaire captured detailed information on 
socio‑demographic data, social support, domestic violence, 
marital discord, medical history, obstetric history, and measures 
of  depression and anxiety. Edinburg Postnatal Depression Scale 

was used to screen for depression in pregnant women. It is a 
10‑item self‑report scale widely used for screening of  prenatal 
depression.[17] Screening for anxiety during pregnancy was 
performed using the 10‑item Pregnancy‑Related Anxiety (PRA) 
Scale.[18] Social support was captured using the Multidimensional 
Scale of  Perceived Social Support (MSPSS). It has 12 items to 
assess the subjective perceptions of  support from family, friends, 
and “significant others” with scores ranging from 1 to 7.[19] The 
revised Kuppuswamy Scale was used to measure socioeconomic 
status.[20] Domestic violence and marital discord were identified 
using the Modified Conflict Tactics Scale and the Revised 
Dyadic Adjustment Scale, respectively.[21] The anthropometric 
measurements were recorded at the final stage of  the interview 
using a standardized calibrated weighing scale for weight and a 
stadiometer for height for subsequent estimation of  body mass 
index (BMI), expressed as weight in kilograms divided by height 
in meter square (kg/m2).

Blood pressure was recorded using the Omron HEM 7130 
®blood pressure monitor during each antenatal visit. The 
participant was asked to sit quietly and rest for 15 min with 
their legs uncrossed. The measurements were taken with the 
participant sitting upright with proper back support, and with 
the arm supported on a table or a surface at the level of  the 
heart. Three readings were taken at an interval of  5 min, and the 
average of  the three readings was taken as the final blood pressure 
reading. The blood pressure was categorized based on the 
American College of  Cardiology/American Heart Association 
2017 guidelines.[22] Blood Pressure in adults was categorized 
into four: 1) Normal (systolic blood pressure <120 mm Hg and 
diastolic <80 mm Hg); 2) Elevated (120–129 mm Hg systolic and 
<80 mm Hg diastolic); 3) Hypertension stage 1 (129–139 mm Hg 
systolic and 80–89 mm Hg diastolic); and 4) Hypertension 
stage 2 (≥140 mm Hg systolic and ≥90 mm Hg diastolic). The 
guidelines have recently been adopted by the American College 
of  Obstetricians and Gynecologists (ACOG) for the treatment 
of  chronic hypertension in pregnant women.[23]

Statistical analysis
The data wereretrieved from the App in Microsoft excel sheet 
format, cleaned, and exported to SPSS version 22. The exposure 
variables were categorized according to the data type and 
included. (i) Socio‑demographic data: age, religion, educational 
status, socioeconomic status, occupation. (ii) Psychosocial 
variables: social support, marital discord, domestic violence, 
depression, anxiety, and unplanned pregnancy. (iii) Obstetric 
and medical variables: parity, history of  hypertension, body mass 
index. Tobacco use was reported by only five women; hence, it 
was not included for analysis.

Descriptive statistics were used to present the socio‑demographic 
characteristics of  the study population. Bivariate analysis was 
performed to explore the association between independent 
and dependent variables and was expressed in terms of  crude 
odds ratio with 95% confidence interval. The variables were 
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dichotomized, and those which were found to be associated at a 
significance level (P < 0.2) in the bivariate analysis were entered 
into a multivariate logistic regression model to calculate the 
adjusted odd’s ratio and to eliminate the effects of  confounding. 
Variables with a P value of  < 0.05 in the multivariate analysis 
were considered to be significant in the study.

Ethical considerations
Ethical clearance was obtained from the Ethics Committee of  the 
Indian Institute of  Public Health Bangalore campus (IIPHHB/
TRCIEC/118/2017) dated 15/3/2019. Participants were briefed 
about the study purpose, objectives, risk, and voluntary decision 
to decide their participation, and a written informed consent 
was obtained. Privacy and confidentiality of  the individuals were 
strictly ensured throughout the study. Personal identification was 
masked using participant ID.

Results

Socio‑demographic characteristics of the study 
participants
The mean age of  the study population was 23.6 ± 4.47 years, 
and the mean gestational age was 16.7 ± 4.4 weeks. The 
socio‑demographic characteristics are shown in Table 1. The 
majority (88.8%) of  the study participants were of  or less than 
28 years of  age and more than half  of  them were of  Islamic 
faith and were parous. About 90 percent of  the respondents were 
homemakers and over one‑third of  them had received education 
up to high school. Almost 43.9 percent of  them belonged to 
the upper lower class and more than 50 percent were receiving 
high social support from family, friends, and significant others.

Prevalence of hypertension
Out of  the 783 respondents who were examined, 13.9% were 
found to be hypertensive [Figure 1].

Association of socio‑demographic variables with 
hypertension
Among the socio‑demographic variables, the risk of  hypertension 
in pregnancy was observed to be 1.7 times higher among 
women above the age of  28 years. This finding was significant 
on bivariate analysis but not after adjustment of  confounders. 
The women who were employed outside the home were twice 
as likely to suffer from hypertension when compared to the 
homemakers; this being significantly higher on multivariate 
analysis (COR = 2.000; 95% CI: 1.01–2.28, AOR = 1.481; 95% 
CI: 0.97–2.24) [Table 2].

Association of  psychosocial variables with 
hypertension
The odds of  hypertension was 1.3 times higher among women 
with moderate to low social support although this was significant 
only on bivariate analysis. Pregnancy‑related anxiety was found 
to be a positive predictor of  hypertension (COR = 1.519; 95% 

CI: 1.01–2.28, AOR = 1.481; 95% CI: 0.97–2.24). Women who 
were depressed were 1.2 times more likely to be hypertensive, 
but this likelihood was not significant [Table 2].

Association of  physiologic parameters with 
hypertension
While no significant association could be demonstrated between 
a history of  hypertension, gravidity, and hypertension in the 
present pregnancy, it was observed that obese pregnant women 

Table 1: Socio‑demographic characteristics of the study 
participants (n=783)

Variables Frequency (n) Percentage
Age groups

≤28 years 695 88.5
29 years 88 11.2

Religion
Hinduism 349 44.6
Christianity 15 1.9
Islam 419 53.5

Education
Illiterate 33 4.2
Primary School 21 2.7
Middle School 182 23.2
High School 304 38.8
PUC or diploma 158 20.2
Graduate 80 10.2
Postgraduate 5 0.6

Occupation
Housewife 709 90.3
Unskilled worker 29 3.7
Semi‑skilled worker 25 3.2
Skilled worker 3 0.4
Clerical or Farmer 6 0.8
Semi professional 4 0.5
Professional 7 0.9

Socio economic status
Upper class 2 0.3
Upper middle class 128 16.3
Lower middle class 309 39.5
Upper lower class 344 43.9

Social Support
Low 107 13.7
Moderate 247 31.5
High 429 54.8

Evidence of  domestic violence
No 775 99.0
Yes 8 1.0

Marital discord
No 404 51.6
Yes 379 48.4

Body Mass Index
Underweight 126 16.0
Normal 423 54.0
Overweight and obese 234 30.0

Parity
Nonparous 363 46.4
Parous 420 53.6
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were twice as likely to be hypertensive than nonobese women, 
with an AOR of  2.036 (95% CI 1.328–3.122) [Table 2].

Discussion

The present study examined the prevalence of  hypertension 
in pregnancy and its associated factors using the American 
College of  Cardiology/American Heart Association 2017 
guidelines. The prevalence of  hypertension in the present 
study was observed to be 13.9 percent. This happens to be 
exactly equal to the observed rate of  13.9% demonstrated 
by Ganguly and Begum in a hospital‑based study in Dhaka, 
Bangladesh.[24] There appears to be a striking geographic 
variation in the prevalence of  hypertension across different 

states of  India. The prevalence found in our study is slightly 
lesser than the reported prevalence rate of  15.5% from 
a hospital‑based study conducted in Kolkata[25] but much 
higher than that elicited from other similar settings: 7.49% 
in Indore,[26] 5.38% in Varanasi,[27] and 10.4% in Salem.[28] 
This could be attributed to the use of  JNC VII report for 
classification of  hypertension in other studies, which used 
higher cut off  values of  BP ≥140/90 mm Hg. Lower values 
of  prevalence have also been recorded in community‑based 
studies such as reported rates of  6.9% and 5.8% in rural 
settings of  Haryana and Punjab,[29,30] respectively. The use of  
an expanded definition for hypertension as used in the present 
study may help to identify more women who would benefit 
from timely management.

Table 2: Bivariate and multivariate analysis of risk factor variables
Variables Hypertensive 

n (%) (n=109)
Non‑Hypertensive 

(%) (n=674)
Unadjusted Odds 

Ratio (95% CI)
P Adjusted OR (95% 

CI)
P

Age groups
≤28 years 91 (13.0) 604 (87.0) 1 1
29‑40 years 18 (20.4) 70 (79.5) 1.707 (0.972‑2.997) 0.06 1.312 (0.723‑2.382) 0.37

Education status
Illiterate 05 (15.1) 28 (84.9) 0.902 (0.340‑2.387) 0.80
Literate 104 (13.3) 646 (86.1) 1

Occupation
Unemployed 92 (12.9) 617 (87.1) 1 1 0.02
Employed 17 (22.9) 57 (77.1) 2.000 (1.115‑3.588) 0.01 1.492 (0.269‑1.900)

Socio economic status
Middle class and above 57 (12.9) 382 (87.1) 1
Lower class 52 (15.1) 292 (84.9) 1.193 (0.796‑1.790) 0.39

Social support
Low/Moderate 42 (11.9) 312 (84.5) 0.875 (0.908‑2.081) 0.31
High 67 (15.6) 333 (87.9) 0 .

Domestic Violence
No 109 (14.1) 666 (85.9) 1 0.25
Yes 0 8 (100) 0.859 (0.835‑0.884)

Marital discord
No 63 (15.5) 341 (84.5) 1 0.16 1
Yes 46 (12.1) 333 (87.9) 0.748 (0.497‑1.126) 0.684 (0.450‑1.041) 0.07

Pregnancy‑related anxiety
Nonanxious 58 (12.7) 389 (87.3) 1 1
Anxious 51 (15.1) 285 (84.9) 1.519 (1.011‑2.284) 0.04 1.481 (0.977‑2.247) 0.06

Depression
Non depressed 82 (14.6) 560 (85.4) 1
Depressed 27 (23.6) 114 (76.4) 1.223 (0.762‑1.961) 0.40

Unplanned pregnancy
No 65 (15.2) 360 (84.7) 1
Yes 44 (12.2) 314 (87.8) 0.913 (0.605‑1.378) 0.66

Parity
Parous 42 (13.1) 321 (86.9) 1 1
Nulliparous 67 (18.9) 353 (81.1) 1.45 (0.959‑2.195) 0.07 0.781 (0.505‑1.206) 0.26

History of  Hypertension
No 107 (13.9) 662 (86.1) 1
Yes 2 (14.2) 12 (85.8) 0.137 (0.115‑0.163) 0.78

Body Mass Index
Nonobese 61 (11.1) 488 (88.9) 1 1
Obese 48 (20.5) 186 (79.5) 2.065 (1.364‑3.124) 0.001 2.036 (1.328‑3.122) 0.001
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The odds of  hypertension were higher among women more 
than28 years of  age although this was not statistically significant. 
Hypertension in pregnancy is known to be associated with 
advancing maternal age. This could be attributed to high levels of  
oxidative stress and low levels of  nitric oxide that are associated 
with aging, which exerts an adverse influence on the relaxation of  
the endothelium.[31] Illiteracy has been reported to be an important 
risk factor for hypertension in pregnancy due to its relationship 
with early marriage and care‑seeking behavior; however, no 
such observation was seen in the present study. We found that 
women who were employed outside the house were at a higher 
risk for hypertension. Other studies have also reported a similar 
association,[32‑34] whereas some studies report that the risk is higher 
among homemakers.[35] Further research would be required to 
explain these differences as it may be determined by the nature 
and duration of  work, whether done at home or outside.

Among the psychosocial variables, we could not establish any 
increase in risk with lower social support, unplanned pregnancy, 
and domestic violence. However, pregnancy‑related anxiety 
appeared to be a positive predictor of  hypertension. A plausible 
explanation is that stress during pregnancy is frequently associated 
with dysregulation of  the hypothalamo pituitary adrenal (HPA) 
axis, resulting in a high endogenous cortisol level, which causes 
endothelial dysfunction.[36,37] Similarly, pregnant women who 
were depressed appeared to be at a higher risk of  hypertension 
although this was statistically not significant. Thombre et al. in 
their study confirmed that pregnancy‑related anxiety increased 
the risk of  hypertension during pregnancy by 1.2 times even after 
adjusting for confounding variables.[38]

Although primi parity is implicated to be a risk factor for 
gestational hypertension,[39‑41] we could not identify any such 
association on multivariate analysis. The association between 
primi parity and hypertension has been ascribed to an array 
of  physiologic and immunologic pathways.[42] The risk of  
hypertension appeared to be more than twice as higher among 
obese pregnant women than nonobese and was significantly 
associated even after adjusting for confounders. This is 
synonymous with results from other studies from different 
countries.[43‑45] The pathophysiologic mechanism, which accounts 
for the relationship between obesity and hypertension is the state 
of  hyperinsulinemia induced by high body mass index, which 

causes endothelial dysfunction.[46] The risk of  pre‑eclampsia is 
also stated to be increased due to high levels of  triglyceride and 
free fatty acids that are associated with obesity.[47]

The present study has helped to identify a few modifiable risk 
factors of  hypertension during pregnancy, such as obesity, 
which conforms to those observed in other similar study 
settings. The adjusted odds ratio was significantly higher 
for those who were employed outside the house and obese 
respondents. Other factors such as higher maternal age, lower 
socioeconomic status, pregnancy‑related anxiety, prenatal 
depression, nulliparity appeared to increase the risk. Risk 
factor profiling of  pregnant women is of  utmost importance 
to identify those who may be likely to develop hypertensive 
disorders during pregnancy. Many of  these factors could be 
addressed during early pregnancy, which would go a long way in 
preventing morbid obstetric and fetal outcomes and also reduce 
the future risk of  cardiovascular complications among women.

Study limitations
The settings for this study comprised urban public sector hospitals 
wherein antenatal care is mostly availed by pregnant women 
belonging to the lower‑ and middle‑income groups. Therefore, 
the findings from this study cannot be extrapolated to pregnant 
women belonging to a higher socio‑economic group due to 
differences in psychosocial factors and standard of  living. As this 
study was conducted as a part of  an ongoing cohort study, it was 
not possible to capture data and identify factors such as a family 
history of  hypertension, hypertension in previous pregnancies, 
prepregnancy weight for measuring weight gain, diet, physical activity, 
and history of  diabetes; as observed in other studies. By excluding 
respondents who had obstetric complications, we have focused on 
the nonobstetric risk factors of  hypertension during pregnancy.

The results were generated out of  an analysis of  data recorded 
in the baseline visit done around 24 weeks of  the cohort study; 
hence, the reported hypertension could not be segregated into 
categories of  chronic hypertension, gestational hypertension, 
and preeclampsia/eclampsia.

Conclusion

The present study reports that hypertension during pregnancy 
is emerging as a major concern from a clinical and public health 
viewpoint, given that it could have serious short‑ and long‑term 
consequences for maternal and offspring health. A substantial 
proportion of  more than one‑tenth of  the pregnant women 
were found to be hypertensive in the present study. Primary care 
physicians have a critical role to play in the early identification 
and management of  hypertension during early antenatal care.
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Abstract
Thoughmineralizing angiopathy is increasingly being recognised as a cause of ischemic stroke in young children, it’s cause is not
clear. As congenital infections and perinatal infections have been proposed to be associated with mineralizing angiopathy, the
authors studied the prevalence of perinatal infections in children with mineralizing angiopathy and compared it with focal
cerebral arteriopathy and non-stroke patients. Sixteen children with mineralizing angiopathy, 14 children with focal cerebral
arteriopathy and 40 non-stroke patients were enrolled. Detailed parental interview was conducted to look for perinatal infection
[Premature rupture of membranes (PROM) and neonatal sepsis]. Perinatal infection (PROM in 8 and documented neonatal sepsis
in 2) was seen in 8 patients (68.2%) with mineralizing angiopathy and none of the children with focal cerebral arteriopathy. Only
3 (7.5%) of non-stroke patients had history of PROM. This difference was statistically significant. Perinatal infections could be an
important etiological risk factor seen in children with mineralizing angiopathy.

Keywords Stroke .Mineralizing angiopathy . Focal cerebral arteriopathy . Premature rupture of membranes

Introduction

Mineralizing angiopathy (MA) is being increasingly
recognised as one of the major causes of basal ganglia stroke
in infants and young children following a trivial fall, with a
reasonably good prognosis. This entity is associated with min-
eralization of lenticulostriate arteries in basal ganglia and in-
ternal capsule with a relatively unknown cause [1–3].
Researchers in the past decade have postulated various etio-
logical theories like genetic, cytomegalovirus infection and
perinatal infections etc. [4]. The authors contemplated this
study so as to ascertain an association between perinatal in-
fections and mineralizing angiopathy.

Material and Methods

The files of children who were diagnosed as stroke in the
last year were retrieved from the records and the parents
along with the child were called for review. They were
grouped into two categories: Stroke due to MA and Focal
cerebral arteriopathy (FCA). Children who had stroke due
to underlying medical disorders like congenital heart de-
fects, hemolytic anemia, prothrombotic conditions, inborn
errors of metabolism and neuro-infections, were excluded.
Any child with acute onset weakness or seizures follow-
ing minor trauma and Computerized axial tomography
(CT) scan showing calcification of lenticulostriate arteries
was taken as a case of MA. Forty age matched children
who were otherwise healthy (no developmental delay or
focal neurological deficits) and had accompanied their
sick sibling were taken as non-stroke controls. Parents
were interviewed regarding the history of premature rup-
ture of membranes (PROM) or neonatal intensive care
unit admission (NICU) after obtaining informed consent.
PROM, chorioamnionitis, urinary tract infection (UTI) in
the mother and NICU admission for sepsis were taken as
significant events. PROM was defined as any mother with
leaking amniotic fluid before the onset of labour. Fisher
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Exact test was used for statistical analysis. P value of
<0.05 was considered significant.

Results

A total of 30 patients (16-MA, 14-FCA) with stroke, sat-
isfying the study criteria were enrolled. Among MA
group, all patients except two had definite history of triv-
ial fall before the stroke and symptoms occurred within
12–24 h. All the patients had basal ganglia stroke and
evidence of calcification of lenticulostriate arteries on
CT scans. As mentioned in Table 1, history of PROM
was present in 8 patients (50%), of whom one mother also
had UTI. Two patients (18.18%) had a history of NICU
admission for 7 and 20 d respectively for neonatal sepsis
(one was premature also). Overall, 10 patients with MA
(68.18%) had some evidence of perinatal infection as
compared to none in the FCA group [Odds ratio: 46.85
(95%CI: 2.34 to 926.11), p = 0.01]. Serum calcium was
normal in these children. Patients were only on symptom-
atic treatment and physiotherapy. None of them received
aspirin and the parents were counselled to avoid head
injuries/falls. On follow-up examination, all the patients
exhibited good prognosis as 12 patients had a score of 0
on Modified Rankin scale (MRS) and 4 patients had a
MRS score of 1. None of the patients had recurrences.

In the FCA stroke group, the median age was 11.5 y (1 y 8
mo to 17 y). None of these patients had a history of PROM or
NICU admissions for neonatal sepsis. They were on anti-
platelet therapy. On follow examination, 9 patients had a score
of 0 onMRS, one patient had a score of 1, three had a score of
2 and one patient had a score of 3. In the non-stroke group, the
median age was 5.5 y (3 mo to 16 y). Three (7.5%) of these
patients had a history of PROM. Two children, who were
enrolled in the control group, came to authors with traumatic
brain injury (TBI) and already had a CT scan done for TBI.
The CT scan showed bilateral calcifications in the basal gan-
glia suggesting mineralizing angiopathy. Both the children
had history of PROM of 8 h and were more than 5 y of age.
Both of them probably did not have any fall in the initial few
years and had not developed stroke. Because they had

mineralizing angiopathy on CT scan but no clinical stroke,
they were excluded from the MA group.

Discussion

Perinatal insult in the form of infections, hypoglycemia, hyp-
oxia, prematurity, intrauterine infections like cytomegalovi-
rus, chromosomal and genetic disorders have all been postu-
lated to be a cause of mineralization of lenticulostriate arteries
[5]. Understanding the etiology helps in counselling the par-
ents, taking preventive steps and management. Absence of
clustering of cases in families and non-progressive course in
majority of cases of MA, makes genetic etiology unlikely.

One of serious complications associated with PROM in-
cludes chorioamnionitis. In general, 10-fold increase in neo-
natal infection occurred in premature rupture of membrane
cases without complications. While severe infection in the
perinatal period can lead to neonatal sepsis with its associated
consequences, the inflammatory response to low grade infec-
tion associated with PROM could lead to mineralization of
lenticulostriate arteries [6–8]. These arteries, following a triv-
ial trauma, undergo dissection due to shearing force or be-
come vasospastic leading to ischemic stroke, owing to their
oblique orientation and shorter length in children less than five
years [9]. They later become linear with growth and incidence
of falls also decreases with age. Hence the incidence of MA is
high in children less than five years of age as evidenced in
present study.

The authors found that 68.18% of patients in MA group
had an evidence of perinatal infections (PROM or neonatal
sepsis) [OR- 46.85], while none of the babies in FCA group
had PROM; the incidence in the non-stroke group is similar to
the incidence in other studies i.e., 7.5% [10]. This difference
was statistically significant. The authors propose that, few of
the babies with PROM develop lenticulostriate vasculopathy
and after calcification, mineralizing angiopathy. If these chil-
dren sustain minor head injury in the first 5 y, they develop
basal ganglia stroke. In the study by Lingappa L et al., out of
400 cases of brain CT performed in infants and toddlers for
unrelated symptoms, incidental lenticulostriate artery miner-
alization was noted in four individuals (1%) [11].

Table 1 Distribution of subjects
according to the history of
perinatal infection

Group Total number Mean age (range) History of PROM / Neonatal sepsis n (%)

Yes No

MA 16 15 mo (6 mo to 72 mo) 10 (68.2) 6 (37.5)

FCA 14 11.5 y (1 y 8 mo to 17 y) 0 (00) 14 (100)

Non stroke controls 40 5.5 y (3 mo to 16 y) 3 (7.5) 37 (92.5)

FCA Focal cerebral arteriopathy; MAMineralizing angiopathy; PROM Premature rupture of membranes

Odds ratio: 46.85 (95%CI: 2.34 to 926.11), p = 0.01
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One of the limitations of present study is that authors relied
on parental reporting of PROM and not on objective evidence
of PROM. Because of ethical reasons authors could not do CT
scan for the non-stroke patients with history of PROM.

To conclude, there is a possible association between perina-
tal infections and mineralizing angiopathy. Perinatal infections
lead to mineralizing angiopathy in a proportion of children and
if these children sustain minor trauma in the first 5 y, they can
develop basal ganglia stroke. Large well designed prospective
studies are needed to confirm this observation. Parents whose
babies have had history of PROM should be cautioned about
occurence of stroke following trivial trauma and told about
measures to avoid minor head injuries, falls in infants and
toddlers.
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To the Editor:Liver-cell failure in infancy and neonatal period
has a wide differential diagnosis starting from TORCH infec-
tions to rare inborn errors of metabolism. A few of these dis-
orders have biomarkers like increased alpha-fetoprotein in he-
reditary tyrosinemia and extrahepatic biliary atresia.
Mitochondrial DNA depletion syndromes is emerging as an
important cause of liver cell failure in infants and can also be
associated with increased AFP levels. However, this associa-
tion is not very well known.

We saw a two-and-half mo old baby girl born of 2nd degree
consanguineous parentage, who presented with liver cell fail-
ure, severe failure to thrive and her sibling had died at 5-mo of
age with similar complaints. Investigations revealed deranged
liver function tests, hypoglycemia, hypertriglyceridemia, nor-
mal GGT with raised AFP 16860 ng/mL (normal range: 323
± 278 ng/mL). Abdominal ultrasonography (USG) showed
hepatomegaly with generalized increase in echotexture.
Urine for metabolic screening (succinyl acetone, fructose
and galactose) was negative ruling out tyrosinemia, galacto-
semia and fructose metabolism defects. For ruling out other
metabolic liver disorders, blood was sent for clinical exome
sequencing which revealed a homozygous pathogenic
(ACMG guidelines) variant inMPV17 gene affecting 3′ splice
site in intron 5 (c.376-2A > C) that causes MDS-6
(hepatocerebral type). Child was managed with supportive
treatment in the form of multivitamins, fresh frozen plasma
transfusion, glycemic control with corn-starch diet. At present,
the baby is 9-mo-old, has failure to thrive and global develop-
mental delay.

Reduction in the mitochondrial DNA (mtDNA) copy num-
ber is the molecular hallmark of the mitochondrial DNA de-
pletion syndrome (MDS) [1]. Defects in mitochondrial func-
tion can lead to impaired oxidative phosphorylation, increased
generation of reactive oxygen species, impairment of other
metabolic pathways, and activation of mechanism of cellular
death [2]. MPV17 plays role in the structural preservation of
the inner mitochondrial membrane, which could in turn con-
trol mtDNA maintenance and stability [3]. Verma et al. has
reported 2 infants affected with MPV17 gene variants, one of
whom had increased AFP like our case [4]. There is no effec-
tive therapy for patients with mitochondrial hepatopathies;
neurologic involvement often precludes liver transplantation.

With this report we want clinicians to think of mitochondrial
hepatopathies as a cause of liver failure in infancy. Raised alpha-
fetoprotein can be a clue to mitochondrial DNA depletion syn-
dromes, after the more common tyrosinemia has been ruled out.
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Purpose: Patients	 with	 glaucoma	 undergoing	 trabeculectomy	 develop	 bleb	 cicatrix	 causing	 poor	
postoperative	 intraocular	 pressure	 (IOP)	 control	 and	 low	 success	 rates.	 Several	 approaches	 have	 been	
explored	 over	 the	 years	 for	 better	 outcomes.	 This	 study	 assesses	 the	 safety,	 efficacy,	 and	 outcome	 of	
trabeculectomy	with	HealaFlow®	(Anteis	S.	A,	Geneva,	Switzerland),	a	high‑molecular‑weight	cross‑linked	
hyaluronic	 acid	 viscoelastic	 gel,	 and	 comparing	 it	 with	 the	 antimetabolite	 Mitomycin‑C	 (MMC).	
Methods:	 A	 prospective,	 interventional,	 case‑controlled	 study	 conducted	 at	 a	 tertiary	 care	 hospital	 in	
Southern	 India	 on	 60	 eyes	 of	 patients	 requiring	 trabeculectomy	 divided	 in	 two	 groups	 –	 HealaFlow	
scleral	 implant	 and	adjuvant	 low‑dose	MMC	 (0.1	mg/mL).	Postoperative	 IOP	 reduction	along	with	bleb	
morphology	 was	 assessed	 over	 follow‑up	 at	 1	 week,	 1	 month,	 3	 months,	 6	 months,	 and	 12	 months.	
Results:	Preoperatively	 IOP	 in	 the	 two	groups	was	statistically	 similar.	Postoperative	 IOP	on	day	1	had	
statistically	significant	 reduction	 in	both	groups	with	greater	 reduction	 in	MMC	group.	However,	by	12	
months,	the	IOP	reduction	was	statistically	similar	in	both	groups,	i.e.,	46.24%	(to	11.04	±	2.55	mmHg)	and	
54.47%	 (to	11.99	±	3.37	mmHg)	 in	HealaFlow®	group	and	MMC	group,	 respectively	 (P >	0.05).	The	bleb	
morphologies	were	similar	and	complications	were	seen	equally,	which	resolved	by	4	weeks.	A	complete	
success	 rate	 of	 89.29%	 and	 a	 qualified	 success	 rate	 of	 10.71%	 were	 observed	 equally	 in	 both	 groups.	
Conclusion:	Absorbable	biosynthetic	cross‑linked	hyaluronic	acid	and	low‑dose	MMC	are	equally	safe	and	
efficacious	in	trabeculectomy	with	significant	IOP	reduction	and	good	bleb	morphology.	Therefore,	it	is	a	
novel	substitute	for	MMC.	

Key words:	Glaucoma,	hyaluronic	acid,	mitomycin‑C,	trabeculectomy
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Glaucoma	is	the	leading	cause	of	global	irreversible	blindness	
and	the	second	most	leading	cause	of	blindness.[1]	The	global	
prevalence	of	glaucoma	 for	population	aged	40–80	years	 is	
3.54%.[2]	Glaucoma	 treatment	has	 to	be	 a	holistic	 approach	
with	detection	and	management	of	all	potential	 causes	and	
prevention	of	blindness	from	glaucoma.

Trabeculectomy,	 initially	described	by	Cairns	 in	 1968[3] 
and	later	modified	by	Watson	in	1970,[4]	has	traditionally	been	
considered	the	“gold	standard”	for	filtration	surgery,	i.e.,	to	
increase	aqueous	outflow	through	a	surgical	fistula	 into	the	
subconjunctival	space.

Over	the	past	few	decades,	trabeculectomy	has	undergone	
an	evolution	of	modifications	and	supplementations	to	improve	
postoperative	outcomes	with	fewer	complications.	The	success	
rates	of	trabeculectomy	can	be	improved	by	delaying	wound	
healing	process	and	by	inhibiting	inflammation	and	fibroblastic	
activity	by	antimetabolites,	such	as	Mitomycin‑C	(MMC)	and	
5‑fluorouracil.[5]	However,	antimetabolites	have	been	associated	
with	 several	postoperative	 complications	but	 are	 still	 being	
widely used.[6]

Recent	 studies	 have	 shown	 promising	 effects	 of	
subconjunctival	 antivascular	 endothelial	 growth	 factor	

agents	with	 possible	 antiangiotic	 and	 antifibrotic	 actions;	
however,	it	is	still	under	research.[7,8]	Other	substances	such	as	
monoclonal	antibodies	against	transforming	growth	factor‑β2	
have	unfortunately	not	proven	to	be	effective.[8]

Over	the	years,	as	surgeons	explored	novel	substitutes	for	
optimal modulation of wound healing, sodium hyaluronate 
turned	out	to	be	a	promising	alternative.	HealaFlow® (Anteis 
S.	A,	Geneva,	Switzerland),	a	cross‑linked	sodium	hyaluronate,	
is	a	highly	viscous,	nonanimal	origin,	biodegradable	product	
with	antiinflammatory	and	antifibrotic	properties.	Due	to	the	
physical	 factors	 such	as	 steric	hindrance	by	 the	 continuous	
polymeric	network	 along	with	hydrophilic	polysaccharide	
nature,	 it	 provides	 an	 unsuitable	 surface;	 therefore,	
high‑molecular‑weight	sodium	hyaluronate	(4.6	×	105–2.8	×	106)	
inhibits	phagocytosis	and	has	space	occupying	characteristics.[9] 
Sodium	hyaluronate	also	has	shown	to	inhibit	the	interferonγ 
induced	 release	 of	 inflammatory	 factors,	 such	 as	 tumor	
necrosis	factoralpha,	interleukin	(IL1β)	and	improves	ocular	
surface	irregularity	and	staining	along	with	reduction	in	the	
percentages	of	CD4	(+),	CXCR3	(+),	CD	40	(+),	and	CD44	(+)	cells	
in	the	conjunctiva.[10]
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Therefore,	this	study	was	carried	out	to	assess	the	safety,	
efficacy,	and	outcome	of	a	 slowly	reabsorbable	cross‑linked	
form	of	hyaluronic	acid	(HealaFlow®)	scleral	implant	during	
trabeculectomy	in	a	tertiary	care	hospital	in	Southern	India	and	
observe	the	complications.	This	substance	has	been	proposed	
to	prevent	postoperative	scarring	and	fibrosis	of	the	filtration	
site	to	maintain	a	functional	filtration.

Methods
The	study	was	a	prospective,	 interventional,	case‑controlled	
study	conducted	from	November	2017	to	December	2019	at	
a	 tertiary	care	hospital	 in	Southern	 India	and	patients	were	
followed	up	for	12	months.	Approval	was	obtained	from	the	
local	Committee	on	Research	Ethics,	 and	 informed	consent	
according	 to	 the	 tenets	 of	 the	Declaration	of	Helsinki	was	
obtained	from	all	subjects.

Patients	were	 considered	 eligible,	 provided	 they	met	
the	 inclusion	 criteria	 (age	 >18	 years,	 glaucoma	 requiring	
trabeculectomy	 for	 IOP	 control,	 no	 previous	 intraocular	
surgery).	Data	from	only	the	selected	eye	of	each	eligible	patient	
were used for the study.

Patients	were	 excluded	 from	 the	 analysis	 if	 there	was	
history	of	neovascular,	uveitic,	and	posttraumatic	glaucoma	or	
uncooperative	attitude,	i.e.,	unable	to	understand	and	follow	
verbal	commands	(children,	mentally	challenged,	involuntary	
movements),	patients	with	retinal	pathology	or	previous	laser	
procedures	for	glaucoma.

Sample	 size	was	 calculated	by	using	G*Power	 software.	
There were two groups in the study. By assuming medium 
effect	 size	 as	 0.1,	 5%	 level	 of	 significance,	 power	 80%,	
nonsphericity	correction	ɛ	taken	as	1	(by	assuming	data	follows	
sphericity	assumption)	and	by	assuming	0.7	correlation	present	
between	 repeated	measures,	 sample	 size	was	 obtained	 as	
30 subjects	in	each	group.

With	random	computerized	distribution,	the	patients	were	
divided	 equally	 into	 two	groups	based	on	 adjuvant	used:	
Group	A	–	Cross‑linked	hyaluronic	acid	(HealaFlow®)	scleral	
implant,	and	Group	B	–	Low	dose	MMC	(0.1	mg/mL).

Preoperative Characteristics: Preoperative	 characteristics	
were	 age,	 gender,	 type	 of	 glaucoma,	 IOP,	 visual	 acuity	
and	 compliance,	 adherence,	 and	 effect	 of	 antiglaucoma	
medications.

Intraoperative Characteristics:	 Intraoperative	 characteristics	
were	surgical	technique	and	occurrence	of	any	intraoperative	
complications.	The	number	of	 cases	undergoing	 combined	
trabeculectomy	was	equally	distributed	in	both	groups.

Postoperative Characteristics:	 Postoperative	 characteristics	
were	 IOP,	 complications,	 and	 postoperative	 glaucoma	
medications	used.

Outcome:	The	following	were	followed	for	defining	primary 
outcome:
a.	 Complete	 success:	 Postoperative	 IOP	 ≤21	 mmHg	
and	≥5	mmHg	or	a	reduction	in	preoperative	IOP	of	≥	20%	
without	antiglaucoma	medication.

b.	 Qualified	 success:	 Postoperative	 IOP	 ≤21	 mmHg	
and	≥5	mmHg	or	a	reduction	in	preoperative	IOP	of	≥20%	
with	antiglaucoma	medication.

c.	 Failed	surgery:	Postoperative	IOP	>21	mmHg	and	<5	mmHg	
or	 a	 reduction	 in	 preoperative	 IOP	 <20%	 even	with	
antiglaucoma	medication	or	the	need	for	additional	surgery	
including	needling	or	 bleb	 revision	on	 two	 consecutive	
study visits.

Secondary study outcomes	 included	 the	 postoperative	
complications.	Bleb	was	graded	as	per	 the	Moorfields	Bleb	
Grading.

Surgical Technique:	All	 surgeries	were	 performed	 by	
single	surgeon.	After	peribulbar	anesthesia	with	lignocaine	
1%,	the	eye	was	prepared	and	draped.	A	4‑0	silk	superior	
rectus	 suture	was	 taken,	 and	 a	 fornix‑based	 conjunctival	
flap	was	raised.	A	partial	thickness	rectangular	scleral	flap	
of	approximately	4	×	4	mm	was	raised.	For	the	patients	in	
MMC	category,	MMC	soaked	gel‑sponges	(0.1	mg/mL)	were	
placed	for	2	min	followed	by	thorough	wash.	Lens	extraction	
was	 carried	 out	 by	 phaco‑emulsification	 (in	 combined	
trabeculectomy	 cases).	 Thorough	wash	 of	 viscoelastic	
substance	 was	 performed.	After	maintaining	 anterior	
chamber	with	air,	sclerostomy	of	1	×	3	mm	was	performed	
with	Vanna’s	scissors/Kelly’s	punch	followed	by	a	peripheral	
iridectomy.	The	scleral	flap	was	sutured	with	two	10‑0	nylon	
sutures,	one	in	each	corner.

For patients in HealaFlow®	group,	just	before	conjunctival	
closure,	0.05	mL	of	HealaFlow®	was	injected	under	the	scleral	
flap	ensuring	no	spillage	in	the	anterior	chamber	(to	prevent	
postoperative	 IOP	 spikes),	 and	a	 larger	 amount	0.1–0.4	mL	
was	injected	between	the	sclera	and	conjunctiva	and	air	tight	
conjunctival	sealing	was	done	with	8‑0	vicryl.	Subconjunctivally	
dexamethasone	and	gentamicin	were	injected.	Postoperatively,	
a	 topical	fixed	combination	of	 chloramphenicol,	polymyxin	
B,	 and	dexamethasone	 1	mg/mL	was	 administered	 six	 to	
eight times daily for 4 weeks and then gradually tapered. 
Homatropine	 1%	eye	drops	were	used	 two	 times	daily	 for	
2	weeks.

Statistical Analysis:	Data	were	 analyzed	using	 statistical	
software	R	3.6.3	and	Excel.	Demographic,	preoperative	data,	
and	postoperative	complications	were	analyzed	using	x2 test. 
IOP	comparisons	within	the	groups	were	done	by	Friedman’s	
test.	Surgical	success	has	been	demonstrated	by	Kaplan	Meier	
survival	curve	[Fig.	1b].	To	compare	mean/distributions,	t‑test/
Mann–Whitney	 test	was	used.	QQ	plot/Shapiro‑Wilk’s	 test	
were	used	 to	 check	 the	normality	of	variables.	 Statistically	
significant	level	was	set	at P ≤	0.05.

Results
Sixty	eyes	of	consecutive	eligible	patients	who	were	matched	
for	 age,	 gender,	 visual	 acuity,	 laterality,	 glaucoma	 type,	
and preoperative IOP were enrolled in the study and were 
divided	equally	as	per	random	computerized	distribution	into	
two	groups	based	on	adjuvant	used:	Group	A‑	HealaFlow®, 
Group	B	–	Low	dose	MMC	with	30	patients	 in	each	group.	
A	12	months	 follow	up	was	performed	as	per	 the	 inclusion	
criteria.	A	 loss	 to	 follow	up	of	 four	 eyes	 at	 12	months	was	
observed	[Flow	Chart	1].

Preoperative Characteristics:	Demographic	and	preoperative	
data	have	been	summarized	 in	Table	1	of	both	groups.	The	
HealaFlow®	group	had	a	mean	age	range	of	67.63	±	8.86	years,	
whereas	 the	 MMC	 group	 had	 a	 mean	 age	 range	 of	
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69.96	±	11.01	years.	There	was	a	higher	male	predisposition	with	
an	M:	F	ratio	of	1.72:1.	Majority	of	the	patients	were	diagnosed	
with	POAG,	i.e.,	46	(76.67%)	patients;	however,	the	distribution	
in	the	two	groups	was	statistically	similar.	Preoperatively,	the	
IOP in the HealaFlow®	group	was	23.59	±	13.81	mmHg,	and	in	
the	MMC	group,	it	was	25.81	±	11.01	mmHg.

Intraoperative Characteristics:	No	intraoperative	complications	
were	observed	in	either	of	the	groups.

Postoperative Characteristics:	 The	mean	 IOP	 in	 both	 the	
groups	during	the	follow‑up	visits	has	been	listed	in	Table	2 
and	graphically	described	in	Fig.	1a.	No	statistical	difference	
was	observed	in	the	reduction	rate	between	the	two	groups.	
On	day	1	postoperatively,	there	was	IOP	reduction	of	30.09%	

(to	16.50	±	9.92	mmHg)	and	44.59%	(to	14.29	±	8.01	mmHg)	in	
the HealaFlow®	group	and	the	MMC	group,	respectively.	By	
12	months,	the	trend	of	IOP	fall	remained	statistically	similar	
in	 both	 the	groups,	 i.e.,	 46.24	 (to	 11.04	 ±	 2.55	mmHg)	 and	
54.47%	(to	11.99	±	3.37	mmHg)	in	the	HealaFlow® group and 
MMC	group,	respectively.

Primary Outcome: Table	3	depicts	the	outcome	of	surgery,	
and	it	was	observed	that	both	groups	had	similar	outcomes,	
i.e.,	complete	success	89.29%	and	qualified	success	10.71%	&	
was	distributed	uniformly	in	both	the	groups	with	four	cases	
(two	cases	each	for	group)	as	loss	to	follow	up	at	12	months.

The	Kaplan–Meier	curve	in	Fig.	1b	shows	that	there	is	no	
significant	difference	between	the	survival	probabilities	over	

Flow Chart 1: The enrollment, randomization and the success rate at different follow‑ups in the two groups
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the	two	groups	by	log	rank	test	(ꭓ2	=	0.1, P value:	0.75).	Complete	
success	was	taken	as	the	event	of	interest.

Secondary Outcome: Table	 3	 gives	 a	 comparison	 of	
post‑operative	 complications	 in	 the	HealaFlow®	 and	MMC	

Table 1: Demographic and preoperative characteristics of HealaFlow® and MMC group

HealaFlow® Group MMC Group P

Number of eyes 30 30

Age (years)

Mean (±SD)
Range

67.63 (±8.86) 69.96 (±11.00) 0.786

31‑79 31‑80

Gender 

Female
Male

12 (40%) 10 (33.33%)

18 (60%) 20 (66.67%) 0.788

Diagnosis

ACG
NTG
POAG

4 (13.33%) 5 (16.67%)

4 (13.33%) 2 (3.33%) 0.4508MC

22 (73.33%) 23 (38.33%)

Preoperative IOP (mmHg)

Mean (±SD) 23.60 (±13.81) 25.81 (±11.01) 0.133
Range 10‑69 10‑64

MC: Monte‑Carlo’s simulation used to obtain P

Table 2: Comparison of IOP reduction from preoperative IOP on follow‑up visits in the HealaFlow® and MMC group

HealaFlow® Group 
(mmHg) (n=30)

MMC Group 
(mmHg) (n=30)

Percentage Reduction from Pre‑op IOP

HealaFlow® Group (%) MMC Group (%)

Post‑operative IOP
Day 1 IOP
Week 1 IOP
Month 1 IOP
Month 3 IOP
Month 6 IOP
Month 12 IOP*

16.50±9.92 14.29±8.01 30.09% 44.59%

11.63±6.52 11.40±4.72 50.69% 55.83%

11.55±4.16 12.95±5.27 51.10% 49.82%

11.22±4.03 12.35±3.79 52.5% 52.15%

10.87±2.43 11.74±3.36 53.94% 54.51%
11.04±2.55 11.99±3.37 46.24% 54.47%

*n=28 in each group

Table 3: Assessment of bleb morphologies, outcomes, and complications in the HealaFlow® and MMC group at 12 months

Variables Group P

HealaFlow® (n=28) (%) MMC (n=28) (%)

Outcome Complete success 25 (89.29%) 25 (89.29%) 1MC

Qualified success 3 (10.71%) 3 (10.71%)

Complications Nil 25 (89.29%) 25 (89.29%) 1MC

Hyphaema 2 (7.14%) 2 (7.14%)

Subconjunctival hemorrhage under bleb 1 (3.57%) 1 (3.57%)

Central bleb area 25% 22 (78.57%) 18 (64.29%) 0.2367

50% 6 (21.43%) 10 (35.71%)

Peripheral bleb 
area

0% 8 (28.57%) 11 (39.29%) 0.3972

25% 20 (71.43%) 17 (60.71%)

Bleb height Low 11 (39.29%) 4 (14.29%) 0.1068

Flat 4 (14.29%) 6 (21.43%)

Moderately elevated 13 (46.43%) 18 (64.29%)

Bleb Vascularity Normal 13 (46.43%) 13 (46.43%) 0.7575

Mild 5 (17.86%) 7 (25%)
Avascular 10 (35.71%) 8 (28.57%)

MC: Monte‑Carlo’s simulation used to obtain P
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group	 and	 it	was	 seen	 that	 there	were	 two	 cases	 (7.14%)	
of	 hyphaema	 and	 one	 case	 (3.57%)	 of	 sub‑conjunctival	
hemorrhage	under	 bleb	 in	 both	 the	 groups	 equally	which	
resolved	by	the	end	of	4	weeks.	Fisher	exact	test	stated	that 
P value	was	not	significant.

Table	3	also	shows	a	comparison	of	bleb	morphologies	and	
IOP	at	12	months	in	the	HealaFlow®	and	MMC	group.	Majority	
of	 the	patients	 had	 25%	 central	 bleb	 area,	 25%	peripheral	
bleb	 area,	moderately	 elevated	with	normal	 vascularity	 at	
12	months.	No	needling	revision	of	blebs	or	laser	suture	lysis	
was needed in either of the groups.

Fig.	2–c	depicts	the	postoperative	bleb	morphology	at	day	
1,	week	1,	and	week	12	months,	respectively,	of	patients	from	
HealaFlow® group.

Discussion
As	trabeculectomy	remains	the	mainstay	of	surgical	treatment	
for	 glaucoma	patients	not	 responding	 to	maximal	medical	
treatment,	it	is	mandatory	to	prevent	bleb	cicatrix	and	serious	
complications	that	occur	due	to	adjuvants	being	used	currently.	
MMC	has	proven	to	significantly	improve	the	success	rate	of	
trabeculectomy	and	has	been	accepted	as	a	standard	adjuvant.	
However,	 several	possibilities	have	been	explored	over	 the	
years	and	recently	a	novel	substitute	–	crosslinked	hyaluronic	
acid	gel	scleral	implant	has	been	introduced.	Previously,	it	has	
been	used	to	reduce	ocular	surface	damage	in	patients	with	
dry eye and even in patients with rheumatoid arthritis and 
osteoarthritis.[11–13]	Its	placement	as	a	scleral	implant	inhibits	
fibrosis	locally	and	prevents	vascularization.	This	reduces	bleb	
failure	and	enables	a	good	success	rate	and	long‑term	effect.

To	 the	 best	 of	 our	 knowledge,	 this	 is	 the	 first	 study	
conducted	 on	 Indian	 population	 to	 assess	 the	 safety	 and	
efficacy	of	 trabeculectomy	with	 crosslinked	hyaluronic	 acid	
gel (HealaFlow®)	scleral	implant	and	compare	it	with	low‑dose	
MMC	in	trabeculectomy	with	a	follow‑up	of	12	months.

Forrester et al.	studied	the	effect	of	sodium	hyaluronate	on	
phagocytosis	using	a	sensitive	polystyrene	latex	sphere	assay	
in	mouse	peritoneal	macrophage	monolayers.	Viscous	solutions	
of	 high‑molecular‑weight	hyaluronate	 (4.6	 ×	 105–2.8	 ×	 106)	
caused	 a	 dose‑dependent	 inhibition	 of	 phagocytosis,	 but	
low‑molecular‑weight	hyaluronate	(9.0	×	104)	was	not	inhibitory	
at	equivalent	viscosity.[9]

Along	with	having	an	 inhibitory	effect	on	 inflammatory	
factors,[10]	sodium	hyaluronate	with	different	molecular	weight	
showed	variability	in	biological	functions.	In	an in vitro study 
on	human	nasal	epithelial	cells,	Albano	et al.	observed	that	only	
high‑molecular‑weight	form	of	sodium	hyaluronate	efficiently	
inhibited	 the	 rhIL17Amediated	 activation	of	ERK1/2,	 IκBα 
phosphorylation	and	NF‑κB	signal	pathway	activation,	ROS	
production,	 IL‑8	 and	NOX‑4	proteins,	 and	mRNA	 levels,	
therefore	 exhibiting	 an	 anti‑inflammatory/anti‑oxidative	
effect.[14]	 Crosslinked	 sodium	 hyaluronate	 had	 a	more	

Figure 2: (a) Postoperative Day 1, Bleb morphology indicated with 
black arrows (b) Postoperative Week 1, Bleb morphology indicated 
with black arrows. (c) Postoperative 12 months, Bleb morphology 
indicated with black arrows

c

b

a

Figure 1: (a) Distribution of mean IOP on follow‑up visits (b) Kaplan–Meier 
survival curve at 12 months for complete success(IOP ≤21 mmHg and 
≥5 mmHg) (HF‑HealaFlow®, MMC‑Mitomycin‑C)

b

a
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stable	 structure	 and	 a	 longer	 biodegradation	 time	 than	
the	 non‑crosslinked	 product.	Moreover,	 crosslinked	 and	
non‑crosslinked	 sodium	hyaluronate	 also	 showed	different	
effects	on	proliferation	of	fibroblasts.[15]

Previously, various investigators have worked with 
different	dosages	and	durations	of	MMC	application	and	have	
concluded	 that	 0.2–0.4	mg/mL	MMC	applied	over	 2–5	min	
gave	an	IOP	reduction	of	41.4–59.9%,	which	is	similar	to	the	
reduction	 in	 our	 study,	 i.e.,	 53.23%	 (with	 0.1	mg/mL).[16–23] 
Studies	have	been	performed	with	lower	dosage	of	0.1	mg/mL	
MMC	 for	 2	min	and	have	 shown	a	 successful	 reduction	 to	
11.1	±	3.1	mmHg	in	the	MMC	group	and	an	IOP	reduction	of	
50.6	±	1.23%.[24,25]	Therefore,	to	prevent	complications	related	
to	MMC,	an	accepted	low‑dose	MMC	regimen,	i.e.,	0.1	mg/mL	
for	2	min	was	taken	up	for	this	study.

IOP	reduction analysis in our study stated that preoperatively 
the IOP in the HealaFlow®	group	was	23.59	±	13.81	mmHg	and	
in	the	MMC	group	it	was	25.81	±	11.01	mmHg,	which	is	similar	
without	any	significant	difference.	On	day	1	postoperatively,	
there	was	IOP	reduction	of	30.09%	(to	16.50	±	9.92	mmHg)	and	
44.59%	(to	14.29	±	8.01	mmHg)	in	the	HealaFlow® group and the 
MMC	group,	respectively.	The	difference	between	the	reduction	
could	be	due	to	presence	of	HealaFlow®	in	anterior	chamber	
postoperatively,	which	resolved	by	the	end	of	1	week	and	so	
after	1	week.	No	postoperative	spikes	were	observed.	However,	
after	1	week,	the	IOP	reduction	was	50.69	(to	11.63	±	6.52	mmHg)	
and	55.83%	(to	11.40	±	4.72	mmHg)	in	the	HealaFlow® group 
and	MMC	group,	 respectively,	which	 shows	significant	and	
equal	fall	in	both	the	groups.	By	12	months,	the	trend	of	IOP	fall	
remained	statistically	similar	in	both	the	groups,	i.e.,	46.24	(to	
11.04	±	2.55	mmHg)	and	54.47%	(to	11.99	±	3.37	mmHg)	in	the	
HealaFlow®	group	and	MMC	group,	respectively.

Mohamed et al.	 showed	 the	mean	 reduction	 rate	 of	
the	 IOP	 at	 the	 ninth	month	was	 9.4	 ±	 7.7	 (37.3%)	 and	
11.4	 ±	 4.8	 mmHg	 (45.8%)	 in	 the	 sodium	 hyaluronate	
group	 and	MMC	 group,	 respectively.[8]	 In	 the	 study	 by	
Papaconstantinou	D	et al.,	the	IOP	at	6‑month	follow‑up	was	
lower	than	18	mmHg	in	both	the	groups,	which	is	similar	to	
the	observations	in	this	study.[26]	Wang	X	et al.	stated	that	by	
5	years	78%	patients	had	postoperative	IOP	below	21	mmHg	
with	 sodium	hyaluronate	 and	54%	 reached	 the	goal	 in	 the	
group	with	only	trabeculectomy.[27]

Raitta	C	et al. stated that even though there was an early 
postoperative	 IOP	peak	of	21	mmHg	or	more	 in	27%	of	 the	
sodium	hyaluronate	eyes,	the	postoperative	mean	IOP	reduction	
was	significant	with	reduced	need	for	glaucoma	medications	
1	month	after	surgery.[28] Roy et al.	assessed	55	eyes	and	observed	
that	the	mean	preoperative	IOP	was	21.6	±	7.2	mmHg,	which	
reduced	to	11.5	±	3.0	mmHg	(46.6%)	by	1	year,	which	is	similar	
to	our	observations	of	reduction	of	46.24%	by	1	year.[29] In a study 
by	Lopes	JF	et al.,	the	mean	IOP	decreased	from	26.0	±	10.0	to	
12.2	±	3.7	mmHg	by	the	end	of	6	months.[30]

With	the	above‑mentioned	observations,	it	was	concluded	
that	the	cross‑linked	sodium	hyaluronate	prevents	postoperative	
scarring	 and	 fibrosis	 at	 the	 site	 of	 filtration	 and	helps	 in	
maintaining	its	function,	therefore	lowers	the	IOP	significantly	
and	maintains	it	on	subsequent	visits.

In	the	current	study,	most	of	the	patients	presented	with	
blebs	with	central	area	of	25%,	maximal	peripheral	area	of	25%,	

moderately	elevated	and	normal	vascularity	equally	distributed	
in HealaFlow®	and	MMC	group.	Similarly,	Papaconstantinou	D	
et al.,	demonstrated	similar	bleb	vascularity	in	both	groups	and	
even	though	the	sodium	hyaluronate	bleb	was	morphologically	
more	 prominent	 initially;	 it	 got	 gradually	 absorbed	 over	
the next few weeks. [26]	 Previous	 studies	 conducted	 on	
trabeculectomy	with	sodium	hyaluronate	demonstrated	that	
well‑visualized,	diffuse	blebs,	loculated	with	thinner	walls	with	
good	bleb	height	and	extent,	were	mostly	formed	with	sodium	
hyaluronate.[27,29–31]	These	findings	are	similar	to	this	study.

We	 observed	 that	 in	 this	 study	 two	 cases	 developed	
postoperative	hyphaema	and	one	developed	subconjunctival	
hemorrhage	under	bleb	in	the	HealaFlow® group and similar 
observations	were	made	 in	 the	MMC	 group.	However,	
Mohamed et al.	 found	 severe	 complications	 like	 corneal	
abrasions,	early	bleb	leak,	dense	subconjunctival	hemorrhage	
with	 early	 impaired	 filtration,	 choroidal	 detachment,	
obliterated	ostium	with	peripheral	anterior	synechiae,	excessive	
corkscrew	conjunctival	vessels	and	Tenon’s	cyst	 formation[8] 
and	Papaconstantinou	D	 et al.	 also	observed	 complications	
like	hypotony,	flat	anterior	chamber,	hyphaemas,	and	positive	
siedel	test	and	encapsulated	bleb.[26] In studies where patients 
underwent	 trabeculectomy	with	 sodium	hyaluronate	 by	
Raitta	C	et al. and Roy S et al.	occurrence	of	hypotony,	choroidal	
detachment,	hyphaema,	and	iris	incarcerations	were	noted.[28,29]

Studies	 carried	out	on	MMC	showed	 that	bleb	 leak	was	
the	most	 common	 complication,[32–35]	 followed	by	 aqueous	
misdirection,	corneal	abrasion,	and	Tenon’s	cyst	formation.	In	
the	current	study,	we	did	not	observe	major	complications	and	
the	hyphaema	and	subconjunctival	hemorrhage	also	resolved	
by	the	4	week	follow‑up.

The	outcome	in	the	form	of	success	rates	was	similar	in	both	
the groups in our study. In the HealaFlow® group as well as 
in	the	MMC	group,	complete	success	of	89.29%	and	qualified	
success	of	10.71%	was	observed	equally,	which	was	statistically	
similar. However, Mohamed et al.	observed	a	complete	success	
of	63.6	and	90.9%,	respectively,	in	the	sodium	hyaluronate	and	
MMC	group	by	6	months.	As	per	Papaconstantinou	D	et al., 
no	 statistically	 significant	difference	was	observed	between	
sodium	hyaluronate	 and	MMC	 and	 complete	 success	 at	
6	months	was	observed	in	60%	sodium	hyaluronate	eyes	and	
in	65%	MMC	eyes.[26]	This	shows	that	the	efficacy	of	sodium	
hyaluronate	and	MMC	is	similar.	A	variation	in	outcomes	has	
been	observed,	which	could	be	due	to	patient	compliance	and	
postoperative	care.

Keeping	in	mind	the	complications	of	MMC	reported	in	the	
previous	studies	and	considering	the	high	cost	of	cross‑linked	
hyaluronic	acid	viscoelastic	scleral	implant,	it	is	recommended	
to use HealaFlow®	in	affording	patients	after	considering	its	
advantages	on	individual	basis.

Prospective	 studies	with	 larger	number	of	patients	 and	
longer	 follow‑up	are	 recommended	 for	 confirmation	of	 the	
conclusions	of	this	study.

Conclusion
Therefore,	 it	 can	 be	 concluded	 from	 the	 present	 study	
that	 absorbable	 biosynthetic	 cross‑linked	 hyaluronic	
acid	(HealaFlow®)	and	low‑dose	MMC	both	are	equally	safe	
and	efficacious	in	trabeculectomy	at	12	months	follow‑up.	By	
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the	last	follow‑up,	the	preoperative	IOP	had	a	similar	reduction	
in	both	 the	groups	with	good	bleb	morphology.	Therefore,	
absorbable	biosynthetic	cross‑linked	hyaluronic	acid	is	a	novel	
substitute	for	MMC	and	can	be	used	successfully	as	an	adjunct	
in	trabeculectomy.
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ABSTRACT 
Alzheimer's disease is a neurodegenerative condition that involves cholinergic neuronal dysfunction, oxidative stress, 
amyloid beta protein accumulation as a characteristic of neuropathology. Sida rhombifolia is traditionally known for 
the treatment of neuronal disorders. This study was designed to evaluate the effect of S. rhombifolia extract (SRE) on 
scopolamine (SCO) induced amnesia in rats. Sida rhombifolia hydroethanolic extract (SRE) was subjected to in-vitro 
tests. Furthermore, in rats amnesia was induced with SCO (1mg/kg. i.p) for 30 days and treated with 100, 200, and 
400 mg/kg of SRE for 15 days. Antioxidant activity of SRE was demonstrated by decreasing DPPH and H2O2 levels. 
Treatment group rats reversed SCO induced amnesia by improvement in spatial memory, decreased transfer latency 
and increased step through latency significantly (p < 0.001) in behavior models such as Morris water maze, elevated 
plus maze, and passive avoidance task, respectively. SRE administration decreased acetylcholinesterase enzyme, β 
amyloid1–42 levels significantly (p < 0.001), scavenges SCO induced oxidative stress by increased glutathione and 
decreasing lipid peroxidase levels. Histopathological studies revealed mild neuronal damage in treatment groups as 
compared to SCO-induced rats and is validated its implication for the treatment of cognitive impairment.

INTRODUCTION 

The most prevalent form of dementia is Alzheimer’s 
disease (AD) which expresses the features of memory loss and 
behavioral disturbance (Smith, 2017). Aging, especially people 
aged 65 years and above are at the risk of various diseases including 
AD. Every year nearly 1,275 new cases per 10,000 individuals are 
diagnosed with AD (Querfurth and LaFerla, 2010), and this has 
become challenging to nursing care facilities and financial burden 
for care givers. 

The increased acetylcholinesterase enzyme (AChE) 
activity, alteration of acetylcholine (ACh) receptors, or decreased 
production of ACh in central cholinergic system are all considered 
as significant hallmarks of AD (Anand et al., 2014). The treatment 
regimens were developed to target the pathogenesis of AD, but 
their use is restricted due to unavoidable side effects. The donepezil 
is being used as a first-line treatment drug; it has undesirable and 
unavoidable peripheral anticholinergic side effects. Hence, health 
care professionals are keen to find alternative therapies (Citron, 
2010).

Many herbal drugs including extracts are focused to 
treat AD based on potential effects such as anti-oxidants, AChE 
enzyme inhibition, secretase enzymes responsible for producing 
Aβ, chelating heavy metals, or Aβ degradation mechanisms 
(Eckert, 2010).

The plant genus Sida L. is well documented in Ayurveda, 
an ancient Indian system of medicine. Around 17 species that occur in 
India are reported traditionally in Rasayana to treat various ailments 
including degenerative and musculoskeletal disease (Trikamji, 
1984). Sida rhombifolia L. (S. rhombifolia) is a perennial plant that 
belongs to the family Malvaceae commonly known as arrowleaf 
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sida. The various extracts of S. rhombifolia have been identified as an 
anti-inflammatory, anti-arthritic, and hepatoprotective (Subramanya 
et al., 2015). It is also reported as an antidiabetic and poses anti-
oxidant property (Chaturvedi and Kwape, 2015).

Traditionally in India, the hot aqueous extracts of dried 
leaf and root of the S. rhombifolia are used as an aphrodisiac, tonic 
and is used to treat heart and nervous diseases (Girón et al., 1991).

However, there are limited scientific reports related to 
claim the effect of S. rhombifolia in the management of AD. Hence, 
this study was designed to evaluate the hydro-ethanolic extract of 
S. rhombifolia L. on scopolamine (SCO) induced amnesia in rats.

MATERIALS AND METHODS

Reagents
Quercetin, Donepezil Hydrochloride, Tris-HCl, 

2,2-diphenyl-1-picrylhydrazyl (DPPH), H2O2, 5,5'-dithiobis-(2-
nitrobenzoic acid), AChE, Acetylthiocholine iodide was procured 
by Sigma Aldrich, St. Louis, MO. Gallic acid, Ethanol (Hi-media, 
Amritsar, India), SCO hydrobromide (Vital Laboratories; Vapi, 
India), potassium dihydrogen phosphate, disodium hydrogen 
phosphate (SD fine chem. Ltd, Chennai, India), Folin-coicalteau 
phenol reagent (Fisher scientific, Vantaa, Finland).

Plant collection and authentication
The S. rhombifolia L. the whole plant was collected 

from the botanical garden, Dharwad University of Karnataka, 
India. Authenticated by botanist Dr. Harsh V. Hegde (Scientist E) 
at Indian Council of Medical Research-NITM, Belagavi, India. A 
voucher specimen (RMRC-1399) was deposited at the herbarium 
of ICMR-NITM, Belagavi, India.

Method of extraction
The whole plant was washed thoroughly using water 

and dried at room temperature for 15 days. Using a mechanical 
blender, plant parts were powdered. The hydro-alcoholic extract 
was prepared by three-time maceration using ethanol-water 
(70:30) for 7 days; further Soxhlet extraction was carried out 
using ethanol (95%) for 8–12 hours. This method allows isolating 
desirable phytoconstituents. Then extract was cooled, concentrated 
by the evaporation. Both extracts were combined and stored in a 
refrigerator until further use (Khanal and Patil, 2020).

Water and alcohol soluble extractive values and, ash 
values of crude powder were determined to assess the purity, 
quality as well as to detect adulterations present if any (Kokate, 
2017). The S. rhombifolia extract (SRE) was screened for 
phytoconstituents such as tannins, phenols, flavonoids, saponins, 
glycoside, alkaloids qualitatively (Oshadie et al., 2017).

Total flavonoid content and phenolic content
The flavonoid content of SRE was quantified and 

quercetin was used as a standard sample (McDonald et al., 2001). 
Phenolic compounds of SRE were tested by a spectrophotometric 
method using Folin–Ciocalteau Reagent (Pawar et al., 2016), and 
values were reported as mg/g Gallic Acid Equivalent (GAE).

DPPH and H2O2 scavenging activity of SRE
The anti-oxidant activity of SRE was determined by the 

DPPH scavenging assay method proposed by Teh et al. (2013), 

and the ability to eliminate hydrogen peroxide was determined by 
method Ruch et al. (1989). Ascorbic acid was used as standard 
drugs with three independent tests were carried out to assure the 
precision of results.

In-vitro estimation of AChE inhibition
Acetylcholinesterase activity of SRE by in vitro was 

measured by 96 well microplate assay using Ellman’s method. 
Donepezil was used as a standard control.

Percentage of enzyme inhibited was reported in 
triplicates to calculate IC50 values by linear regression analysis 
(Dhanasekaran et al., 2015).

In vivo experimental protocol

Ethical approval and experimental animals
Ethical consent was approved from the Institutional 

Animal Ethical Committee from KLE College of Pharmacy, 
Belagavi, an in vivo analysis was carried out (KLECOP/CPCSEA- 
Res No.221/Po/Res/2000/CPCSEA, Res.25-13/10/2018). Rats 
were procured by CPCSEA-registered vendor in vivo Biosciences; 
Bangalore, India.

The healthy Wistar rats of either sex (18 months) 
weighing 180–280 g used for this study, under standard laboratory 
conditions rats were housed in cages by grouping them into six 
in each with the maintenance of natural light and dark condition. 
Acclimatization was made before the experiment begins. CPCSEA 
guidelines were followed for experimentation. Rats were fed with 
standard rat chow pellet and water ad libitum.

Acute oral toxicity study
Organization for Economic Co-operation and 

Development guidelines, 423 (OECD, 2002) was used to determine 
the safety and adverse effects of SRE to confirm safe doses for 
future study. The SRE 2,000 mg/kg orally administered in a single 
dose to the rats later observed for the next 14 days. After 14 days, 
there were no side effects, no mortality was observed. Based on 
the acute oral toxicity study, the geometrical series doses such as 
1/10th 1/20th, and 1/40th doses were selected as testing doses.

Preparation of test samples
The SR extract was suspended in 0.5% Sodium carboxy 

methyl cellulose (CMC)  before administration.

Study design
The experimental rats were randomly selected (n=6) and 

divided them into six groups.  Group I: Normal control (administered 
with normal saline, through i.p route); SCO (1 mg/kg, i.p) was 
administered for 30 days to group II - VI to provoke cognitive 
impairment. Group III- Standard control (Donepezil 3mg/ kg, p.o); 
Group IV- SRE 100mg/kg; Group V- SRE 200mg/kg; Group VI- SRE 
400mg/kg were administered orally (test controls). The test doses of 
donepezil and SRE were given 30 min after SCO administration to 
rats from 16-30th day to intervene SCO-induced amnesia.

Screening models for amnesia

Morris water maze task
It has a circular pool filled with water (the white 

dye used to make it opaque), pool was divided into four equal 
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quadrants. Platform immersed 2 cm below the base level (10 × 
10 cm) and kept at the center of the Q4 quadrant throughout the 
testing sessions.

Training trial
Each rat was put in the pool for the 60 seconds 1 

day before the test; this free swim allowed the rat to become 
accustomed to the training setup. Suppose in the 120 seconds, the 
rat did not find the platform then it was manually guided to reach 
the platform and allowed to rest on the platform for the 30 seconds. 

Acquisition trail
During each day of the study, starting location was 

randomized but stayed the same for all rats in each experiment. 
The rat was allowed in the pool with its head pointing toward 
the sidewall at each trial and given the 90 seconds to search for a 
hidden platform.

Retention trail
On day 30, the platform was taken away from the 

position, then time spent to the search of the missing platform 
is considered as a probe trial referred to as retrieval of memory 
(Morris, 1984).

Elevated plus-maze
It has four arms (two closed; two open arms where maze 

was elevated above the floor, and arms extended from a central 
platform).

Acquisition trial
On day 1, at open arm; the rat was individually placed 

facing away from a central platform. The acquisition test was 
considered as transfer latency (TL) by the observation of time 
taken for the rat to move from open to the closed arm. 

Retention of memory of rats was recorded on day 30 
using TL and percentage time spends in the open arm (Jafarian 
et al., 2019).

Passive avoidance test
The apparatus has light and dark compartments in 

the shuttle box. To separate the compartment, guillotine door is 
adjusted either lowered or raised by the researcher. The floor has 
stainless steel rods in which the shock generator has connected 
dark compartments to transmit shock if the rat stepped into a dark 
area. Rats were habituated before trial later on day 1 they were 
placed in the light compartment; the guillotine door was opened 
for the rat to enter the dark compartment during which foot shock 
was given for 2 seconds, which is considered as step-through 
latency as acquisition test. Retention trial was recorded on day 30 
including time spent in the dark compartment (Rezvani-Kamran 
et al., 2017).

Collection of brain sample
After screening behavioral models, animals were
sacrifced with a high dose of anesthetic ether. Brain 

samples were collected. Later biochemcal parameters such as 
AChE, β amyloid1–42, Glutathione (Reduced), and lipid peroxide 
enzyme levels were evaluated. 

Acetylcholinesterase inhibition assay
The effect of SRE on AChE level can be detected by the 

inhibition of AChE level in the brain homogenate as explained by 
(Ellman et al., 1961). To quantify the rate of moles of substrate-
hydrolyzed per min/grams of the tissue, absorbance was noted for 
5 minutes at 412 nm.

Aβ1-42 content in brain tissue
The assessment of rat β amyloid1–42 level was done by 

the Enzyme linked immunosorbent assay sandwich kit manual 
(Bioassay Technology Laboratory, China). Phosphate buffer (7.4) 
was used to homogenize the rat brain later, centrifuged at 5,000 
G to collect supernatant which was used for the detection of β 
amyloid1–42. In parallel to the test samples, standard curve analysis 
was run. A multiscan spectrum spectrophotometer was utilized to 
check the absorbance at 450 nm OD (Thermo scientific, Multiscan 
GO); the readings were all carried out in triplicate (Malabade 
et al., 2015).

Estimation of reduced glutathione
Protocol (Ellman, 1959) was followed to estimate 

reduced glutathione in brain homogenate. The development 
of yellow color signifies glutathione (GSH) level which was 
expressed as nm/mg protein.

Lipid peroxidase assay
The quantity of lipid peroxidation was measured 

according to the procedure followed by (Wills, 1966). Amount of 
malondialdehyde formed due to reaction with thiobarbituric acid. 
Absorbance was measured at 532 nm and expressed as nm/mg 
protein 

Histopathological studies
Rat brain tissue was collected from groups. Neutral 

buffered formalin 10% was used as a fixation reagent. Processing 
was done to obtain 4 µm paraffin-embedded sections. Hematoxylin 
and Eosin staining reagent was used to examine under microscope 
40× (Dhalwal et al., 2007).

Statistical analysis
Graph Pad Prism (version 5.0) was used for the data 

analysis; Analysis of variance and Tukey’s post hoc test using 
were considered. Statistical difference was considered in terms 
of mean ± standard errors of the mean (SEM) and p < 0.05. To 
compute IC50 linear regression, the analysis was used.

RESULTS
The water and alcohol soluble extractive values 

of the crude powder were obtained as 3.8% and 1.5%, 
respectively; total ash and acid insoluble ash value were 
found to 5.9% and 1.5% (W/W). The percentage yield of S. 
rhombifolia hydroethanolic extract was found to be 10.5% 
W/W. Phytoconstituents such as flavonoids, saponins, phenols, 
glycosides, tannins, and steroids were present. The quantitative 
analysis such as total flavonoid content, total phenolic content 
of SRE was found to be 87.78 ug/ml quercetin equivalent and 
120.77 ug/ml GAE, respectively.
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The SRE inhibited DPPH at IC50 value of 175.74 ± 
10.51 µg/ml, p < 0.01 compared to ascorbic acid 35.73 ± 0.85 
µg/ml. The H2O2 was inhibited at IC50 of 55.84 ± 0.636 µg/ml; 
p < 0.01 when compared with ascorbic acid 47.81 ± 0.66 µg/ml.

Effect of SRE on AChE inhibition by an in-vitro method
The SRE showed to inhibit to inhibit AChE at IC50 of 

53.11 ± 2.39 µg/ml as compared to Donepezil 2.23 ± 0.141 µg/ml. 

Effect of SRE on spatial memory
Figure 1 explains escape latency in seconds using the 

Morris Water Maze task to evaluate the restoration of spatial 
memory. Figure 1a shows training trials for 7 days before 
commencing treatment to rats, which expressed significantly 
decreased escape latency on day 7 as compared to day 1 of the 
training trial. Figure 1b shows the donepezil and SRE treatment 
to respective groups intervened and showed a decrease in 
escape latency significantly compared to SCO-induced rats. 
Figure 1c shows that the SCO induction elevates escape latency 
significantly (p < 0.001) as compared to normal control, donepezil 
(3 mg/kg) and SRE at 100, 200, and 400 mg/kg treatment 
expressed decreased escape latency significantly (p < 0.001) 

when compared to rats exposed to SCO. Figure 1d represents a 
probe trial in which SCO-induced rats showed decreased time 
spent in the target quadrant as compared to normal control rats; 
while donepezil and SRE treated rats revealed increased time 
spent at the target quadrant significantly p < 0.001 compared to 
SCO-induced rats. These observations indicate improvement in 
spatial memory.

Effect of SRE on short term learning and memory
Figure 2a shows the effect of SRE on the TL and Figure 

2b expresses percentage time spent in open arms following 5 
minutes of exploration in an elevated plus-maze. The SCO-
induced rats showed increased TL as compared to normal group 
rats. The donepezil (3 mg/kg) and SRE treatment at 100, 200, and 
400 mg/kg doses have shown a marked reduction in TL in contrast 
to SCO-induced rats. 

SCO induced rats markedly (p < 0.001) reduced the 
percentage of time spent by the rats in the open arms compared 
to normal control rats. However, donepezil, SRE at 100, 200, and 
400 mg/kg showed increased time spent percentage in the open 
arms, respectively, in comparison to SCO-induced rats indicate 
retention of short term memory. 

Figure 1. (a) Escape latency (sec) of rats during training trails. (b) Escape latency expressed by rots for every 7 days of treatment, (c) probe trial (time spent to 
reach target quadrant) compared to acquisition trial, (d) time spent in target quadrant by rats on probe trial: @ as compared to normal control group, ***compared to 
scopolamine control group. p < 0.001 was considered as statistically significant. Data were represented as mean ± SEM (n = 6).
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Effect of SRE on fear aggravated related behavior
Memory Retention trial on day 30, the SCO administered 

rats showed significant (p < 0.001) decreased step-through latency 
which implies an increase in fear aggravated behavioral task. But, 
treatment groups viz, donepezil (3 mg/kg), SRE-100, 200, and 400 
mg/kg doses showed increased step-through latency indicates the 
improved non-declarative memory as shown in Figure 2c.

Effect on AChE enzyme level in brain tissue
The rats treated with SRE at 100, 200, 400 mg/kg 

significantly inhibited Acetylcholinesterase level by (15.27 ± 1.87, 
10.62 ± 0.22, 8.71 ± 0.16; p < 0.001), respectively, and Donepezil 
treated group also showed decreased AChE level (8.09 ± 0.75; p < 
0.001) as compared to amnesia induced rats (24.71 ± 0.92). While 
SCO-induced rats increased AChE enzyme activity (24.71 ± 0.92; 
p < 0.001) significantly as compared to normal rats (7.26 ± 0.45) 
as shown in Figure 3a.

β-amyloid1-42 content in brain tissue
In SCO-induced rats, amyloid β1–42 was substantially 

increased in comparison to normal control (655.7 ± 35.68 pg/ml; 

p < 0.001). Although a major significant decreased β-amyloid1–42 
content was observed in rats treated with SRE, and donepezil (p < 
0.001) relative to SCO-induced rats, as shown in Figure 3b.

Antioxidant activity of SRE

Effect of SRE on malondialdehyde content
SCO-induced rats recorded notable changes in 

malondialdehyde levels (39.53 ± 3.05; p < 0.001) relative to normal 
group rats (12.8 ± 2.86). Rats administered with SRE (14.96 ± 
3.16, 13.89 ± 3.05, 12.29 ± 2.41; p < 0.001) and Donepezil (11.75 
± 1.97; p < 0.001) significantly reduced malondialdehyde (MDA) 
level which indicates decreased lipid peroxidation in rat brain as 
compared to SCO-induced rats as shown in Table 1.

Effect of SRE on glutathione (reduced) level
The SCO administered rats showed significantly 

decreased GSH level (0.53 ± 0.05; p < 0.001) in comparison to 
normal control rats (1.39 ± 0.05). The rats treated with Donepezil 
(1.23 ± 0.11; p < 0.001), SRE significantly increased (1.07 ± 0.12, 
1.20 ± 0.07, 1.31 ± 0.05: p < 0.001) GSH levels as compared to 
SCO-induced rats as shown in Table 1.

Figure 2. (a) Transfer latency (sec) of rats on elevated to plus maze, (b) percentage time spent by rats in open arm of EPM, (c) step through latency of rats in passive 
avoidant test: ***as compared to normal control group, # compared to scopolamine control group. p < 0.001 was considered as statistically significant. Data were 
represented as mean ± SEM (n = 6).
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Histopathology of rat brain tissue
SCO-induced rats reflected extreme neurodegeneration 

with perivascular edema, neuronophagia, and pyknotic nucleus in 
cortex and hippocampus regions of rat brain at 40× magnification. 
As observed in Figures 4 and 5, groups treated with donepezil and 
SRE protected neurons and demonstrated moderate congestion 
relative to the disease group.

DISCUSSION
The current study dealt to investigate S. rhombifolia 

hydroethanolic extract on SCO-induced amnesia by evaluating 
its effect on the short term, spatial memory, and fear aggravated 
behavior followed by estimation of AChE and antioxidants such 
as glutathione (reduced) and lipid peroxidation biomarkers using 
rat brain homogenate. Rat brain histopathology experiments have 
been performed on the cerebral cortex and hippocampus portions.

The most widely used free radical scavenging activity of 
potential extracts is tested by DPPH assay (Oroian and Escriche, 
2015). The present study exhibits DPPH scavenging activity and 
this was as per Dhalwal et al. (2007) reports, who explained S. 
rhombifolia ethanolic extract free radical scavenging activity. 

The SRE showed anti-oxidant potential by scavenging 
hydrogen peroxide; which is supported by a study observed by 
Chung et al. (1998) who noticed that the phenolic compounds 

found naturally in herbs are effective to converse deleterious 
effects of reactive oxygen species. 

This research strongly directs us to assess the actions of 
S. rhombifolia in SCO-induced amnesic rats because an in vitro 
study reported that S. rhombifolia could inhibit AChE. These 
findings were correlated with previous reports (Mah et al., 2017).

Memory loss is a common characteristic of the elderly 
population; to reflect this disease, aged animals may be used 
as a natural dementia model that has been shown to develop 
neuropathology, oxidative stress accompanied by memory failure 
similarly found in patients affected with AD (Li et al., 2016).

SCO has been chosen as an amnesia-causing agent in 
current research because according to previous studies, SCO 
injection increases the function of AChE, which metabolizes a 
significant amount of ACh synapses supply, indicates cognitive 
imbalance. Repeated dose administration of SCO aggravates the 
disorder (Rahimzadegan and Soodi, 2018; Soodi et al., 2014). 

Spatial memory and learning are essential for identifying 
changes in the neuronal cholinergic system, which is well 
recognized by tasks such as the Morris water maze. Rats induced 
by SCO showed reduced time spent in the target quadrant in the 
present study, which was similarly observed in previous reports 
(Kaur and Mehan, 2015). Meanwhile rats treated with donepezil 
and SRE at 100, 200, 400 mg/kg increase time spent in target 
quadrant expressively; thus, attenuated behavioral changes caused 
by SCO.

SCO administered through the i.p. route in single 
or repeated doses can cause fear, anxiety, and depression-like 
behavior in rats and this can be prominently predicted by elevated 
plus-maze test (Aydin et al., 2016). However, rats treated with 
Donepezil, S. rhombifolia at selected therapeutic doses showed 
decreased TL and increased percentage time spent in the open arm; 
this served as improvement in exteroceptive learning and memory.

The treatment groups showed increased step-through 
latency significantly with less time spent at dark compartment 
as a compartment to SCO-induced rats. Reports were consistent 
with (Khurana et al., 2017) which explains increased step-through 
latency in passive avoidance tests and showed nootropic activity 
Sida species (S. cordifolia).

Figure 3. (a) AchE levels in rat brain homogenate, (b) Aβ1–42 concentration (pg/ml) in rat brain: @ as compared to normal control group, ***compared to scopolamine 
control group. p < 0.001 was considered as statistically significant. Data were represented as mean ± SEM (n = 6).

Table 1. Anti-oxidant activity of SRE in rat brain homogenate.

Group GSH reduced  
(mmoles /mg of protein)

LPO level (nmoles of 
MDA/mg of protein)

Normal control 1.39 ± 0.05 12.82 ± 2.86

SCO (1 mg/kg) 0.53 ± 0.05a 39.53 ± 3.05a

SCO + Donepezil (3 mg/kg) 1.23 ± 0.11b 11.75 ± 1.97b

SCO + SRE (100 mg/kg) 1.07 ± 0.12b 14.96 ± 3.16b

SCO + SRE (200 mg/kg) 1.20 ± 0.07b 13.89 ± 3.05b

SCO + SRE (400 mg/kg) 1.31 ± 0.05b 12.29 ± 2.41b

Mean ± SEM.
aAs compared to normal control.
bAs compared to SCO control group.
p < 0.001 was considered as statistically significant.
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Figure 4. Histopathology of rat brain (Cerebral Cortex section) with H&E × 400. (A) Normal control group showing normal histological finding (Black arrow-normal 
neuron). (B) SCO (1 mg/Kg) (Black arrow-severe neuronal degeneration, neuronophagia and blue arrow pyknotic nucleus). (C) SCO + Donepezil (3 mg/kg) group 
showing minimal neuronal degeneration. (Black arrow-mild congestion, blue arrow minimal neurodegeneration). (D) SCO + SRE (100 mg/kg) group showing moderate 
neuronal degeneration with neurophagia with congestion of blood vessels. (Black arrow moderate edema and blue arrow shows moderate neurodegeneration). (E) 
SCO + SRE (200 mg/kg) group showing neuronal degeneration (Black arrow-mild newonal degeneration, blue arrow shows mild neurodegeneration). (F) SCO + SRE 
(400 mg/kg) group (Black arrow shows mild congestion and blue arrow shows mild neurodegeneration). *SRE = Sida rhombifolia hydroethanolic extract; SCO = 
Scopolamine.

Figure 5. Histopathology of rat brain (Hippocampus section) with H&E ×400. (A) Normal control group showing normal healthy normochromic neurons with well-
outlined cell bodies and absence of intercellular spaces (Black arrow–normal pyramidal cell). (B) SCO (1 mg/kg) induced group showing marked and severe neuronal 
degeneration with congested blood vesseIs, perivascular edema, neuronophagia, pyknotic cells and g1iosis (Black arrow- edema and blue arrow shows pyknotic cell). 
(C) SCO+ Donepezi l (3 mg/kg) + SCO group showing mild neuronal degeneration & neuronophagia (Black arrow-mild edema and blue arrow-few cells showing 
degeneration). (D) SCO+SRE (l00 mg/kg) + SCO showing moderate neuronal degeneration with neuronophagia with congestion of blood vessels and edema (Blue 
arrow shows intercellular edema). (E) SCO + SRE (200 mg/kg) + SCO showing mild perivascular edema with mild congestion and neuronal degeneration (Black arrow 
pyramidal cell degeneration and blue arrow-edema). (F) SCO+ SRE (400 mg/kg) + SCO showing mild perivascular edema and minimal pyknosis (Black arrow shows 
minimal pyknosis, Blue arrow shows mild edema).



Pattanashetti et al. / Journal of Applied Pharmaceutical Science 11 (05); 2021: 118-126 125

SCO-induced rats illustrated cholinergic neuronal 
damage by increasing AChE level in rat brain homogenate 
sample which is a sign of cognitive imbalance. On the contrary, 
rats administered with donepezil and SRE at concomitant doses 
showed improvement with the restoration of learning and memory 
by blocking the action of AChE and modulating the availability of 
ACh for synaptic transmission.

In the brain tissue aggregation of β amyloid protein, 
especially β amyloid1–42 plaque deposition in extracellular space 
is a characteristic feature considered as a biomarker in cognitive 
dysfunction (Pattanashetti et al., 2017). The administration of SRE 
to the rats showed a marked reduction of β-amyloid1–42, which 
could interferes with aggregation process of beta-amyloid1-42 and 
protects neurons from damage.

The current study attempted to examine the influence 
of SRE on reduced GSH levels, which showed increased levels 
of reduced glutathione and the results were correlated with the 
previous study on antioxidant properties of S. rhombifolia root and 
stem extract (Narendhirakannan and Limmy, 2012). A significant 
increase in lipid peroxidation is measured by MDA levels which 
are considered as an index of oxidative stress. The activity of SRE 
resulted in decreasing the lipid peroxidation this was expressed 
by a decreased level of MDA and correlated with the study that 
expressed that S. rhombifolia root extract acts as a natural anti-
oxidant estimated in rat brain homogenate (Bihaqi et al., 2011; 
Dhalwal et al., 2007).

Sections of the hippocampus; Cornuammonis (CA 
field), dentate, subicular complex are anatomical regions of 
the medial temporal lobe and these play an important role in 
mammalian memory (Squire, 1992). Histopathological rat brain 
studies showed that neuronal damage, neural fibrillary tangles 
hippocampal edema, and pyknotic cells were shown in the SCO-
induced group, whereas groups treated with donepezil and SRE 
showed mild neuronal damage compared to SCO-induced damage.

Earlier scientific reports do confirm the presence of 
phytoconstituents of plant extract such as Phenolic compounds, 
flavonoids, alkaloids, β-phenylethylamines, chlorophyll 
derivatives, steroids phenolic compounds, and these could 
contribute to cholinesterase enzyme inhibition and improve 
cognition (Babu et al., 2013; Chaves et al., 2017).

Genus Sida L. revealed its traditional claim for prevention 
and treatment of neurological disorder in which S. rhombifolia had 
given attention due to phytoconstituents like flavonoids, alkaloids, 
other phenolics, and ecdysteroids available in extracts (Dinda 
et al., 2015). Furthermore, on these presumed reports we planned 
to explore the possibility of SRE to restore memory and improve 
learning which was confirmed through decreased AChE; in turn, 
increases ACh availability at synapse and anti-oxidants present in 
SRE to combat oxidative stress produced by free radicals. These 
mechanisms were reported from improvement in spatial, short 
term memory with a decrease in fear aggravated behavior in rats.

CONCLUSION
The present study confirms the anti-amnesic activity of 

S. rhombifolia hydro-ethanolic extract through the mechanism of 
AChE inhibition and antioxidant pathways in SCO-induced rats. 
This supports the therapeutic value of herbal medicine to enhance 
memory in AD, yet clinical applications are to be explored.
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Abstract

Maternal iodine (I) status is critical in embryonic and foetal development. We examined the effect of
preconception iodine supplementation on maternal iodine status and on birth outcomes. Non‐pregnant
women in Guatemala, India and Pakistan (n ~ 100 per arm per site) were randomized ≥ 3 months prior
to conception to one of three intervention arms: a multimicronutrient‐fortified lipid‐based nutrient
supplement containing 250‐μg I per day started immediately after randomization (Arm 1), the same
supplement started at ~12 weeks gestation (Arm 2) and no intervention supplement (Arm 3). Urinary I
(μg/L) to creatinine (mg/dl) ratios (I/Cr) were determined at 12 weeks for Arm 1 versus Arm 2 (before
supplement started) and 34 weeks for all arms. Generalized linear models were used to assess the
relationship of I/Cr with arm and with newborn anthropometry. At 12 weeks gestation, adjusted mean
I/Cr (μg/g) for all sites combined was significantly higher for Arm 1 versus Arm 2: (203 [95% CI: 189,
217] vs. 163 [95% CI: 152, 175], p < 0.0001). Overall adjusted prevalence of I/Cr < 150 μg/g was also
lower in Arm 1 versus Arm 2: 32% (95% CI: 26%, 38%) versus 43% (95% CI: 37%, 49%) (p = 
0.0052). At 34 weeks, adjusted mean I/Cr for Arm 1 (235, 95% CI: 220, 252) and Arm 2 (254, 95% CI:
238, 272) did not differ significantly but were significantly higher than Arm 3 (200, 95% CI: 184, 218)
(p < 0.0001). Nominally significant positive associations were observed between I/Cr at 12 weeks and
birth length and head circumference z‐scores (p = 0.028 and p = 0.005, respectively). These findings
support the importance of first trimester iodine status and suggest need for preconception
supplementation beyond salt iodization alone.

Keywords: birth length, iodine supplementation, pregnancy, salt iodization, small‐quantity lipid‐based
nutrient supplement (SQ‐LNS), urinary iodine concentration (UIC)
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Maternal iodine status was better at the end of the first trimester, and prevalence of I/Cr < 
150 μg/g was lower in women who had started nutrition supplementation at least 3 months
prior to conception compared with unsupplemented women.

Maternal iodine status at the end of the first trimester, but not in the third trimester, was
positively associated with birth length and head circumference.

In two of three study sites, more than a third of the women who received supplementation
prior to conception had urinary I/Cr ≥ 250 μg/g but with no evidence of adverse effects.

1. INTRODUCTION

Iodine (I) is an essential micronutrient that is required for the synthesis of the thyroid hormones
triiodothyronine and thyroxin. Iodine deficiency remains a major public health issue for pregnant
women and young children throughout the world. The greatest cause of preventable brain damage in
childhood is iodine deficiency (Rohner et al., 2014). Despite worldwide efforts to eliminate iodine
deficiency, particularly through fortification programmes, recent estimates indicate approximately 26%
of the world's households do not have sufficient iodine intake (UNICEF, 2015; World Health
Organization, 2004). Iodine deficiency during pregnancy can have devastating effects on foetal and
neonatal development, including resultant thyroid failure leading to irreversible abnormalities in brain
development and function.

Maternal iodine status is particularly important during the first trimester of pregnancy because the
embryo relies solely on maternal iodine and thyroid function for normal development. Thyroid
hormone deficiency in the first trimester of gestation has been found to have detrimental effects on
neuronal migration, cortical lamination and callosal projections in rodent development and on visual
attention and visual processing in humans (Zoeller & Rovet, 2004). The recommended daily allowance
of iodine during pregnancy ranges from 250 to 500 μg/day (Institute of Medicine & Food and Nutrition
Board, 2001; WHO Secretariat et al., 2007; World Health Organization, 2007). Typically, micronutrient
supplementation in pregnancy is initiated after the first trimester and continues throughout pregnancy,
but this bypasses the critical period of development early in gestation. Studies of iodine
supplementation during pregnancy and effects on early childhood neurodevelopment have reported
inconsistent findings (Bell et al., 2016; Bleichrodt & Born, 1994; Delange, 1985, 2001; Dineva et
al., 2020; Gowachirapant et al., 2017; Melse‐Boonstra & Jaiswal, 2010). Furthermore, few studies have
examined the role of preconception iodine supplementation on birth outcomes and child
neurodevelopment (Robinson et al., 2018).

The principal objective of this study, an a priori secondary analysis of the primary ‘Women First’ (WF)
Preconception Maternal Nutrition trial (Hambidge et al., 2014), was to assess the impact of iodine
supplementation started in the preconception period on maternal iodine status. A second goal was to
determine if iodine status of this population was associated with newborn anthropometric outcomes.
The primary WF trial demonstrated significant improvements in birth length and weight for the
newborns of women who received the nutrition intervention, small‐quantity lipid‐based nutrient
supplement (SQ‐LNS), starting either before conception or starting at the end of the first trimester of
pregnancy compared with women who received no study intervention (Hambidge et al., 2019). For the
current analysis, we hypothesized that starting iodine supplementation provided in the SQ‐LNS during
the preconception period would result in significantly higher urinary iodine to creatinine ratios (I/Cr) at
12 and 34 weeks gestation, representing improved maternal iodine status, which would be positively
correlated with newborn anthropometry.
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2. METHODS

2.1. Study design

Urinary I/Cr (μg/g) for women in low resource settings in rural Guatemala, Pakistan and India were
measured during the first and third trimesters, and the potential association of iodine status with birth
anthropometric outcomes was determined. The daily iodine supplement was provided in an SQ‐LNS.

The WF trial was an individually randomized, nonmasked, multisite controlled trial conducted in rural
or semirural locations in four low resource settings in Guatemala, India, Pakistan and Democratic
Republic of Congo (DRC) (Hambidge et al., 2014). Women were identified through household surveys,
local health centres and local advertising. Community sensitization meetings to explain the study to
prospective participants were held prior to study initiation. Due to limitations of cold chain capacity in
the DRC, data presented here represent only the first three of these participating sites. The primary
outcome of the trial was to evaluate the impact of maternal SQ‐LNS initiated prior to conception on
foetal growth (Hambidge et al., 2019). At the time of enrolment (baseline), non‐pregnant women were
randomized to one of three intervention arms: Arm 1 commenced the supplement immediately after
randomization and continued for ≥ 3 months prior to conception until delivery, Arm 2 commenced the
same intervention late in the first trimester and continued until delivery and Arm 3 received no study
supplements. All women were followed via biweekly visits from enrolment through 6 months post‐
partum. Of 5646 women who were consented and randomized, 2442 women became pregnant and had
the primary outcome for newborns, including 802, 835 and 805 for Arms 1, 2 and 3, respectively
(Figure S1).

The SQ‐LNS provided 250‐μg iodine daily. Longitudinal single spot urine and serum samples were
obtained at 12 and 34 weeks gestation from approximately 100 women per arm per site. These numbers
were considered to be adequate for the goals of the study and the maximum that could be collected,
stored, transported and analysed within the resources of the individual sites and the WF trial.
Participants in Arms 1 and 2 provided samples at both time points whereas participants in Arm 3 only
provided samples at 34 weeks. For Arm 2, the first urine sample was collected prior to initiation of the
daily study supplement; this group thus served as control group at this time point. The India site was
only able to collect samples from women in Arms 1 and 2.

2.2. Subjects

For all arms, each participant who entered the pregnancy phase of the study was consented to provide
urine collections, blood and other biospecimens (unrelated to this report). Hence, the women in the
current study were primarily those who were the first to conceive. For the analysis of iodine status in
relation to birth measurements, only those newborns with gestational age determined by first trimester
ultrasounds were used. This represented approximately two thirds of the mother–infant dyads, with
equal distribution among the three arms (Figure S1). Details of procedures for newborn anthropometry
(length, weight and head circumference), all obtained within 48 h of delivery, have been reported
previously (Hambidge et al., 2019). For newborns with first trimester ultrasound‐determined
gestational age, measurements were converted to gestational age adjusted length‐, weight‐, head
circumference‐ and weight to length ratio‐for‐age z‐scores (LAZ, WAZ, HCAZ and WLRAZ,
respectively) using INTERGROWTH‐21st foetal growth charts (Papageorghiou et al., 2014). Data
were collected between December 2013 and December 2016.

2.3. Sample collection and laboratory procedures
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Spot urine samples (~30 ml) for iodine and creatinine were collected at 12 (Arms 1 and 2) and 34 
weeks gestation (Arms 1, 2 and 3, excluding Arm 3 in India). Twenty‐four‐hour urine collections were
not feasible due to the remoteness of many of the participants' homes, the common practice of women
working in fields and the absence of centralized clinical facilities where overnight collections could be
supervised. Specimens were collected in containers locally sourced by each site with ~5‐ml aliquot
transferred to a cryovial. Maternal blood samples for thyroid‐stimulating hormone (TSH) were
collected at the same time points and serum transferred to cryovials. Samples were stored in −80°C
freezers located at each site until shipment on dry ice to the University of Colorado Pediatric Nutrition
Laboratory for analyses. Upon receipt, all samples were stored at −80°C until analysed.

Urinary iodine concentration was measured by inductively coupled plasma mass spectrometry (Agilent
Technologies 7700, Santa Clara, CA) following the CDC Urinary Iodine Method Protocol (CDC
Environmental Health, 2007) with modifications. The addition of base urine to standards, controls and
samples was replaced with diluent, and the water volume in blank was reduced to 100 μl. Validation
studies showed that these modifications did not affect accuracy or precision of the method
(unpublished data). Calibration standards were prepared with Supelco TraceCert™ ICP Iodide standard
solution and internal standard solution with TraceCert™ ICP Tellurium standard solution (#41271 and
#78358, respectively, Sigma‐Aldrich, St. Louis, MO). Internal controls, including an in‐house urine
pool (low value), spot urine (high value) and SeroNorm™ Trace Elements Urine Levels 1 and 2 RUO
(#210613 and 210713, respectively, Accurate Chemical and Scientific Corporation, Westbury, NY)
were randomized and inserted after each 10 samples within every analytical run. The lower limit of
quantitation of the method was 10 μg/L with seven results obtained below this limit. These results were
reported as 9 μg/L for statistical analyses. Within assay precision was 4.6%; between assay precision
ranged between 4% and 5% for the internal controls. We participate in the CDC EQUIP standardization
programme for urinary iodine testing, which yielded scores of 100% on the performance summary
(three rounds between May 2019 and February 2020). To minimize potential batch effects, samples
from Guatemala and Pakistan were balanced across runs by randomizing within site, arm and
longitudinal time point using Excel. Samples from India were not randomized but instead were run
chronologically by participant ID, starting with 12‐ and then 34‐week time points; the study design,
however, randomized participant ID across arms, which also minimized batch effects.

Urinary creatinine concentrations were measured in the same batch order as iodine using a colorimetric
assay (Creatinine Urinary Colorimetric Assay Kit 500701, Cayman Chemical Company, Ann Arbor,
MI) per manufacturer's protocol. Two controls, a urine pool and the Acusera Assay Urine Quality
Control Level 2 (Item No AU2352, Randox Laboratories, Crumlin, UK), were analysed on every plate
to monitor assay performance. The lower limit of quantitation was 1.8 mg/dl; within day precision was
4%, and between day precision was 6.3% and 7.9% for the Acusera control and urine pool,
respectively.

TSH was measured in maternal serum from Guatemala and Pakistan using a one‐step sandwich method
(Beckman Coulter, Brea, CA) by the University of Colorado Hospital CTRC Laboratory (Aurora, CO).
The sensitivity of the method is 0.01 μIU/ml; within day and between day precisions were both < 2%.
TSH in the maternal serum samples from India were measured by the KLE Laboratory via
chemiluminescence immunoassay (Siemens Advia XP) with between run and within run variability < 
9%.

Chi‐squared tests of independence were used to detect whether the number of women in each arm
differed by batch for both iodine and creatinine assays. Pirate plots by batch were used to visualize
iodine and creatinine.
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2.4.1. Association between I/Cr or TSH and arm

2.4.2. Association between TSH and I/Cr

2.4.3. Association between I/Cr and birth outcomes

2.4.4. Outliers and model robustness

2.4.5. Multiple testing

2.4. Data analysis and statistical methods

Women were assigned to categories of iodine status based on the following I/Cr: I/Cr < 50, 50–149,
150–249, ≥ 250–499 and ≥ 500 μg/g (Torlinska et al., 2018). Urinary iodine concentration (μg/L) was
also determined and similarly categorized. For most analyses, an all‐site regression model adjusting for
site and regressions stratified by site were performed. Stratified regressions by site were not performed
for dichotomous newborn anthropometry measures because the models were unstable due to low cell
counts. All analyses adjusted for urinary iodine values ≤ 25 μg/g as these values were found to be less
reliable. Separate analyses were performed for I/Cr at 12 and 34 weeks.

Statistical Software R v3.6.2 was used for all statistical analyses (R Core Team & R Foundation for
Statistical Computing, 2018).

Multiple linear regression was used to investigate the
relationship between continuous I/Cr or TSH as the outcome and arm as the primary predictor using the
glm function in base R. Given right skewness in the distributions of I/Cr and TSH, log10
transformation was used for I/Cr and TSH. Results were untransformed to interpret the results.
Multinomial logistic regression was used to investigate the relationship between I/Cr category as the
outcome and arm as the primary predictor using the multinom function from the nnet package (v7.3‐12)
(Venables & Ripley, 2002).

Multiple linear regression was used to investigate the
relationship between continuous TSH as the outcome and I/Cr category as the primary predictor using
the glm function in base R. The models were adjusted for arm and for I/Cr ≤ 25.

To investigate the relationship between continuous
birth outcomes and maternal iodine status, a multiple linear regression model was used with continuous
newborn anthropometry measures after adjusting for gestational age (i.e., LAZ, WAZ, HCAZ and
WLRAZ) as the outcome and either I/Cr continuous or I/Cr categories as the primary predictor using
the glm function in base R. A log‐binomial regression was used to investigate the relationship between
dichotomous birth outcome and I/Cr, with dichotomous gestational age adjusted newborn
anthropometry measures (i.e., LAZ < −2, WAZ < −1.287 [consistent with cut‐off for small‐for‐
gestational age], HCAZ < −2 or WLRAZ < −2) as the outcome of the regression and either I/Cr
continuous or I/Cr categories as the primary predictor using the glm function in base R. All models
included arm as a covariate.

Observations three interquartile units above or below the third
and first quartiles, respectively, were defined as outliers. Outliers were identified separately for iodine,
creatinine and I/Cr values. All outliers, all of which were high extremes, were removed from the
primary analyses. The outliers comprised 2.9% of the total number of samples.

To assess stability of results, secondary analyses were performed adjusting for cluster or including
outliers. Analyses with and without outliers did not differ. Secondary analyses including cluster were
not performed for dichotomous newborn anthropometry measures and I/Cr categories due to the model
being unstable when cluster was included.

Nominal statistical significance was assessed at p value of 0.05. Statistical
significance adjusting for multiple testing within 12 weeks and within 34 weeks models was assessed
using the Bonferroni correction at 0.05/18 = 0.0028 where the 18 primary models include association of
eight birth outcomes (LAZ < −2, WAZ < −1.287, HCAZ < −2 and WLRAZ < −2) and arm by both
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2.4.6. Mediation analyses

continuous I/Cr and categorical I/Cr. Post hoc analyses were performed using the emmeans function
from the emmeans R package v1.4.4. Tukey adjustment for multiple testing was used for post hoc
comparison of categorical variables (i.e., Arms 1, 2 and 3 at 34 weeks and categorical I/Cr groups).

For continuous newborn anthropometry measures with a nominal statistical
significance (p < 0.05) with continuous I/Cr for the all‐site model at either 12 or 34 weeks, we
proceeded with mediation analysis to determine whether I/Cr is a potential mediator of the relationship
between arm and newborn anthropometry measures. Mediation analysis was performed using the
mediate function from the mediation R package v4.5.0 (Tingley et al., 2014) setting robustSE to TRUE
and using 1000 simulation replicates. As with the other primary analyses, outliers were excluded.

2.5. Ethical considerations

The project was approved by the Colorado Multiple Institutional Review Board, University of
Colorado, the local and/or national ethics committees for each of the three sites (registered with US
Office of Human Research Protection and with Federalwide Assurance in place) and the data
coordinating centre. Written informed consent was obtained from all participants prior to participation
in the study. Throughout the intervention phase of the trial, a data monitoring committee designated by
the Eunice Kennedy Shriver National Institute of Child Health and Human Development monitored
safety of the trial. The study protocol is available online:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4000057/, and the trial is registered as
ClinicalTrials.gov #NCT01883193 at https://clinicaltrials.gov/ct2/show/NCT01883193?
term=01883193%24rank=1.

3. RESULTS

Baseline description of women who provided the urine samples for these analyses is in Table 1 and
Figure S1 according to arm, each site and stage of gestation.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4000057/
http://clinicaltrials.gov/
https://clinicaltrials.gov/ct2/show/NCT01883193
https://clinicaltrials.gov/ct2/show/NCT01883193
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/table/mcn13204-tbl-0001/
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TABLE 1

Maternal baseline characteristics and infant outcomes by arm and time point, by combined and
individual site

Open in a separate window

Abbreviations: BMI, body mass index; HCAZ, head circumference‐for‐age z‐score; I/Cr, iodine to creatinine
ratio; LAZ, length‐for‐age z‐score; SES, socio‐economic status; WAZ, weight‐for‐age z‐score.

12 weeks gestation 34 weeks gestation

Variable

Preconception
supplement (Arm
1)

Preinitiation of
supplement (Arm
2)

Preconception
supplement (Arm
1)

Prenatal
supplement
(Arm 2)

Control
(Arm
3)

Women with I/Cr, n

Combined
sites

322 319 305 306 231

G
ua
te
m
ala

109 112 108 111 114

In
di
a

110 104 90 83 —

Pa
kis
ta
n

103 103 107 112 117

Maternal age, n (%)

M
ea
n 
± 
S
D

23.3 ± 6.3 23.3 ± 3.9 23.3 ± 6.3 23.7 ± 3.9 24.1 ± 
4.3

<2
0 
ye
ars

63 (20) 54 (17) 59 (19) 47 (15) 38 (17)

≥2
0 
ye
ars

259 (80) 265 (83) 246 (81) 259 (85) 192 (83)

a a a

b

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/table/mcn13204-tbl-0001/?report=objectonly
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Arm 1 commenced the supplement ≥ 3 months prior to conception and continued through delivery; Arm 2
commenced the same intervention late in the first trimester (after sample collection) and continued until delivery;
Arm 3 (Control) received no study supplements.

Control arm (Arm 3) is not available for India at 34 weeks.
The SES tally provides the number of indicators available from the following list: electricity, improved water

source, sanitation (flush toilet), man‐made flooring, improved cooking fuels and household assets.
Participants for whom gestational age was determined by first trimester ultrasound.

For comparison purposes to other data sets, the medians of urine iodine concentration (UIC, μg/L) by
arm are presented in the supplemental data (Figure S2a,b). At 12 weeks gestation, adjusted mean I/Cr
for combined sites was significantly higher for Arm 1 versus Arm 2 (Table 2). Similarly, a statistically
significant higher adjusted mean I/Cr for Arm 1 versus Arm 2 was observed for both Guatemala and
India but not for Pakistan.

a 

b 

c 

d 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/table/mcn13204-tbl-0002/
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TABLE 2

Adjusted iodine to creatinine ratio (I/Cr, μg/g) and thyroid‐stimulating hormone (TSH, IU/L) by
arm at 12 weeks gestation for combined and individual sites

Site Arm N Adj mean (95% CI) Fold change Arm 1/Arm 2 (95% CI) p value

I/Cr (μg/g)

Com

bine
d
sites

1 322 203 (189, 217) 1.24 (1.13, 1.37) <0.0001

2 319 163 (152, 175)

Guat

emal
a

1 109 224 (197, 254) 1.39 (1.16, 1.66) <0.001

2 112 161 (142, 183)

Indi

a

1 110 222 (196, 252) 1.44 (1.20, 1.72) <0.0001

2 104 155 (136, 177)

Paki

stan

1 103 162 (147, 180) 0.92 (0.81, 1.06) 0.25

2 103 176 (159, 194)

TSH (IU/L)

Com

bine
d
sites

1 322 1.08 1.04 (0.90, 1.19) 0.620

2 319 1.05

Guat

emal
a

1 109 1.32 0.99 (0.83, 1.19) 0.120

2 112 1.33

Indi

a

1 110 1.00 1.07 (0.82, 1.40) 0.140

2 104 0.93

Paki

stan

1 103 0.96 1.01 (0.80, 1.28) 0.909

2 103 0.94

Open in a separate window

Arm 1 commenced the supplement ≥ 3 months prior to conception and continued through delivery; Arm 2
commenced the same intervention late in the first trimester (after sample collection) and continued until delivery.

Multiple linear regression was used with continuous I/Cr or TSH (log10 transformed) as the outcome and arm
as the primary predictor and removing outliers. I/Cr models also adjusted for iodine ≤ 25 μg/L. All results were
untransformed to enable interpretability in standard units. Site was adjusted for in the combined site analysis.

Because of the small number of women who had results in the < 50 μg/g category, the lower two
categories were combined for subsequent categorical analyses. The distributions of I/Cr categories at
12 weeks differed by arm overall (p < 0.0001) and for Guatemala (p < 0.01) and India (p < 0.01) but not

a b

a 

b 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/table/mcn13204-tbl-0002/?report=objectonly
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Pakistan (p = 0.54) (Figure 1). The adjusted prevalence (95% CI) of I/Cr < 150 was lower for Arm 1
versus Arm 2 in India (26% [95% CI: 17%, 30%] vs. 47% [35%, 58%]) and Guatemala (30% [18%,
38%] vs. 44% [33%, 55%]). The adjusted prevalence of I/Cr < 150 in Pakistan was generally higher
than India and Guatemala but similar by arm (44% [31%, 56%] vs. 39% [27%, 51%] in Arms 1 and 2,
respectively). Adjusted prevalence of I/Cr ≥ 500 also differed by arm and by site; no women had I/Cr ≥ 
500 in Pakistan once outliers were removed: 12% (5%, 20%) for Arm 1 and 3% (0%, 6%) for Arm 2 in
Guatemala and 10% (4%, 17%) in Arm 1 and 2% (0%, 5%) in Arm 2 for India (Figure 1).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/figure/mcn13204-fig-0001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/figure/mcn13204-fig-0001/
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Open in a separate window
FIGURE 1

Iodine to creatinine ratio (I/Cr, μg/g) by categories of maternal status at 12 weeks gestation by site and by
arm. Multinomial logistic regression was used to investigate the relationship between I/Cr category as the
outcome and arm. All analyses were adjusted for iodine ≤ 25 μg/L. The combined site analysis was also
adjusted for site. Outliers were removed prior to analysis. Data are presented as mean (95% CI). Arm 1
commenced the supplement ≥3 months prior to conception, and Arm 2 commenced the same intervention
late in the first trimester (after sample collection); both arms discontinued supplement at delivery

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/figure/mcn13204-fig-0001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/figure/mcn13204-fig-0001/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/figure/mcn13204-fig-0001/
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The adjusted means by arm and by site at 34 weeks are shown in Table 3. A statistically significant
difference in the adjusted mean I/Cr for both intervention arms compared with the control arm was
observed for Guatemala but not for Pakistan; no data for Arm 3 in India were available for comparison
with the intervention arms. No statistical differences were observed between Arm 1 versus Arm 2 for
any of the three sites at 34 weeks (Figure S3).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/table/mcn13204-tbl-0003/
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TABLE 3

Adjusted iodine to creatinine ratio (I/Cr, μg/g) and thyroid‐stimulating hormone (TSH, IU/L) by
arm at 34 weeks gestation for combined and individual sites

Open in a separate window

Arm 1 commenced the supplement ≥ 3 months prior to conception and continued through delivery; Arm 2
commenced the same intervention late in the first trimester (after sample collection) and continued until delivery;
Arm 3 (Control) received no study supplements. No Arm 3 data were available in the Indian site.

Fold change

Site Arm N
Adj mean I/Cr
(95% CI)

Arm
comparison

Ratio (95%
CI)

Pairwise p
value

Global p
value

I/Cr (μg/g)

C
o
m
b
i
n

e
d
s
i
t
e
s

1 305 235 (220, 252) 1/2 0.93 (0.84,
1.02)

0.24 <0.0001

2 306 254 (238, 272) 1/3 1.17 (1.06,
1.31)

<0.01

3 231 200 (184, 218) 2/3 1.27 (1.14,
1.41)

<0.0001

G
u
a
t
e
m

a
l
a

1 108 268 (239, 301) 1/2 1.00 (0.85,
1.18)

1.00 <0.0001

2 111 267 (239, 299) 1/3 1.47 (1.25,
1.72)

<0.0001

3 114 182 (163, 204) 2/3 1.47 (1.25,
1.72)

<0.0001

I
n
d
i
a

1 90 252 (219, 289) 1/2 0.90 (0.73,
1.10)

0.29 0.29

2 83 281 (242, 325)

P
a
k

1 107 193 (175, 213) 1/2 0.87 (0.76,
1.00)

0.12 0.14

2 112 221 (201 243) 1/3 0 95 (0 83 0 68

a b b

a 

b

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/table/mcn13204-tbl-0003/?report=objectonly
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Multiple linear regression was used with continuous I/Cr or TSH (log10 transformed) as the outcome and arm
as the primary predictor and removing outliers. I/Cr models also adjusted for iodine ≤ 25 μg/L. All results were
untransformed to enable interpretability in standard units. Site was adjusted for in the combined site analysis.

For the all‐site analysis at 12 weeks, adjusting for site and arm, there was a small, nominally significant
association between I/Cr and birth LAZ (p = 0.028) and between I/Cr and birth HCAZ (p < 0.01) but
not for other continuous or dichotomous newborn anthropometric measures (Figures 2 and S4) The
adjusted effect size for LAZ was +0.07 per 100 unit increase in I/Cr and was primarily driven by
Guatemalan data. The adjusted effect size for HCAZ was +0.09 per 100 unit increase in I/Cr and was
driven by India (0.18 per 100 I/Cr, p < 0.01) and somewhat by Guatemala (0.10 per 100 I/Cr, p = 0.034)
but was not observed in Pakistan. No statistically significant (i.e., p < 0.05) associations were observed
between the 34‐week I/Cr and newborn anthropometric outcomes for the all sites analysis (Figure S5).

FIGURE 2

Categorical iodine to creatinine ratio (I/Cr, μg/g) groups and continuous birth outcomes for combined sites
at 12 weeks gestation. Multiple linear regression models were used with gestational adjusted continuous
newborn anthropometry measures as the outcome and I/Cr categories as the primary predictor and
adjusting for arm. Outliers were removed prior to analyses, and low iodine values were adjusted for by
including an indicator for iodine ≤ 25 μg/L as a predictor in the linear model. Data are presented as
adjusted mean (95% CI). N  = 215–216; N  = 148–150; N  = 136–137; N  = 18.
Abbreviations: HCAZ, head circumference‐for‐age z‐score; LAZ, length‐for‐age z‐score; LWRAZ, length
to weight ratio‐for‐age z‐score; WAZ, weight‐for‐age z‐score

Mediation analyses revealed that I/Cr at 12 weeks for combined sites was a nominally significant
mediator for LAZ (p = 0.046) and HCAZ (p = 0.016). No individual sites showed strong or statistically
significant evidence of mediation for LAZ. The HCAZ mediation result is driven primarily by India (p 
= 0.023) and partially by Guatemala (p = 0.06) (Figures S6a,b).

b 

<150 150–249 250–499 ≥500
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TSH was significantly associated with I/Cr category at 12 weeks for India (p < 0.01) but not for
Guatemala (p = 0.92) or Pakistan (p = 0.42). For India, adjusted TSH level increased as I/Cr increased.
TSH did not differ significantly by arm at 12 weeks or by arm or I/Cr group at 34 weeks for any of the
sites.

4. DISCUSSION

Iodine is an outstanding example of an individual nutrient for which adequate maternal status is critical
from the earliest days of embryonic development because maternal thyroid hormones are vital for the
formation and growth of nerve cells starting as early as the second month of gestation (Dineva et
al., 2020; Harding et al., 2017; Prado & Dewey, 2014). In this study, the mean maternal urine iodine, a
measure of both recent iodine intake and of iodine status, was significantly higher at the end of the first
trimester for women in Arm 1, who started the study daily nutrition supplement at least 3 months prior
to conception, compared with those in Arm 2, who had not yet started it at the time of iodine
measurement. The preconception arm also had a significantly lower prevalence of mothers in the low
(I/Cr < 150) category at 12 weeks gestation in two of the three sites. In the third trimester, iodine status
for both Arms 1 and 2, the latter having been on the supplement for approximately 20 weeks, were
higher than for the women in the control Arm 3, who received no study supplements. We saw
nominally significant positive associations between I/Cr and LAZ and HCAZ, driven primarily by
Guatemala and India at 12 weeks, and no significant association between iodine status at 34 weeks and
birth outcomes.

The primary purpose of the WF trial was to determine the value of improving maternal nutrition prior
to conception. We have identified only two previous reports of iodine supplementation prior to
conception, and these were single intramuscular injections with no urine iodine data (Kevany et
al., 1969; Pharoah et al., 1971). The finding of a substantially reduced prevalence of iodine deficiency
in the current study is of special note and illustrates the benefits of improving maternal iodine status
starting prior to conception. The value of this finding is supported by results from a large prospective
cohort of mothers and offspring that indicated a positive association between preconception maternal
iodine status and cognitive function in the offspring at 6–7 years of age (Robinson et al., 2018). In
contrast, meta‐analyses of iodine supplementation initiated during pregnancy found no effect on child
neurodevelopment, possibly partially attributable to the timing the interventions (Dineva et al., 2020;
Levie et al., 2019).

Whereas the urine iodine data were similar for Guatemala and India, those for Pakistan were quite
different and tended toward more values in lowest range. Of note was the failure of the iodine
supplement commenced prior to conception to reduce the prevalence of I/Cr in the < 150 category,
which remained close to 50%. Ninety per cent of ingested iodine is promptly excreted in the urine if
iodine status is normal or near normal. However, excretion will be substantially reduced with chronic
iodine deficiency. The Pakistan data are consistent with a degree of chronic iodine insufficiency,
though it is somewhat unexpected that a pre‐existing deficiency would not have been corrected after at
least 6 months of supplementation. Similar observations, however, were reported for an LNS
supplementation trial during pregnancy in Bangladeshi women who had very low iodine urine
concentrations in the second trimester that remained low after approximately 4 months of
supplementation (Mridha et al., 2017). Another pregnancy LNS intervention in a population with
higher but marginal baseline (second trimester) UICs found significant (though modest) improvements
by 36 weeks gestation (Adu‐Afarwuah et al., 2018), consistent with our findings for Arm 2 compared
with the control Arm 3.



1/18/22, 10:55 PM Improved first trimester maternal iodine status with preconception supplementation: The Women First Trial

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8476419/ 16/21

By country surveillance data, Pakistan historically has had somewhat lower rates of iodine
consumption by household (60–80%) compared with Guatemala or India (> 80% for both)
(UNICEF, 2017). Local surveillance data were not available for our regions or communities. In
addition, the population in Pakistan has been reported to have a lower mean urinary iodine
concentration compared with Guatemala or India (Iodine Global Network, 2017, 2019). TSH
concentrations were normal in all sites, including Pakistan. While TSH is an insensitive biomarker of
iodine status, it is a sensitive biomarker of thyroid function, indicating that iodine deficiency in the
Pakistan cohort was not sufficient to result in overt hypothyroidism.

In Guatemala and India, slightly over a third of the participants had I/Cr considered more than adequate
or excessive, and in both settings, the preconception arm had a higher percentage in these two
categories. The amount of iodine in the supplement met recommendations for pregnancy by the WHO
Secretariat et al. (2007), but in settings with relatively effective fortification programmes, this amount
likely resulted in a rightward shift in the distribution. In Pakistan, where the levels were generally
lower, only approximately 25% of the levels were in the two high categories, with no significant
difference by arm. One report with a large sample size found excessive iodine intakes, reflected by
UICs over 500 μg/L, in early pregnancy in an iodine‐sufficient population, were associated with
significantly increased risk of hypothyroidism (Shi et al., 2015). The TSH data in our study did not
support an adverse impact on thyroid function, but our relatively small sample size may have limited
capacity to detect such an effect. In contrast, however, I/Cr levels in the highest category at 12 weeks
were associated with statistically greater birth length and head circumference, and mediation analysis
supported possible causality. This finding warrants replication and raises an important perspective to be
considered in assessment of optimal maternal iodine intake and status, especially in highly vulnerable
populations.

The primary limitation to this secondary analysis was the availability of a single spot urine at each of
the two times of gestation. Although inadequate for assessment of the iodine intake or status of any one
individual, the single spot urine specimen has been accepted for assessment of populations or smaller
groups as in this study (Harding et al., 2017; Robinson et al., 2018; Rohner et al., 2014; Zimmermann
& Andersson, 2012). To reduce the variation in effects of dilution in spot urine samples and to provide
a better assessment of individuals' iodine status, we utilized I/Cr as a marker for maternal iodine status.
The main limitations of this approach are that creatinine concentrations may vary by diet and time of
day (Soldin, 2002) and that compromised general nutrition status is associated with lower creatinine
excretion due to overall lower muscle mass. This may have been relevant in some of our participants,
including especially in India and Pakistan where over a third of the women were underweight (BMI <
18.5 kg/m ) at baseline (Hambidge et al., 2017). This could have falsely raised the I/Cr and thus
underestimated the prevalence of low iodine status in our cohort. The subsample of participants who
provided the urine samples was not randomly selected, which could limit reliability and
generalizability of our findings. However, no differences were identified between the women who
contributed biological specimens and those who entered the pregnancy phase of the trial after the target
numbers of biological sample were achieved. Additionally, the randomized trial design supports our
primary emphasis on comparisons among arms. Despite these limitations in the urine collections and
the selection of the study population, the results support benefits of improving women's nutritional
status several months prior to conception.

Lastly, with maternal iodine status and thyroid function being crucial role in embryogenesis (Zoeller &
Rovet, 2004), it is important that maternal iodine status be sufficient very early in the first trimester of
gestation. Future investigations are merited to determine the effects of maternal iodine and thyroid
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status, specifically in the period prior to conception, on neurodevelopment in the offspring of the
participants in this study.

5. CONCLUSION

To the best of our knowledge, this randomized controlled trial is the first to report the effects of
maternal daily iodine supplementation initiated prior to conception in low resource settings with
populations with marginal iodine intake and status despite national salt fortification programmes.
Maternal iodine status at the end of the first trimester was improved with supplementation started in
preconception period, and iodine status was nominally associated with greater birth length and head
circumference. Investigations on growth and neurodevelopmental outcomes in the children of mothers
in the lowest iodine versus higher groupings will be important to assess the persistence of these early
gestational effects.

Although enormous progress has been achieved with universal salt iodization programmes, these
findings suggest insufficient local awareness of the suboptimal iodine status of women of child‐bearing
age within countries that have existing national iodization guidelines. Additionally, the results suggest a
need for improvement of iodine status of women of reproductive age beyond salt fortification alone in
these settings. The absence of any significant associations of third trimester iodine status with birth
anthropometry adds to the accumulating evidence that nutritional supplementation initiated several
months prior to conception has more beneficial effects compared with supplementation initiated after
the first trimester.
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Abstract
5-Aminolevulinic acid (ALA)-induced fluorescence cystoscopy has established itself in the detection of flat and/or small lesions.
This is explained by the simple fact that there is increased uptake of ALA, altered activity of certain enzymes, and altered
intracellular redistribution and storage of protoporphyrin IX (PPIX) in the malignant cells. Intracellular PPIX allows red fluo-
rescence detection. In this preliminary study, the efficacy of 5-ALA-induced fluorescent urine cytology was compared with
conventional cytology in the diagnosis of bladder tumours. In this prospective study, patients ≥18 years of age admitted to the
department of urology with non-malignant conditions formed the controls and patients ≥18 years of age with imaging confirmed
bladder tumours formed the study group. Freshly voided urine sample was collected from these patients and divided into two
samples of 50 cc each. One of these samples was sent in for conventional cytology examination, whereas the other sample was
sent in for 5-ALA fluorescent photo dynamic diagnosis. Conventional cytology and 5-ALA-induced fluorescent cytology were
evaluated by the same pathologist. A total of 100 patients were included in the study of which 75 patients were controls and the
remaining 25 were patients with bladder tumours. The sensitivity of conventional cytology and 5-ALA-induced fluorescent
cytology was 64% and 100% respectively, whereas the specificity was 96% and 98.67% respectively. The sensitivity of
conventional cytology was 61.19% in low-grade cancers as compared to 75% in high-grade cancers, whereas the sensitivity
was 100% with 5-ALA-induced fluorescent cytology both in low- as well as high-grade cancers. Our study shows that 5-ALA-
induced fluorescent cytology is highly sensitive test to diagnose bladder cancer and shows a significant difference especially in
low-grade bladder cancer when compared to conventional cytology.

Keywords 5-Aminolevulinic acid . Urothelial carcinoma . Cytology . Sensitivity . Specificity

Introduction

There has been an increased attention focused recently on the
use of photodynamic technology using 5-ALA (5-
aminolevulinic acid) as a photosensitizer to solve the clinical
problem of bladder cancer.[1, 2] ALA-PDD (photo dynamic
diagnosis) is indeed useful to detect and identify CIS (carci-
noma in situ) in the bladder during TURBT (Transurethral

resection of bladder tumour). 5-ALA is a natural amino acid
found in animals and plants that is a common precursor of
haemoglobin and chlorophyll. Endogenous 5-ALA, synthe-
sized from succinyl coenzyme A and glycine in mitochondria,
and exogenously administered 5-ALA follow the same meta-
bolic synthetic pathway.[3] Protoporphyrin IX (PpIX) is a
metabolic product of 5-ALA and accumulates in the mito-
chondria following its administration[4] PpIX is then
catalysed by ferrochelatase and binds with ferrous ion
resulting in the production of heme.[3]

Cancer cells utilize the glycolysis pathway for production
of adenosine triphosphate (ATP), but do not run the tricarbox-
ylic acid cycle or electron transport chain in mitochondria
even in normoxia, which is called the Warburg effect and is
typical for hyperplasia.[3] The ferrochelatase is inactive in
these conditions, because of the lack of electron supply from
the tricarboxylic acid cycle, which is essential for reduction of
ferric ion to ferrous ion to complete the production of heme by
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ferrochelatase.[3] Biological features that are common to can-
cer cells, such as abnormal activity of transporters including
ATP-binding cassette transporter (ABCG2) and porphyrin
synthetic enzymes, can promote PpIX production and inhibit
PpIX catabolism. This results in excess accumulation of PpIX
in cancer cells. In particular, PpIX is accumulated 9–16-fold
higher in urothelium and is highly tumour selective.[3, 5]
PpIX is photoactive and gets excited at certain wavelengths
of light, particularly visible blue light (375–445 nm), and
emits red fluorescence (600–740 nm).[3] This has been the
underlying principle of ALA-PDD.[6, 7] Similarly, this prin-
ciple has been used to make the diagnosis of bladder
cancer.[8–10]

The feasibility of diagnosing bladder cancer using 5-ALA
was first reported in 1994.[11] Kriegmair et al.[11] instilled 5-
ALA intravesically in 68 patients, followed by fluorescence
cystoscopy with violet light from a krypton ion laser that pro-
duced fluorescence excitation. Tumour lesions were sharply
marked with brightly shining red fluorescence. Correlation of
fluorescence and microscopic findings gave a sensitivity of
100% and a specificity of 68.5%. Currently, 5-ALA is ap-
proved as a photosensitizer of PDD for carcinoma around
the world.[12] Recently, Nakai et al.[13] reported on the 5-
ALA staining of urine specimens and showed that PDD sen-
sitivity to be effective, compared with conventional cytology
in bladder tumours (82% vs. 49%, respectively), particularly
in low-grade and low-stage tumours, and to have comparable
specificity (80% vs. 100%, respectively). In this preliminary
study, we have evaluated the efficacy of 5-ALA-induced fluo-
rescent urine cytology in comparison with conventional cytol-
ogy in the diagnosis of bladder tumours.

Materials and Methods

This prospective study was conducted after obtaining clear-
ance from the University/Institutional ethical committee.
Patients ≥18 years of age admitted to the department of urol-
ogy with non-malignant conditions such as benign prostatic
hyperplasia (BPH), urinary stone, urinary tract infection
(UTI), uretero-pelvic junction (UPJ) obstruction, and radio-
logical cystitis formed the controls. Patients ≥18 years of age
with imaging (ultrasonography/computed tomography) con-
firmed bladder tumours formed the study group. Freshly void-
ed urine sample was collected from these patients and divided
into two samples of 50 cc each. One of these samples was sent
in for conventional cytology examination, whereas the other
sample was sent in for 5-ALA fluorescent cytology diagnosis.

Urine Samples and Treatment with 5-ALA The urine sample
was centrifuged at 1500 rpm for 5 min and the supernatant
was decanted. The pellet was suspended in minimum essential
medium (MEM) with 5-aminolevulinic acid hydrochloride

(Sigma-Aldrich, Merck KGaA, Darmstadt, Germany, 2020),
and the concentration was adjusted to 200 μg/mL. Then, the
suspension was stored in the dark at 37 °C for 2 h. After that,
the sample was centrifuged again at 1500 rpm for 5 min, and
the pellet was resuspended in MEM. Finally, the urine sample
was tested for protoporphyrin IX fluorescence using a fluores-
cent microscope (Nikon ECLIPSE Ni; Nikon Corporation,
Tokyo, Japan) at appropriate settings (excitation wavelength
of 405 nm and emissions wavelength of 600–650 nm).

Evaluation Conventional cytology and 5-ALA-induced fluo-
rescent cytology were evaluated by the same pathologist using
the same urine sample. The conventional urine cytology was
considered either negative or positive for malignant cells
based on the “The Paris system for reporting urinary cytolo-
gy”. The 5-ALA-induced fluorescent cytology showing no
red light or dark red was classified as negative and that show-
ing clear red as positive. The final reading was confirmed by
two pathologists (Fig. 1).

Comparison with Histopathology All patients with imaging
confirmed bladder tumour underwent cystoscopy/biopsy/
transurethral resection of bladder tumour. The surgical speci-
mens were sent in for histopathological examination and re-
ported by the same pathologist. The reports of histopathology
were compared to results of conventional cytology and 5-
ALA induced fluorescent cytology.

Statistical AnalysisData was analysed using theWilcoxon test
or chi-square test. Differences were considered statistically
significant when p < 0.05. Statistical analyses were performed
using (SPSS version 22.0. Armonk, Chicago, USA).

Results

During the study period Dec 2019–Aug 2020, a total of 100
patients were included in the study of which 75 patients were
controls and the remaining 25 were patients admitted to the
urology wards with imaging confirmed bladder tumours. The
demographics of the patients was as shown in Table 1. Of the
75 patients who were controls, 20 (26.67%) had urinary
stones, 30 (40%) had benign prostatic hyperplasia, 20
(26.67%) were admitted for reconstructive surgery, and 5
(6.67%) had chronic renal failure awaiting surgery.

The conventional cytology was negative for malignant
cells in 72 patients in the control group (Table 2) whereas it
was negative in 74 patients with 5-ALA-induced fluorescent
cytology. Conventional cytology was positive for malignant
cells in 16/25 (64%) cases, whereas ALA-induced fluorescent
cytology was positive in all 25 (100%) cases of bladder tu-
mours. The specificity of conventional cytology in
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comparison with 5-ALA-induced fluorescent cytology was
96%versus 98.67% (Fig. 2).

When histopathological results of the patients with bladder
cancer were compared with conventional cytology and 5-
ALA-induced fluorescent cytology, it was found out that latter
was more sensitive and specific, more so in low-grade can-
cers. The sensitivity of conventional cytology was 61.19% in
low grade cancers as compared to 75% in high-grade cancers,
whereas the sensitivity was 100% with 5-ALA-induced fluo-
rescent cytology both in low as well as high-grade cancers
(Fig. 3).

Discussion

Bladder cancer is a common disease affecting both men and
women. Its incidence ranks first among malignant cancers of

the urinary system and second only to prostate cancer in the
Western world. More than 90% of bladder cancers are of the
transitional cell variety, 5% are squamous cell carcinomas,
and less than 2% are adenocarcinomas.[14] At initial diagno-
sis of bladder cancer, 70 to 85% are non–muscle-invasive
bladder cancers (NMIBC) and 15 to 30% are muscle-
invasive bladder cancers (MIBC).[15] NMIBC is also known
as superficial bladder cancer and includes pathological stages
Ta (papillary), T1 (infiltration of lamina propria), and carcino-
ma in situ. Ta patients make up 70% of cases, T1 roughly 20%
and carcinoma in situ about 10%. MIBC is commonly known
as invasive bladder cancer and includes pathological stages
T2, T3, and T4.[15, 16] Up to 80% of NMIBC patients relapse
within 5 years; 30% of Ta patients progress to MIBC, while
those with T1 and carcinoma in situ are more likely to develop
MIBC.[1, 17] Statistically bladder cancer is associated with
high incidence, progression, and recurrence rates.[18]

It is extremely important to accurately diagnose and assess
patients with early bladder cancer and also to monitor high-
risk postoperative bladder cancer patients on a regular basis
(Table 3). Bladder cancer is commonly diagnosed using cys-
toscopy and biopsy, imaging methods, urinary cytology, fluo-
rescence in situ hybridization, and urine protein detection.[1,
19] As of today, urinary cytology and cystoscopy/biopsy re-
main the gold standard examination tools to make a diagnosis
of bladder cancer. Cystoscopy/biopsy is invasive and is asso-
ciated with pain, bleeding, urinary tract infections and other
complications. Moreover, it may be difficult for cystoscopy to
detect tumours in secluded corners of the bladder, which re-
stricts its clinical application. In comparison cytology is non-
invasive, simple to use, inexpensive, and performs well, al-
though it has low sensitivity and low diagnostic efficiency,
especially with low-grade bladder cancer.[18]

Fig. 1 a shows cells emitting faint red fluorescence suggestive of a non-malignant cell. b Histogram of frequency (x-axis) versus intensity (y-axis) of a
non-malignant cell

Table 1 Demographics of patients

No Variables Controls
(n 75)

Bladder tumour
(n 25)

1 Age (years)<40 20 (26.67%) –

41–50 5 (6.67%) 5 (20%)

51–60 30 (40%) –

61–70 15 (20%) 10 (40%)

71–80 5 (6.67%) 10 (40%)

Median Age 56 ± 15.75 67 ± 12.54

2 Gender Male 45(60%) 25(100%)

Female 30(40%) –

3 Co-morbidities hypertension 20 (26.67%) 10 (40%)

Type II diabetes M 10 (13.33%) 5 (20%)
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5-Aminolevulinic acid (ALA)-induced fluorescence cys-
toscopy has established itself in the detection of flat and/or
small lesions that are barely visible under white-light
cystoscopy.[20, 21] Fu et al.[22] investigated ex vivo urine
fluorescence cytology as a biopsy-free means for detecting
bladder cancers. Sediment of urine samples was extracted
and incubated with a novel photosensitizer, hypericin. Laser
confocal microscopy was used to capture the fluorescence
images at an excitation wavelength of 488 nm. Images were
subsequently processed to single out the exfoliated bladder
cancer cells from the other cells based on the cellular size.
The study suggested that the fluorescence intensity profiles
of hypericin in bladder cells could potentially provide an au-
tomated quantitative means of early bladder cancer diagnosis.

Pytel and Schmeller[23] investigated urinary cytology for
induced fluorescence of urothelial cells and detected by fluo-
rescence microscopy. The results were compared with the
conventional cytologic and histologic findings. They detected
ALA-induced fluorescence in 34 of 38 cases. One of the four
histologically negative cases had a false-positive finding and 1

case of urothelial carcinoma did not show fluorescence. They
concluded that fluorescence cytology was more sensitive than
other non-invasive tests. Tauber et al.[24] evaluated as to
whether tumour cells could be detected in bladder lavage fluid
samples. Lavage sediments of all patients with histologically
confirmed TCC bladder caused red fluorescence peaking at
635 nm, indicating protoporphyrin IX. The authors concluded
that lavage sample sediments could be used to detect tumour
associated red fluorescence in TCC of bladder.

Miyake et al.[25] used three different modalities of 5-
aminolevulinic acid (ALA)-based photodynamic diagnostic
tests to diagnose bladder cancer. They developed a compact-
size, desktop-type device quantifying red fluorescence in cell
suspensions, named “Cellular Fluorescence Analysis Unit”
(CFAU). Urine samples from 58 patients with bladder cancer
were centrifuged, and urine sediments were then treated with
ALA. ALA-treated sediments were subjected to three fluores-
cence detection assays, including the CFAU assay. The over-
all sensitivities of conventional cytology, fluorescence cytol-
ogy, fluorescent spectrophotometric assay, and CFAU assay
were 48%, 86%, 86%, and 87%, respectively. The three dif-
ferent ALA-based assays showed high sensitivity and speci-
ficity. The ALA-based assay detected low-grade and low-
stage bladder urothelial cells at higher rate (68–80% sensitiv-
ity) than conventional urine cytology.

Yamamichi et al.[26] evaluated the diagnostic efficacy of
5-ALA-induced fluorescent urine cytology for urothelial car-
cinoma. They included 318 patients comprising 158 non-
cancer patients, 84 bladder tumour patients, and 76 upper
urinary tract urothelial carcinoma patients. The sensitivity of
5-ALA-induced fluorescent urine cytology was significantly
higher than that of conventional urine cytology (86.9% vs.

Table 2 Results of conventional cytology in comparison with 5-ALA
fluorescent cytology

Conventional
cytology

5-ALA fluorescent
cytology

negative positive negative Positive

Controls (n =75) 72 3 74 1

Bladder tumour (n =25) 9 16 – 25

Sensitivity 64% 100%

Specificity 96% 98.67%

Fig. 2 a shows cells emitting intense red fluorescence suggestive of malignant tumour cells at ×200 magnification. b Histogram of frequency (x-axis)
versus intensity (y-axis) of a malignant tumour cell

Indian J Surg Oncol



69.4%; p = 0.0002), and the specificity was equivalently high
(96.2% vs. 95.6%; p = 1.0). In subgroup analysis, the high
sensitivity of 5-ALA-induced fluorescent urine cytology was
also detected regardless of age, sex, and tumour type.
However, in terms of stage and grade, differences were only
detected in patients with less than pTa stage (89.2% vs.
52.1%; p = 0.0001) and low-grade tumour (91.5% vs.
51.1%; p < 0.0001). The authors concluded that 5-ALA-
induced fluorescent urine cytology was significantly more ef-
fective for urothelial carcinoma diagnosis when compared
with the conventional cytology, especially in patients with
low-stage and low-grade tumours.

All these abovementioned studies show that 5-ALA-
induced fluorescent cytology is highly sensitive even in low-
grade and low-stage tumours. These findings suggest that it
might be possible to follow up using only 5-ALA-induced
fluorescent cytology without cystoscopy in low- and
intermediate-risk bladder tumours. Occasionally, false-
positive findings of 5-ALA can be reported in conditions such
as infection, inflammation, hyperplasia, and inexperience with

the use of PDD.[27–29] 5-ALA-induced fluorescent cytology
is associated with false negative reports whenever there is lack
of cellular components in the voided urine specimen, or when
cellular components including the cancer cells die out over the
passage of time.

Conclusion

Our study shows that 5-ALA-induced fluorescent cytology is
highly sensitive test to diagnose bladder cancer and shows a
significant difference especially in low-grade bladder cancer
when compared to conventional cytology. Our study has sev-
eral limitations that include small sample size and single-
center study. Our results need to be further validated in other
cohorts so as to identify the high diagnostic efficacy of 5-
ALA-induced fluorescent urine cytology for bladder cancer.
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Abstract Observing the origin, varied branching configu-

rations of superior thyroid artery (STA) and evaluating

morphometric details with its surrounding relations was

aimed at in this cadaveric neck dissection study to avoid

surgical mishaps and its repercussions. This observational

study was conducted on 40 fresh frozen embalmed and

colored latex infused cadavers in the Department of

Otorhinolaryngology and Head and Neck Surgery in col-

laboration with Department of Anatomy of our institute,

which involved systematic evaluative dissection of both

sides of neck especially focusing on superior thyroid artery,

its branching variations and morphometric details with its

surrounding relations. Details were measured using digital

caliper. The collected data was statistically analyzed by

applying chi-square test and significance was set at 5%

level (p\ 0.05). The analysis revealed the location of the

origin of the superior thyroid artery of cadavers from car-

otid bifurcation and above it in 40% and from above the

level of superior border of thyroid cartilage in 40% of

cases. The distribution patterns of the superior thyroid

artery were classified into three types depending on the

branching pattern typical and variant glandular branching

patterns were observed in 85% and 15% of the specimens

respectively. A sound knowledge of the regional anatomy

and its possible variations helps the surgeon in isolating

and preserving the vital structures and avoid iatrogenic

complications.

Keywords Superior thyroid artery �
Common carotid artery � External carotid artery �
Carotid bifurcation

Introduction

Successful surgical outcomes in neck surgeries especially

the thyroid region require excellent knowledge of ideal

anatomy and the surgeon is expected to be aware of the

possible dimensions and variations of all the important

structures that can be present in the region to circumvent

complications.

The superior thyroid artery (STA) is the first branch

from external carotid artery (ECA) which arises close to

carotid bifurcation (CB) just below the level greater cornu

of hyoid bone, then lies in carotid triangle and runs beneath

omohyoid, sternohyoid and sternothyroid muscles. Medi-

ally it is related to inferior constrictor muscles of pharynx,

travels with superior thyroid vein and pierces the thyroid

gland on posteromedial surface underneath the uppermost

point of upper pole [1].

It divides into two main branches the artery to stern-

ocleidomastoid muscle and superior laryngeal artery. The

latter pierces the thyrohyoid membrane together with the

internal laryngeal nerve. There is wide variability regard-

ing the STA location, origin, branching patterns, its rela-

tionship to the anatomical structures adjacent to it [2].

It is the mother artery that is main source for the thyroid

gland, upper larynx and neck region, frequently used in
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grafting, embolization for thyroid and other head and neck

tumors, emergency cricothyroidotomy, radical neck dis-

section, and diagnostic and therapeutic catheterization.

Injury to it causes dreading complications including tor-

rential bleeding hence, the anatomic features of the arteries

and its surrounding relations help in precise incision, dis-

section and guidance while executing approaches around

neck [3].

Distances between STA and its surrounding landmarks

such as carotid bifurcation (CB), external branch of supe-

rior laryngeal nerve (EBSLN), thyroid cartilage (TC), ori-

gin of the facial artery (FA) and lingual artery (LA) and

hypoglossal nerve (HN), are important during dissection in

order to locate and prevent accidental injury to them [4].

Variations in the origin of STA has been reported in the

literature. Our purpose of the study was to describe varia-

tions of the STA origin, its branching configurations and

distance from surrounding arteries and nerves, which can

be observed in humans and to validate the reported findings

in the literature. The data was aimed at providing a helpful

information to surgeon operating in this region of neck.

The anatomical variations may be minor in degree but are

important as they may affect the outcome of surgical pro-

cedure and the quality of life of patients. Therefore, having

a thorough awareness of anatomy safeguards the integrity

and protection of the important structures.

Materials and Methods

An institutional based observational study after obtaining

ethical clearance was conducted on forty embalmed

cadavers, 27 males and 13 females, with Latex mixed with

a red colouring agent injected into all the specimens

through the common carotid artery (CCA) to observe the

topography of the STA. The cadavers were of Indian des-

cent from Belagavi district of North Karnataka. The

cadavers had no history of trauma or surgical procedures

associated with the cervical region. Through midline inci-

sion extending from mentum to manubrium, sub platysmal

plane was reached to further dissect the anatomical struc-

tures around the STA. after identifying CCA the origin of

the STA in relation to it and thyroid lamina determined. By

careful dissection, the relation of STA to the surrounding

named landmarks and the relative distance to these were

measured with digital caliper sensitive to 0.01 mm. The

midline on the mid-sagittal plane as a vertical reference

and three horizontal lines that is line along the hyoid bone,

at the prominence of the thyroid cartilage, and the inferior

border of the thyroid cartilage, were used as references.

The measured distances was relative to these lines. The

data was analyzed by using descriptive statistics and chi-

square test for association. The statistical significance was

set at 5% level (p\ 0.05).

Results

Distance of Origin of STA to Surrounding

Structures

The distance from origin of STA to the CB was 3.08

SD1.88 mm, with minimum distance of 0.2 mm and

maximum of 6.40 mm. The data of STA origin and its

distance to lingual artery, facial artery, superior laryngeal

nerve, hypoglossal nerve, upper edge of TC along with

mean and standard deviation and the comparison of the

right and left side values and no significant difference was

observed between right and left side values (p[ 0.05) and

the results are depicted in Table 1.

Origin of STA in Relation to Carotid Bifurcation

(CB)

The location of the origin of the STA according to the CB

was evaluated as above (40%), below (20%) and at the

same level (40%) and the difference between sides or

association was not significant (Chi-square = 0.3752

P = 0.8290) (Table 2, Fig. 1).

Originating Surface of STA from Caroitd Artery

STA had origin from anterior surface of carotid artery in

86.25% of cases 1.25% where from medial surface and in

12.50% of cases the origin was from anteromedial surface.

(Table 3) and the difference between sides or association

was not significant (Chi-square = 0.4570 P = 0.4990).

Location of Origin STA According to Superior

Border of Thyroid Cartilage (TC)

We observed 32 (40%) had origin from above the hori-

zontal plane over top of TC, 24(30%) from same level, 24

(30%) origin was below the level of plane over the top side

of the TC (Table 4). The difference between sides or

association was not significant (p = 1.0000).

Branching Pattern of Superior Thyroid Artery

(STA)

Regarding the branching types of STA in 45 sides

(56.25%), the infrahyoid branch and superior laryngeal

artery (SLA) were divided, followed by the sternocleido-

mastoid artery and the glandular thyroid branch (Type 1,

Fig. 2A). Similarly, 31 sides (38.75%) where infrahyoid
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branch was divided first and superior laryngeal and stern-

ocleidomastoid branch divided at same level followed by

glandular branch (Type 2, Fig. 2B). Further, 4 sides (5%)

showed type 3 pattern where the infrahyoid branch and

sternocleidomastoid artery were divided, followed by the

SLA and the glandular thyroid branch (Type 3, Fig. 2C).

The difference between sides or association was not

significant (Chi-square = 1.3622 P = 0.5060) as depicted

in Table 5.

Table 1 Distance of origin of STA to surrounding structures

Distance of origin of STA(mm) to Right N(40) Left N(40) General

N (40) Mean ± SD

P value

Min–max Mean ± SD Min–max Mean ± SD

Carotid bifurcation 0.20–6.40 3.08 ± 1.86 0.20–6.40 3.08 ± 1.93 3.08 ± 1.88 0.9986

Lingual artery 5.40–15.10 7.71 ± 2.08 5.20–15.40 7.89 ± 2.16 7.80 ± 2.11 0.6941

Facial artery 7.80–18.50 14.65 ± 3.03 8.00–18.40 14.81 ± 3.01 14.73 ± 3.00 0.8074

Superior laryngeal nerve 4.20–11.40 8.41 ± 1.39 4.40–11.60 8.43 ± 1.30 8.42 ± 1.33 0.9457

Hypoglossal nerve 9.20–22.10 18.28 ± 2.32 9.90–22.20 18.42 ± 2.23 18.35 ± 2.27 0.7793

Thyroid cartilage 1.00–7.20 4.47 ± 1.93 1.40–7.40 4.57 ± 1.97 4.52 ± 1.94 0.8212

Table 2 Origin of STA in relation to carotid bifurcation

Origin in relation to level of carotid bifurcation Right side (%) Left side (%) Total (%)

Below the level 9 (22.50) 7 (17.50) 16 (20.00)

Same level 16 (40.00) 16 (40.00) 32 (40.00)

Above the level 15 (37.50) 17 (42.50) 32 (40.00)

Total 40 (100.00) 40 (100.00) 80 (100.00)

Chi-square = 0.3752 P = 0.8290

Fig. 1 STA origin, (1) Common carotid artery, (2) Carotid bifurcation, (3) External carotidartery, (4) Internal carotid artery, (5) Superior thyroid

artery, (6) Thyroid gland
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Discussion

The thyroid gland is a vascular organ. The main arterial

supply of thyroid gland is STA. The variation in origin and

paths of the branches of STA, and their association with

surrounding structures play an important role in diagnostic

and therapeutic procedures on thyroid gland, larynx, tra-

chea and also during vascular anastomosis [5].

Origin

The first branch of the external carotid artery (ECA) is

STA. We observed the ECA origin of STA in 40% of

cadavers. It has been reported to have a varied origin,

taking origin at the same level of CB, from the common

carotid artery (CCA), as thyrolinguofacial trunk and from

ECA [6].

The origin of the thyrolingual trunk being the ECA has

been reported with an incidence of range between 0.7 and

3% [7]. In our study STA arose from below the level of CB

in 20% and at same level of CB in 40%.

Toni et al. (2004) [8] reported that higher frequency of

origin was from the ECA. Ozgur et al.(2009)[5] observed

STA arose at same level with CB in most of cases (40%),

in 35% it arose below the level of CB and in 10% above the

level of CB. Other studies by Shima et al. (1998) [6] and

Hayashi et al. (2005) [9] found STA originated from ECA

in 30–70% of the cases.

STA usually arises from anterior surface of the ECA

below the level of the greater cornu of the hyoid. In our

study STA was seen arising from anterior surface of carotid

artery in 86.25%of cadavers, from medial surface in 1.25%

and in 12.50% the origin was from anteromedial surface.

Va�zquez T et al. (2009) [10] in their study has reported

that STA was arising from anterior surface in 95.2% of

cases.

Assessing the origin of STA to superior border of thy-

roid cartilage in 32 (40%) sides STA had origin from above

the parallel plane crossing over top of the thyroid cartilage,

24(30%) from same level, 24 (30%) origin was below the

level of plane crossing over top level of TC.

Ozgur et al.(2009) [5] in their study found STA to be

above in 60%, below in 22.5%, and at the same level in

17.5% cases which was similar to our observations.

Distance from origin of STA with surrounding rela-

tions as observed in our study of 40 cadaver. right and left

sides, the distance of STA to the CB was 3.08 SD1.88 mm,

with minimum distance of 0.2 mm and maximum of

6.40 mm,which was similar to study conducted by Ozgur

et al.(2009) [5] where it was 3.29 SD4.27 mm.

The distance from the origin of the STA to that of the

LA in present study ranged from 7.80 SD2.11 mm, the

distance from the origin of the STA to that of the FA was

14.73 SD3.00 mm. Ozgur et al. (2009) [5] observed the

distance from STA to LA was 10.45 SD 5.16 mm, and the

distance from the STA to FA was 18.20 SD8.81 mm.

The distance to superior laryngeal nerve in present study

was 5.9 SD4.9 as compared to 8.42 SD1.33 mm observed

by Ozgur et al. (2009) [5].

In present study, the distance to hypoglossal nerve was

observed as 18.35 SD 2.27 mm and to the thyroid cartilage

upper edge was 4.52 SD1.94 when compared with the

Table 3 Originating surface of STA from Carotid Artery

Originating surface of STA from Carotid Artery Right side (%) Left side (%) Total %

Medial 0 (0.00) 1 (2.50) 1 1.25

Anterior 34 (85.00) 35 (87.50) 69 86.25

Antero-medial 6 (15.00) 4 (10.00) 10 12.50

Total 40 (100.00) 40 (100.00) 80 100.00

Chi-square = 0.4570 P = 0.4990

Table 4 Origin of STA in relation to superior border of thyroid cartilage

Origin of STA in relation to superior border of thyroid cartilage Right side (%) Left side (%) Total (%)

Below the level 12(30.00) 12 (30.00) 24 30.00

Same level 12 (30.00) 12 (30.00) 24 30.00

Above the level 16 (40.00) 16 (40.00) 32 40.00

Total 40 (100.00) 40 (100.00) 80 100.00

Chi-square = 0.0000 P = 1.0000
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study by Ozgur et al. (2009) [5] the distance to hypoglossal

nerve was 12.8 SD 7.2 and to thyroid cartilage upper edge

was 7.1 SD6.4. in our study.

Branches

In literature, five branches of the STA have been observed:

the infrahyoid, sternocleidomastoid, SLA, cricothyroid,

and terminal glandular branches to supply the gland [9, 11].

Fig. 2 STA branching pattern with line diagrams, (1) Common

carotid artery, (2) Carotid bifurcation, (3) External carotid artery, (4)

Internal carotid artery, (5) Superior thyroid artery, (6) Thyroid gland,

(7) Sternocleidomastoid muscle, (8) Sternocleidomastoid branch of

STA, (9) Glandular branch of STA, (10) Infrahyoid branch of STA,

(11) Vagus nerve, (12) Superior laryngeal artery, (13) Thyroid

cartilage (14) Cricothyroid branch of STA

Table 5 Branching pattern of superior thyroid artery

Branching pattern of superior thyroid artery Right side (%) Left side (%) Total %

Type 1 25 (62.50) 20 (50.00) 45 56.25

Type 2 13 (32.50 18 (45.00) 31 38.75

Type 3 2 (5.00) 2 (5.00) 4 5.00

Total 40 (100.00) 40 (100.00) 80 100.00

Chi-square = 1.3622 P = 0.5060
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The main blood vessel, which is considerably distributed

in the larynx, is Superior laryngeal artery (SLA). It has

variable origin, mostly it arises from the STA and some-

times can arise directly from ECA. We observed SLA

originated from STA in 100% cadavers. Ozgur et al.

(2009)[5] in their study observed in 85% (34) of speci-

mens, the SLA arose from the STA and in rest of 15% (6) it

originated from ECA.

Infrahyoid branch supplies sternothyroid, sternohyoid

and superior belly of omohyoid muscles. We observed in

all specimens, it passed parallel to hyoid bone deep to

thyrohyoid membrane. It originated from STA in 100%

cadavers. In the study by Ozgur et al. (2009) [5] 85% (34)

of specimens, the infrahyoid branch had its origin from

STA and 15% (6) had origin from ECA.

Cricothyroid artery generally originate from STA,

anastomoses with SLA deep to TC. It crosses anterior

cricothyroid ligament and anastomose with its branch of

the other side. In our study, itoriginated from anterior

glandular branch in 100% cadavers as compared to

observation by Ozgur et al. (2009) [5] where the

cricothyroid branch originated from anterior glandular

branch in 70% (28) of specimens, in 30% (12) it had origin

from STA.

The anterior glandular branches (AGB) runs along

the medial side of the lateral lobe and supplies anterior

surface via anteromedial and anterolateral glandular bran-

ches. The posterior glandular branch (PGB) descends on

posterior border to supply the medial and lateral surfaces.

In our study, anterior glandular branch (AGB) ran on

medial surface of lobe and anastomosed with its fellow of

the other side; and a PGB, ran on the posterior border to

supply the medial and lateral surfaces. Ozgur et al. (2009)

[5] reported AGB separated from STA and PGB separated

from STA before reaching the upper pole of lobes of thy-

roid gland in 85% and dispersed on glands posterior

surface.

Sternocleidomastoid branch descends laterally across

the carotid sheath and supplied the middle region of ster-

nocleidomastoid. In our study, it arose from the STA in all

cadavers and as first branch in 5%, second branch in

56.25% and in 38.75% the three branches divided at one

point. Ozgur et al. (2009) [5] observed in 80% (32) of

specimens, the sternocleidomastoid artery arose from STA

and in 20% (8), it originated from ECA.

Branching Patterns

In our study out of 40 cadaver, right and left sides, in 45

sides (56.25%), the infrahyoid branch and SLA were

divided, followed by the sternocleidomastoid artery and the

glandular thyroid branch (Type 1). Ozgur et al. (2009) [5]

observed Type 1 in 31 sides (38.75%).

In seven cases (17.5%), the infrahyoid branch was

divided and then the three branches (superior laryngeal,

thyroid glandular and sternocleidomastoid branches) were

divided at one point (Type 2). Ozgur et al. (2009) [5]

observed Type 2 in six cases (15%).

4 sides (5%) showed Type 3 pattern where the

infrahyoid branch and sternocleidomastoid artery were

divided, followed by the SLA and the glandular thyroid

branch. Ozgur et al. (2009) [5] Type 3 in seven cases

(17.5%).

In our study, data on types of branching pattern did not

show any statistical significance between the sides.

Hu et al. (2006) [11] observed that in Type I, 36%, the

superior SLA is divided first, followed by sternocleido-

mastoid branch and thyroid branch. In Type II, 16%, the

three branches are divided at one point. 10% of the cases

are observed as Type III, where the sternocleidomastid is

divided first from the STA, followed by the superior

laryngeal branch and the glandular thyroid branch.

Conclusion

Our study validates the fact that the variations are very

common in regards to site, surface, level of origin and

branching pattern of superior thyroid artery, including its

relationship in regards to its distance with the surrounding

structures. To conclude STA may not always be the first

branch arising from ECA and hence not reliable to use it to

identify the ECA, proving that it will not be possible to

always ligate the ECA below the origin of the STA. In-

depth knowledge of the regional anatomy and refocusing

on it will surely prevent or minimize blood loss during the

surgery and thereby help to attain better surgical outcomes.
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S, Parkin I, Sañudo JR (2009) Anatomical variations of the

superior thyroid and superior laryngeal arteries. Head & Neck.

https://doi.org/10.1002/hed.21077

11. Hu KS, Song WC, Kim SH, Choi SW, Han SH, Paik DJ, Kim HJ,

KOh KS (2006) Branching patterns of the arterial branches

supplying the middle vascular pedicle of the sternocleidomastoid

muscle: a topographic anatomical study with surgical applica-

tions for the use of pedicles osteomuscular flaps. Surg Radiol

Anat 28:7–12

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

123

Indian J Otolaryngol Head Neck Surg

https://doi.org/10.1002/hed.21077


ORIGINAL ARTICLE

Disparate Presentations of Retropharyngeal Abscess:
An Experience From a Tertiary Care Centre

Priti S. Hajare1 • Shama A. Bellad1 • Anshika Anand1 • Sindhu Narahari1 • Ajinkya V. Jadhav1

Received: 13 April 2021 / Accepted: 17 May 2021

� Association of Otolaryngologists of India 2021

Abstract To discuss the varied presentations, diagnosis,

and prompt management of retropharyngeal abscess for

academic importance. A retrospective study was conducted

in the Department of Otorhinolaryngology and Head and

Neck Surgery in Belagavi district of Karnataka. Six cases

of varied age group with diagnosis of retropharyngeal

abscess were studied during two-year period from January

2019 to January 2021. Thorough assessment of all cases

was done which included symptoms at the time of pre-

sentation, clinical examination findings, imaging studies

and laboratory results, medical and surgical interventions.

Six patients (4 males, 2 females) were diagnosed as having

Retropharyngeal abscess. Youngest age of presentation

was 2 month infant. The most common symptoms at pre-

sentation included fever and odynophagia seen in all six

patients. The clinical examination revealed bulge in pos-

terior pharyngeal wall in all cases, cervical lym-

phadenopathy in one case, drooling of saliva in three and

stridor in one patient, diffuse neck swelling in two

ptatients, and trismus in two patients. Contrast Enhanced

Computerized Tomographic (CECT) scanning was per-

formed in five patients and one patient underwent Magnetic

Resonance Imaging (MRI). The abscess was surgically

drained in all patients and received intravenous antibiotics

after which there was significant improvement. Retropha-

ryngeal space infection if left untreated, they carry the

potential to cause life-threatening complications and death.

Although with availability of broad-spectrum antibiotics,

the mortality rate is low, appropriate and successful man-

agement requires a thorough understanding of the anatomy

of the neck, knowledge of usual causative organisms and

appropriate medical and surgical management.

Keywords Retropharyngeal abscess � Adults �
Antibiotics � Tuberculosis � Surgical drainage

Introduction

The deep cervical fascia divides the neck into separate

spaces and deep neck scape infection spread within these

spaces [1]

The retropharyngeal space or retropharyngeal space of

Gillette or the posterior space of Grodinski, or Holyoke’s

space lies behind the pharynx between the buccopharyn-

geal fascia, which covers the constrictor muscle, and the

pre-vertebral fascia. It extends from the base of the skull to

the tracheal bifurcation. The space is divided into two

lateral compartments by a fibrous raphe. Lymph nodes lie

in the space on either side. They are the ones constantly

present in children and give rise to abscess formation.

These lymph nodes are prominent in young children but

involutes by the age of 4 or 5 years of life. In children and

infants, acute retropharyngeal abscess is usually non-
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traumatic abscess caused by suppuration of the retropha-

ryngeal lymph nodes, which drain from the nasopharynx,

oropharynx, nose, paranasal sinuses, adenoids and tonsils.

Retropharyngeal space abscess (RPA) in adults is caused

by penetrating local trauma through the posterior mucosal

wall of the pharynx or cervical oesophagus such as foreign

body ingestion or instrumental procedures. As the

retropharyngeal space communicates with the parapha-

ryngeal space and the posterior mediastinum, any infection

within the retropharyngeal space can spread to these areas

and can cause life threatening complications such as airway

obstruction, mediastinitis, aspiration pneumonia and

necrotizing fasciitis. Due to inter-compartmental spread of

abscess, patient presents with varied symptoms pertaining

to the space involved. The common presenting symptoms

are dysphagia, sore throat, painful cervical mass,

swelling, trismus, lymphadenopathy, pyrexia, odynopha-

gia, medial displacement of the lateral pharyngeal wall and

trismus [2, 3].

The microbiology of deep neck space abscesses is often

polymicrobial with a mix of aerobic and anaerobic organ-

isms. Streptococcus viridans, Staphylococcus

aureus, Klebsiella, gram-negative rods, anaerobes, Fu-

sobacterium species are all frequently encountered

microorganisms [3].

Deep neck space abscess is a significant cause of airway

compromise, which requires proper evaluation and man-

agement of this condition. Elective tracheostomy is often

commonly required to secure airway, especially in children

[3–5]. The three keys to successful management are prompt

diagnosis with protection and control of the airway, intra-

venous antibiotic therapy and surgical drainage.

Here we present a review of six case reports of acute

onset deep neck abscesses with involvement of the

retropharyngeal space and parapharyngeal space. All the 6

cases of different age group had varied presentations and

were successfully managed by securing of the airway early

and urgent drainage of the abscess by intraoral and cervical

approach along with broad spectrum injectable antibiotics.

Case 1

A previously well 2 month old infant presented with his-

tory of fever since 15 days, lethargy, difficulty in breathing

and suckling, associated with inspiratory stridor.

There was no history of swelling in neck, trauma, and no

significant past medical illness or birth history. On exam-

ination patient was febrile with normal vital parameters.

Otorhinolaryngology evaluation revealed a huge bulge of

the posterior pharyngeal wall on the left side with no

obvious external neck swelling. The patient was started on

IV antibiotics. MRI neck was performed which revealed T1

hypointense collection in retropharyngeal space extending

from base of skull till level of C7 vertebrae of size 4.0 9

2.1 9 5.0 ml (Fig. 1), laterally extending to perivertebral

space on left side displacing carotid vessels, anteriorly

lesion was compressing oropharynx causing near total

narrowing, medially compressing larynx and trachea with

its right lateral displacement.

An elective tracheostomy was done to maintain the

airway. Intraoral incision was taken on maximum bulge on

posterior pharyngeal wall draining around 50ml of pus

(Fig. 2a). Pus sent for culture was positive for Serratia

species and the antibiotics were changed based on the

sensitivity report. Ryle’s tube was put for feeds. Patient

responded well to the surgical intervention along with

injectable antibiotics and was decannulated after 2 days.

Case 2

A 22 year old female presented with complaints of pro-

gressive odynophagia, dysphagia and diffuse neck swelling

in right side of neck since 15 days. There was no history of

noisy breathing or dyspnoea. She also had history of

chronic back pain for which she was evaluated and was

diagnosed as osteomyelitis of spine secondary to tubercu-

losis with cervical lymphadenopathy.

On examination patient was afebrile with normal vital

parameters, thinly built and poorly nourished. Examination

of oropharynx revealed bulge in posterior pharyngeal wall.

Neck examination showed right upper cervical lymph node

enlargement which was firm and non tender.

CECT neck and chest was performed which revealed

heterogeneously enhancing collection extending from skull

base to the level of C7 vertebral body involving the

retropharyngeal space on the right side (Fig. 1b). She also

had osteomyelitis of the thoracic spine with epidural

abscess with cervical lymphadenopathy on right side.

Broad spectrum injectable antibiotics was administered.

Incision and drainage of the abscess was done intraorally

under general anaesthesia. Around 40 ml pus was drained

and was sent for culture sensitivity which came positive for

Mycobacterium Tuberculosis. Ryle’s tube (RT) was inser-

ted for feeds. Patient was started on anti-tubercular treat-

ment. Neuromedicine opinion was sought for TB spine and

managed conservatively. She responded well to treatment,

RT removed and was discharged after 2 weeks.

Case 3

A 34 years old male presented with odynophagia, dys-

phagia, dyspnoea for 15 days. Patient did not give any

history of dental problems, history of trauma or foreign
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body ingestion or any comorbidities. On examination

patient was afebrile with normal vital parameters. Exami-

nation of oropharynx revealed posterior pharyngeal wall

bulge on both sides; CECT showed collection in

retropharyngeal space extending from base of skull to level

of C7 vertebrae of size approximately 3.2 9 2.1 9 4.0 ml

both sides. Median raphe visualized in midline separating

the two collections as shown in (Fig. 1c).

Broad spectrum injectable antibiotics was started and

incision and drainage of the abscess was done intraorally

through two separate incisions on either side of posterior

pharyngeal wall under general anaesthesia. Around 50 ml

pus was drained from both sides. Pus culture was positive

for Staphylococcus aureus and antibiotics were changed

accordingly. Patient responded well after surgical drainage

and was discharged after 2 weeks.

Fig. 1 a Case 1- T1 weighted MRI showing hypointense collection in

retropharyngeal space extending from base of skull till level of C7

vertebra. b Case 2 CECT showing heterogeneously enhancing

collection in the retropharyngeal space on the right side. c Case 3

CECT collection in retropharyngeal space, median raphe visualized in

midline separating the two collections. d Case 4- CECT Scan showing

abscess pockets in submandibular, retropharyngeal, left parapharyn-

geal abscess with mediastinal extension.

Fig. 2 a Intraoperative image

showing intraoral drainage of

retropharyngeal abscess for case

1 b intraoperative image of

transcervical incision and

drainage at supraclavicular area

for case 4
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Case 4

A 57year old male patient who was a known case of Type 2

Diabetes Mellitus (DM) presented to us in the casualty with

c/o acute onset swelling below the chin and upper part of

neck since 1 week which was associated with fever for

which incision drainage was done outside but had no

improvement and eventually complained of difficulty in

swallowing. Patient was toxic when arrived in casualty. On

examination, vitals were stable and had decreased mouth

opening. Diffuse tenderness was seen in the neck and in

right supraclavicular area, skin was indurated, mouth

opening was 1 finger with drooling of saliva, increased

total count – 26000 cells/cumm with neutrophilia. CT Neck

and Thorax done, showed submandibular, retropharyngeal,

left parapharyngeal abscess with mediastinal extension

(Fig. 1d). IV Antibiotics – Meropenem, Metronidazole,

enzymes, anti- inflammatory were started and diabetic

management was done. Emergency incision and drainage

was done in upper part of neck and in right supraclavicular

area and around 60 ml of pus was drained (Fig. 2b). No

organism were found on pus culture, tuberculosis was ruled

out. Daily dressing of abscess cavity was done for 15 days

and secondary suturing was done.

Case 5

A 55 year old female presented with complaints of fever,

odynophagia, left ear discharge swelling in left side of face

and upper part of neck and minimal trismus since 6 days.

On examination left sided diffuse swelling was present

involving upper part of neck and parotid region extending

upto the tragus of left side tender, fluctuant, firm in con-

sistency, oropharynx showed posterior pharyngeal wall

bulge. Left tragal tenderness was present with left ear

profuse purulent foul smelling discharge was seen. Patient

was taken up for diagnositc otoendoscopy. On suctioning

the left ear, tympanic membrane was found to be intact and

a 1 9 1cm defect was seen on anterior inferior wall of

External Auditory Canal. On further applying the pressure

on the neck and parotid region, pus started pouring out

from the defect. Around 30 ml pus drained. Patient was

admitted for further evaluation and was started on IV

antibiotics. She started improving and swelling in the neck

reduced. Culture sensitivity showed Staphylococcus aureus

sensitive to Piperacillin and Tazobactum. Patient was

advised for imaging studies for proper diagnosis but she

refused and was discharged against medical advice.

Case 6

A 10 year old boy underwent removal of foreign body

(safety pin) from cricopharynx via rigid oesophagoscopy

and was discharged the next day of the procedure. He

presented with complaints of difficulty and pain during

swallowing with fever 4 days later. Oropharynx examina-

tion showed bulge in posterior pharyngeal wall.

CECT neck showed collection in retropharyngeal area

on left side aproximately 3.19 2.0 9 3.1 ml. Patient was

taken up for surgical drainage under general anaesthesia.

Around 20 ml pus was drained intraorally and sent for

culture sensitivity which showed Staphylococcus aureus.

Post operatively IV antibiotics were started and patient

showed excellent improvement.

Discussion

Deep neck space infections can present as discrete orga-

nized abscesses within specific neck spaces, or rarely, as a

very rapidly destructive life-threatening process called

necrotizing fasciitis. These conditions typically arise from

the direct spread of a less serious infectious process present

in an adjacent space. They become particularly concerning

when compartments that communicate directly with the

mediastinum are involved, such as the retropharyngeal,

danger, and prevertebral spaces [4].

Acute retropharyngeal abscess is occasionally seen in

children as lymph nodes present in the space tend to regress

with age and upper respiratory tract infection is the most

common cause in them. Other varied etiologies seen in

both children and adults are trauma to posterior pharynx by

foreign body leading to secondary infection, tuberculosis,

syphilis, vertebral fractures. In our series of four males and

two female patients belonging to different age groups, all

had varied history at time of presentation. One case had

trauma to pharynx following mutton bone ingestion and

one case had history of tuberculosis spine. Only one patient

had associated co-morbidity, which was Type 2 DM.

Presenting symptoms of RPA can be variable, but most

patients will have neck pain, sore throat and fever associ-

ated with cervical lymphadenopathy, odynophagia, dys-

phagia, dyspnoea, limitation of neck movements and

torticollis Alarming signs include respiratory distress,

drooling of saliva, orthopnoea, muffled speech (‘‘hot potato

voice’’), torticollis, opisthotonic posturing with neck

hyperextension [5, 6]. The most common presentation in

our series of patients was acute onset progressive

odynophagia, dysphagia and neck swelling suggesting an

underlying acute inflammatory condition. However, one

patient had features of sepsis and stridor at time of

123

Indian J Otolaryngol Head Neck Surg



presentation. Bilateral presentation of RPA is rare as

median raphe prevents its spread to other side. We had one

case of bilateral RPA abscess with intact median raphe and

was managed via separate incisions on both sides.

Retropharyngeal space abscess is a significant cause of

airway compromise so the initial approach to a patient with

pharyngitis, tonsillitis or deep space infections is to assess

signs of airway obstruction. Due to narrow airway in

children, oral intubation is challenging and often tra-

cheostomy is required [7]. In our series 2 month old infant

presented with respiratory distress and stridor and tra-

cheostomy was performed to secure airway prior to

definitive management. In adults with extreme cases

endotracheal intubation or fibre optic nasal intubation are

preferred for securing the airway. Fibre optic nasotracheal

intubation under local anaesthesia is especially useful in

patients who have severe trismus but whose airways are

otherwise uncompromised. In our series, adult patients

except one where pus was drained under local anaesthesia,

all others underwent endotracheal intubation prior to drai-

nage and were extubated post surgery.

The radiological investigation of choice for the evalua-

tion of a deep neck space infection is a contrast-enhanced

CT scan. A CT scan provides excellent characterization of

the soft tissues and bony structures. Abscesses are seen as

hypodense collection with enhanced rim. As stated in lit-

erature CT scan has sensitivity of around 64% to 100% for

detecting retropharyngeal abscess. CECT helps in the

identification and the extent of an abscess, delineating it

from surrounding structures and complications. Other

imaging modalities, including plain radiography, ultra-

sonography, and magnetic resonance imaging (MRI), may

be considered [5–7]. In our series clinical diagnosis was

confirmed with CECT scan in all cases except in one case

where MRI was done.

Surgical intervention is the mainstay of treatment in

deep neck space infection especially if there is airway

compromise, septicemia, descending infection leading to

mediastinitis, presence of other comorbidities like diabetes

mellitus or no clinical improvement within 48 hours of the

initiation of parenteral antibiotics. Large and multilocular

abscesses usually require incision and drainage. Medias-

tinitis requires urgent transcervical drainage of the abscess,

or via transthoracic drainage. Various approaches for sur-

gical drainage are via intra or extraoral incision and drai-

nage, a more extensive external cervical approach for

deeper and more complicated infections. Other unique

approaches have been described including endoscopic

transnasal and transtonsillar drainage, transcanal drainage

of deep neck infection [7–9].

In our study three cases were urgently drained via

intraoral approach and in two cases we opted for cervical

approach due to deeper collection all under general

anesthesia. We report one case where suspected parapha-

ryngeal and retropharyngeal abscess was drained via tran-

scanal approach under local anaesthesia. Patients who

underwent drainage of abscess under general anaesthesia,

they were extubated following drainage except one where

tracheostomy was done.

The causative organism can vary and could be polymi-

crobial involving both aerobes and anaerobes. In our series,

the causative organism in 2-month-old infant was found to

be Serratia species which is of rare occurance. One patient

was positive for mycobacterium tuberculosis. Others

showed staphylococcus aureus in culture except one case

which showed no organism on culture. Significant

improvement was seen once cultured directed antibiotics

was started post operatively in all cases.

TB of head and neck region can have atypical and varied

manifestations most commonly affects lungs. Most com-

mon presentation of extrapulmonary tuberculosis is cervi-

cal lymphadenitis presenting as painless neck swelling.

Extra pulmonary TB affects the lymph nodes, larynx,

middle ear, sinonasal region, oral cavity and pharynx.

Retropharyngeal abscess of tubercular origin is a rare

presentation of extra pulmonary tuberculosis and a poten-

tially life-threatening deep neck infection [9]. In study by

Lübben et al. [10], cervical spine tuberculosis with a cold

retropharyngeal abscess is extremely rare and otolaryn-

gologists should lay emphasis on proper patient’s history

and physical examination and suspicious clinical signs to

diagnose. Due to the similar and common symptoms of

retropharyngeal abscess and tuberculosis, it is hard to

suspect tuberculosis in the first place. Medical therapy is

the mainstay in the treatment of tuberculomas, surgical

drainage is required to relieve compressive symptom

[9–11]. One of our patient presented with typical chronic

back pain and painless neck swelling. On further evaluation

with radiological investigations and diagnosis was made.

Significant improvement was seen after surgical drainage

of abscess and with anti-tubercular treatment.

Failure to treat these patients in a timely manner may

lead to further extension of the abscess to adjoining spaces.

It is also important to recognize that immunocompromised

patients are at risk for different pathogens compared to

immunocompetent patients.

Conclusion

Deep neck infections are a serious but treatable group of

infections affecting the deep cervical space and charac-

terized by rapid progression and life-threatening compli-

cations. These infections remain an important health

problem with significant morbidity and potential mortality.
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Our clinical experience suggests the importance of

prompt management which includes surgical management

and post-operative management with culture directed

antibiotics as it is critical to determine the organism and its

possible resistance patterns and further treatment. Empiri-

cal antibiotics should cover gram-positives, especially

Methicillin resistant staphylococcus aureus (MRSA),

gram-negatives and anaerobes.
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The impact of low-dose aspirin on markers of inflammation and placental
function: an ancillary study of the ASPIRIN trial
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ABSTRACT
Objective: To determine the impact of low-dose aspirin (81mg) on markers of maternal inflam-
mation and placental function.
Setting: Rural Southern India
Population: Nulliparous women with a singleton pregnancy dated by ultrasound who were
enrolled in the ASPIRIN (Aspirin Supplementation for Pregnancy Indicated risk Reduction In
Nulliparas) Trial.
Methods: We performed a case-control study to elucidate the impact of low dose aspirin (LDA)
on markers of placental function and maternal inflammation among women who delivered pre-
maturely compared to term controls in women enrolled in the ASPIRIN trial. Women were pro-
spectively enrolled in an ancillary observational trial wherein maternal serum was collected and
measured between 10 to 13weeks and 17 to 21weeks of gestation after initiation of aspirin or
an identical placebo.
Results: From 2016-18 with a total of 666 n women enrolled in this ancillary trial of whom 269
were selected for analyte analysis. Women who received LDA had lower levels of Alpha Feto-
Protein (AFP) at 10 to 13weeks than women who received placebo (Placebo) (LDA 18.3 ng/mL
vs 21.4 ng/mL -P 0.001). AFP was similar between the two groups at 17 to 21weeks. No other
differences were seen in C-Reactive protein or Anti-Mullerian Hormone.
Conclusion: Low-dose aspirin administration lowers AFP early in pregnancy.
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Introduction

Background

The World Health Organization estimates that 15 mil-
lion children are born prematurely each year resulting
in the second leading cause of neonatal mortality
throughout the world and in particular low-middle
income countries [1,2]. In addition to its significant
contribution to mortality, the impact of preterm birth
amongst children born prematurely often continues
throughout their lifespan. Compared to children born
at term, children born prematurely have higher rates
of cerebral palsy, milestone delay, impairment in learn-
ing, visual disorders and higher rates of long-term
physical health problems [3–5].

Recently, the Aspirin Supplementation for
Pregnancy Indicated Risk Reduction In Nulliparas
(ASPIRIN) trial demonstrated that nulliparous women

with no more than two previous first-trimester preg-

nancy losses treated with Low Dose Aspirin(LDA)

81mg daily beginning between 6 0/7weeks and 13 6/

7weeks through 36 0/7weeks gestational age have

lower rates of preterm birth from all causes and a

decrease in perinatal mortality [6]. Though the

ASPIRIN trial holds the promise of a therapeutic option

for the prevention of preterm birth, the mechanism by

which it works has not been fully elucidated. LDA has

been well chronicled to affect both the COX-1 (throm-

bosis pathway) and the COX-2 (inflammatory path-

way); however, the exact pathway through which it

exerts its effect remains unclear [7,8]. We thus sought

to examine the impact of LDA on both inflammatory

markers and established markers of placental function

amongst women who received either LDA or placebo

in the ASPIRIN trial.
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Material and methods

We performed a case-control study of women enrolled
within the study within the ASPIRIN Trial conducted at
the J N Medical College, Belagavi, Karnataka, India.
(JNMC Women’s and Children’s Health Research Unit;
Global Network for Women’s and Children’s Health
Research). Specifically, we identified women who
delivered before 37weeks (Cases) and women who
delivered at term (controls). As this analysis was
exploratory in nature with no prior data documenting
differences due to aspirin treatment in pregnancy, we
were not able to calculate the power analysis. We thus
established a goal of including approximately 50 pre-
term birth cases and 150 term controls. Either sample
limitations or technical challenges in laboratory meas-
urement intermittently precluded achieving the full
50/150 ratio. Due to sample limits, a separate either
preterm or control case was chosen rather than hav-
ing a fixed cohort of patients used for all specimens.
The study protocol was approved by the ethics com-
mittee of the institution and women were individually
consented for participation. As part of the primary
study, women were included if they were nulliparous
with no more than 2 prior pregnancy losses, pregnant
with a singleton pregnancy between 6weeks and
13weeks and 6 days as verified by ultrasound. Women
with fetal anomalies or medical conditions contraindi-
cated to receive LDA were excluded. About two weeks
after randomization to either LDA or placebo, serum
was obtained and stored at �800C degree until ana-
lysis. A second sample was obtained at 17-21weeks
gestation and similarly stored. Women who experi-
enced an abortion prior to 16weeks were excluded.

We chose markers AFP and AMH, either because in
prior publications they were associated with poor out-
comes that low dose aspirin has been shown to posi-
tively affect (preterm birth, preeclampsia and fetal
growth restriction) or in the case of C reactive protein
a well-established marker of chronic inflammation.

Measurements of the various analytes were per-
formed using a standardized immunometric immuno-
assay (Alphafetoprotein [AFP]- R&D Systems, kit#
DAFP00; Anti-Mullerian Hormone [AMH]-Catalog
Number: DY1737 R&D Systems) and
Immunoturbidimetric (C-Reactive Protein [CRP]- Roche
Diagnostics) methods in accordance with the kit man-
ufacturers protocol.

Statistical analysis

Our primary outcome was preterm birth defined as
delivery before 37weeks. Secondary outcomes of

interest were PTB <34weeks and hypertensive disor-
ders of pregnancy. All continuous variables were
assessed for normality using the Shapiro Wilk test.
Bivariate analysis was performed using the Wilcoxon
Rank Sum test where appropriate. Additionally, we
compared the impact of LDA on these biomarkers on
these analytes using a Wilcoxon Rank-Sum Test. All
analyses were complete using STATA v15.1 (Colleges
Station, TX).

Results

A total of 666 women participated in this investigation
of which a total of 7 experienced an abortion prior to
16weeks. A total of 269 women had sample results
that were able to be included (45 preterm and 224
term). Demographic data of the total cohort are dis-
played in Table 1. Maternal demographics were noted
to be similar between the two groups. Consistent with
the results of the parent trial, women who received
Aspirin had lower rates of preterm birth but this did
not meet statistical significance in this much smaller
cohort enriched with preterm birth cases. Similarly,
birthweight tended to be greater in the Aspirin group
and conversely the rate of small for gestational age
(SGA) and birthweight <2500gm were lower in the
Aspirin group. Of note the rate of birthweight
<1500gm was noted to be similar.

Results of the analytes are displayed in Table 2.
Variable numbers of samples are noted. This is noted
to reflect participants declining a second blood draw,
hemolysis encountered with certain samples and insuf-
ficient quantities of available blood. Notably, none of
the values were normally distributed by the
Sharipo–Wilk test and therefore only Wilcoxon Rank-
Sum tests are reported. LDA use was associated with
markedly lower levels of AFP at the first time point
that blood was drawn. No difference was seen in the
values of any of the analytes as they related to either
preterm birth or hypertensive disorders of pregnancy;
excepting that AFP at the time of the first blood draw
was found to be lower. Neither of these differences
persisted at the second time point.

The relationship of the varied measured analytes on
gestational age is displayed in Table 3. Only C reactive
protein at the first visit was shown to correlate with
gestational age. This result was noted to be positive
suggesting that higher-reactive protein is associated
with longer gestational ages.
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Discussion

The results of our investigation suggest several inter-
esting tenets about how the role in Aspirin in preg-
nancy. First and foremost, we noted that AFP is
decreased at the time of the first blood draw amongst
women who took aspirin compared to those who did
not take aspirin. This difference was not noted at the

second blood draw. AFP has been well documented
to be associated with poor obstetrical outcomes
including both preterm birth and ischemic placental
diseases [9–14]. These are noted to include preterm
birth, preeclampsia and fetal growth restriction. All of
these outcomes have been shown in randomized con-
trolled trials of aspirin to be positively impacted on
maternal LDA consumption. Though our limited data
did not show a correlation of first trimester AFP with
any obstetric outcomes, this is probably a reflection of
sample size. This data is suggestive that aspirin plays
an important role in facilitating deep placentation
[15,16] and that its early initiation is important as this
process occurs largely before 18weeks. Several meta-
analyses have suggested that early initiation of aspirin
is key to avoidance of preeclampsia [17–20]. This
would suggest that measurement of AFP in the first
trimester may be a useful biomarker to understand
the efficacy of LDA in pregnancy; however, larger val-
idation studies are necessary.

In contrast to AFP, we saw no differences in the
levels of either AMH or CRP at either gestational time
points. It should be noted that AMH was lower at
both time points among women taking aspirin but

Table 2. Serum analytes.
Preterm (<37 Weeks) N Term N p Value

AFP1 18.3 ± 9.9 41 21.4 ± 15.7 151 .56
AFP2 64.9 ± 62.5 29 65.9 ± 37.9 102 .31
CRP1 1.9 ± 1.8 39 2.3 ± 1.9 137 .12
CRP2 3.3 ± 3.3 25 3.4 ± 2.9 88 .82
AMH1 2.0 ± 1.8 40 1.9 ± 1.5 152 .96
AMH2 1.7 ± 1.2 24 1.5 ± 1.5 91 .26

PTB< 34 Weeks No PTB� 34 Weeks
AFP1 16.4 ± 6.9 15 21.1 177 .48
AFP2 65.7 ± 41.0 9 66.9 ± 44.6 122 .82
CRP1 1.4 ± 0.8 13 2.3 ± 1.9 163 .21
CRP2 3.7 ± 4.2 8 3.3 ± 2.8 105 .91
AMH1 2.2 ± 1.6 14 1.9 ± 1.5 178 .51
AMH2 1.5 ± 1.1 9 1.55 ± 1.5 106 .69

HDP No-HDP
AFP1 22.3 ± 14.9 25 20.5 ± 14.8 167 .44
AFP2 67.8 ± 47.3 16 65.3 ± 44.4 115 .87
CRP1 2.1 ± 1.8 23 2.3 ± 1.9 153 .65
CRP2 3.4 ± 2.3 13 3.3 ± 2.9 100 .62
AMH1 1.7 ± 1.7 26 2.0±1.5 166 .16
AMH2 1.2 ± 1.2 14 1.6 ± 1.5 101 .34

Aspirin Placebo
AFP1 17.3 ± 12.3 92 23.9 ± 16.0 100 .001
AFP2 60.2 ± 34.1 59 70.3 ± 50.9 72 .41
CRP1 2.2 ± 1.8 82 2.3 ± 1.8 94 .90
CRP2 3.1 ± 2.5 50 3.5 ± 3.1 63 .57
AMH1 2.1 ± 1.4 92 1.8 ± 1.6 100 .10
AMH2 1.4 ± 1.1 54 1.6 ± 1.7 61 .70

NB: All p-values are Wilcoxon Ranks Sums.

Table 3. Analytes and gestational age.
Analyte Coefficient (weeks/unit) 95% CI p Value

AFP1 0.054 �0.002 to 0.11 .06
CRP1 0.44 0.14 to 0.88 .043
AMH1 �0.12 �0.64 to 0.40 .65
AFP2 0.002 �0.12 to 0.16 .73
CRP2 �0.02 �0.25 to 0.21 .87
AMH2 �0.033 �0.51 to 0.45 .89

Table 1. Maternal demographics and birth outcomes.
Aspirin (N¼ 129) Placebo(N¼ 146) p Value

Demographics
Age 20.6 ± 3.0 21.0 ± 3.2 .38

Education
None 0.8% 5.5%
Primary 3.1% 4.1%
Secondary 81.4% 77.4%
Universityþ 14.7% 13.0% .16�
Height Cm 151.8 ± 5.5 151.7 ± 5.4 .90
Weight Kg 47.1 ± 8.2 47.1 ± 7.5 1.0
BMI 20.4 ± 3.4 20.4 ± 3.0 .98
Prior Abortion 0.11 ± 0.34 0.10 ± 0.32 .78
Hb on enrollment 11.6 ± 1.4 11.4 ± 1.4 .28
Gestational Age at sample 1 11.6 ± 2.6 11.7 ± 5.1 .80
Gestational Age at sample 2 18.7 ± 2.2 19.6 ± 3.8 .16

Birth Outcomes
Gestational Age Weeks 37.7 ± 5.2 37.6 ± 5.4 .90
Birth Weight (gm) 2759 2588 .005
PTB< 37weeks 12.1% 18.4% .18
PTB< 34weeks 7.8% 7.5% .94
Stillbirth 3.2% 5.7% .39�
Hypertensive Disorders of Pregnancy (HDP) 11.3% 10.6% .87
Small for gestational age 27.9% 45.0% .006
<2500 gm 15.7% 34.8% .001
<1500 gm 1.7% 4.4% .29�
�Fisher’s exact test.

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE 3



neither was statistically significant. AMH has been
shown by others to be associated with preterm birth;
albeit it has mostly been evaluated in the setting of
women with infertility issues which may intersect with
other medical conditions [21,22]. Finally, C-reactive
protein is an acute marker of inflammation and may
not be predictive of obstetrical conditions.

Our study has several strengths and weaknesses.
First, this is an ancillary study on a well-described, pro-
spectively phenotyped group of women and masking
to treatment allocation was maintained throughout
the study. Second, gestational age was validated using
an early ultrasound. Weaknesses of our study include
the fact that the overall numbers of specimens were
variable based upon technical challenges with the
assays. Additionally, our overall sample size is limited
and therefore we may lack adequate power to detect
meaningful differences.

In conclusion, our study suggests that AFP in the
first trimester is reduced by LDA therapy.
Unfortunately, most likely due to sample size, we are
unable to demonstrate the predictive effects of AMH,
AFP and CRP on important obstetrical outcomes.
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Abstract

Babies in Neonatal Intensive Care Units (NICU) have an additional risk for hearing loss due to various
risk factors like, prematurity, low birth weight, mechanical ventilation, hyperbillirubinemia, ototoxic
drugs, low APGAR score etc. as compared to the babies from well baby nursery (WBN) who, poses
risk factors mostly family history, syndromic deafness. So the present study was aimed know the risk
factors responsible for hearing loss in NICU and WBN babies and to assess the incidence of deafness.
A total of 800 babies from NICU (n = 402) and WBN (n = 398) underwent hearing screening from a
tertiary care center. Hearing screening was done using two staged screening protocol as per JCIH
guidelines with Distortion product Evoked Otoacoustic Emissions (DPOAE) and Automated Auditory
Brainstem Responses (A-ABR). According to DPOAE test, 311 from NICU and 383 from WBN
passed the test and during second screening, 80 out of 91 from NICU and 11 out of 13 from WBN
passed the DPOAE test. Further BERA was done at the 3  month of corrected age where 6 out of 11
showed positive responses from NICU and 3 babies from WBN had profound hearing loss. Data
analysis revealed that family history of deafness, anemia and hypertension in ANC, TORCH in mother,
low Apgar score and hyperbillirubinemia in newborns were a major risk factor for hearing impairment.
We conclude that the diagnoses of auditory disorders at early stage due to various risk factors are
important since appropriate therapeutic intervention and rehabilitation would help in better
development of children.

Keywords: JCIH risk factors, Hearing loss, Neonatal intensive care unit, DPOAE test, Universal
newborn hearing screening (UNHS)

Introduction

As per World health organization (WHO), 0.5 to 5 per 1000 newborn and infants have congenital or
early childhood onset sensorineural deafness or severe-to-profound hearing impairment [18]. Genetic
factors contribute to 50% with no other risk factors and this may go unnoticed in the normal newborn
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population. NICU babies are a subset of the general newborn population displaying characteristically
high incidence of risk factors for hearing loss.

In the year 2000, Joint Commission on infant hearing (JCIH) proposed several perinatal risk factors
which increase the incidence of deafness by up to 14.1% [22]. Hearing loss being an invisible
disability, early detection of deafness has been a long standing priority in the field of otology. Currently
the mean age of identification of pediatric deafness is 24 to 30 months. This results in loss of precious
duration of Cerebral plasticity. In India, hearing disability has a higher prevalence in children aged 0–
4 years (0.60%) and 5–9 years (0.28%) than all other disabilities (0.32%). Also with limited resources
and population burden there are no established universal newborn hearing screening (UNHS) programs
as it is masked by other life-threatening public health diseases [11] JCIH strongly recommends all
neonates should undergo hearing screening by the first month of life and diagnosis should be made by
3 months of age, so that it can benefit patients by timely fitting of hearing aids or cochlear implants [1,
19].

Clinically, it is difficult to detect the early hearing loss in newborns. There are two widely used tests for
the hearing screening. OAE an objective test which determine the cochlear status, especially the outer
hair cells function, and BERA tests the functional integrity of the auditory pathway from the eighth
nerve to brainstem. As OAE is simple, quick, and inexpensive, it is usually more preferred than BERA
for screening as a first step in newborns [27]. The JCIH has set separate test protocols for NICUs and
well-baby nurseries, recommending a two-step screening procedure for all healthy low-risk newborns,
with OAEs followed by a-ABRs if there is no response at the original screening test. In 2007, JCIH set
out revised guidelines, with specific mention of ANSD(Auditory Neuropathy Spectrum Disorders)
detection and listing indicators which point to high-risk of developing permanent childhood hearing
impairment [1].OAEs are not enough and ABRs should be the basis of the screening in order not to
misdiagnose ANSD cases.

The genetic factors contribute 50–70% of either syndromic (30%) or non-syndromic (70%) profound
hearing loss [24]. Over 400 syndromes presenting audiological disorders among other clinical
manifestations have been identified, [25]. Non-syndromic deafness is related to mutations of genes that
regulate the production of the gap junction protein connexin 26, which causes abnormal cochlear hair
cell function. Overall, only 50% of hearing impaired infants have known risk factors, as given by JCIH,
a fact that underlines the necessity for UNHS [26]. Several studies have tried to identify and re-
evaluate the role and relative importance of certain risk factors in the development of hearing loss.We
have done this study to find the incidence of hearing loss in newborns and also risk factors associated
among well baby nursery and high-risk newborn from NICU at tertiary care hospital and also to
develop a protocol and methodology for regular screening programme.

Materials and Methodology

Study Design

This is a clinical, prospective cross sectional study conducted at a tertiary care hospital of North
Karnataka. A total of 402 babies from NICU and 398 normal newborn babies from well baby nursery
(WBN) formed the study group. Ethical clearance for the study was obtained from the institutional
ethics committee. Informed consent taken from the parents. A detailed history taken and documented in
preformed proforma. Detailed history regarding prenatal, natal, demographic details, family history of
deafness and consanguinity, gestational history of the mother, intra-natal and postnatal events, and
complications and postnatal period were recorded from the mother. High-risk factors as per JCIH
category were defined.. Low birth weight baby, preterm baby, delivery by cesarean section, birth
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asphyxia, congenital anomalies, neonatal jaundice, newborns with a history of convulsions, and
infection were categorized into high-risk group. Positive antenatal history of drug intake, hypertension,
diabetes, hypothyroidism, and Rh incompatibility were also considered as risk factors.

A two-stage screening protocol was made as per JCIH guidelines, in which newborn babies were
screened first with Distortion product otoacoustic emissions (DPOAE). Infants who fail the OAE were
screened for auditory brainstem response (ABR). In this two tier screening program, the second tier
being ABR (which is more expensive) was done only for a select few, making the program more
practical and viable.

Portable OAE machine is completely automated analysis systems that gives Result.as PASS (normal
functioning) or REFER (poor functioning). Parents of babies who failed (REFER) the screening test
were asked for follow up after counseling. Those who passed on the second DPOAE screening were
discharged from the study while those who failed second time were referred for further BERA testing,
which was performed at 3 month of corrected age after all diagnostic evaluation. Recording of
waveforms in BERA was done at different intensities starting at 90 dB. Two replications were obtained
at each intensity and peaks I,III, V were marked wherever present. Phone calls and letters were used to
contact parents who failed to return for follow up.

Statistical Analysis

Data from the proforma questionnaire and the results of the testing were tabulated in Microsoft excel
and subjected to analysis using Statistical Package for Social Sciences [SPSS] for Windows Version
22.0 IBM Corp. was used to perform statistical analyses. The level of significance was set at P < 0.05.

Results

During the study period there were a total of 798 (NICU baby (n = 402), Well baby Nursery (WBN, n 
= 396) babies who underwent OAE for hearing assessment. NICU babies were assessed as per the
JCIH RISK factors and 398 babies from WBN had few environmental risk factors as per JCIH. In the
first DPOAE test screening, 311 from NICU and 383 from WBN passed the test and monitoring after
4–6 weeks on second DPOAE, 80 out of 91 from NICU and 11 out of 13 passed the test. Further BERA
was done at the 3  month of corrected age where 6 out of 11 showed positive responses for 50 db from
NICU babies and 5 babies showed profound hearing loss. From WBN out of 3 babies, one baby had
moderate to severe and two babies had profound hearing loss. Flow chart of children/patient grouping
is shown in Fig. 1.

rd

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/figure/Fig1/
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Fig. 1

Flow chart showing selection and grouping of children

The demographics of NICU baby that includes frequency and percentile of male: female ratio,
education level, consanguineous marriage family history of deafness and associated JCIH risk factors is
given in Table 1 and the risk factors associated with the babies from well-baby nursing (WBN) is
represented in Table 2. Age parameter was significant to the deafness (p = 0.048) between babies of
WBN but insignificantly associated with babies from NICU. Consanguineous marriage was a
significant risk factor noted in both NICU and WBN groups with p = 0.003 and 0.452 respectively.
Mode of delivery including normal (p = 0.096) and assisted delivery (p = 0.033) were noted to be
significant in NICU babies whereas LSCS caesarean section was insignificant in both the groups
(NICU, p = 0.428 and WBN, p = 0.946). Family history was also assessed for the cause of deafness in
both the groups and was found to be extremely significant (p = 0.003) in NICU babies and (p = 0.013)
in well-baby nursing.

 
 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8205201_12070_2021_2683_Fig1_HTML.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/figure/Fig1/
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/table/Tab2/


1/19/22, 9:40 AM A Study of JCIH (Joint Commission on Infant Hearing) Risk Factors for Hearing Loss in Babies of NICU and Well Baby Nursery at …

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/ 5/14

Table 1

Demographic details and presentations among NICU children

Open in a separate window

Characteristics P value Exp(B) 95% C.I. for EXP(B)

Lower Upper

Age 0.699 1.009 0.966 1.053

Sex

 Female – – – –

 Male 0.731 1.102 0.635 1.912

Education

 H 0.514 – – –

 I 0.468 2.55 0.203 31.987

 G 0.334 1.303 0.761 2.23

Consanguos marriage

 No – – – –

 Yes 0.132 1.744 0.845 3.6

ANC

 Anaemia 0.521 – – –

 IUGR 0.117 0.266 0.051 1.395

 Hypertension 0.311 1.821 0.571 5.807

 Preeclampsia 0.632 0.578 0.061 5.457

 Anaemia and IUGR – – – –

 N 0.677 0.875 0.465 1.643

 Hypertension and anaemia 0.288 2.593 0.446 15.059

Family H/O deafness

 No – – – –

 Yes 0.003 12.757 2.348 69.3

Mode of delivery

 Normal 0.096 – – –

 Assisted delivary 0.033 0.366 0.145 0.924

 LSCS caeserian section 0.428 0.767 0.397 1.48

Torch infection

 No – – – –

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/table/Tab1/?report=objectonly
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Table 2

Demographic details and presentations among Well Baby Nursery

P Value Exp(B) 95% C.I.for EXP(B)

Lower Upper

Age (Days) 0.05 1.412 1.003 1.986

Sex

 Male – – – –

 Female 0.234 2.109 0.618 7.206

Family history

 No – – – –

 Yes 0.013 12.317 1.702 89.114

Consanguineous marriage

 No – – – –

 Yes 0.452 2.056 0.314 13.461

Mode of delivery

 ND – – – –

 LSCS 0.946 1.065 0.169 6.725

Maternal illness

 AN – – – –

 HT 0.997 – – –

 No 0.004 0.139 0.036 0.532

Gestational age (weeks) recoded

 Preterm – – – –

 Early term 0.588 1.961 0.171 22.504

 Full term 0.820 0.713 0.039 13.056

 Late term – – – –

Open in a separate window

WHO [10] lists a number of factors that contribute to hearing loss including hereditary and non
hereditary genetical factors or the intrauterine infections such as rubella and cytomegalovirus infection
during the prenatal period. In the perinatal period, birth asphyxia, hyperbilirubinemia, low-birth
weight and other perinatal morbidities and their management are shown to be risk factors of hearing
loss. The current study analyses the torch infection, amino injection and application of mechanical
ventilators for its association with hearing loss. Torch infections which are causative pathogens of
congenital infections (p = 0.022) and hyper-bilirubinaemia > 10 (p = 0.001) was noted to be associated
with deafness in NICU babies. Interestingly use of routine medication was not a valid factor associated
with hearing loss (p = 0.220) in NICU babies. Other factors including gestational age, birth weight

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/table/Tab2/?report=objectonly
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(very low birth weight, p = 0.188), (low birth weight, p = 0.149), (normal weight, p = 0.670) were not
significant. Similarly, APGAR score of low (p = 0.698), intermediate (p = 0.444) and normal (p = 
0.407) in NICU babies were not significant. Maternal illness in HT (p = 0.997) and No (Apparently
healthy) (p = 0.004) was significant in well baby nursing. The use of mechanical ventilator (p = 0.730),
craniofacial anomaly, neurological factors and other associated syndromes (p = 0.534) were not
associated with respect to the deafness.

The Receiver Operating Characteristic Curve (Fig. 2) with a probability cut off at 0.5 suggests that the
maximum area under the curve was seen at a sensitivity of 0.769 and specificity of 0.775. Hence all the
above-mentioned factors in Table 1 that were analysed and assessed contribute to hearing loss. RoC
curve for REFER (Fig. 3) with (CI: 0.736–0.960) show that most of the parameters were associated
with the deafness in NICU baby.

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/table/Tab1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/figure/Fig3/
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Open in a separate window
Fig. 2

ROC curve analysis for NICU children. The RoC Curve with a probability cut off at 0.5 suggests that the
maximum area under the curve was seen at a sensitivity of 0.692 and specificity of 0.688. This RoC curve
is for REFER with (CI: 0.736–0.960). Most of the parameters were associated with the deafness in NICU
baby

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/figure/Fig2/?report=objectonly
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Open in a separate window
Fig. 3

ROC curve analysis for apparently healthy children. The Receiver Operating Characteristic Curve with a
probability cut off at 0.5 suggests that the maximum area under the curve was seen at a sensitivity of 0.769
and specificity of 0.775. Hence all the above-mentioned factors in Table 2 that were analysed and assessed
contribute to hearing loss

Discussion

Sense of hearing has been recently considered as a severe health problem by National Program for the
prevention and Control of Deafness (NPPCD). Auditory sense if undetected at an early stage lead to
speech impairment, developmental issues and loss of productive years of the child. Therefore detection
of hearing loss at the neonatal stage decreases the burden, where intervention therapies can help the
children. A two stage screening test involving otacoustic emission (OAE) and Auditory Brainstem

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8205201/figure/Fig3/
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response Audiometry (BERA) screening have been recommended [23]. When a Child develops hearing
loss with no risk factors involved, first tier genetic screening for the role of the GJB2 gene encoding
protein connexin-26 is also recommended since this gene accounts for 20% of sensorineural hearing
impairment [6].

Early hearing detection and intervention (EHDI) states that screening infants at 1, 3 and 6 months of
age, help in early prognosis and treatment procedures. In a study involving 303 childern, the age of
suspicion, diagnosis and intervention was observed to be 18, 72, 84 months respectively. Parent’s
literacy, father’s occupation, consangiuos marriage, socioeconomic status and geographical location of
the family determined the age of diagnosis [7]. A prior study by Chary et al. [8] in rural Karnataka,
India showed the age of hearing loss recognition between 24 and 36 months.

The current study aims to understand the incidence of deafness in newborn for NICU and WBN
nursery groups with various risk factors as proposed by JCIH using DPOAE and BERA. Various
studies show the incidence of hearing loss in newborns in India. In one of pilot studies conducted Paul
et al. [21] at Cochin the incidence of hearing loss were 10.3/1000 births in NICU and 0.98/1000 births
in well baby nursery group. In another study by Nagapoornima, et al. [16] an incidence of hearing loss
of 5.6/1000 births was demonstrated. Hearing impairment incidences were higher in the current study
much larger than the national average of 4/1000. This may be because our tertiary care centre hospital
has large number of high risk deliveries leading to larger caseload of at-risk group. Our finding is in
contradictory to the other reports, it might be because of less sample size.

Risk factors that lead to hearing impairment are primarily due to genetic aspects, congenital infections
and craniofacial abnormalities. Infectious congenital hearing loss is linked to Toxoplasma gondii,
Rubella virus, Cytomegalovirus, herpes simplex virus and Treponema pallidum [14]. Besides risk
factors such as positive history of hearing loss in families, consangiuos marriage, admission to NICU,
decreased birth weight, increased gestational age, medical interventions such as mechanical ventilation,
ototoxic drug use, venous access and increased duration of hospital stay have been linked to increased
hearing loss. Bilirubin induced neurotoxicity (BINT) also leads to auditory disorder where neonates
with extreme hyperbilirubinemia (Total Serum Bilirubin ≥ 25 mg/dL) were associated with BINT [2].
Unbound bilirubin is shown to strongly associate with auditory toxicity in 28 out of 100 neonates [2].
Preterm and term infants are affected up to 84% by hyperbilirubinemia during the first week of life.
Total serum/plasma bilirubin elevated levels can be mild, transitory or inconsequential in most of the
babies [3].

The current study shows that normal and assisted delivery, family history of hearing loss, torch
infections and hyperbilirubinemia greater than 10 were strongly associated with the hearing loss of
NICU babies. Age and family history of hearing loss were linked with the hearing impairments of
WBN babies. No significant association between hearing loss and birth weight of the babies, C-section
delivery, medication, gestational age, amino injection, mechanical ventilation, associated syndromes
and craniofacial abnormalities was observed. However APGAR score (p < 0.05) and family history (p 
= 0.013) were found to have significant association. The current study is in accordance with multiple
reports on risk factors of hearing impairments. In a prospective non randomized clinical study
involving 8192 babies around the rural areas of Maval, Maharastra, India, various risk factors such as
low birth weight (5.9/1000 high risk births), hyperbilirubinemia (3.56/1000 high risk births) and
craniofacial abnormalities in neonates (1.18/1000 high risk births) were associated with hearing
impairment. There was strong association between high risk babies (10.69/1000 births) and hearing
loss when compared to well babies (1.689/1000 births). Birth weight (less than 2.5 kg),
hyperbilirubinemia, asphyxia and family history are the high risk factors leading to hearing loss, where
five infants failed in both OAE and tympanometry screening. This study screened 2000 live neonates at
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a tertiary care institute around a 12 month period [4] A study involving 307 children were assessed for
etiologies related to mild or severe hearing loss. Stay at NICU, mechanical ventilation, ototoxic drug
(aminoglycoside exposure), oxygen need and history of deafness in the family positively correlated
with the hearing loss. No significant association between hearing loss and congenital disease
(cytomegalovirus), bacterial meningitis, streptococcus positivity, loop diuretic exposure and ECMO
[20].

A longitudinal cohort study involving 87 babies showed that NICU (65.52%), ototoxicity (48.28%),
hyperbiliirubinemia (46.55%) and mechanical ventilation (39.66%) played a major risk factor in the
development of hearing loss. Preterm babies were at higher risk pertaining to the parameters when
compared to full term babies. APGAR score, infections, gestational age also played a major role [22–
24]. In our study, family history of deafness in NICU and WBN group has statistical significance (p =  
< 0.001). Ganapathy et al. [10] conducted study on association of family history and consanguinity that
showed 18.6 and 39.5% of babies having hearing loss in India. This study was also supported by an
analysis on Mumbai school children by D’Mello et al. [9]. Family history of hearing loss is seen in
different studies in India, with 25% in Karnataka and in Kerala, 45% had a family history of deafness
with mutations in GJB2 gene [12, 15].

Risk factors contribute to the burden of hearing impairment in developing countries. Most cases of
deafness in India are preventable as per WHO report which is aimed to be reduced to 1%. Screening at
younger age as early as in the prenatal and perinatal period can help in effective management of
hearing impairment. But the challenges that are faced to avail the services related to diagnosis of
hearing loss in rural children include cultural, educational, financial and navigational barriers [9].
Therefore proper medical and counseling regimens should be employed for early detection,
intervention and minimizing the risk factors that induce congenital hearing loss.

Conclusion

To summarize, data analysis in our sample revealed that family history of deafness, anemia and
hypertension in ANC, TORCH in mother, low Apgar score and hyperbillirubinemia in newborns were
a major risk factor for hearing impairment. The diagnosis of auditory disorders at early stage are
important since appropriate therapeutic intervention and clinical treatments would help in better
development of children. We also strongly recommend Universal Newborn Hearing Screening
(UNHS), especially for NICU patients who are having multiple risk factors for hearing loss.
Multicenter studies incorporating large sample size should be done at different levels of health care in
order to get a clearer picture of hearing status of babies in developing countries. IN India, majority of
hospitals do not conduct universal or high risk screening. In such a situation, a centralized facility
catering to all hospitals in a city is a practical option.
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Abstract

Background

The Community-Level Interventions for Pre-eclampsia (CLIP) trials (NCT01911494) in India, Pakistan
and Mozambique (February 2014–2017) involved community engagement and task sharing with
community health workers for triage and initial treatment of pregnancy hypertension. Maternal and
perinatal mortality was less frequent among women who received ≥8 CLIP contacts. The aim of this
analysis was to assess the incremental costs and cost-effectiveness of the CLIP intervention overall in
comparison to standard of care, and by PIERS (Pre-eclampsia Integrated Estimate of RiSk) On the
Move (POM) mobile health application visit frequency.

Methods

Included were all women enrolled in the three CLIP trials who had delivered with known outcomes by
trial end. According to the number of POM-guided home contacts received (0, 1–3, 4–7, ≥8), costs
were collected from annual budgets and spending receipts, with inclusion of family opportunity costs in
Pakistan. A decision tree model was built to determine the cost-effectiveness of the intervention (vs
usual care), based on the primary clinical endpoint of years of life lost (YLL) for mothers and infants.
A probabilistic sensitivity analysis was used to assess uncertainty in the cost and clinical outcomes.

Results

The incremental per pregnancy cost of the intervention was US$12.66 (India), US$11.51 (Pakistan) and
US$13.26 (Mozambique). As implemented, the intervention was not cost-effective due largely to
minimal differences in YLL between arms. However, among women who received ≥8 CLIP contacts
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(four in Pakistan), the probability of health system and family (Pakistan) cost-effectiveness was ≥80%
(all countries).

Conclusion

The intervention was likely to be cost-effective for women receiving ≥8 contacts in Mozambique and
India, and ≥4 in Pakistan, supporting WHO guidance on antenatal contact frequency.

Trial registration number

NCT01911494.

Keywords: health economics, maternal health, obstetrics, hypertension, intervention study

Key questions

What is already known?

Recent reviews have indicated that many community health worker-led initiatives are cost-
effective for maternal, neonatal and child health outcomes in low and middle-income
countries (LMICs).

Health economic analyses relating to interventions for the hypertensive disorders of
pregnancy have been based primarily on diagnostic and clinical interventions.

What are the new findings?

The Community-Level Interventions for Pre-eclampsia (CLIP) trials are the first to undertake
a solely community-level intervention for pregnancy hypertension.

Consistent with the primary trial data which demonstrated no overall benefit, the CLIP
intervention was not cost-effective as implemented.

When women received at least eight home-based visits from community health workers,
there was a cost-effective reduction in a composite of maternal and perinatal mortality and
morbidity, driven primarily by perinatal mortality.

Data were broadly consistent across three diverse LMIC settings (in India, Pakistan and
Mozambique), and provide support for the cost-effectiveness of community health worker-
led interventions when staffing levels can support sufficient coverage of the population and
frequency of contacts.

What do the new findings imply?

The CLIP trials were not a cost-effective approach to reducing adverse maternal and perinatal
outcomes as implemented, but our findings of increasing cost-effectiveness with higher
frequency of antenatal contacts support community-level intervention if scalability can be
achieved.

Our data support a role for community health workers in delivering the eight antenatal care
contacts model advocated by the WHO.

https://clinicaltrials.gov/ct2/show/NCT01911494
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Introduction

The hypertensive disorders of pregnancy are one of the primary global causes of maternal and fetal
mortality  and morbidity, with pre-eclampsia specifically resulting in an estimated 76 000 maternal and
500 000 perinatal deaths annually.  Recently, using data from the Community-Level Interventions for
Pre-eclampsia (CLIP) cluster randomised controlled trials (cRCTs) in India, Pakistan, Mozambique and
Nigeria, we estimated the incidence of pregnancy hypertension in low and middle-income countries
(LMIC) to be at least 10%, at least as high as in well-resourced settings.

Many of the pregnancy hypertension-related deaths occur either prior to women arriving at a health
facility or after arriving there too late to prevent a fatal complication.  As a result, there has been
interest in mobilising front-line providers, such community healthcare workers (CHWs) to provide
earlier care and facilitate referral to facility.  However, it has not been demonstrated that such an
approach was effective or cost-effective.

The CLIP cRCTs in India, Pakistan and Mozambique leveraged the existing CHW workforce to
identify, implement initial treatment and triage hypertensive pregnant women in their communities to
facility, as well as to provide education to communities about obstetric emergencies and the
hypertensive disorders of pregnancy specifically. There was no evidence that the CLIP intervention
was effective in decreasing a composite of maternal and perinatal mortality and morbidity as
implemented by the existing workforce. Consequently, the intervention was received by fewer women
than anticipated (ie, 7055 (90.0%) in India, 11 399 (56.3%) in Pakistan and 4809 (60.4%) in
Mozambique).  An a priori-determined contact frequency analysis indicated effectiveness in
reducing maternal and perinatal mortality and morbidity among women who received the intervention
per protocol; at least four visits in Pakistan, and at least eight visits in both India and Mozambique.
These findings were consistent with the recent WHO eight antenatal care contacts model.

Health economic analyses in such global health trials are required, as they often provide policy
direction for resource allocation for improving maternal and newborn health.  Assessing cost-
effectiveness of CHW-led interventions has been a matter of debate,  and definitive determination of
whether or not such an approach is a fiscally viable way of reducing adverse maternal and fetal
outcomes is required.

The aim of this study was to assess the cost-effectiveness of the CLIP trial intervention in each of
India, Pakistan and Mozambique in comparison to standard of care, and to determine whether or not
cost-effectiveness differed between countries or according to the number of CHW-provided contacts a
woman received.

Methods

This was a planned secondary analysis of the clinical and cost data collected from the CLIP cRCTs in
Karnataka state, India, Sindh province in Pakistan, and Maputo and Gaza provinces in Mozambique,
based on a previously published protocol  and reported in line with a Consolidated Health Economic
Evaluation Reporting Standards checklist.  (See online supplemental appendix 1 for the Statistical
Analysis Plan.)
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Study population

The CLIP trials targeted pregnant women (15–49 years in India and Pakistan, and 12–49 years in
Mozambique) across all intervention and control clusters (12 in each of India and Mozambique, and 20
in Pakistan). All women enrolled provided written consent. All were included in the economic analysis
provided they had delivered by trial end and had data on the primary outcome of a composite of
maternal and perinatal morbidity or mortality.

CLIP intervention

The methods for the CLIP trials are described in detail elsewhere.  Briefly, each of the cRCTs aimed
to reduce all-cause maternal and perinatal morbidity and mortality by community-level initial triage
and treatment of hypertensive women in their community, and timely transfer to facility. The
intervention combined community engagement and pregnancy hypertension-focused home contacts by
CHWs (ie, accredited social health activists and auxiliary nurse midwives (India), female health
workers (Pakistan) and Agentes Polivalentes Elementares (Mozambique)). Community engagement
meetings focused on pre-eclampsia awareness and education around birth preparedness and
complication readiness, and included the pregnant women themselves, as well as their family members
and community stakeholders. CHW-led home contacts were centred around the use of the PIERS (Pre-
eclampsia Integrated Estimate of RiSk) On the Move (POM) mobile health application for risk
stratification.  The POM application helped CHWs to respond to emergency conditions, take women’s
blood pressures, assess proteinuria (using dipsticks at the first and any subsequently hypertensive
visits) and use pulse oximetry (in Pakistan and Mozambique). For hypertensive women, the POM
application directed CHWs to administer oral methyldopa, intramuscular magnesium sulfate, or refer to
a comprehensive emergency obstetric care facility depending on the particular circumstance. In the
control group, women received routine antenatal and postnatal care. In all sites, postnatal care (as a
standard) is rare, but antenatal care rates are high (76% receive at least four visits in Karnataka, 54% in
Sindh and 51% in Mozambique). Antenatal care in all three sites typically takes place at local health or
primary health centres on ‘antenatal care days’ and is provided by a mix of care providers. In both
control and intervention arms, relevant demographic, care-seeking and clinical data were obtained at
enrolment, through to 28 days post partum (newborn) and 6 weeks (mother), through regular cross-
sectional household surveys (every 3–6 months) and, in India, with additional facility record review.

Health systems

Each of the three healthcare systems has primary health centres, local inpatient facilities (combined
with primary health centres in India), referral facilities and major referral centres. Each of the CLIP
sites (Karnataka state in India, Sindh province in Pakistan, and Maputo and Gaza provinces in
Mozambique) was a mix of rural and periurban settings and therefore does not represent the countries
as a whole. In each setting, the CHWs have not been well integrated into any of the three formal health
systems. The CLIP intervention was not a formal health system intervention.

Costs

Within each country, detailed costs associated with the intervention were collected from annual
budgets, receipts and the number of intervention-related activities performed. Costs were divided into
five main categories: (1) CHW training, (2) health worker incentives for providing POM visits, (3)
drug administration costs resulting from POM visits, (4) community engagement sessions (not
including CHW staff costs), and (5) supplies; for details, see online supplemental table S2. Total cost of
the intervention is the sum of these five categories. Discounting of costs was unnecessary due to the
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relatively short time period of the analysis (of less than 2 years). In the main analyses, we did not
account for potential costs associated with differences in care seeking (antenatally or postnatally)
between intervention and control, as these measures were broadly similar between arms.  In
Pakistan, we included out-of-pocket costs to women, gathered by pilot-tested focus group discussions,
in a separate analysis (online supplemental table S2). In India and Mozambique, trial resources and
logistics did not permit these group discussions, and only the above incremental intervention costs were
available. We did not have data available for control arm costs (beyond those above for Pakistan) and,
therefore, these were not included in the analyses. We did not account for the cost of trial surveillance
in both arms, as a potential scale-up of this intervention would not incur these costs. Costs for each
country were converted into US$ rates based on the average exchange rate during the trial (ie, India:
US$1=INR60, Pakistan: US$1=PKR104.7, Mozambique: US$1=MZN64.67).

Supplementary data

bmjgh-2020-004123supp002.pdf

Outcomes

The primary clinical endpoint was mortality for mothers and infants, including stillbirth and neonatal
death. These rates were translated into years of life lost (YLL) based on country-specific WHO life
expectancies.  In contrast to the CLIP primary composite outcome, pregnancy-related morbidities for
mothers and newborns were not included, as there are no validated years of life disabled or disabilities
associated with many of these outcomes in any of the three countries.  Cost-effectiveness was
summarised by incremental cost-effectiveness ratios (ICERs), which are interpreted as the average
incremental cost relative to 1 year of life saved. That is, the cost that a policymaker would have to pay
to extend life by 1 year.

Study perspective

The cost-effectiveness analyses were based on a programmatic perspective, comparing the incremental
cost of implementing the intervention both for the overall intervention as delivered, and for various
scenarios of POM-guided contacts delivered. This comparison assessed the cost to the health system of
implementing the CLIP intervention at various levels but did not account for potential additional costs
to women and their families (ie, patient costs were not included), other than in a secondary analysis in
Pakistan.

Data analyses

The primary economic model used for the base case analysis and probabilistic sensitivity analysis was
a decision tree  based on the following possible decision points: (1) arm of the trial; (2) number of
POM contacts grouped into one of 0, 1–3, 4–7, or ≥8 (within intervention arm branch); (3) whether or
not a POM-guided contact resulted in a referral to facility or use of either methyldopa or magnesium
sulfate at any POM visit; and (4) outcome of pregnancy: maternal death, stillbirth, neonatal death or
survival. See online supplemental figure S1 for details.

Within each country, the conditional probability at each branch was estimated directly from the CLIP
trial surveillance and POM data. SEs for these probabilities were estimated and adjusted for the
clustered structure of the data, and associated mean costs were estimated for each branch. Community
engagement costs were assumed to be distributed evenly across the varying POM contact frequency
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groups. All other costs (CHW training and incentives, supplies, drugs) were distributed on a per contact
basis, meaning branches on the tree corresponded to groups with more POM-guided contacts and
associated costs, to appropriately estimate the associated implementation cost of each frequency
(‘scenario’) of the intervention. In addition, we also computed the average cost per visit by summing
the non-community engagement-related costs (CHW training, CHW incentives, drug administration
and supplies) and dividing by the total number of visits.

We conducted a standard probabilistic sensitivity analysis  to determine the uncertainty associated
with our analyses. All analyses were carried out using R V.3.5.3 and RStudio interface. For this,
probability and costs for each branch were simulated using the above parameters. Costs were assumed
to have gamma distributions, outcomes were assumed to have beta distributions and the probability of
each number of POM visits was drawn from a Dirichlet distribution (online supplemental table S3).
These simulations were run 10 000 times for each country and the results summarised with 95%
credible intervals (as the 2.5th and 97.5th percentiles of the 10 000 runs) for the YLL, cost and ICERs
for each trial arm as well as at each intervention scenario. Results were also visualised using a cost-
effectiveness plane (with points in the top, right corner considered to be cost-effective), and with
willingness-to-pay curves and thresholds for each YLL averted (which shows for increasing cost to a
decision-maker the likelihood of the intervention is cost-effective). Willingness-to-pay thresholds based
on (1) one and three times the country-specific gross domestic product (GDP) per capita in 2016
(India=$1729 and $5188, Mozambique=$429 and $1287, Pakistan=$1368 and $4105) were used
and (2) low and high-range estimates for country-level cost-effectiveness recently advocated
(India=$115 and $770, Mozambique=$8 and $294, Pakistan=$87 and $669).

Patient and public involvement

The design of the CLIP trials was informed by extensive in-country qualitative work with communities,
including focus groups with women, men and other decision-makers, and community leaders.
There was an experienced patient representative on the Technical Advisory Group responsible for
ongoing study surveillance (see the Acknowledgements section). Dissemination activities have been
held with the participating communities in each country, and feedback about the intervention from
women was very positive (eg, ‘you have brought the hospital to my home’).

Results

Data from 61 988 pregnancies of 69 320 enrolled in CLIP (89.4%) were included in the CLIP
economic analyses: 13 017 (88.1%) from India, 35 791 (90.8%) from Pakistan and 13 810 (91.3%)
from Mozambique. The rates of maternal mortality, stillbirth and neonatal death did not differ between
trial arms in any of the CLIP trials, but women receiving at least eight POM-guided contacts in India
and Mozambique, and at least four contacts in Pakistan, had lower rates of each of these outcomes,
with stillbirth (India and Pakistan) and neonatal mortality (Pakistan) being statistically significant, as
previously reported.  Outcome rates and trial intervention details can be found in table 1.
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Table 1

Main trial outcomes and intervention

Open in a separate window

CHW, community healthcare worker; MgSO , magnesium sulfate; POM, PIERS (Pre-eclampsia Integrated
Estimate of RiSk) On the Move.

India Mozambique Pakistan

Intervention
 

n=6908
Control

 
n=6109

Intervention
 

n=6941
Control

 
n=6239

Intervention
 

n=18 441

Control
 

n=17
350

Trial outcomes            

Composite maternal and perinatal
outcome (%)

1252 (18.1) 1157
(18.9)

1246 (18) 1172
(18.8)

5373 (29.1) 4187
(24.1)

Maternal mortality (%) 7 (0.1) 9 (0.1) 15 (0.2) 7 (0.1) 55 (0.3) 51
(0.3)

Maternal morbidity (%) 371 (5.4) 325
(5.3)

735 (10.6) 690
(11.1)

2213 (12) 1728
(10.0)

Stillbirth (%) 191 (2.8) 156
(2.6)

196 (2.8) 162
(2.6)

935 (5.1) 951
(5.5)

Neonatal death (%) 179 (2.6%) 136
(2.2)

218 (3.1) 171
(2.7)

1011 (5.5) 962
(5.5)

Neonatal morbidity (%) 813 (11.8) 790
(12.9)

275 (4.0) 362
(5.8)

2375 (12.9) 1684
(9.7)

Intervention            

Community engagement sessions 1379
groups

– 4243
groups

1379
groups

1368
groups

 
16 691
CHW led

–

CHWs trained 148 – 79 – 223 –

POM-guided contacts (n) 57 562   26 145     54 782

POM-guided contacts per
pregnancy

8.0 (3.0,
12.0)

– 4.0 (2.0,
6.0)

– 3.0 (2.0,
5.0)

–

 0 770
 

(11.1%)
– 2796

(40.3%)
– 7905

 
(42.9%)

–

 1–3 1268
(18.3%)

– 936
 

(13.5%)
– 2718

(14.7%)
–

 4–7 1363
(19.7%)

– 1818
(26.2%)

– 6008
(32.5%)

–

≥8 3507 1391 1810
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Given the varying trial sizes, total implementation costs varied between countries; however, estimates
of intervention costs per pregnancy were similar: US$13.0 in India, US$11.8 in Pakistan and US$15.7
in Mozambique. Table 2 shows that the majority of the costs in each country were related to POM-
guided contacts and, therefore, costs were proportionately higher for women as they received an
increasing number of contacts; the largest costs were for tablets and smartphones, and for the training
of CHWs to deliver the intervention. In addition, costs in Pakistan were related to a much higher
number of community engagement sessions compared with India and Mozambique. Other costs (eg,
supplies) were similar on a per-pregnancy basis. Costs per POM visit were US$1.44, US$3.81 and
US$2.65 in India, Mozambique and Pakistan, respectively. A complete detailed breakdown of costs can
be found in online supplemental table S1.

Table 2

Summary costs for intervention by country

India Mozambique Pakistan

Training of CHWs 12 755 53 205 79 398*

Incentives for delivering POM contacts 39 043 3097

Methyldopa and MgSO 1365 7163 4864

Community engagement 7048 9201 71 942

Supplies 29 811 45 383 60 949

Total 90 022 108 848 217 153

Total per pregnancy overall 13.0 15.7 11.8

 0 POM-guided contact 1.01 1.35 3.91

 1–3 POM-guided contacts 3.51 9.66 9.56

 4–7 POM-guided contacts 8.06 22.10 17.48

 ≥8 POM-guided contacts 18.61 39.45 25.78

Cost of each POM visit† 1.44 3.81 2.65

Open in a separate window

All costs in US$.

*Unable to be disaggregated from available data.

†Sum of non-community engagements divided by total number of visits.

CHW, community healthcare worker; POM, PIERS (Pre-eclampsia Integrated Estimate of RiSk) On the Move.

In the base case analyses, the intervention was not found to be cost-effective in any of the three
countries due to the lack of overall difference in maternal and perinatal mortality between arms (table 3
). Similarly, in the probabilistic analyses, fewer than 50% of samples were cost-effective in
Mozambique and India, and 66% were cost-effective in Pakistan (online supplemental table S4).
However, when disaggregating the intervention based on POM-guided contact frequency group, the
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groups receiving ≥8 contacts (per protocol) showed cost-effectiveness in the base case in each country
(ICERs=43.3, 48.7 and 9.1 for each of India, Mozambique and Pakistan, respectively); in addition, the
four to seven contact group was cost-effective in Pakistan (ICER=17.8). The cost-effectiveness plane (
figure 1) depicts the results from the probabilistic sensitivity analyses; in each country, >80% of the
probabilistic samples were found to be cost-effective for the ≥8 contact frequency group.
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1/19/22, 9:44 AM Economic and cost-effectiveness analysis of the Community-Level Interventions for Pre-eclampsia (CLIP) trials in India, Pakistan …

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8149358/ 10/18

Table 3

Cost and YLL summaries (95% credible interval from probabilistic sensitivity analyses) based
on POM contacts received versus control arm

Open in a separate window

All intervals are 95% credible intervals based on the probabilistic sensitivity analysis.

All data are per pregnancy, comparisons are to the control arm and all costs are in US$.

*Includes health system utilisation costs from care seeking reported by focus group.

†Indicates that the intervention has no benefit in years of life lost.

ICER, incremental cost-effectiveness ratio; POM, PIERS (Pre-eclampsia Integrated Estimate of RiSk) On the
Move; YLL, years of life lost.

India health system perspective Mozambique health system perspective

YLL
Incremental

YLL

Incremental

cost ICER YLL

YLL

intervention–
control

Incremental

cost ICER

Control 3.36

(2.97,
3.78)

– – 3.25

(2.65,
3.94)

– –

Intervention – – – – – –

Overall 3.74

(2.68,
5.60)

0.38

(−0.82,
2.28)

13.0 (2.29,

23.6)

Intervention

is
dominated.†

3.67

(2.42,
5.65)

0.41 (−1.00,

2.43)

15.7 (1.40,

40.05)

Interventio

is
dominated

0 POM-

guided
contact

3.41

(2.52,
4.43)

0.05

(−0.94,
1.10)

1.01 (0.49,

1.73)

Intervention

is
dominated.†

3.13

(2.69,
3.62)

−0.12

(−0.93, 0.64)

1.35 (0.71,

2.12)

11.25

(−45.6,
45.7)

1–3 POM-

guided
contacts

4.53

(3.02,
6.42)

1.16

(−0.43,
3.07)

3.51 (1.84,

5.77)

Intervention

is
dominated.†

5.85

(4.69,
7.12)

2.60 (1.28,

4.03)

9.66 (4.80,

16.18)

Interventio

is
dominated

4–7 POM-

guided
contacts

5.23

(4.03,
6.68)

1.87 (0.58

3.34)

8.06 (5.57,

11.02)

Intervention

is
dominated.†

4.34

(3.60,
5.16)

1.09 (0.08,

2.09)

22.10

(14.97,
30.52)

Interventio

is
dominated

≥8 POM-

guided
contacts

2.94

(2.46,
3.45)

−0.43

(−1.07,
0.22)

18.60

(11.30,
28.2)

43.28

(−359, 426)

2.44

(1.89,
3.08)

−0.81

(−1.70, 0.07)

39.45

(26.15,
55.32)

48.70

(−155, 323
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Open in a separate window
Figure 1

Probabilistic sensitivity analyses of cost-effectiveness by number of POM-guided contacts received. Points
in the north-east quadrant are classified as cost-effective. All data are per 1000 pregnancies. ctrl, control;
int, intervention; POM, PIERS (Pre-eclampsia Integrated Estimate of RiSk) On the Move.

The cost-effectiveness acceptability curves (figure 2) show the probability of the intervention (for
various scenarios) being cost-effective as a function of a decision-maker’s willingness to pay to save 1
YLL (log scale). In each country, if a decision-maker was willing to pay three times the GDP per capita
(red dashed line), the ≥8 contact scenario (black solid line) has at least 90% certainty of cost-
effectiveness. In Pakistan, at US$400/YLL, the probability of cost-effectiveness approaches near
certainty (100%) for both the ≥8 and 4–7 contact scenarios (red dashed line). Similar findings in each
country were found when the willingness-to-pay threshold was reduced to one times the GDP per
capita and when willingness-to-pay thresholds were lowered to previously published country-specific
recommendations.

Open in a separate window
Figure 2

Cost-effectiveness acceptability curves by number of POM-guided contacts received: probability that the
intervention is cost-effective as a function of a decision-maker’s willingness to pay to save 1 year of life
lost. The vertical red line represents country-specific willingness-to-pay thresholds based on 1× and 3× the
gross domestic product (GDP) per capita. The vertical blue lines represent the low and high points of
country-specific willingness-to-pay ranges from Woods et al  POM, PIERS (Pre-eclampsia Integrated
Estimate of RiSk) On the Move; YLL, years of life lost.

In Pakistan, the secondary analyses focusing on a societal perspective (including out-of-pocket costs to
women and their families) yielded similar results to the primary analysis, although with slightly higher
costs associated with each intervention contact frequency group, corresponding to slight increases in
healthcare utilisation in the intervention arms. Details are in table 3.

Discussion

Principal findings

This study assessed the cost-effectiveness for YLL, from the health system perspective, of the CLIP
interventions in India, Pakistan and Mozambique. Using the Medical Research Council Process
Evaluation of Complex Interventions guidance  we observed that the incomplete implementation
process overall resulted in no significant statistical difference in outcomes between trial arms, and,
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therefore, a lack of cost-effectiveness. This was despite contextual adaptations of the generic protocol
to create bespoke interventions for each country. However, once fidelity with the published protocol
and implementation plan were achieved in terms of both dose and reach, maternal and perinatal
mortality was significantly lower in women who received at least eight POM-guided contacts (four in
Pakistan), and that in those scenarios the intervention had a high probability of cost-effectiveness in
each country. The cost of the intervention was remarkably similar between the three countries on a per-
pregnancy basis (≈US$12–16). In addition, in Pakistan, although incremental costs were roughly twice
as large, there were similar findings of cost-effectiveness when including women’s families’
opportunity (out-of-pocket) costs for health system resource utilisation.

Interpretation

Several recent reviews have summarised the current evidence on CHW-led initiatives,  and many
previous studies have identified cost-effectiveness for a variety of CHW-led interventions in
reproductive, maternal, neonatal and child health,  with further evidence supporting the use of
integrated ‘packages’ of interventions.  Despite this substantial body of information, many maternal
health studies still do not include a health economic component,  and those focused on pre-eclampsia
are based on diagnostic and clinical interventions, such as the use of magnesium sulfate.  To our
knowledge, this health economic analysis is the first to evaluate community-level interventions for
pregnancy hypertension.

The observed differences in clinical and cost consequence outcomes are unlikely to be due to behaviour
change as the individual trial analyses did not identify increases in care seeking in the intervention (vs
control) clusters.  Therefore, our results are broadly consistent with prior findings, although
requiring a frequency of contacts from CHWs that matches current WHO guidance. Indeed, the
consistently observed decrease in maternal and perinatal mortality, and increase in cost-effectiveness,
with at least eight POM-guided contacts provides external validation of the recent WHO
recommendations for at least eight antenatal care contacts.  The contextual moderators that influenced
the fidelity of implementation probably included the numbers of deployed CHWs, competing demands
on CHW time (eg, ‘immunisation months’), the variable resilience of the emergency transport system
once women at risk were identified and the timeliness and quality of the clinical responses as women
ascended the referral system.

Although the overall per-pregnancy costs were similar between countries, there was discrepancy in the
cost of delivering at least eight POM-guided contacts, which was largely driven by differences in CHW
training and incentive costs per pregnancy. When considering at-scale implementation of interventions
such as CLIP that require a high number of contacts to be effective, these cost differences would be
important to consider, as CHW salaries and relative affordability differ between LMICs.  That said,
the relatively low cost in each country supports CHWs carrying out home-based visits during
pregnancy in LMICs where interventions are urgently needed to reduce the burden of maternal and
perinatal mortality.

The out-of-pocket costs to women in Pakistan were much higher than those based on the incremental
cost of the intervention to the health system, and reveal the significant burden placed on families in
order to seek appropriate routine and emergency care, obtain transport to facility and be admitted to
health facilities for delivery. These costs reflect productivity losses due to pregnancy and pregnancy
complications. As most families do not have sufficient savings, without societal safety nets, large
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pregnancy-related expenditures are a barrier for upward social mobility.  Given the underlying
differences in healthcare systems, the generalisation of these secondary societal results to India,
Mozambique or other LMIC settings should be interpreted cautiously.

Strengths

Our study has several strengths. First, we prospectively collected both cost and outcome data within
our clinical trial.  Second, we implemented our intervention across three diverse settings in Africa and
South Asia, and with a large sample size of >60 000 pregnant women overall. Therefore, we believe
that our findings are generalisable to other LMIC settings. Further, the details of our budget allow for
clear understanding of the cost of scaling any one or all components of the intervention. In the case of
Pakistan, we found similar cost-effectiveness at increased POM contacts (but not for the overall
intervention) when including data on out-of-pocket costs to women and their families, and, therefore,
providing a broader societal perspective on the cost-effectiveness.

We were further able to corroborate our main findings by including data on out-of-pocket costs to
women and their families, and, therefore, providing a broader societal perspective on the cost-
effectiveness.

Limitations

The main challenge associated with our economic analyses is that we were unable to use disability-
adjusted life-years (DALY) that include maternal and perinatal morbidity as an outcome measure. This
is due to a lack of reliable DALYs for the collected morbidities in each of India, Pakistan and
Mozambique. Given that we consistently observed similar results in maternal morbidity (no effect
overall, decrease with at least eight POM contacts) to mortality  it is probable that the cost-
effectiveness results seen here would be similar if this could be included.

On the other hand, survived neonatal morbidity was in some cases increased in the ≥8 POM contact
group, suggesting a trade-off between reduced mortality in this group and increased survivable
morbidity in neonates, which would require further exploration to determine severity as well as the
values of women, healthcare providers and their communities. Therefore, the inclusion of these data
may have reduced the estimates of cost-effectiveness seen here.

Furthermore, given the scale of the trial and complexities of the health systems, reliable data on the
out-of-pocket costs to women and health system costs associated with being referred were unavailable
in India and Mozambique; this limits our conclusions to that of a health system perspective, rather than
the preferred ‘societal’ approach in these two countries.  Further, the lack of feasibility for collecting
of out-of-pocket costs prevented us from doing an individual patient-level cost-effectiveness analysis.
In Pakistan, estimates of family opportunity cost data were available from focus groups, and cost-
effectiveness results were broadly similar to the programmatic perspective. These analyses relied on
extrapolating these estimates to the larger trial population and therefore should be interpreted
cautiously.

In addition, we did not adjust costs for differences in routine antenatal care seeking between arms as
these measures and the associated cost were not available. Despite this, these measures were broadly
similar between trial arms, and, therefore, we do not anticipate that this influenced the results.  The
CLIP trials relied on leveraging existing CHWs in each of the sites, and therefore we did not measure
costs associated with increasing the number of CHWs, only the training and materials associated with
the CLIP intervention. Therefore, there would therefore be higher costs in settings where CHWs are
understaffed or not employed.
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Finally, the decision tree model used could not adjust for differences between women who received a
low and high number of POM visits that would have an impact on mortality, which may introduce a
bias due to possible confounding. That being said, in the analyses of the primary trial data, adjustment
for such measured differences did not affect the association between increased visits and reduced
outcomes.

Meaning

Depending on a decision-maker’s willingness to pay, having CHWs deliver home-based interventions
at WHO-recommended frequency thresholds is probably a cost-effective method for reducing maternal
and perinatal mortality. Reaching these contact frequencies for all women may be challenging without
resources beyond those available in CLIP. The similarity in the cost of CHW visits and per-pregnancy
trial costs overall between countries points to generalisability to other LMICs.

Future work

As further emphasis is placed on increasing the number of antenatal contacts in LMICs, future studies
should continue to assess the cost-effectiveness of delivering these contacts, and integrated
interventions by CHWs. Our data suggest that CHW-based interventions can be effective and cost-
effective if a sufficient number of workers are available to deliver them at the required frequency.
Future studies should estimate both health system and societal perspective costs in settings where
families bare the cost of facility-based care. In addition, there is a need for continued development of
‘years-of-life-disabled’ metrics for pregnancy-specific morbidities so that trials can better estimate the
economic impact of their interventions.

Conclusion

While the CLIP intervention as implemented was not cost-effective at reducing YLL in any of the three
countries, when implemented with at least eight POM-guided contacts per pregnancy, there was both a
reduction in YLL and a high probability of cost-effectiveness in each of the three CLIP countries. This
supports the eight antenatal care contacts model advocated by the WHO.

Acknowledgments

We thank the Government of Mozambique, the Province of Sindh, and the Government of India for
their permission to integrate the CLIP trial into their health systems with in-kind support. We thank the
families of the 144 women, 2591 fetuses and 2677 neonates who died during the study period and who
were willing to share their stories despite their grief. We particularly thank the following members of
the Data Safety Monitoring Board: Romano Nkumbwa Byaruhanga, Brian Darlow, Eileen Hutton
(chair) and Lehana Thabane. We also wish to acknowledge the entire CLIP Trials Working Group
(online supplemental table S1), which comprised all those who led and took part in the planning,
implementation and analyses of the trials. Thank you to the PRE-EMPT Technical Advisory Group for
their oversight of the CLIP trials and their associated research. For general inquiries related to CLIP,
please contact PRE-EMPT@cw.bc.ca.

Footnotes
Handling editor: Edwine Barasa

7–10



1/19/22, 9:44 AM Economic and cost-effectiveness analysis of the Community-Level Interventions for Pre-eclampsia (CLIP) trials in India, Pakistan …

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8149358/ 15/18

Contributors: PvD designed the concept of the CLIP trials. ZAB and LAM were the coprincipal investigators of
the overall CLIP trials project. MBB, ZAB, SSG, AAM, RNQ, KM, CS and ES were coprincipal investigators of
the individual CLIP trials. BAP and MV coordinated the CLIP trials. JNB conducted the analysis and wrote the
first draft of the manuscript. The analysis plan was conceived by JNB, ARK, CM and GWJF. All authors read
and approved the final version of the manuscript.

Funding: The University of British Columbia, a grantee of the Bill & Melinda Gates Foundation (OPP1017337).

Competing interests: None declared.

Provenance and peer review: Not commissioned; externally peer reviewed.

Supplemental material: This content has been supplied by the author(s). It has not been vetted by BMJ
Publishing Group Limited (BMJ) and may not have been peer-reviewed. Any opinions or recommendations
discussed are solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content includes any translated
material, BMJ does not warrant the accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and is not responsible for any
error and/or omissions arising from translation and adaptation or otherwise.

Data availability statement

Data are available upon request. As per the Statistical Analysis Plan (SAP), following publication of
the primary CLIP manuscripts, and individual participant data meta-analysis, the data will be freely
available to academically active entities (eg, universities, NGOs, multilaterals), with the CLIP principal
investigator (PvD) or named delegate as a named coinvestigator, for the purposes of pregnancy-related
research and within the limits of the informed consent obtained. Access will be through the CLIP Trials
Data Access Committee*, contacted at ‘PRE-EMPT@cw.bc.ca’, as referenced on our website at
‘https://PRE-EMPT.obgyn.ubc.ca’. A copy of the data will also be deposited with our funder, the Bill
& Melinda Gates Foundation, in the HBGDki repository.

Ethics statements

Patient consent for publication

Not required.

Ethics approval

Ethical approval for the trials was granted by the University of British Columbia (UBC, H12-03497)
and each country’s relevant research ethics board (Aga Khan University, Pakistan, 2590-Obs-ERC-13;
KLE University, India, MDC/IECHSR/2011-12/A-4, ICMR 5/7/859/12-RHN; and Centro de
Investigação em Saúde de Manhiça (CIBS-CISM/038/14), Mozambique National Bioethics Committee
(219/CNBS/14)).

References

1. Steegers EAP, von Dadelszen P, Duvekot JJ, et al. . Pre-Eclampsia. The Lancet 2010;376:631–44.
10.1016/S0140-6736(10)60279-6 [PubMed] [CrossRef] [Google Scholar]

2. KassebaumNJ, BarberRM, DandonaL, et al. . Global, regional, and national levels of maternal
mortality, 1990-2015: a systematic analysis for the global burden of disease study 2015. Lancet
2016;388:1775–812. 10.1016/S0140-6736(16)31470-2 [PMC free article] [PubMed] [CrossRef]

https://pre-empt.obgyn.ubc.ca/
https://www.ncbi.nlm.nih.gov/pubmed/20598363
https://dx.doi.org/10.1016%2FS0140-6736(10)60279-6
https://scholar.google.com/scholar_lookup?journal=The+Lancet&title=Pre-Eclampsia&volume=376&publication_year=2010&pages=631-44&doi=10.1016/S0140-6736(10)60279-6&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5224694/
https://www.ncbi.nlm.nih.gov/pubmed/27733286
https://dx.doi.org/10.1016%2FS0140-6736(16)31470-2


1/19/22, 9:44 AM Economic and cost-effectiveness analysis of the Community-Level Interventions for Pre-eclampsia (CLIP) trials in India, Pakistan …

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8149358/ 16/18

[Google Scholar]

3. Magee LA, Sharma S, Nathan HL, et al. . The incidence of pregnancy hypertension in India,
Pakistan, Mozambique, and Nigeria: a prospective population-level analysis. PLoS Med
2019;16:e1002783. 10.1371/journal.pmed.1002783 [PMC free article] [PubMed] [CrossRef]
[Google Scholar]

4. Thaddeus S, Maine D. Too far to walk: maternal mortality in context. Soc Sci Med 1994;38:1091–
110. 10.1016/0277-9536(94)90226-7 [PubMed] [CrossRef] [Google Scholar]

5. Haines A, Sanders D, Lehmann U, et al. . Achieving child survival goals: potential contribution of
community health workers. Lancet 2007;369:2121–31. 10.1016/S0140-6736(07)60325-0 [PubMed]
[CrossRef] [Google Scholar]

6. Firoz T, Sanghvi H, Merialdi M, et al. . Pre-Eclampsia in low and middle income countries. Best
Pract Res Clin Obstet Gynaecol 2011;25:537–48. 10.1016/j.bpobgyn.2011.04.002 [PubMed]
[CrossRef] [Google Scholar]

7. Qureshi RN, Sheikh S, Hoodbhoy Z, et al. . Community-Level interventions for pre-eclampsia
(CLIP) in Pakistan: a cluster randomised controlled trial. Pregnancy Hypertens 2020;22:109–18.
10.1016/j.preghy.2020.07.011 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

8. von Dadelszen P, Bhutta ZA, Sharma S, et al. . The community-level interventions for pre-eclampsia
(CLIP) cluster randomised trials in Mozambique, Pakistan, and India: an individual participant-level
meta-analysis. Lancet 2020;396:553–63. 10.1016/S0140-6736(20)31128-4 [PMC free article]
[PubMed] [CrossRef] [Google Scholar]

9. Sevene E, Sharma S, Munguambe K, et al. . Community-Level interventions for pre-eclampsia
(CLIP) in Mozambique: a cluster randomised controlled trial. Pregnancy Hypertens 2020;21:96–105.
10.1016/j.preghy.2020.05.006 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

10. Bellad MB, Goudar SS, Mallapur AA, et al. . Community level interventions for pre-eclampsia
(CLIP) in India: a cluster randomised controlled trial. Pregnancy Hypertens 2020;21:166–75.
10.1016/j.preghy.2020.05.008 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

11. Ramsey S, Willke R, Briggs A, et al. . Good research practices for cost-effectiveness analysis
alongside clinical trials: the ISPOR RCT-CEA Task force report. Value in Health 2005;8:521–33.
10.1111/j.1524-4733.2005.00045.x [PubMed] [CrossRef] [Google Scholar]

12. Walker DG, Jan S. How do we determine whether community health workers are cost-effective?
Some core methodological issues. J Community Health 2005;30:221–9. 10.1007/s10900-004-1960-4
[PubMed] [CrossRef] [Google Scholar]

13. Payne B, von DP, Bhutta Z, et al. . Protocol 13PRT/9313: the community level interventions for
pre-eclampsia (CLIP) trials: four prospective cluster randomised controlled trials comparing a package
of interventions directed towards improving maternal and perinatal outcomes related to pre-ec. Lancet
2018. [Google Scholar]

14. Khowaja AR, Mitton C, Bryan S, et al. . Economic evaluation of community level interventions for
pre-eclampsia (CLIP) in South Asian and African countries: a study protocol. Implement Sci
2015;10:76. 10.1186/s13012-015-0266-5 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

https://scholar.google.com/scholar_lookup?journal=Lancet&title=Global,+regional,+and+national+levels+of+maternal+mortality,+1990-2015:+a+systematic+analysis+for+the+global+burden+of+disease+study+2015&volume=388&publication_year=2016&pages=1775-812&pmid=27733286&doi=10.1016/S0140-6736(16)31470-2&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6461222/
https://www.ncbi.nlm.nih.gov/pubmed/30978179
https://dx.doi.org/10.1371%2Fjournal.pmed.1002783
https://scholar.google.com/scholar_lookup?journal=PLoS+Med&title=The+incidence+of+pregnancy+hypertension+in+India,+Pakistan,+Mozambique,+and+Nigeria:+a+prospective+population-level+analysis&volume=16&publication_year=2019&pages=e1002783&pmid=30978179&doi=10.1371/journal.pmed.1002783&
https://www.ncbi.nlm.nih.gov/pubmed/8042057
https://dx.doi.org/10.1016%2F0277-9536(94)90226-7
https://scholar.google.com/scholar_lookup?journal=Soc+Sci+Med&title=Too+far+to+walk:+maternal+mortality+in+context&volume=38&publication_year=1994&pages=1091-110&pmid=8042057&doi=10.1016/0277-9536(94)90226-7&
https://www.ncbi.nlm.nih.gov/pubmed/17586307
https://dx.doi.org/10.1016%2FS0140-6736(07)60325-0
https://scholar.google.com/scholar_lookup?journal=Lancet&title=Achieving+child+survival+goals:+potential+contribution+of+community+health+workers&volume=369&publication_year=2007&pages=2121-31&pmid=17586307&doi=10.1016/S0140-6736(07)60325-0&
https://www.ncbi.nlm.nih.gov/pubmed/21592865
https://dx.doi.org/10.1016%2Fj.bpobgyn.2011.04.002
https://scholar.google.com/scholar_lookup?journal=Best+Pract+Res+Clin+Obstet+Gynaecol&title=Pre-Eclampsia+in+low+and+middle+income+countries&volume=25&publication_year=2011&pages=537-48&pmid=21592865&doi=10.1016/j.bpobgyn.2011.04.002&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7694879/
https://www.ncbi.nlm.nih.gov/pubmed/32777710
https://dx.doi.org/10.1016%2Fj.preghy.2020.07.011
https://scholar.google.com/scholar_lookup?journal=Pregnancy+Hypertens&title=Community-Level+interventions+for+pre-eclampsia+(CLIP)+in+Pakistan:+a+cluster+randomised+controlled+trial&volume=22&publication_year=2020&pages=109-18&pmid=32777710&doi=10.1016/j.preghy.2020.07.011&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7445426/
https://www.ncbi.nlm.nih.gov/pubmed/32828187
https://dx.doi.org/10.1016%2FS0140-6736(20)31128-4
https://scholar.google.com/scholar_lookup?journal=Lancet&title=The+community-level+interventions+for+pre-eclampsia+(CLIP)+cluster+randomised+trials+in+Mozambique,+Pakistan,+and+India:+an+individual+participant-level+meta-analysis&volume=396&publication_year=2020&pages=553-63&pmid=32828187&doi=10.1016/S0140-6736(20)31128-4&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7471842/
https://www.ncbi.nlm.nih.gov/pubmed/32464527
https://dx.doi.org/10.1016%2Fj.preghy.2020.05.006
https://scholar.google.com/scholar_lookup?journal=Pregnancy+Hypertens&title=Community-Level+interventions+for+pre-eclampsia+(CLIP)+in+Mozambique:+a+cluster+randomised+controlled+trial&volume=21&publication_year=2020&pages=96-105&pmid=32464527&doi=10.1016/j.preghy.2020.05.006&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7471838/
https://www.ncbi.nlm.nih.gov/pubmed/32554291
https://dx.doi.org/10.1016%2Fj.preghy.2020.05.008
https://scholar.google.com/scholar_lookup?journal=Pregnancy+Hypertens&title=Community+level+interventions+for+pre-eclampsia+(CLIP)+in+India:+a+cluster+randomised+controlled+trial&volume=21&publication_year=2020&pages=166-75&pmid=32554291&doi=10.1016/j.preghy.2020.05.008&
https://www.ncbi.nlm.nih.gov/pubmed/16176491
https://dx.doi.org/10.1111%2Fj.1524-4733.2005.00045.x
https://scholar.google.com/scholar_lookup?journal=Value+in+Health&title=Good+research+practices+for+cost-effectiveness+analysis+alongside+clinical+trials:+the+ISPOR+RCT-CEA+Task+force+report&volume=8&publication_year=2005&pages=521-33&pmid=16176491&doi=10.1111/j.1524-4733.2005.00045.x&
https://www.ncbi.nlm.nih.gov/pubmed/15847247
https://dx.doi.org/10.1007%2Fs10900-004-1960-4
https://scholar.google.com/scholar_lookup?journal=J+Community+Health&title=How+do+we+determine+whether+community+health+workers+are+cost-effective?+Some+core+methodological+issues&volume=30&publication_year=2005&pages=221-9&pmid=15847247&doi=10.1007/s10900-004-1960-4&
https://scholar.google.com/scholar_lookup?journal=Lancet&title=Protocol+13PRT/9313:+the+community+level+interventions+for+pre-eclampsia+(CLIP)+trials:+four+prospective+cluster+randomised+controlled+trials+comparing+a+package+of+interventions+directed+towards+improving+maternal+and+perinatal+outcomes+related+to+pre-ec&publication_year=2018&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4446068/
https://www.ncbi.nlm.nih.gov/pubmed/26007682
https://dx.doi.org/10.1186%2Fs13012-015-0266-5
https://scholar.google.com/scholar_lookup?journal=Implement+Sci&title=Economic+evaluation+of+community+level+interventions+for+pre-eclampsia+(CLIP)+in+South+Asian+and+African+countries:+a+study+protocol&volume=10&publication_year=2015&pages=76&pmid=26007682&doi=10.1186/s13012-015-0266-5&


1/19/22, 9:44 AM Economic and cost-effectiveness analysis of the Community-Level Interventions for Pre-eclampsia (CLIP) trials in India, Pakistan …

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8149358/ 17/18

15. Husereau D, Drummond M, Petrou S, et al. . Consolidated Health Economic Evaluation Reporting
Standards (CHEERS)--explanation and elaboration: a report of the ISPOR Health Economic Evaluation
Publication Guidelines Good Reporting Practices Task Force. Value Health 2013;16:231–50.
10.1016/j.jval.2013.02.002 [PubMed] [CrossRef] [Google Scholar]

16. Payne BA, Hutcheon JA, Ansermino JM, et al. . A risk prediction model for the assessment and
triage of women with hypertensive disorders of pregnancy in low-resourced settings: the miniPIERS
(pre-eclampsia integrated estimate of risk) multi-country prospective cohort study. PLoS Med
2014;11:e1001589. 10.1371/journal.pmed.1001589 [PMC free article] [PubMed] [CrossRef]
[Google Scholar]

17. WHO . Who mortality database; 2014.

18. JamesSL, AbateD, AbateKH, et al. . Global, regional, and national incidence, prevalence, and years
lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a
systematic analysis for the global burden of disease study 2017. Lancet 2018;392:1789–858.
10.1016/S0140-6736(18)32279-7 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

19. Petrou S, Gray A. Economic evaluation using decision analytical modelling: design, conduct,
analysis, and reporting. BMJ 2011;342:d1766. 10.1136/bmj.d1766 [PubMed] [CrossRef]
[Google Scholar]

20. Drummond MF, Sculpher MJ, Claxton K. Methods for the economic evaluation of health care
programmes, 2015. [Google Scholar]

21. Bertram MY, Lauer JA, De Joncheere K, et al. . Cost-Effectiveness thresholds: pros and cons. Bull
World Health Organ 2016;94:925–30. 10.2471/BLT.15.164418 [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

22. Hutubessy R, Chisholm D, Edejer TT-T. Generalized cost-effectiveness analysis for national-level
priority-setting in the health sector. Cost Eff Resour Alloc 2003;1:8. 10.1186/1478-7547-1-8
[PMC free article] [PubMed] [CrossRef] [Google Scholar]

23. Woods B, Revill P, Sculpher M, et al. . Country-Level cost-effectiveness thresholds: initial
estimates and the need for further research. Value Health 2016;19:929–35. 10.1016/j.jval.2016.02.017
[PMC free article] [PubMed] [CrossRef] [Google Scholar]

24. Vidler M, Charantimath U, Katageri G, et al. . Community perceptions of pre-eclampsia in rural
Karnataka state, India: a qualitative study. Reprod Health 2016;13 Suppl 1:35. 10.1186/s12978-016-
0137-9 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

25. Khowaja AR, Qureshi RN, Sheikh S, et al. . Community’s perceptions of pre-eclampsia and
eclampsia in Sindh Pakistan: a qualitative study. Reprod Health 2016;13. 10.1186/s12978-016-0136-x
[PMC free article] [PubMed] [CrossRef] [Google Scholar]

26. Boene H, Vidler M, Sacoor C, et al. . Community perceptions of pre-eclampsia and eclampsia in
southern Mozambique. Reprod Health 2016;13 Suppl 1:33. 10.1186/s12978-016-0135-y
[PMC free article] [PubMed] [CrossRef] [Google Scholar]

27. Moore G, Audrey S, Barker M. Process evaluation of complex interventions UK medical Research
Council (MRC) guidance. [PMC free article] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/23538175
https://dx.doi.org/10.1016%2Fj.jval.2013.02.002
https://scholar.google.com/scholar_lookup?journal=Value+Health&title=Consolidated+Health+Economic+Evaluation+Reporting+Standards+(CHEERS)--explanation+and+elaboration:+a+report+of+the+ISPOR+Health+Economic+Evaluation+Publication+Guidelines+Good+Reporting+Practices+Task+Force&volume=16&publication_year=2013&pages=231-50&pmid=23538175&doi=10.1016/j.jval.2013.02.002&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3897359/
https://www.ncbi.nlm.nih.gov/pubmed/24465185
https://dx.doi.org/10.1371%2Fjournal.pmed.1001589
https://scholar.google.com/scholar_lookup?journal=PLoS+Med&title=A+risk+prediction+model+for+the+assessment+and+triage+of+women+with+hypertensive+disorders+of+pregnancy+in+low-resourced+settings:+the+miniPIERS+(pre-eclampsia+integrated+estimate+of+risk)+multi-country+prospective+cohort+study&volume=11&publication_year=2014&pages=e1001589&pmid=24465185&doi=10.1371/journal.pmed.1001589&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6227754/
https://www.ncbi.nlm.nih.gov/pubmed/30496104
https://dx.doi.org/10.1016%2FS0140-6736(18)32279-7
https://scholar.google.com/scholar_lookup?journal=Lancet&title=Global,+regional,+and+national+incidence,+prevalence,+and+years+lived+with+disability+for+354+diseases+and+injuries+for+195+countries+and+territories,+1990-2017:+a+systematic+analysis+for+the+global+burden+of+disease+study+2017&volume=392&publication_year=2018&pages=1789-858&pmid=30496104&doi=10.1016/S0140-6736(18)32279-7&
https://www.ncbi.nlm.nih.gov/pubmed/21482590
https://dx.doi.org/10.1136%2Fbmj.d1766
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Economic+evaluation+using+decision+analytical+modelling:+design,+conduct,+analysis,+and+reporting&volume=342&publication_year=2011&pages=d1766&pmid=21482590&doi=10.1136/bmj.d1766&
https://scholar.google.com/scholar_lookup?title=Methods+for+the+economic+evaluation+of+health+care+programmes&publication_year=2015&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5153921/
https://www.ncbi.nlm.nih.gov/pubmed/27994285
https://dx.doi.org/10.2471%2FBLT.15.164418
https://scholar.google.com/scholar_lookup?journal=Bull+World+Health+Organ&title=Cost-Effectiveness+thresholds:+pros+and+cons&volume=94&publication_year=2016&pages=925-30&pmid=27994285&doi=10.2471/BLT.15.164418&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC320499/
https://www.ncbi.nlm.nih.gov/pubmed/14687420
https://dx.doi.org/10.1186%2F1478-7547-1-8
https://scholar.google.com/scholar_lookup?journal=Cost+Eff+Resour+Alloc&title=Generalized+cost-effectiveness+analysis+for+national-level+priority-setting+in+the+health+sector&volume=1&publication_year=2003&pages=8&pmid=14687420&doi=10.1186/1478-7547-1-8&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5193154/
https://www.ncbi.nlm.nih.gov/pubmed/27987642
https://dx.doi.org/10.1016%2Fj.jval.2016.02.017
https://scholar.google.com/scholar_lookup?journal=Value+Health&title=Country-Level+cost-effectiveness+thresholds:+initial+estimates+and+the+need+for+further+research&volume=19&publication_year=2016&pages=929-35&pmid=27987642&doi=10.1016/j.jval.2016.02.017&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4943492/
https://www.ncbi.nlm.nih.gov/pubmed/27358068
https://dx.doi.org/10.1186%2Fs12978-016-0137-9
https://scholar.google.com/scholar_lookup?journal=Reprod+Health&title=Community+perceptions+of+pre-eclampsia+in+rural+Karnataka+state,+India:+a+qualitative+study&volume=13+Suppl+1&publication_year=2016&pages=35&pmid=27358068&doi=10.1186/s12978-016-0137-9&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4943481/
https://www.ncbi.nlm.nih.gov/pubmed/27357953
https://dx.doi.org/10.1186%2Fs12978-016-0136-x
https://scholar.google.com/scholar_lookup?journal=Reprod+Health&title=Community%E2%80%99s+perceptions+of+pre-eclampsia+and+eclampsia+in+Sindh+Pakistan:+a+qualitative+study&volume=13&publication_year=2016&doi=10.1186/s12978-016-0136-x&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4943502/
https://www.ncbi.nlm.nih.gov/pubmed/27357840
https://dx.doi.org/10.1186%2Fs12978-016-0135-y
https://scholar.google.com/scholar_lookup?journal=Reprod+Health&title=Community+perceptions+of+pre-eclampsia+and+eclampsia+in+southern+Mozambique&volume=13+Suppl+1&publication_year=2016&pages=33&pmid=27357840&doi=10.1186/s12978-016-0135-y&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4366184/
https://www.ncbi.nlm.nih.gov/pubmed/25791983


1/19/22, 9:44 AM Economic and cost-effectiveness analysis of the Community-Level Interventions for Pre-eclampsia (CLIP) trials in India, Pakistan …

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8149358/ 18/18

28. Vaughan K, Kok MC, Witter S, et al. . Costs and cost-effectiveness of community health workers:
evidence from a literature review. Hum Resour Health 2015;13:71. 10.1186/s12960-015-0070-y
[PMC free article] [PubMed] [CrossRef] [Google Scholar]

29. Costs and cost-effectiveness of community health investments in reproductive, maternal, neonatal,
and child health.

30. Pallas SW, Minhas D, Pérez-Escamilla R, et al. . Community health workers in low- and middle-
income countries: what do we know about scaling up and sustainability? Am J Public Health
2013;103:e74–82. 10.2105/AJPH.2012.301102 [PMC free article] [PubMed] [CrossRef]
[Google Scholar]

31. Adam T, Lim SS, Mehta S, et al. . Cost effectiveness analysis of strategies for maternal and
neonatal health in developing countries. BMJ 2005;331:1107. 10.1136/bmj.331.7525.1107
[PMC free article] [PubMed] [CrossRef] [Google Scholar]

32. Shmueli A, Meiri H, Gonen R. Economic assessment of screening for pre-eclampsia. Prenat Diagn
2012;32:29–38. 10.1002/pd.2871 [PubMed] [CrossRef] [Google Scholar]

33. Simon J, Gray A, Duley L, et al. . Cost-Effectiveness of prophylactic magnesium sulphate for 9996
women with pre-eclampsia from 33 countries: economic evaluation of the Magpie trial. BJOG
2006;113:144–51. 10.1111/j.1471-0528.2005.00785.x [PubMed] [CrossRef] [Google Scholar]

34. WHO recommendations on antenatal care for a positive pregnancy experience.

35. Rogers E, Guerrero S, Kumar D, et al. . Evaluation of the cost-effectiveness of the treatment of
uncomplicated severe acute malnutrition by lady health workers as compared to an outpatient
therapeutic feeding programme in Sindh Province, Pakistan. BMC Public Health 2019;19:84.
10.1186/s12889-018-6382-9 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

36. Taylor C, Griffiths F, Lilford R. Affordability of comprehensive community health worker
programmes in rural sub-Saharan Africa. BMJ Glob Health 2017;2:e000391. 10.1136/bmjgh-2017-
000391 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

37. Khowaja AR, Mitton C, Qureshi R, et al. . Societal perspective on cost drivers for health
technology assessment in sindh, Pakistan. Int J Technol Assess Health Care 2017;33:192–8.
10.1017/S0266462317000320 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

38. Byford S, Raftery J. Perspectives in economic evaluation. BMJ 1998;316:1529.
10.1136/bmj.316.7143.1529 [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Articles from BMJ Global Health are provided here courtesy of BMJ Publishing Group

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4557864/
https://www.ncbi.nlm.nih.gov/pubmed/26329455
https://dx.doi.org/10.1186%2Fs12960-015-0070-y
https://scholar.google.com/scholar_lookup?journal=Hum+Resour+Health&title=Costs+and+cost-effectiveness+of+community+health+workers:+evidence+from+a+literature+review&volume=13&publication_year=2015&pages=71&pmid=26329455&doi=10.1186/s12960-015-0070-y&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3682607/
https://www.ncbi.nlm.nih.gov/pubmed/23678926
https://dx.doi.org/10.2105%2FAJPH.2012.301102
https://scholar.google.com/scholar_lookup?journal=Am+J+Public+Health&title=Community+health+workers+in+low-+and+middle-income+countries:+what+do+we+know+about+scaling+up+and+sustainability?&volume=103&publication_year=2013&pages=e74-82&doi=10.2105/AJPH.2012.301102&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283271/
https://www.ncbi.nlm.nih.gov/pubmed/16282407
https://dx.doi.org/10.1136%2Fbmj.331.7525.1107
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Cost+effectiveness+analysis+of+strategies+for+maternal+and+neonatal+health+in+developing+countries&volume=331&publication_year=2005&pages=1107&pmid=16282407&doi=10.1136/bmj.331.7525.1107&
https://www.ncbi.nlm.nih.gov/pubmed/22234821
https://dx.doi.org/10.1002%2Fpd.2871
https://scholar.google.com/scholar_lookup?journal=Prenat+Diagn&title=Economic+assessment+of+screening+for+pre-eclampsia&volume=32&publication_year=2012&pages=29-38&pmid=22234821&doi=10.1002/pd.2871&
https://www.ncbi.nlm.nih.gov/pubmed/16411990
https://dx.doi.org/10.1111%2Fj.1471-0528.2005.00785.x
https://scholar.google.com/scholar_lookup?journal=BJOG&title=Cost-Effectiveness+of+prophylactic+magnesium+sulphate+for+9996+women+with+pre-eclampsia+from+33+countries:+economic+evaluation+of+the+Magpie+trial&volume=113&publication_year=2006&pages=144-51&pmid=16411990&doi=10.1111/j.1471-0528.2005.00785.x&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6337795/
https://www.ncbi.nlm.nih.gov/pubmed/30654780
https://dx.doi.org/10.1186%2Fs12889-018-6382-9
https://scholar.google.com/scholar_lookup?journal=BMC+Public+Health&title=Evaluation+of+the+cost-effectiveness+of+the+treatment+of+uncomplicated+severe+acute+malnutrition+by+lady+health+workers+as+compared+to+an+outpatient+therapeutic+feeding+programme+in+Sindh+Province,+Pakistan&volume=19&publication_year=2019&pages=84&pmid=30654780&doi=10.1186/s12889-018-6382-9&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5623259/
https://www.ncbi.nlm.nih.gov/pubmed/29018584
https://dx.doi.org/10.1136%2Fbmjgh-2017-000391
https://scholar.google.com/scholar_lookup?journal=BMJ+Glob+Health&title=Affordability+of+comprehensive+community+health+worker+programmes+in+rural+sub-Saharan+Africa&volume=2&publication_year=2017&pages=e000391&doi=10.1136/bmjgh-2017-000391&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5934709/
https://www.ncbi.nlm.nih.gov/pubmed/28587686
https://dx.doi.org/10.1017%2FS0266462317000320
https://scholar.google.com/scholar_lookup?journal=Int+J+Technol+Assess+Health+Care&title=Societal+perspective+on+cost+drivers+for+health+technology+assessment+in+sindh,+Pakistan&volume=33&publication_year=2017&pages=192-8&pmid=28587686&doi=10.1017/S0266462317000320&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1113167/
https://www.ncbi.nlm.nih.gov/pubmed/9582152
https://dx.doi.org/10.1136%2Fbmj.316.7143.1529
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Perspectives+in+economic+evaluation&volume=316&publication_year=1998&pages=1529&pmid=9582152&doi=10.1136/bmj.316.7143.1529&


1/19/22, 9:41 AM A multicentric, randomized, controlled phase III study of centhaquine (Lyfaquin ® ) as a resuscitative agent in hypovolemic shock …

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7654912/ 1/2

Version 4. medRxiv. Preprint. NaN NaN [revised 2021 May 9].
doi: 10.1101/2020.07.30.20068114

PMCID: PMC7654912
Other versions

PMID: 33173916

A multicentric, randomized, controlled phase III study of centhaquine
(Lyfaquin  ) as a resuscitative agent in hypovolemic shock patients
Anil Gulati, Rajat Choudhuri, Ajay Gupta, Saurabh Singh, S. K. Noushad Ali, Gursaran Kaur Sidhu, Parvez
David Haque, Prashant Rahate, Aditya R Bothra, G P Singh, Sanjeev Maheshwari, Deepak Jeswani, Sameer
Haveri, Apurva Agarwal, and Nilesh Radheshyam Agrawal

Abstract

INTRODUCTION

Centhaquine (Lyfaquin  ) showed significant safety and efficacy in preclinical and clinical phase I and
II studies.

METHODS

A prospective, multicentric, randomized phase III study was conducted in patients with hypovolemic
shock having systolic blood pressure (SBP) of ≤90 mm Hg and blood lactate levels of ≥2 mmol/L.
Patients were randomized in a 2:1 ratio, 71 patients to the centhaquine group and 34 patients to the
control (saline) group. Every patient received standard of care (SOC) and was followed for 28 days.
The study drug (normal saline or centhaquine (0.01 mg/kg)) was administered in 100 mL of normal
saline infusion over 1 hour. The primary objectives were to determine changes (mean through 48
hours) in SBP, diastolic blood pressure (DBP), blood lactate levels, and base deficit. The secondary
objectives included the amount of fluids, blood products, vasopressors administered in the first 48
hours, duration of hospital stay, time in ICU, time on the ventilator support, change in patient’s Acute
Respiratory Distress Syndrome (ARDS), Multiple Organ Dysfunction Syndrome (MODS) scores, and
the proportion of patients with 28-day all-cause mortality.

RESULTS
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The demographics of patients and baseline vitals in both groups were comparable. Trauma was the
cause of hypovolemic shock in 29.41% of control and 47.06% of centhaquine, gastroenteritis in
44.12% of control, and 29.41% of centhaquine patients. An equal amount of fluids and blood products
were administered in both groups during the first 48 hours of resuscitation. A lesser amount of
vasopressors was needed in the first 48 hours of resuscitation in the centhaquine group. An increase in
SBP from the baseline was consistently higher in the centhaquine group than in the control. A
significant increase in pulse pressure in the centhaquine group than the control group suggests
improved stroke volume due to centhaquine. The shock index was significantly lower in the
centhaquine group than control from 1 hour (p=0.0320) till 4 hours (p=0.0494) of resuscitation.
Resuscitation with centhaquine had a significantly greater number of patients with improved blood
lactate and the base deficit than the control group. ARDS and MODS improved with centhaquine, and
an 8.8% absolute reduction in 28-day all-cause mortality was observed in the centhaquine group.

CONCLUSION

Centhaquine is a highly efficacious resuscitative agent for treating hypovolemic shock. The efficacy of
centhaquine in distributive shock due to sepsis and COVID-19 is being explored.

Trial Registration

Clinical Trials Registry, India; ctri.icmr.org.in, CTRI/2019/01/017196; clinicaltrials.gov,
NCT04045327 .

Key Summary Points

1. A multicentric, randomized, controlled trial was conducted to evaluate the efficacy of
centhaquine in hypovolemic shock patients.

2. One hundred and five patients were randomized 2:1 to receive centhaquine or saline.
Centhaquine was administered at a dose of 0.01 mg/kg in 100 mL saline and infused over 1 hour.
The control group received 100 mL of saline over a 1-hour infusion.

3. Centhaquine improved blood pressure, shock index, reduced blood lactate levels, and improved
base deficit. Acute Respiratory Distress Syndrome (ARDS) and Multiple Organ Dysfunction
Syndrome (MODS) score improved with centhaquine.

4. An 8.8% absolute reduction in 28-day all-cause mortality was observed in the centhaquine group.
There were no drug-related adverse events in the study.

Full Text Availability

The license terms selected by the author(s) for this preprint version do not permit archiving in PMC.
The full text is available from the preprint server.

https://clinicaltrials.gov/ct2/show/NCT04045327
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Abstract

Telomere length is regarded as a potential biomarker of biological ageing and is associated with various
age-related diseases, such as ischemic heart disease (IHD), myocardial infarction, peripheral vascular
disease, and cancer. As there is a paucity of study that deals with this influence, this study aimed to
assess how the cardiovascular risk factors influence the risk of IHD by performing mediation analysis.
A total of 407 males were included in the study. IHD was diagnosed through echocardiography and
coronary angiography by determining the number of coronary vessels involved. Demographic data,
clinical history, and laboratory investigations such as random blood sugar (RBS), fasting lipid profile,
serum creatinine, and serum urea levels of all the subjects were measured and recorded. Serum uric
acid and blood urea nitrogen (BUN) levels were significantly higher in IHD subjects compared to non-
IHD subjects (P < 0.05). Body mass index (BMI), glycosylated hemoglobin (HbA1c), RBS, serum uric
acid, serum creatinine, BUN, total cholesterol, triglycerides, and telomere length significantly differed
between subjects with and without IHD (P < 0.05). Further, telomere length (P < 0.001), BMI (P <
0.001), and total cholesterol level (P < 0.001) were risk factors that significantly affected the incidence
of IHD, as proved by logistic regression. It indicates that shorter telomeres contribute to increased risk
of IHD, influenced by BMI, HbA1c, BUN, total cholesterol levels, and RBS (P < 0.001). The study
established a link between telomere shortening, conventional risk factors, and IHD; moreover, the
study takes care in the role of mediation analysis which is a novel idea as little is done in this area of
biostatistics with telomere length. Overall, this further establishes that telomeres length might serve as
the promising biomarkers in predicting the risk of IHD.

Keywords: Blood urea nitrogen, ischemic heart disease, real-time polymerase chain reaction, serum
uric acid, telomere length

Background

Ischemic heart disease (IHD) accounts for about 8.1 million deaths, globally, every year.[1] In this
modernizing world, where people have got accustomed to unhealthy diet, lack of physical inactivity,
increased alcohol consumption and smoking, lifestyle disorders such as type II diabetes mellitus and
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hypertension, and raised levels of cholesterol, triglycerides, serum low-density lipoprotein,
homocysteine, and C-reactive protein are one the rise and are identified as the potential risk factors of
IHD.[2] These risk factors, in turn, lead to the shortening of telomeres and play a crucial role in the
pathogenesis of age-related cardiovascular diseases.[3,4] However, the underlying mechanism is still
hypothetical.

Several observational studies have reported that shortening of telomere length increases the risk of
IHD, myocardial infarction, and early death.[5] A prospective study conducted among white
individuals in Copenhagen stated that both the genetic and nongenetic factors affect the telomere length
in IHD subjects.[6] However, there is a paucity of data in determining the relationship between
telomere length and IHD along with other established risk factors of IHD that affect telomere length.
Hence, this impelled us to explore the relationship of telomere length and conventional risk factors
with IHD through mediation analysis.

Methods

This present case–control study was conducted at the Department of Cardiology, Jawaharlal Nehru
Medical College, KAHER, Belagavi, Karnataka, India. Before commencement of the study, ethical
approval was obtained from the Institutional Medical, Ethical Committee. Written informed consent
was obtained from the subjects before their involvement in the study. A total of 407 males (IHD
subjects: 205; non-IHD subjects: 202) were included; females and subjects with a history of chronic
alcoholism and systemic illnesses were excluded from the study. Females were excluded as they
possess many changes concerning menopause and metabolism compared to male. IHD was diagnosed
through echocardiography and coronary angiography.

Demographic data including age and gender of the subjects were recorded. The clinical data collected
from the subjects included body height and weight, systolic and diastolic blood pressure, history of
smoking, and history of medications used. Body height and weight were measured for the calculation
of body mass index (BMI) using a standard protocol.[7] Blood pressure was recorded using a
sphygmomanometer.

A 5-ml blood sample drawn from the antecubital vein of each subject and collected in a vacutainer
containing a small amount of ethylenediaminetetraacetic acid was used for all the tests. Laboratory
investigations, such as random blood sugar (RBS); glycosylated hemoglobin (HbA1c); serum
creatinine, uric acid, and blood urea nitrogen (BUN) levels; and high-density lipoprotein (HDL), total
cholesterol, and triglyceride levels of the subjects were measured.

Ejection fraction was assessed using echocardiography. Radial artery size for all the subjects was
measured using an ultrasound machine. Other related data pertaining to IHD subjects including
coronary artery anomalies, history of anxiety, the coronary vessels involved, and type of angiographic
catheters used were also recorded.

DNA extraction, amplification, and measurement

DNA was extracted from the peripheral blood leukocytes using Qiagen DNA Mini Kit (QIAGEN Inc.,
California, United States).[8] Quantitative real-time (RT)-polymerase chain reaction (PCR) (Applied
Biosystems, California, United States) was used to measure the telomere length of the extracted DNA
as a T/S ratio.[9] Cycling conditions for both telomere and single-copy gene (36B4) amplicons were as
follows: 10 min at 95°C, 40 cycles at 95°C for 15 seconds, and 1 min at 60°C; followed by a melting
curve with little modifications as described previously.[9] 36B4 serves as a reference gene in the
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conventional quantitative PCR technique in the measurement of telomere length. All samples were
analyzed in the ABI StepOnePlus RT-PCR system with SDS version StepOnePlus software (Applied
Biosystems, California, and United States).

Descriptive analysis (categorical variables counts and percentages and continuous variables: mean ±
standard deviation) was done for the study characteristics and risk factor assessments of the subjects
using Microsoft excel spreadsheet and R version 3.5.1. Comparison of the data was done by Chi-square
(in case of categorical variables) and independent t-test (for continuous variables). Median differences
between the groups were analyzed by Wilcoxon signed-rank test.

With respect to telomere length data, boxplots were used to compare the telomere length among the
groups and Pearson's correlation was performed to assess the correlation of the conventional risk
factors with telomere length of both the groups and their effect on the telomere length was evaluated by
performing multivariate linear regression. With respect to IHD patients, telomere length was
dichotomized into two categories based on the median value to evaluate the significant factors affecting
its length.

Logistic regression analysis was used to assess the relationship of risk factors with IHD status. Logistic
regression model was built by taking the status of IHD (present/absent) as response and others as
regressors using age as covariates for all the models. Model selection was done using sequential
addition of variables. For mediation analysis, the status of IHD taken as a response, elomere length is
taken as a predictor. Three versions of the same patient were considered (i.e. except for the difference
described hereafter, these three versions of the patient are exactly the same). In the first version, the
patient has IHD and the risk factor levels (mediators) have the natural levels of a patient with IHD. In
the second version, the patient has IHD, but the risk factor levels are set to the value of a patient
without IHD. In the third version, the patient does not have IHD and the risk factor levels have the
natural levels of a patient without IHD. The total effect will be the difference in outcome between the
patient in versions 1 and 3. The natural direct effect will be the difference in outcome between the
patient in versions 2 and 3. The indirect effect will be the difference in outcome between the patient in
versions 1 and 2. The interpretation of these effects is as follows: the indirect effect is the (relative)
difference in telomere length that can be attributed to mediation through the risk factor, whereas the
natural direct effect is the (relative) difference in telomere length that can be attributed to a direct path
from IHD to telomere length. This path will include mediation through other risk factors that are not
included in the analysis. Finally, the total effect is the (relative) difference in telomere length between
those who have IHD compared with those without IHD, which equals the sum of the natural direct
effect and indirect effect. The risk factors used as mediators in this model are BMI, HbA1c, RBS, uric
acid, BUN, HDL, and total cholesterol. The total, direct and indirect effects are reported as estimate
with 95% confidence intervals. To obtain 95% CIs for the total effect and (combined) indirect effect,
bootstrapping was used with 1000 bootstrap samples. The bounds of the 95% CI were based on the 2.5
and 97.5 percentiles of the different distributions of effects.

Since mediation analysis essentially highlights the direct and indirect effects of the exposure and
outcome, in the present study, the effect of telomere length on the risk of IHD occurrence was the direct
effect and effect of conventional risk factors assessed in the study on the risk of IHD when influenced
by telomere length was considered the indirect effect. Blood pressure and age were considered to be
confounding factors for IHD and telomere length, IHD and mediators, and telomere length and
mediators' associations, as per the report of Sakboonyarat and Rangsin. Calculation of 95% confidence
intervals (CIs) for single effects was done using robust standard errors; for composite effects, 95% CI
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were derived from robust variance-covariance estimates with the delta method. The mediation analysis
was done using NCSS 2020 software version 20.0.2. The level of statistical significance considered for
the two-sided P value was 0.05.

Results

A total of 407 subjects with (205) and without (202) IHD were assessed in the study. Baseline
demographic and clinical characteristics of subjects in IHD and non-IHD subsets are shown in Table 1.
The telomere length in different age groups is represented in Figure 1.

Table 1

Baseline differences between ischemic and nonischemic subjects and assessment of risk factors
affecting subjects with ischemic heart disease

Factors Non-IHD IHD P OR P

Smoking 48 (23.76%) 44 (21.46%) 0.66 0.750 0.348

Age (years) 60.3±8.05 61.1±8.23 0.32 1.011 0.430

Telomere length 2.18±0.26 1.66±0.56 <0.001* 0.080 <0.001*

BMI (kg/m2) 23.46±3.81 22.12±2.62 0.002* 0.882 0.001*

HbA1c levels (%) 4.96±0.33 7.65±2.64 <0.001* - -

RBS (mg/dL) 100.22±3.67 177.21±73.97 <0.001* - -

Serum uric acid (3.0-8.2 mg/dL) 6.31±1.59 8.97±4.08 <0.001* - -

Serum creatinine (0.6-1.2 mg/dL) 0.99±0.15 1.19±0.4 <0.001* 1.003 0.844

BUN (7-20 mg/dL) 13.69±2.98 22.11±7.04 <0.001* - -

HDL (mg/dL) 39.72±6.76 38.75±6.82 0.41 1.006 0.762

Total cholesterol (<200 mg/dL) 166.17±21.49 180.89±34.62 <0.001* 1.015 < 0.001*

Triglycerides (<150 mg/dL) 120.99±24.42 131.18±35.2 <0.001* 0.997 0.514

Radial artery size (mm) 1.61±0.28 1.62±0.28 0.75 1.300 0.547

Ejection fraction (%) 53.48±10.4 52.9±10.06 0.566 0.991 0.414

Open in a separate window

*Significant, Data are expressed as mean±SD for continuous variables and percentages for categorical variable,
P calculated was the baseline difference between ischemic and nonischemic subjects, Chi-square test,
Unpaired t-test, Logistic regression was used to assess the risk factors affecting the ischemic status. IHD:

Ischemic heart disease, SD: Standard deviation, BMI: Body mass index, HDL: High-density lipoprotein, RBS:
Random blood sugar, BUN: Blood urea nitrogen, OR: Odds ratio, HbA1c: Glycosylated hemoglobin
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Figure 1

Telomere length concerning age groups

A statistically significant difference was observed between the IHD and non-IHD subjects in terms of
telomere length (P < 0.001) and levels of HbA1c (P < 0.001), RBS (P < 0.001), serum uric acid (P <
0.001), creatinine (P < 0.013), BUN (P < 0.04), total cholesterol (P < 0.001), and total triglycerides (P
< 0.001). Logistic regression demonstrated that telomere length, BMI, and total cholesterol were the
risk factors significantly affecting the IHD subjects. For every unit increase in the telomere length and
BMI, the odds of possessing IHD were decreased by 12.5 and 1.13 units, respectively, whereas for
every unit increase in total cholesterol, the odds of occurring IHD were increased by1.015 units [
Table 1].

The telomere length in IHD and normal subjects is shown in Figure 2. The telomere length in IHD
subjects was less as compared to non-IHD subjects. In nearly half of the IHD subjects, the telomere
length was distributed between 1.18 and 2.04 with a median telomere length of 1.56.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/table/T1/
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Figure 2

Comparison of telomere length in ischemic and nonischemic subjects

The factors influencing the telomere length among IHD and non-IHD subjects are shown in Table 2.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/figure/F2/
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Table 2

Factors affecting telomere length among ischemic and nonischemic subjects

Open in a separate window

*Significant. BMI: Body mass index, RBS: Random blood sugar, BUN: Blood urea nitrogen, HDL: High-density
lipoprotein, IHD: Ischemic heart disease, HbA1c: Glycosylated hemoglobin

Variables Telomere length

IHD subjects Non-IHD subjects

Estimate P Estimate P

Age (years) 0.0007 0.6106 −0.0005 0.2082

BMI (kg/m ) 0.0003 0.9393 −0.0010 0.2143

Smoking −0.0108 0.0003* −0.0132 0.0559

HbA1c levels (%) 0.0063 0.3211 0.0268 0.0621

RBS (mg/dL) −0.0001 0.7400 −0.0008 0.5017

Serum uric acid (mg/dL) −0.1241 < 0.001* −0.0330 < 0.001*

Serum creatinine (mg/dL) −0.0255 0.4402 −0.1837 < 0.001*

BUN (mg/dL) −0.0077 0.0013* −0.0462 < 0.001*

HDL (mg/dL) 0.0005 0.7903 −0.0008 0.0761

Total cholesterol (mg/dL) 0.0009 0.0025* −0.0000 0.8523

Triglycerides (mg/dL) −0.0009 0.0022* −0.0001 0.5906

Radial artery size (mm) −0.0036 0.9308 −0.0021 0.8429

Ejection fraction (%) 0.0002 0.8801 0.0004 0.1332

Anomalies

 Intima tissue −0.0372 0.8011 - -

 Parallel −0.0320 0.4920 - -

 Loop anomaly −0.0107 0.9410 - -

 Occlusion 0.3647 0.4512 - -

 Parallel left radial −0.0743 0.2774 - -

Coronary vessel involvement

 1 0.0062 0.8084 - -

 3 0.0222 0.6042 - -

Drug history

 Aspirin+clopidogrel+pantoprazole 0.0309 0.2565 - -

 Aspirin+atorvastatin+metoprolol+pantoprazole −0.0257 0.3593 - -

Catheter used (French 6f) −0 0472 0 0347* - -

2
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Of all the the IHD risk factors assessed, levels of serum uric acid and BUN were significantly
correlated with IHD and non-IHD subjects (r=±0.6). Telomere length significantly shortened with
increasing levels of BUN (IHD: R = −0.93944; P < 0.001; non-IHD: R = −0.96251; P < 0.001) and
serum uric acid (IHD: R = −0.79104; P < 0.001; Non-IHD: R = −0.97774; P < 0.001) in IHD subjects.
Correlation of telomere length with levels of BUN and serum uric acid among IHD and non-IHD
subjects is shown in Figure 3.

Figure 3

Correlation of telomere length with (a) blood urea nitrogen and (b) serum uric acid]

Among the 205 IHD subjects, 103 had telomere length <1.56, whereas 102 had telomere length >1.56.
Hence, the analysis was performed in two parts, i.e. upper median (>1.56) and lower median (<1.56).
On multivariate linear regression analysis, smoking and levels of serum uric acid and triglycerides were
independent predictors that significantly affected the telomere length among IHD subjects in the lower
median. For every unit increase in serum uric acid and triglyceride levels, the telomere length
decreased by 0.1257 and 0.0013 units, respectively, whereas in IHD subjects in the upper median, the
serum uric acid level was the only independent predictor that significantly affected the telomere length;
for every unit increase in uric acid level, the telomere length decreased by 0.0927 units [Table 3].

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/figure/F3/
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Table 3

Factors affecting telomere length among ischemic subjects

Telomere length Estimate P

Lower median (<1.56)

 Smoking −0.1292 0.0064

 Serum uric acid −0.1257 <0.001

 Triglycerides −0.0013 0.0019

Upper median (>1.56)

 Serum uric acid −0.0927 <0.001

Open in a separate window

The total effect of IHD on telomere length was a decreased risk with an estimate of −9.87 (95% CI
−18.17, −6.06). The direct effect and indirect effect contributions were −4.86 (95% CI −10.30, −0.34)
and −5.01 (95% CI − 17.65, 0.40), respectively [Table 4]. The largest mediated effect contributing to
the indirect effect was uric acid (0.75, 95% CI 0.34, −1.07). The second largest mediated effect was
through total cholesterol (−0.03, 95% CI −0.05, −0.01), followed closely by the presence of RBS
(−0.27, 95% CI −0.33, −0.21), HbA1c (−0.31, 95% CI − 0.38, 0.23), and BUN (−0.60, 95% CI −0.76,
−0.42). The excess risk was not mediated through BMI and HDL (−0.02, 95% CI − 0.03, 0.002, and
0.001, 95% CI −0.01, 0.02) [Table 4].

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/table/T3/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/table/T4/
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Table 4

Mediation analysis of conventional risk factors as mediators to assess influence of telomere
length on ischemic heart disease

Effects Estimate (CI) P

Total effect −9.870 (−18.170-−6.064) -

Direct effect −4.863 (−10.302-−0.335) <0.0001*

Indirect effect −5.007 (−17.645-0.396) -

Indirect effect through BMI −0.0153 (−0.0286-0.0023) 0.0557

Indirect effect through HbA1c −0.3128 (−0.3834-−0.2312) <0.0001*

Indirect effect through RBS −0.2749 (−0.3260-−0.2118) <0.0001*

Indirect effect through uric acid 0.74911 (0.3355-−1.0669) 0.0001*

Indirect effect through BUN −0.6040 (−0.7585-−0.4203) <0.0001*

Indirect effect through HDL 0.00128 (−0.0115-0.0152) 0.8414

Indirect effect through total cholesterol −0.0302 (−0.0494-−0.0095) 0.0033*

Open in a separate window

CI: Confidence interval, BMI: Body mass index, RBS: Random blood sugar, BUN: Blood urea nitrogen, HDL:
High-density lipoprotein, HbA1c: Glycosylated hemoglobin

Discussion

The current research is focused on the role of telomere length in the development of chronic diseases.
The biological mechanism underlying the shortening of telomere and the subsequent risk of
cardiovascular diseases is still under debate.[10] The relationship between telomere length and type 2
diabetes mellitus among patients with IHD is reported in the previous study.[5] However, in our study,
we investigated the effect of shortening of telomeres on the risk of IHD. In addition, influence of
conventional risk factors that were affected by the change in telomere length in IHD subjects was also
investigated by performing mediation analysis.

Due to high prevalence of degenerative diseases, men have shorter telomere length as compared to
women.[11] In addition, menopausal and early metabolic changes in females are themselves are
independent factors for telomerie length changes. Hence, only males were included in the study.
Further, the risk of IHD is also higher in cases of males, which impelled us to explore the influence of
risk factors of cardiovascular diseases on IHD and telomere length in men. Goglin et al.[12] reported
that stable coronary artery disease along with telomere shortening was significantly observed in the
older population and the male gender (P < 0.001). Baseline differences observed between IHD and
non-IHD patients were similar to a prospective study conducted by Tian et al.,[13] wherein
dyslipidemia, smoking, and levels of BMI, triglycerides, total cholesterol, HDL, high-sensitivity C-
reactive protein, and blood pressure significantly varied in IHD subjects than in non-IHD subjects with
type II diabetes mellitus.[14] Similarly, our study also reported significantly shorter telomeres in IHD

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8230014/table/T4/?report=objectonly
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subjects as compared to non-IHD subjects. In a prospective case–control study of ischemic heart failure
consisting of 27 ischemic heart failure subjects and 24 controls, Wong et al.[15] observed significantly
shorter telomeres in ischemic heart failure patients than in healthy controls (P =0.002).

Logistic regression revealed that among all factors, BMI, total cholesterol, and telomere length were
the significant factors affecting IHD status. Of these factors, progressive telomere length shortening
was the prominent factor increasing the risk of IHD. A prospective study conducted by Masi et al.[16]
reported that telomere length can predict the risk of IHD disease. Moreover, a recent study conducted
by Piplani et al.[5] among Caucasian individuals also proved that short telomeres are significantly
associated with an increased risk of IHD, both through observation as well as genetically. In contrast, a
study conducted by Spyridopoulos et al.[17] among the subjects with myocardial infarction revealed
that none of the risk factors (history of hypertension and diabetes; smoking; increased levels of
cholesterol, white cell count, fibrinogen, C-reactive protein, and homocysteine; and positive history of
coronary heart disease and myocardial infarction) affected the relationship between the status of
myocardial infarction and telomere length. However, the risk factors investigated in our study were
different from those assessed in the study by Nilsson et al.[18]

Studies have shown that elevated BMI levels were associated with an increased risk of both fatal and
nonfatal IHD.[19,20] However, the effect of fine incremental changes of BMI in the increased risk of
IHD is uncertain. A study conducted by Helby et al.[6] reported that 1 unit (4 kg/m ) increase in BMI
showed an odds ratio of 1.23 (95% CI, 1.19–1.28) in IHD subjects. Contradictorily, in our study, we
reported that a gradual increase in BMI decreases the risk of IHD. Hence, further prospective studies
are required to determine the underlying mechanism.

Further, the effect of conventional risk factors (age, smoking, BMI, HbA1c, RBS, serum uric acid,
serum creatinine, BUN, HDL, total cholesterol, and triglycerides levels) on the telomere length among
IHD patients was also studied. We observed that smoking, serum uric acid, BUN, total cholesterol,
triglycerides levels, and catheter used were the significant factors. Nevertheless, there is a paucity of
study that deals with the effect of conventional risk factors on the telomere length among IHD patients.
A similar case–control study conducted by Zee et al.[14] also investigated the effect of risk factors of
coronary heart disease on telomere length. However, neither the risk factors nor the history of smoking
explained the effect on telomere length.

The correlational analysis confirmed that telomere length was negatively correlated with levels of
serum uric acid and BUN in both IHD and non-IHD subjects. A similar retrospective study conducted
by Buxton et al.[20] reported that smoking (β–0.752; P = 0.0002), history of myocardial infarction (β–
0.048; P < 0.001), and atrial fibrillation (β–0.029; P = 0.019) were the significant factors correlated
with the telomere length. Fascinatingly, a study conducted by Tian et al.[13] indicated that none of the
conventional risk factors correlated significantly with telomere length in patients with coronary artery
disease as well as controls. In our study, multivariate analysis performed in quartiles showed that
smoking, serum uric acid, and triglyceride levels significantly affected the telomere length in IHD
subjects in the lower quartile, whereas only serum uric acid significantly affected the telomere length in
IHD subjects in the upper quartile. This suggests that telomere biology is involved in the development
of IHD. However, there is a lack of similar kinds of data to support these findings.

Our study adds to the existing evidence that telomere shortening increases the risk of IHD. Further, the
mediation analysis performed for the first time in case of IHD related studies, indicated that these risk
factors significantly play a role in the development of IHD and are also influenced by the change in

2
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telomere length. The selection of the mediators and the confounding factors, i.e. age and blood
pressure, was done on the basis of established reports indicating them as the conventional risk factors
for IHD.

This is the first study of its kind to report a relationship between the telomere length and risk of IHD
among the Indian population. However, the study is primarily limited being single centric. However,
multicentric study with large study population may provide better insights into the exact relationship
between shortening of telomere length and the risk of IHD. Second, as this was a case–control study,
the selection bias of IHD and non-IHD subjects cannot be excluded. Finally, due to case–control design
of the present study, we cannot draw definite inferences whether the telomere shortening observed in
the subjects was the cause/consequence of IHD. Hence, further clinical studies need to be performed to
explicate the current findings considering the onset age of IHD to indicate biological and age-related
telomere length.

Conclusion

The study sheds light on a possible link between telomere shortening and IHD. It indicates that shorter
telomeres contribute to an increased risk of IHD. Moreover, the study suggests that smoking, BMI,
HbA1c, RBS, BUN, total cholesterol levels, and levels of uric acid further influence the telomere
length in IHD subjects. Therefore, telomere length might contribute to predicting the risk of IHD.
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Abstract

COVID-19 pandemic is affecting millions of people all across the globe. Along with other clinical
features, anosmia and dysgeusia are important symptoms being seen. This study evaluates the
prevalence of olfactory and gustatory dysfunction in patients with SARS CoV-2 infection in a tertiary
care centre and the severity and duration of altered taste and smell sensation in COVID positive
patients. A total number of 167 patients that had tested positive for COVID 19 KLES Dr. Prabhakar
Kore hospital in the study period of 3 months were assessed for presence and severity of olfactory and
gustatory sensations. The prevalence of alteration of sense in COVID 19 patients in our tertiary care
centre was found to be 62.87% and alteration of taste was 58.68%. This study shows that smell and
taste loss has a high prevalence in patients of COVID 19 and health care workers should keep high
degree of suspicion for COVID 19 when patients present with these symptoms. The early identification
may help to reduce the risk of spread.

Keywords: Corona virus, SARS-COV-2, Anosmia, Dysgeusia, Parosmia

Introduction

The coronavirus disease 2019 (COVID 19) is an ongoing viral pandemic that emerged from East Asia
and quickly spread to the rest of the world. The most prevalent symptoms seen were of fever (98%),
cough (76%), dyspnea (55%), and myalgia or fatigue (44%) [1]. Anosmia and dysgeusia were the
unusual and only presentation in some cases.

Apart from degenerative diseases, the most common etiologies of olfaction loss are postviral upper
respiratory infection (URI) (18–45% of the clinical population), nasal/sinus disease (7–56%), head
trauma (8–20%), exposure to toxins/drugs (2–6%), and congenital anosmia (0–4%) [2].
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Hypothesis could be that the alterations in smell are due to damage caused by the virus to the olfactory
pathways. The reduction in the neuronal lifespan in the olfactory epithelium is most likely to be the
consequence of a decrease in the support caused by the loss of mitral cells and the absence of dendrites
of the surviving mitral and tufted cells from the glomerular layer. Accordingly, the virus may carry out
its damage at the level of the olfactory bulb rather than the epithelium [3].

Zinc deficiency is well known to cause anosmia and taste dysfunction. Carbonic anhydrase (CA VI) is
present in saliva and nasal mucus. Serum zinc is a key cofactor in all CA activity. Thus, treating these
sensory deficient patients with exogenous zinc increases CA synthesis and restores taste and smell
function [4].

Angiotensin-converting enzyme 2 (ACE2) has been identified as the cellular receptor for SARS-CoV-
2. Presumably, these drugs inactivate the G protein-coupled proteins and sodium-ion channels present
in the taste receptors. Another possibility is that the ability to perceive flavours in these patients is
adversely affected by the concomitant presence of olfactory disturbances due to the intimate functional
correlation between these 2 chemosensory systems [5].

A majority of patients who test positive for COVID 19 are having a distorted smell sensation upto
6 months post recovery from the illness. This alteration in perception of the correct smell sensation is
described as parosmia. Parosmia is typically associated with reduced olfactory sensitivity. It can occur
after viral infections of the upper respiratory tract or after skull-brain traumas.

Treatment strategies for Olfactory dysfunction secondary to sinonasal diseases aim to resolve the
underlying conditions. Various medications and supplementation have been given for treatment of
smell disorders like vitamin B12 supplementation, zinc supplementation etc. however their exact role
has not yet been established. Olfactory training (OT) aims to enhance olfactory recovery based on the
neuronal plasticity of the olfactory system [6]. OT is recommended as conscious sniffing of at least
four different odors at least twice daily for several months and has emerged as a simple and side‐effect
free treatment option for various causes of smell loss [7].

In July 2020 the 1st Indian study was published which concluded that prevalence of new onset anosmia
in Indian population with COVID-19 is 14.8% [8]. The prevalence of anosmia in Indian/Asian
population is much lesser than that reported in European population. The aim of our study is to
investigate and characterize the occurrence of olfactory and gustatory disorders in patients with
laboratory-confirmed COVID-19 infection using a large sample size and assessment of time period
required for recovery of these symptoms.

In times of the corona virus disease 2019 (COVID-19) pandemic, the low prevalence of sensorineural
viral anosmia in society as a whole has made clinical research challenging.

Methodology

A cross sectional study among all Covid positive patients admitted in our tertiary care hospital was
done for a study period of 3 months from July 2020 to September 2020. A total of 167 patients were
included. All patients more than 18 years of age who tested positive for SARS-CoV-2-RNA by
polymerase chain reaction by nasopharyngeal and throat swabs/ patients with CORAD scoring more
than equal to 4 were included in the study. Patients with olfactory or gustatory dysfunctions before the
epidemic, history of allergic rhinitis or chronic rhinosinusitis, any obstructive nasal pathology or any
nasal surgeries were excluded.

Procedure
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All selected patients were given the treatment for covid 19 as per the guidelines. Informed written
consent was obtained from each patient. Each patient was given a standardised questionnaire [9] of 22
questions regarding olfactory and gustatory dysfunction faced by them. The questionnaire was carried
out by telephonic assessment using google forms. The progress of symptoms and resolution was noted
upto 3 months.

The categorical data was expressed in terms of rates, ratios and percentages. The association between
the outcome, clinical and demographic characteristics was tested using Chi-square test and Fisher’s
exact test. For all the tests the value of p less than 5% (0.05) was considered significant.

Result

Out of 167 patients in our study [10], 105 patients had altered sense of smell (62.87%) and 98 had
altered sense of taste (58.68%) after diagnosis of the disease as shown in Fig. 1. The majority of
patients in our study were less than 29 years of age (61/167) attributing to 36.53%. This was followed
by age group of 30–49 years (34.73%), then 50–60 years (24.55%) and only 4.19% patients were above
the age of 60 years. The mean age of patients was 39 years. Our analysis shows a male preponderance
in patients with COVID 19 with male to female ratio as 1.2:1. As seen in Fig. 2 only 44/167 i.e. 26.7%
patients had smell and taste alteration as the first symptom. Table 1 shows us that there was a 50%
decrease in the sense of smell during the disease among all the patients when compared before the
disease. After 14 days there was a 74% improvement in the sense of smell when compared to smell
during the disease period. There was a 45.26% decrease in the sense of taste during the disease among
all the patients when compared before the disease as seen in Table 2. After 14 days there was a 63.21%
improvement in the sense of taste when compared to taste during the disease period.

Figure1

Distribution of patients by status of smell and taste

Fig. 2

Prevalence of initial symptom
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Table 1

Comparison of before, during and 14 days treatment time points with smell scores by Wilcoxon
matched pairs test

Treatment times Mean SD Mean Diff SD Diff % of change Z-value p value

Before 9.51 0.71 4.83 2.89 50.76 8.8951 0.0001*

During 4.68 2.67

During 4.68 2.67  − 3.50 3.18  − 74.62 7.6456 0.0001*

14 days 8.18 1.71

Open in a separate window

*p < 0.05

Table 2

Comparison of before, during and 14 days treatment time points with taste scores by Wilcoxon
matched pairs test

Treatment times Mean SD Mean Diff SD Diff % of change Z-value p value

Before 9.22 1.73 4.17 3.10 45.26 8.2601 0.0001*

During 5.05 2.78

During 5.05 2.78  − 3.19  − 63.21 7.4388 0.0001*

14 days 8.23 1.95 3.01

Open in a separate window

*p < 0.05

Majority of patients recovered their sense of smell and taste within 14 days post diagnosis. 39.64%
completely recovered by 14 days, 36.94% recovered within 30 days and only 23.42% had persistent
symptoms after 30 days of diagnosis. Around 21.3% patients had a distorted smell sensation even upto
3 months post recovery.

Discussion

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8258488/table/Tab1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8258488/table/Tab2/?report=objectonly
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Up until COVID 19, patients with sensorineural viral anosmia and dysgeusia were seldom seen in
general otolaryngology practice with approximately one to two new-onset patients each year. Zou and
colleagues found that the virus binds to ACE receptors in nasal epithelium and causes degeneration of
the nasal mucosa and subsequent inflammation and damage to the neural receptors responsible for
olfaction. Another hypothesis, currently the most widely accepted, suggests the direct changes to the
central nervous system by the virus [9]. Therefore The American Academy of Otolaryngology—Head
and Neck Surgery and the British Association of Otorhinolaryngology are now recommending these
symptoms be added to the list of primary screening symptoms for COVID-19 [1].

Our study was conducted in a tertiary care centre among all covid positive patients including health
care workers. We evaluated the sense of smell and taste before, during and 14 days after the diagnosis
and noted a high prevalence of loss of sense and taste among COVID 19 patients as 62.87% and
58.68% respectively. Also there was a significant reduction in smell (50.76%) and taste (45.26%)
perception during the disease which improved significantly for majority of patients (39.64%). We
observed that with increasing age the incidence of these symptoms reduced and the mean age seen was
of 39 years. Along with smell and taste we also evaluated other symptoms of fever, malaise, headache,
sore throat and difficulty in breathing and a significant number of patients had smell and taste alteration
as the 1st symptom (26.35%). The previously done studies in India have evaluated the prevalence of
olfactory and taste dysfunction in a very small group of patients and have not followed up the patients
for recovery of their taste and smell dysfunction. In our study we followed up the patients for a period
of 3 months post infection to evaluate the recovery and improvement in symptoms.

In a retrospective study conducted by Lv et al. (Wuhan, China) in September 2020, out of 196 patients
8.2% and 4.6% of patients reported olfactory and taste disorders, respectively [11]. In a systematic
review and meta-analysis of Smell and Taste Dysfunction in Patients With COVID-19 Akosua Adom
Agyeman et al. found that about 41% and 38% of diagnostic-confirmed patients with COVID- 19
infection presented with olfactory or gustatory dysfunctions respectively. The studies involved a total
of 8438 patients. In a study by Prasun et al. in India the prevalence of new onset anosmia in Indian
population with COVID-19 was seen 14.8% [8]. These results indicate that the prevalence and
prognosis of olfactory or gustatory impairment in COVID-19 patients vary globally, reflecting the
complexity of this disease.

In India very few studies have given the prevalence of anosmia and dysgeusia among patients.
Understanding the prevalence of these symptoms in our country can alert the otolaryngologists and
help in early detection and management of covid 19.

Conclusion

Our current study strongly confirms the high prevalence of olfactory and gustatory disorders in
COVID-19 infection. Smell and taste loss should be used as indicators of potential contagion and
otolaryngologists should keep high degree of suspicion for COVID 19 when patients present with these
symptoms. The early identification may help to reduce the risk of spread especially by pauci
symptomatic cases [9].
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Introduction

Coronavirus disease-2019 (COVID-19) has played a havoc that has had an enormous impact on social
life, health, and economy worldwide. The World Health Organization, on June 1, 2020, addressed the
danger of antimicrobial resistance (AMR) “one of the most urgent challenges of our time,” that is
further made worse by this pandemic.[1]

COVID-19 outbreak has masked longer-term and major public health problems like the steady upsurge
in AMR in the dark. However, one should not lose sight of existing problems that might possibly be
aggravated by this pandemic. The pandemic lays emphasis on the need to take into consideration
bacterial coinfections and other secondary infections during as well as subsequent to the viral outbreaks
that have proven to be the most important cause of morbidity and mortality.

Antibiotic Use in the Coronavirus Disease-2019 Pandemic

Different countries have experienced multiple waves of COVID-19 pandemic. This has increased huge
pressure on researchers and doctors to make and implement various strategies to fight this pandemic.
Evidence suggests that with a rapid surge in the number of COVID-19 cases, there has been an upsurge
even in the antimicrobial use (AMU). Rampant use of antimicrobials might worsen the problem of
AMR. The priority during the pandemic is to treat and save lives of patients. All the personnel and
resources in the health-care systems have been redirected in COVID-19 diagnosis and management.

Therefore, AMR surveillance has been compromised due to shortage of health personnel as well as
resources. Recommendations with respect to antibiotic use vary across countries.

AMR is a global issue that has had an impact on humans, animals, and environment. A well-
coordinated multidisciplinary approach is required to address this issue.[2]

An independent review on AMR conducted in May, 2016 revealed that globally, antimicrobial-resistant
infections were anticipated to give rise to at least 7 lakh deaths/year and the number is expected to rise
up to 10 million deaths/year by 2050.[3]
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Evidence suggests that majority of hospitalized COVID-19 patients were put on antimicrobials, to treat
to prevent superadded bacterial and fungal infections, regardless of a small percentage of these
coinfections.[4,5,6] On April 2020, an international survey was conducted that involved 166 study
participants from 23 nations and 82 hospitals, revealed the usage of broad-spectrum antimicrobials in
COVID-19 patients.[7] A review conducted by Rawson et al. revealed the widespread use of broad-
spectrum antimicrobials where 72% of COVID-19 cases received antimicrobials, while only 8% of
them were reported to have coinfections.[8]

These data suggest an increase in AMU greater than the prevalence of superadded bacterial/fungal
infections. This could greatly cause an upsurge in the emergence of multidrug-resistant
microorganisms. Moreover, substantial amount of these antimicrobials also reach the environment
affecting the ecosystem as well. Globally, the widespread use of disinfectants and sanitizers for
prolonged duration could lead to emergence of resistant bacteria to both antimicrobials and biocides as
well. Injudicious use of antimicrobial prophylaxis or therapy should be stopped in mild COVID-19
infection. Thus, implementation of the antimicrobial stewardship program is of utmost importance
during this pandemic.

Bacterial Infections and Coronavirus Disease-2019

Bacterial infections can complicate the already associated viral respiratory illness and can significantly
increase the morbidity and mortality.[9] These can be present both as coinfections at the time of
admission or as superinfection (secondary) from the hospital source. In a review analysis by Westblade
et al., the risk of coinfections was found to be <4%.[10] About 57% of the admitted patients received
empirical antimicrobial therapy while only 15% had received targeted or laboratory-based therapy
highlighting the inappropriate use of antimicrobial agents in patients with COVID-19 infection.[11]

Advancing age and comorbid conditions, although, were important risk factors but were not found to
be associated with coinfections, as reported, in all the studies.[11,12,13] The bacterial coinfections
were more common in patients who are admitted in intensive care unit (ICU) for COVID-19.
[11,14,15,16,17,18,19]

The laboratory parameters typically which are reflective of bacterial coinfections include
lymphocytosis, neutrophilia, and increased procalcitonin levels but they lacked the sensitivity,
specificity, and positive predictive value to independently predict coinfections in COVID-19 patients.
[11,12] The positivity rate of blood culture was found to be lower than respiratory culture in these
patients.[11,12,17,20,21,22,23,24]

The most common organisms from these patients were Staphylococcus aureus, Staphylococcus
pneumoniae, and Haemophilus influenzae.[10] These coinfections resulted in prolonging the hospital
stay and increased in-hospital mortality as compared to patients who were without coinfection.[11] The
risk of hospital-acquired infections (HAI) in COVID-19 patients was found to be very high, with
frequency up to 22% in COVID-19 patients who are admitted, with even higher risk up to 48% in
patients who are admitted to ICU. The mean duration of acquiring infections was found to be 1–2
weeks.[10,13,14]

Various studies had identified independent risk factors for HAIs which include the presence of hypoxia
at the time of admission, requirement of mechanical ventilation, and need for ICU within 48 h of
admission. Some laboratory-based parameters including lymphopenia, leukocytosis, elevated
procalcitonin and C-reactive protein (CRP), and need for dialysis for acute kidney injury were also
considered as independent risk factors.[25,26,27,28,29]
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The most commonly isolated organism from the bloodstreams was CoNS, Enterococcus spp.,
Klebsiella spp., Pseudomonas aeruginosa, and S. aureus, while P. aeruginosa, Klebsiella species, and
S. aureus were most commonly isolated from the respiratory source.[10] The incidence of VAP was
found to be higher in COVID-19 patients, but the isolated organism was found similar to the non-
COVID patients.[30] Similar to the coinfections, the COVID-19 patients with HAI had higher
incidence of prolonged hospital stay, morbidity, and mortality.[13,27,28]

A case–control study by Nasir et al. also highlighted that severity of illness at the time of admission
and use of steroids are increasing the risk of bacterial infections in COVID-19 patients.[31] Reports of
cases of multidrug-resistant bacteria had been reported in US and Europe in COVID-19 patients. Most
of such cases were attributed to a lack of adherence to standard contact hygiene maintaining practices
due to overburdening of hospitals due to rising COVID-19 cases, and such hospitals are at risk to have
multidrug-resistant infections not only in COVID patients but also in other patients.[32]

Superadded Bacterial Infections in Coronavirus Disease-2019: Risk Factors

Risk factors include severity of COVID-19 per se, steroid usage, patient on ventilator, catheterization,
central line and peripheral intra-arterial and intravenous line, and comorbid conditions such as diabetes.
Hospital acquired infections are the most common form of superadded infections in COVID-19 mainly
targeting respiratory tract, gram negative bacteria being the main causative agent.[31]

Challenges in Identification of the Pathogen

As mentioned earlier, in majority of the cases, antimicrobials are prescribed empirically in patients with
COVID-19. According to a study conducted in COVID-19 patients by Huang et al., chest X-ray
showed that 98% of them had bilateral lung involvement, but only 28% had ample sputum to do a
Gram stain or culture.[33] Furthermore, fears about aerosol-producing techniques (such as deep airway
suctioning or bronchoalveolar lavage) constitute a major setback to procure sputum samples for
bacterial identification.[34]

One can wear personal protective equipment while performing such procedures. However, developing
countries have limited resources and infrastructure which pose major challenges to medical fraternity.

Antimicrobial Resistance and Coronavirus Disease-2019

It is difficult to differentiate bacterial pneumonia from that of viral pneumonia. The general public has
access to information about the use of antimicrobials in COVID-19 instances through a variety of
media. Lack of awareness regarding antibiotic use along with fear due to COVID-19 infection has led
to overuse of over-the-counter antibiotics, especially in underdeveloped countries with lack of
antibiotic control mechanisms and limited access to health-care facilities. Doxycycline and
azithromycin have been prescribed for almost all patients who develop symptoms.

A study by Sultana et al. recommended the use of azithromycin to community-acquired pneumonia
only. According to authors, apart from antibacterial efficacy in bacterial superinfection, there is no
conclusive data that azithromycin may be advantageous in COVID-19.”[35]

According to a study by Sieswerda et al., when hospitalized COVID-19 patients improve clinically,
empirical antimicrobials for probable bacterial coinfections must be stopped after 5 days.[36] A review
by Clancy and Nguyen revealed that the proportion of coinfections in COVID-19 cases varied largely
from 0% to 100% coinfections in deceased patients and wide discrepancy in antibiotic usage taking
into consideration the severity of disease, oscillating between 20% to 100% antibiotics.[37]



1/19/22, 9:47 AM Antimicrobial resistance: An unseen threat prowling behind the COVID-19 outbreak

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262419/ 4/9

Justification for Empirical Use of Antibiotics in Coronavirus Disease-2019

Criteria for empirical use of antibiotics need to be considered in COVID-19 cases. Criteria include
severity of the condition per se, presence of risk factors for the occurrence of bacterial infection,
laboratory findings, and radiological findings.[10] Algorithm for diagnostic evaluation and decision-
making in the use of antimicrobial agents in COVID-19 cases is given in Figure 1. According to IDSA
guidelines, the initial antibiotic to be considered for CAP includes combination of beta-lactam
antibiotic and a respiratory fluoroquinolone or a macrolide preferable azithromycin. These combination
therapies usually cover S. aureus, Haemophilus influenza, and Streptococcus pneumonia with
exception of MRSA. The prevalence of MRSA organisms varies according to local geographic regions,
and anti-MRSA treatment needs to be considered based on the prevalence of MRSA.[38]

Figure 1

Flow chart for decision-making to use antimicrobials in coronavirus disease-2019 cases

Mitigation Strategies

Strict regulations should be enforced for OTC drugs that will definitely reduce excessive and
unnecessary use of antimicrobials. Infection prevention and control measures should also be
implemented in all health-care settings. The general public should be made aware of the importance of
hand hygiene practices as well. Rapid testing can help in early detection of COVID-19 patients, and
initiation of symptomatic therapy at early stage of the disease might prevent progression of the disease
and probability of secondary infections might be less. Antibiotics can be reserved for severe COVID-
19 patients.

COVID-19 symptomatology often overlaps with other respiratory tract infections. As a result, certain
typical symptoms/signs such as anosmia and loss of taste sensation can be helpful in diagnosing
COVID-19 disease. Biomarkers such as procalcitonin and C-reactive protein though used as predictors
of disease severity are not that useful in differentiating between COVID-19 disease and other bacterial
coinfections.[39] Table 1 summarizes various challenges faced during COVID-19 pandemic and
strategies to overcome these challenges.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262419/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262419/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262419/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262419/table/T1/
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Table 1

Summary of the issues faced during coronavirus disease-2019 pandemic and strategies that can
be implemented to overcome these challenges

Challenges Strategies to overcome

Increase in

antimicrobial
utilization

Lack of appropriate biomarkers to distinguish

between bacterial and COVID-19 infection
Ideal laboratory test is not available for timely
identification of co-pathogen in severe
COVID-19 individuals

Stop using antimicrobials for mild COVID-

19 disease
 

Appropriate use of antimicrobials according
to guidelines provided by antimicrobial
stewardship program

Increase in

antimicrobial
resistance

Burden of COVID-19 disease on health-care

workers
 

Lack of resources and health personnel in
microbiology laboratories

Measures to control infections: mask

wearing, maintaining social distancing
 

Proper hand hygiene practices
 

Implementation of infection control measures
in health-care settings

 
Good awareness among HCWs

 
Constant supervision of patterns of antibiotic
resistance

Open in a separate window

COVID-19=Coronavirus disease-2019, HCW=Health-care workers

Antimicrobial Stewardship in Coronavirus Disease-2019

Antimicrobial stewardship refers to coordinated approach to improve the prescribing pattern of
antimicrobials as well as their rational use. It monitors and guides the rational use of antimicrobials
including duration of treatment, route of administration, dosing interval. It can monitor and improve
adherence with treatment guidelines during respiratory virus pandemics associated with superadded
bacterial infections.

The most challenging part during this COVID-19 pandemic is distinguishing COVID-19 pneumonia
from bacterial pneumonia. Antibiotics should be considered as a part empirical therapy due to the
uncertainty about secondary bacterial infections, lack of approved antiviral drug for the present
pandemic, and the high mortality rates.[40] During this pandemic, antibiotics should be used cautiously
and wisely to avoid unwanted AMR. Antimicrobial stewardship team should monitor and give
suggestions to the treating physician to consider de-escalation and escalation of antibiotics on daily
day-to-day basis.

Antibiotic Overuse in Paediatric Population

It is well documented that children are less commonly affected and most of them are asymptomatic or
present with mild symptoms.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262419/table/T1/?report=objectonly
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A small proportion (<10%–20%) of symptomatic children might require hospitalization and 1% to 3%
might also require intensive care admission. As per the guidelines by Indian Academy of Paediatrics,
antibiotics are indicated only in children with moderate disease if bacterial coinfection is suspected.
Antibiotics such as amoxicillin/amoxiclavulinic acid/ceftriaxone are used. Antimicrobials are also used
in case of severe disease and multisystem inflammatory syndrome in children (MIS-C).[41]

However, due to gap in knowledge and lack of enough scientific evidence, there is a significant
variation in the prescription pattern of antibiotics. A study by Yock-Corrales et al. revealed somewhat
increased antibiotic prescriptions in COVID-19 children and especially in those presenting with severe
symptoms or MIS-C. Therefore, prospective studies are required to impart sufficient evidence to
identify and manage bacterial infections in children with COVID-19.[42]

Conclusion

AMR was already a global issue before the outbreak COVID-19. With the emergence of COVID-19, an
addition to the existing global crisis has devastated social, health, and economic sectors across the
globe. Lack of better understanding of pathophysiology and potential therapy has put medical fraternity
under pressure. Secondary bacterial coinfections associated with COVID-19 have led to widespread
use of empirical antibiotics. Therefore, antimicrobial stewardship program has to be strictly
implemented to curtail the rampant use of antimicrobials and prevent the worsening of AMR, a global
threat.
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BACKGROUND: Fetal death is one of the major adverse pregnancy

outcomes and is common in low- and middle-income countries. Placental

lesions may play an important role in the etiology of fetal and neonatal

deaths. Previous research relating placental lesions to fetal death

causation was hindered by a lack of agreement on a placental classifi-

cation scheme. The Amsterdam consensus statement that was published

in 2016 focused its attention on malperfusions in the maternal and fetal

placental circulations.

OBJECTIVE: This study aimed to investigate the relationships of

placental maternal and fetal vascular malperfusions in fetal and neonatal

deaths, focusing on the most important maternal clinical conditions in the

pathway to fetal and neonatal deaths, such as maternal hypertension,

antepartum hemorrhage, and decreased fetal growth.

STUDY DESIGN: This was a prospective, observational cohort study
conducted at 2 Asian sites. The data collected included clinical history,

gross and histologic evaluations of the placenta, and several other in-

vestigations and were used to determine the cause of death. The placenta

was evaluated at both sites using the Amsterdam consensus framework.

We estimated the risk of placental maternal and fetal vascular malper-

fusions in fetal and neonatal deaths.

RESULTS: Between July 2018 and January 2020 in India and Pakistan,
1633 women with placentas available for the study provided consent. Of

these women, 814 had fetal deaths, 618 had preterm live births and

subsequent neonatal deaths, and 201 had term live births. The prevalence

of maternal vascular malperfusion was higher in the placentas associated

with fetal deaths (58.4%) and preterm neonatal deaths (31.1%) than in the

placentas associated with term live births (15.4%). Adjusting for site,

maternal vascular malperfusion had a relative risk of 3.88 (95% confi-

dence interval, 2.70e5.59) in fetal deaths vs term live births and a relative

risk of 2.07 (95% confidence interval, 1.41e3.02) in preterm neonatal

deaths vs term live births. Infarcts and distal villous hypoplasia were the

most common histologic components of maternal vascular malperfusion.

Compared with maternal vascular malperfusion (58.4%), fetal vascular

malperfusion was less common in the placentas associated with fetal

deaths (19.0%). However, there were higher frequencies of fetal vascular

malperfusion in the placentas associated with fetal deaths (19.0%) than in

placentas associated with neonatal deaths (8.3%) or term live birth (5.0%).

Adjusting for site, fetal vascular malperfusion had a relative risk of 4.09

(95% confidence interval, 2.15e7.75) in fetal deaths vs term live births

and a relative risk of 1.77 (95% confidence interval, 0.90e3.49) in pre-

term neonatal deaths vs term live births. Furthermore, there was a higher

incidence of maternal vascular malperfusion in cases of maternal hy-

pertension (71.4%), small for gestational age (69.9%), and antepartum

hemorrhage (59.1%) than in cases of fetal deaths with none of these

conditions (43.3%). There was no significant difference in the occurrence

of fetal vascular malperfusion in the 4 clinical categories.

CONCLUSION: Histologic examination of the placenta, especially for

malperfusion disorders, is crucial in elucidating pathways to fetal and

neonatal deaths in preterm infants. In particular, focusing on placental

maternal and fetal vascular malperfusions during pregnancy is a means to

identify fetuses at risk of fetal death and is an important strategy to reduce

the risk of fetal death early delivery. We hope that the increased risk of fetal

and neonatal deaths in these pregnancies can be reduced by the devel-

opment of an intervention that reduces the likelihood of developing

maternal and fetal vascular malperfusion.

Key words: adverse pregnancy outcome, antepartum hemorrhage,

Amsterdam criteria, developing countries, fetal death, fetal growth re-

striction, India, neonatal death, Pakistan, perinatal morbidity, placental

pathology, the PURPOSe study

Introduction
The placental circulation brings into
proximity 2 discreet circulatory systems,
the fetal placental blood flow and
maternal placental blood flow, that are
separated by a selective anatomic barrier.
The blood flow through these systems is
influenced by a host of factors that ulti-
mately determine placental function.
The association between abnormal
perfusion through the placental bed and
several adverse pregnancy outcomes has
been well documented.1e6 However,

determining the precise incidence of
placental malperfusion disorders and the
association with unfavorable pregnancy
outcomes, including fetal deaths, has
been challenging, partly because of the
lack of uniformity in the nomenclature
of the placental conditions. Redline and
colleagues published several studies
describing the lesions associated with
maternal and fetal vascular
underperfusions.7e9 Building on those
and other practice guidelines,10 an
expert panel established the Amsterdam
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consensus statement3 on placental pa-
thology, published in 2016, providing
consensus guidelines for placental eval-
uation methods and the usage of termi-
nologies and unifying the perfusion
disorders into 2 broad categories,
maternal vascular malperfusion (MVM)
and fetal vascular malperfusion
(FVM).11,12

MVM, as defined by the Amsterdam
consensus statement, is a constellation of
gross and microscopic findings that
represent abnormal perfusion through
the maternal vascular channels
(Figure 1).11 Gross findings include
placental hypoplasia, placental infarc-
tion, and retroplacental hemorrhage.
Microscopic findings of placental MVM
include infarction, retroplacental hem-
orrhage, decidual arteriopathy, and ab-
normalities of villous development, such
as distal villous hypoplasia and acceler-
ated villous maturation.

FVM is the recommended terminol-
ogy in the Amsterdam consensus state-
ment for previously used terms, such as
fetal thrombotic vasculopathy and fetal

vascular obstructive lesions.11,13 The
term encompasses several findings, such
as thrombosis, segmental avascular villi,
villous stromal vascular karyorrhexis,
vascular intramural fibrin deposition,
stem vessel obliteration, and vascular
ectasia.
Fetal death is a common adverse

outcome of pregnancy that is defined as a
neonate born with no sign of life at a
lower gestational age (GA) ranging from
20 to 28 weeks. Using a 28-week cutoff,
in most high-income countries, less than
5 per 1000 births end in fetal death,
whereas in low- and middle-income
countries, fetal death of fetuses at �28
weeks’ gestation are reported more
commonly and as high as 50 per 1000
births end in fetal death.14 Evidence
from high-income countries suggests
that placental pathology may play an
important causative role in fetal
death.15e24 These reports have focused
on placental vascular malperfusion and
its most commonly reported character-
istic, placental infarcts. More recent re-
ports have used the Amsterdam criteria

to define placental vascular malperfu-
sion. From a review of the literature, we
found only a few reports using the
Amsterdam criteria that links either
MVMor FVM to fetal death25e31 and no
report describing the association of
MVM or FVM with neonatal death.

In this report of cases from India and
Pakistan, we described the frequencies of
malperfusion-related findings in the
placentas associated fetal deaths, pre-
term neonatal deaths, and term live
births. In addition, we evaluated the
malperfusion-related findings in fetal
deaths associated with the clinical con-
ditions commonly associated with fetal
death, maternal hypertension, ante-
partum hemorrhage, and small-for-
gestational-age (SGA) birth and the
rates of malperfusion-related findings by
birthweight and GA.

Materials and Methods
Study design
We conducted a large, prospective
observational cohort study, the Project
to Understand and Research Preterm
Pregnancy Outcomes and Stillbirths in
South Asia (PURPOSe), in India and
Pakistan from July 2018 to February
2020.32

Population
The detailed PURPOSe protocol has
been previously published.32 Briefly, the
study was conducted in 3 hospitals
associated with the Jagadguru Jayadeva
Murugarajendra Medical College in
Davangere, Karnataka, India, and the
Jinnah Postgraduate Medical Centre, a
large referral hospital in Karachi,
Pakistan. The study screened, consented,
and enrolled women who had fetal
deaths and preterm births. The study
aimed to enroll 350 women who had
fetal deaths and 350 women who had
preterm neonatal deaths at each site. To
ensure that the target sample size of 350
women who had neonatal deaths at each
site was achieved, we enrolled approxi-
mately 2500 women who had preterm
live births at each study site based on the
estimated neonatal mortality rate. In
addition, we had a goal to enroll 100
women who had term live births at each
study site.

AJOG at a Glance

Why was this study conducted?
This study aimed to determine the relationship of various placental malperfusion
lesions to fetal and neonatal deaths in India and Pakistan.

Key findings
Lesions of maternal vascular malperfusion were common in the placentas asso-
ciated with fetal and neonatal deaths in India and Pakistan. In addition, these
lesions were more common in women who had fetal deaths associated with
maternal hypertension, placental hemorrhage, and small for gestational age.
Although the lesions of fetal vascular malperfusion were less common, they were
associated with fetal and neonatal deaths.

What does this add to what is known?
Although the relationship between placental infarcts and several adverse preg-
nancy outcomes (such as preeclampsia and growth restriction) is well known, the
relationship between various placental lesions and fetal and neonatal deaths has
not been well studied. Most of the studies were from high-income countries and
often did not have appropriate controls, did not consider neonatal deaths, and did
not use the Amsterdam criteria that was published in 2016 for placental lesions.
However, this study had a large sample size taken from India and Pakistan and
used the Amsterdam criteria to define maternal and fetal vascular malperfusions
to determine the association between the lesions of placental maternal and fetal
vascular malperfusions and fetal and neonatal deaths and describe the frequency
of these lesions in pregnancies with fetal or neonatal death and their associated
clinical conditions.
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Because the objective of this analysis
was to describe the placental findings in
fetal and preterm neonatal deaths vs
term live births, the analysis population
was limited to women whose placenta
was available, collected at delivery, and
evaluated histologically. Women who
had fetal deaths, preterm neonatal
deaths, and term live births and whose
placentas were evaluated histologically
were included in the study. However,
women with multiple births were
excluded.

Outcomes
For the PURPOSe study, fetal death
was defined as any neonate born at
�20 weeks’ gestation with no sign of
life at birth, including no heartbeat,
respiration, or movement. Preterm live
births were defined as any neonate born
with signs of life between 20 and <37
weeks’ gestation. Term live births were
defined as any neonate born at �37
weeks’ gestation who lived at least 28
days of life. SGA was defined as a fetus

with a birthweight of <10th percentile
for its GA, measured using the
INTERGROWTH-21st standards.33 The
presence of hypertension was based on
the mother’s recall of the diagnosis or
blood pressure measurements made at
delivery. History of antepartum hemor-
rhage was based on the mother’s report
and observations made at her presenta-
tion for delivery.

Placental pathology
A common training in the study proto-
col on placental pathology was con-
ducted by a senior pathologist at each
site before the initiation of the study
using the Amsterdam criteria. Refresher
trainings were conducted every 3
months by the senior pathologist desig-
nated for each site who oversaw the tis-
sue sampling and histologic
examinations. All evaluations were con-
ducted by trained pathologists and
reviewed by the senior pathologist.
The placentas of the study partici-

pants were collected in a fresh state. After

removal of the cord and membranes, the
placenta was weighed. Here, 3 duplicate
samples were taken from the umbilical
cord, membranes, and placental disc and
were placed in a preservative solution for
polymerase chain reaction study before
immersing the placenta in 10%
formalin. Moreover, the placenta was
transported to the departments of pa-
thology at the study sites, together with a
clinical summary, which the pathologists
also reviewed. Photographs of the fetal
and maternal sides of the placenta were
taken. The placental surfaces were
examined for gross abnormalities and
sliced at 1 to 2 cm intervals on the
maternal side, regardless of the presence
of lesions, without cutting all the way
through, and fixed for 24 hours in 10%
formalin. The fixed specimens were
reexamined for infarcts, hematomas,
and other lesions; furthermore, the cut
surfaces were photographed. Tissue
samples for microscopic examination
were taken from the umbilical cord (2
samples that were 5 cm in size from both
ends), fetal membranes (2 samples),
normal-appearing parts of the placental
disc (2 samples), and any lesions, such as
infarcts or hematomas. The microscopic
examination was carried out using the
protocol described by the Amsterdam
consensus statement.11

Any infarcts seen in a placenta asso-
ciated with preterm birth were noted as
present. If �5% of nonperipheral areas
in a placenta associated with term birth
were noted to have an infarct, this
finding was also recorded. Distal villous
hypoplasia was defined as a paucity of
villi concerning the surrounding stem
villi. Retroplacental hematoma was the
pathologic descriptor for the clinical
diagnosis of placental abruption. It is
defined as the accumulation of blood on
the maternal surface with hemorrhage
and compression of the overlying pa-
renchyma. Accelerated villous matura-
tion was defined as the presence of small
or short hypermature villi for the GA,
usually accompanied by an increase in
syncytial knots. The term decidual arte-
riopathy encompasses a constellation of
findings, including acute atherosis,
fibrinoid necrosis with or without foam
cells, mural hypertrophy, chronic

FIGURE 1
Microscopic placental characteristics of maternal and fetal vascular
malperfusions
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perivasculitis, absence of spiral artery
remodeling, arterial thrombosis, and
persistence of intramural endovascular
trophoblast in the third trimester of
pregnancy. Stem vessel obliteration de-
notes marked thickening of the vessel
wall and resultant obliteration of the
vascular lumen. The finding of avascular
villi describes �3 foci of 2 to 4 terminal
villi, showing total loss of villous capil-
laries and bland hyaline fibrosis of the
villous stroma. Themicroscopic findings
suggestive of perfusion disorders were
grouped into 2 broad categories ac-
cording to the Amsterdam criteria:
MVM and FVM. MVM and FVM were
considered present when one or more of
the representative microscopic features
were present on examination (Figure 1).

Data management and analyses
All data were entered into a data man-
agement system at study sites, where data
quality checks were applied. Further-
more, data were transmitted to a central
data management center, where addi-
tional edits were performed. Descriptive
statistics summarized the data by site
and overall. Additional analyses were
performed to assess the association of
MVM and FVM with maternal hyper-
tension, maternal hemorrhage, and SGA
and birthweight and GA. Relative risks
(RRs) were obtained from Poisson
models as a function of each character-
istic as a fixed effect and site as a random
effect using generalized linear mixed ef-
fect models. The Statistical Analysis
System software (version 9.4; SAS Insti-
tute, Cary, NC) was used for analysis.

Ethics approvals
This study was reviewed and approved
by the ethics review committees at each
of the participating study sites (Jawahral
Nehru Medical College and Jagadguru
Jayadeva Murugarajendra Medical Col-
lege, India, and Aga Khan University and
Jinnah Postgraduate Medical Centre,
Pakistan) and at the data coordinating
center, Research Triangle Institute In-
ternational (Durham, NC). All women
provided informed consent before
participating in the study. The study was
registered with the Clinical Trials Regis-
try - India (CTRI/2018/03/012281).

Results
Participant characteristics
The enrolment of study participants is
shown in Figure 2. A total of 5684
women were screened during the study
period, of which 4055 enrolled women
delivered singleton neonates and
completed the study. Overall, 3067 pla-
centas were evaluated, of which 1434
were of women who had live-born neo-
nates who were alive at the 28-day
follow-up; these placentas were not
included in this analysis. The remaining
1633 pregnancies with placentas consti-
tuted the analysis population. These
were categorized into 3 groups, namely,
placentas associated with fetal deaths
(n¼814), placentas associated with pre-
term neonates who died within 28 days
after being delivered (n¼618), and pla-
centas associated with term live births,

where all infants were alive within 28
days (n¼201). In addition, we compared
the demographic characteristics of
women with stillbirths and preterm
neonatal deaths who met the other study
criteria, with and without placental data,
and found that the results were generally
similar (data not shown).

Maternal and fetal characteristics of the
study population for fetal deaths, preterm
neonatal deaths, and term live births are
summarized in Table 1. Most of the
women in the 3 groupswere 20 to 30 years
old and had 5 to 12 years of formal edu-
cation. Women in the Indian site tended
to be of lower parity, had higher educa-
tion, and receivedmore prenatal care. The
rates of various maternal morbidities
were similar between women enrolled at
the Indian and Pakistani sites, as were the
distributions of birthweights and GAs.

FIGURE 2
Study enrollment
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TABLE 1
Maternal and fetal characteristics of study participants: overall and by site (India and Pakistan)

Characteristic

Overall India Pakistan

Fetal deaths

Preterm live
births: died
within 28 d

Term live
births Fetal deaths

Preterm live
births: died
within 28 d

Term live
births Fetal deaths

Preterm live Births:
died within 28 d

Term live
births

Maternal age (y) 812 618 201 351 267 100 461 351 101

<20 49 (6.0) 48 (7.8) 8 (4.0) 25 (7.1) 25 (9.4) 5 (5.0) 24 (5.2) 23 (6.6) 3 (3.0)

20e30 612 (75.4) 480 (77.7) 173 (86.1) 292 (83.2) 220 (82.4) 90 (90.0) 320 (69.4) 260 (74.1) 83 (82.2)

>30 151 (18.6) 90 (14.6) 20 (10.0) 34 (9.7) 22 (8.2) 5 (5.0) 117 (25.4) 68 (19.4) 15 (14.9)

Maternal education 808 615 200 349 264 99 459 351 101

No formal schooling,
illiterate

219 (27.1) 116 (18.9) 12 (6.0) 61 (17.5) 27 (10.2) 1 (1.0) 158 (34.4) 89 (25.4) 11 (10.9)

No formal schooling,
literate

87 (10.8) 69 (11.2) 18 (9.0) 9 (2.6) 3 (1.1) 1 (1.0) 78 (17.0) 66 (18.8) 17 (16.8)

1e4 y 31 (3.8) 28 (4.6) 6 (3.0) 17 (4.9) 15 (5.7) 2 (2.0) 14 (3.1) 13 (3.7) 4 (4.0)

5e12 y 424 (52.5) 361 (58.7) 142 (71.0) 233 (66.8) 192 (72.7) 78 (78.8) 191 (41.6) 169 (48.1) 64 (63.4)

>12 y 47 (5.8) 41 (6.7) 22 (11.0) 29 (8.3) 27 (10.2) 17 (17.2) 18 (3.9) 14 (4.0) 5 (5.0)

Maternal occupation 814 618 201 352 267 100 462 351 101

Homemaker 768 (94.3) 592 (95.8) 199 (99.0) 319 (90.6) 252 (94.4) 99 (99.0) 449 (97.2) 340 (96.9) 100 (99.0)

Employed 36 (4.4) 16 (2.6) 1 (0.5) 28 (8.0) 13 (4.9) 0 (0.0) 8 (1.7) 3 (0.9) 1 (1.0)

Other or do not know 10 (1.2) 10 (1.6) 1 (0.5) 5 (1.4) 2 (0.7) 1 (1.0) 5 (1.1) 8 (2.3) 0 (0.0)

Mothers enrolled and
placenta examined

814 618 201 352 267 100 462 351 101

Parity 813 618 201 352 267 100 461 351 101

0 276 (33.9) 220 (35.6) 78 (38.8) 152 (43.2) 113 (42.3) 46 (46.0) 124 (26.9) 107 (30.5) 32 (31.7)

1e3 383 (47.1) 313 (50.6) 105 (52.2) 185 (52.6) 146 (54.7) 53 (53.0) 198 (43.0) 167 (47.6) 52 (51.5)

�3 154 (18.9) 85 (13.8) 18 (9.0) 15 (4.3) 8 (3.0) 1 (1.0) 139 (30.2) 77 (21.9) 17 (16.8)

Antenatal care received 748 (91.9) 592 (95.8) 197 (98.0) 349 (99.1) 265 (99.3) 100 (100.0) 399 (86.4) 327 (93.2) 97 (96.0)

Any hypertensive disorders 325 (39.9) 218 (35.3) 10 (5.0) 136 (38.6) 111 (41.6) 4 (4.0) 189 (40.9) 107 (30.5) 6 (5.9)

Diabetes mellitus 34 (4.2) 23 (3.7) 1 (0.5) 11 (3.1) 8 (3.0) 0 (0.0) 23 (5.0) 15 (4.3) 1 (1.0)

Anemia 456 (56.0) 352 (57.0) 92 (45.8) 180 (51.1) 95 (35.6) 29 (29.0) 276 (59.7) 257 (73.2) 63 (62.4)

Antepartum hemorrhage 137 (16.8) 81 (13.1) 0 (0.0) 60 (17.0) 27 (10.1) 0 (0.0) 77 (16.7) 54 (15.4) 0 (0.0)

Male neonates 420 (52.1) 352 (57.1) 114 (56.7) 184 (52.4) 156 (58.4) 54 (54.0) 236 (51.9) 196 (56.2) 60 (59.4)

Kulkarni et al. Placental vascular lesions of malperfusion and fetal and neonatal death. Am J Obstet Gynecol 2021. (continued)
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The prevalence of hypertensive disorders
was greater in women who had fetal and
neonatal deaths than in women who had
term live births, as was the incidence of
antepartum hemorrhage.

The fetal and neonatal characteristics
of the study population are also shown in
Table 1. Males accounted for 52.1% of
the fetal deaths, 57.1% of neonatal
deaths, and 56.7% of term live births. Of
the fetus that died in this study, 24.1%
weighed <1000 g, 56.4% weighed be-
tween 1000 and 2499 g, and 19.5%
weighed �2500 g. Furthermore, of the
fetuses that died, the GA analysis showed
that 15.8% had a GA of 20 0/7 to 27 6/7
weeks, 53.6% had a GA of 28 0/7 to 36 6/
7 weeks, and 26.4% had a GA of �37
weeks.

Placental findings
The placental histologic findings related
to MVM and FVM were determined
(Table 2). The prevalence of MVM was
higher in fetal deaths (58.4%) and
neonatal deaths (31.1%) than in term
live births (15.4%). MVM in the pla-
centas associated with fetal deaths was
reported more commonly at the Indian
site (67.0%) than at the Pakistani site
(51.7%). Adjusting for site, MVM had
an RR of 3.88 (95% confidence interval
[CI], 2.70e5.59) in the placentas asso-
ciated with fetal deaths vs term controls
and an RR of 2.07 (95% CI, 1.41e3.02)
in the placentas associated with preterm
neonatal deaths vs term live births. All
components of MVM, namely, infarcts,
retroplacental hemorrhage, distal
villous hypoplasia, accelerated villous
maturation, and decidual arteriopathy,
were seen with increased frequency in
the fetal death group compared with
the rates in the other groups. The fre-
quencies of infarcts and distal villous
hypoplasia were more common than
the other findings, making them the
most common histologic components
of MVM.

Compared with MVM (58.4%), FVM
was found less frequently in the pla-
centas associated with fetal deaths
(19.0%). However, there were higher
frequencies of FVM in the placentas
associated with fetal deaths (19.0%) than
in the placentas associated with neonatal
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deaths (8.3%) or term live births (5.0%).
Adjusting for site, FVM had an RR of
4.09 (95% CI, 2.15e7.75) in the pla-
centas associated with fetal deaths vs
placentas associated with term live births
and an RR of 1.77 (95% CI, 0.90e3.49)
in the placentas associated with preterm
neonatal deaths vs placentas associated
with term live births. Stem vessel oblit-
eration, delayed villous maturation,
avascular villi, and thrombosis were
found to be the leading histologic com-
ponents of FVM.

Fetal deaths, clinical conditions,
and maternal and fetal vascular
malperfusions
The most common maternal and fetal
morbidities associated with fetal death
were maternal hypertension, ante-
partum hemorrhage, and SGA. We
evaluated the presence of histologic
findings of MVM and FVM in fetal
deaths associated with each of these
conditions in comparison with a fourth
category wherein none of these condi-
tions were noted (Table 3). Compared
with FVM, the occurrence of MVM was
higher in all the conditions. There was a
higher incidence of MVM in cases of
maternal hypertension (71.4%), SGA
(69.9%), and antepartum hemorrhage
(59.1%) compared with the incidence of
MVM in fetal deaths with none of the
conditions (43.3%). There was no sig-
nificant difference in the occurrence of
FVM in the 4 clinical categories.

The findings of MVM and FVM in the
placentas associated with fetal deaths
were analyzed by birthweight and GA
(Table 4). In fetal deaths, MVM was
more common than FVM in all birth-
weight and GA categories. Fetal deaths in
birthweight groups of <2500 g had
significantly more MVMs and FVMs
than fetal deaths in birthweight groups
of �2500 g. Fetal deaths in preterm GA
categories had more MVMs and FVMs
than those in the term reference group,
but the results were not consistently
significant.

Comment
Principal findings
Placental MVM was identified as a
common lesion significantly associated

with fetal deaths in India and Pakistan.
Placental MVM was also associated with
fetal deaths when hypertension,
placental hemorrhage, and SGA were
present. FVM was less common than
MVM in the placentas associated with
fetal deaths, preterm neonatal deaths,
and term live births. However, FVM was
more common in the placentas associ-
ated with fetal deaths than in the pla-
centas associated with preterm neonatal
deaths and term live births.
All components of MVM were

observed with higher frequency in fetal
deaths than in preterm neonatal deaths
or term live births and were more com-
mon in fetal deaths that were compli-
cated by maternal hypertension,
antepartum hemorrhage, and SGA. In-
farcts were the most common compo-
nent of MVM noted in our study.
Among the components of FVM, stem
vessel obliteration, avascular villi, and
thrombosis were the common FVM
findings in our study.
Although not seen in the placentas

associated with preterm neonatal deaths
compared with the placentas associated
with fetal deaths, both MVM and FVM
were also found more commonly in the
placentas associated with preterm
neonatal deaths than in the placentas
associated with term live births.

Results in the context of what is
known
For many pregnancy outcomes, but
especially fetal death, a careful exami-
nation of the placenta is crucial to
determining an accurate cause of
death.34e37 Studies from the
Netherlands suggested that a placental
cause of death was found in approxi-
mately 70% of fetal deaths.15 The US-
based Stillbirth Collaborative Research
Network Study, in a detailed examina-
tion of placentas associated with 500
stillbirths, suggested that placental ex-
amination was far more valuable in
determining the cause of fetal death than
full autopsy.22 We are not aware of other
studies that showed a relationship be-
tween MVM and FVM and preterm
neonatal death, although it has been
associated with other adverse newborn
outcomes.38

As noted above, many studies, almost
all in high-income countries, have re-
ported a relationship with various
placental lesions, especially infarcts or
MVM associated with preeclampsia and
fetal growth retardation. A search in the
English literature on fetal death and
placental malperfusion published from
2010 to present, we found a few studies
comparing MVM with FVM in fetal
death (search terms “placenta” OR
“placental malperfusion” OR “fetal
malperfusion” AND “stillbirth” OR
“fetal death” OR “intrauterine fetal
demise”). These studies are summarized
in Table 5. Almost all studies were per-
formed in high-income countries, most
had small sample sizes, and nearly all
described a subpopulation of fetal deaths
chosen for varying characteristics. For
these reasons, the range of malperfusion
associated with fetal deaths varied
widely. However, our overall conclusion
from these studies was that rates of
MVM were higher among those with
fetal death than in those with live births.
The studies by Freedman et al29 and
Pacora et al30 performed in the United
States evaluated both MVM and FVM in
the placentas associated with fetal deaths
and in the placentas associated with term
birth. Interestingly, the rates of MVM
and FVM were similar to the findings in
this study. In addition, Pacora et al30

noted that the maternal clinical condi-
tions most frequently present in the fetal
death group were preeclampsia, fetal
growth restriction, and hemorrhage.

Clinical implications
The etiology and pathophysiological
mechanisms contributing to MVM are
not fully understood. However, it seems
clear that defects in the remodeling of
the uterine vasculature are the key events
leading to malperfusion. Remodeling of
spiral arterioles is a process that creates a
high-capacitance and low-resistance
vascular flow system with reduced
response to vasoactive stimuli, thus
ensuring a consistent flow in the
maternal bed of the placental circulation.
Defects in the remodeling process have
been consistently associated with several
poor pregnancy outcomes, such as in-
trauterine growth restriction,
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TABLE 2
Histologic findings of maternal vascular malperfusion and fetal vascular malperfusion in fetal deaths, neonatal deaths, and term live births

Characteristic

Overall India Pakistan

Fetal deaths
Preterm live births:
died within 28 d Term live births Fetal deaths

Preterm live births:
died within 28 d

Term live
births Fetal deaths

Preterm live births:
died within 28 d

Term live
births

Enrolled and placenta
examined

814 618 201 352 267 100 462 351 101

Features of MVM 475 (58.4) 192 (31.1) 31 (15.4) 236 (67.0) 123 (46.1) 16 (16.0) 239 (51.7) 69 (19.7) 15 (14.9)

Infarcts 410 (50.4) 147 (23.8) 24 (11.9) 216 (61.4) 97 (36.3) 11 (11.0) 194 (42.0) 50 (14.2) 13 (12.9)

Retroplacental hemorrhage 77 (9.5) 39 (6.3) 4 (2.0) 44 (12.5) 21 (7.9) 3 (3.0) 33 (7.1) 18 (5.1) 1 (1.0)

Distal villous hypoplasia 336 (41.3) 126 (20.4) 18 (9.0) 166 (47.2) 70 (26.2) 3 (3.0) 170 (36.8) 56 (16.0) 15 (14.9)

Accelerated villous
maturation

142 (17.4) 64 (10.4) 9 (4.5) 71 (20.2) 28 (10.5) 1 (1.0) 71 (15.4) 36 (10.3) 8 (7.9)

Decidual arteriopathy 20 (2.5) 8 (1.3) 1 (0.5) 12 (3.4) 7 (2.6) 0 (0.0) 8 (1.7) 1 (0.3) 1 (1.0)

Other 70 (8.6) 27 (4.4) 1 (0.5) 57 (16.2) 25 (9.4) 1 (1.0) 13 (2.8) 2 (0.6) 0 (0.0)

Features of FVM 155 (19.0) 51 (8.3) 10 (5.0) 97 (27.6) 43 (16.1) 10 (10.0) 58 (12.6) 8 (2.3) 0 (0.0)

Thrombosis 40 (4.9) 10 (1.6) 3 (1.5) 25 (7.1) 9 (3.4) 3 (3.0) 15 (3.2) 1 (0.3) 0 (0.0)

Avascular villi 53 (6.5) 12 (1.9) 3 (1.5) 33 (9.4) 10 (3.7) 3 (3.0) 20 (4.3) 2 (0.6) 0 (0.0)

Intramural fibrin deposition 21 (2.6) 7 (1.1) 3 (1.5) 2 (0.6) 6 (2.2) 3 (3.0) 19 (4.1) 1 (0.3) 0 (0.0)

Villous stromal vascular
karyorrhexis

29 (3.6) 5 (0.8) 3 (1.5) 5 (1.4) 4 (1.5) 3 (3.0) 24 (5.2) 1 (0.3) 0 (0.0)

Stem vessel obliteration 86 (10.6) 19 (3.1) 2 (1.0) 57 (16.2) 18 (6.7) 2 (2.0) 29 (6.3) 1 (0.3) 0 (0.0)

Vascular ectasia 26 (3.2) 19 (3.1) 9 (4.5) 18 (5.1) 18 (6.7) 9 (9.0) 8 (1.7) 1 (0.3) 0 (0.0)

Delayed villous maturation 48 (5.9) 24 (3.9) 3 (1.5) 28 (8.0) 17 (6.4) 3 (3.0) 20 (4.3) 7 (2.0) 0 (0.0)

Other 14 (1.7) 6 (1.0) 1 (0.5) 9 (2.6) 6 (2.2) 1 (1.0) 5 (1.1) 0 (0.0) 0 (0.0)

Data are presented as number or number (percentage).

FVM, fetal vascular malperfusion; MVM, maternal vascular malperfusion.

Kulkarni et al. Placental vascular lesions of malperfusion and fetal and neonatal death. Am J Obstet Gynecol 2021.
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preeclampsia, and placental abruption.17

Lack of remodeling of spiral arterioles
and subsequent luminal occlusions lead
to hypoxic-ischemic injury, causing

infarction of the placental paren-
chyma.18 Anothermechanism that could
be operational may be due to turbulent
flow through nonremodeled vessels.

Research implications
Identification of MVM to determine fe-
tuses at risk of fetal death and neonatal
death may be as important as

TABLE 3
Features of placental maternal and fetal vascular malperfusion in fetal deaths associated with small for gestational
age, hypertension, and antepartum hemorrhage

Feature SGAa Hypertension APH
No SGA, hypertension,
or APH

Fetal deaths enrolled and placenta examined 355 325 137 240

Features of MVM 248 (69.9) 232 (71.4) 81 (59.1) 104 (43.3)

Infarcts 222 (62.5) 207 (63.7) 70 (51.1) 82 (34.2)

Retroplacental hemorrhage 37 (10.4) 45 (13.8) 28 (20.4) 13 (5.4)

Distal villous hypoplasia 167 (47.0) 160 (49.2) 56 (40.9) 80 (33.3)

Accelerate villous maturation 75 (21.1) 72 (22.2) 30 (21.9) 28 (11.7)

Decidual arteriopathy 12 (3.4) 8 (2.5) 4 (2.9) 3 (1.3)

Other 33 (9.3) 8 (2.5) 13 (9.5) 20 (8.3)

Features of FVM 69 (19.4) 64 (19.7) 25 (18.2) 42 (17.5)

Thrombosis 21 (5.9) 15 (4.6) 11 (8.0) 6 (2.5)

Avascular villi 30 (8.5) 16 (4.9) 6 (4.4) 14 (5.8)

Intramural fibrin deposition 9 (2.5) 13 (4.0) 2 (1.5) 3 (1.3)

Villous stromal vascular karyorrhexis 8 (2.3) 13 (4.0) 2 (1.5) 10 (4.2)

Stem vessel obliteration 41 (11.5) 34 (10.5) 11 (8.0) 23 (9.6)

Vascular ectasia 8 (2.3) 10 (3.1) 4 (2.9) 9 (3.8)

Delayed villous maturation 20 (5.6) 19 (5.8) 6 (4.4) 17 (7.1)

Other 7 (2.0) 4 (1.2) 2 (1.5) 5 (2.1)

Data are presented as number or number (percentage).

APH, antepartum hemorrhage; FVM, fetal vascular malperfusion; MVM, maternal vascular malperfusion; SGA, small for gestational age.

a SGA is defined as birthweight of <10th percentile according to the INTERGROWTH-21st standards; data were not available for fetuses with a gestational age of <24 weeks or �43 weeks and
fetuses with missing sex or birthweight.

Kulkarni et al. Placental vascular lesions of malperfusion and fetal and neonatal death. Am J Obstet Gynecol 2021.

TABLE 4
Features of maternal and fetal vascular malperfusion in fetal deaths by birthweight and gestational age categories

Feature

Birthweight (g) Gestational age (wk)

<1000 1000e2499 �2500 20 0/7 to 27 6/7 28 0/7 to 36 6/7 �37
Fetal deaths enrolled and
placenta examined

196 459 159 129 436 215

Features of MVM 117 (59.7) 291 (63.4) 67 (42.1) 66 (51.2) 267 (61.2) 126 (58.6)

RR (95% CI) 1.75a (1.43e2.30) 1.73a (1.45e2.07) REF 1.07a (0.88e1.30) 1.25ae(1.09e1.44) REF

Features of FVM 36 (18.4) 94 (20.5) 25 (15.7) 28 (21.7) 87 (20.0) 38 (17.7)

RR (95% CI) 1.62a (1.08e2.42) 1.54a (1.09e2.18) REF 1.56a (1.07e2.28) 1.25a (0.92e1.69) REF

Data are presented as number or number (percentage).

CI, confidence interval; FVM, fetal vascular malperfusion; MVM, maternal vascular malperfusion; REF, reference group; RR, relative risk.

a RR and 95% CI of the birthweight group and gestational age group are compared with the reference group.

Kulkarni et al. Placental vascular lesions of malperfusion and fetal and neonatal death. Am J Obstet Gynecol 2021.
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determining the cause of death.
Furthermore, we may ultimately be able
to develop interventions to reduce
MVM. Lesions of MVM can be detected
by ultrasound measurement of placental
blood flow and by the measurement of
angiogenic and antiangiogenic factors in
maternal blood, such as placental growth
factor and the soluble fms-like tyrosine
kinase-1.39e41 Research focusing on
placental MVM should allow better
identification of fetuses at risk of fetal
death with the potential to reduce the
risk of fetal death in early delivery. Even
more satisfactory would be the devel-
opment of an intervention (such as the
use of a statin) to reduce the likelihood of
developingMVM in the first place. Thus,
further research to evaluate the utility of
biomarkers for the identification of
placental malperfusion could lead to
interventions responsible for a reduction
in fetal death and neonatal death and
some of the intervening clinical condi-
tions, such as preeclampsia, growth re-
striction, placental abruption, and
perinatal asphyxia.

Strengths and limitations
The strengths of the study included the
large sample size and the comparison of
the placental lesions of fetal deaths with
both preterm neonatal deaths and term
live births. The use of a standardized
methodology, the Amsterdam consensus
criteria, for evaluating placental pathol-
ogy and the fact that results from
research teams in 2 countries found
similar results suggested the robustness
of the findings. Another major strength
of our study was the comparison of
histologic findings of MVM and FVM in
fetal deaths and term live births. Some
earlier studies have either lacked a
comparison group or did not recruit live
birth controls that were similar to the
fetal deaths in GA. Many of the live
births in these studies were delivered
close to term, and hence, the findings
were not comparable with those from
the preterm fetal deaths. The fact that
MVM was noted with higher frequency
in the placentas associated with fetal
deaths than in the placentas associated
with live births and neonatal deaths in
our study gave strength to the
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hypothesis, supporting an etiopathoge-
netic role for placental MVM in fetal
deaths.

Weaknesses of the study included that
all cases were recruited at delivery and
much of the prenatal data relied on the
mother’s recall, medical record abstrac-
tion, or data collected at delivery. For
that reason, we were unable to consis-
tently distinguish between the various
types of maternal hypertension and, for
those with vaginal bleeding, whether the
bleeding was due to a placental previa, an
abruption, or another cause. Because
most women did not have a prenatal
ultrasound, GA was often based on a
recalled last menstrual period. Because
of this issue and the fact that the delivery
may have occurred days after the death
of the fetus, we may have overestimated
the proportion of SGA fetuses. Finally,
although study pathologists were trained
by a senior pathologist using standard-
ized protocols, there may have been
variations in the histologic readings of
the pathologists in the study.

Conclusions
In a large study conducted in India and
Pakistan that determines the cause of
fetal death, the lesions of placental MVM
were present in most cases and was often
associated with common clinical corre-
lates in fetal death, such as hypertension,
placental hemorrhage, and fetal growth
restriction. Focusing on identifying and
preventing placental MVMmay result in
the early detection of pregnancies at risk
of fetal deaths and may aid in developing
strategies to prevent these fetal deaths.

Although less impressive than the
findings related to MVM, our findings
related to FVM and fetal death suggested
that greater attention should be paid on
these lesions. The finding of a relation-
ship of MVM and FVM to preterm
neonatal death was novel and clearly
requires attention in future studies to
confirm this relationship and to deter-
mine whether this relationship can be
used clinically to help reduce neonatal
deaths (Videos 1 and 2). n
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Telerheumatology and its interplay with patient-initiated care
Arpit Mago,  Vikas Aggarwal,  and Latika Gupta

The ongoing COVID-19 pandemic has ushered in an era of rapid digitalization of medicine, ranging
from Teleconsultations amid widespread lockdowns, to remote monitoring using smartphone apps,
wearables, and patient-reported outcome measures (PROMs) [1]. Bioinformatics approaches to analyze
time stamped and geo-sensed tweets and APIs (Application Programming Interfaces) have led
researchers to predict the occurrence of local outbreaks for timely action and resource mobilization [2,
3]. The rapid shifts have only led researchers and data scientists all the more excited to see the massive
emerging databank for AI-based analysis and automation of healthcare systems. These data banks may
also support the vision for precision medicine-driven individualized healthcare.

The pandemic has forced physicians worldwide to rapidly adapt and move to objective means of
remote assessment. An exponential increase in recent literature on approaches for remote assessment
testifies to this remarkable shift in healthcare. In the words of R Wootton and R Bonnardot, “We expect
that teleconsultations will become so common as to be unremarkable, that the prefix tele- will
disappear, and that all telemedicine work will be considered as part of usual practice” [4].Travel cost,
time and effort are another determinant of overall patient quality and life.

The diagnoses of most of the rheumatologic diseases (RDs) entail a chronic course and the need for
lifelong monitoring and hospital visits [5]. This only adds to the existent ginormous burden of the
healthcare system, more so in developing countries like India with meagre funds for healthcare,
particularly in strained times of a raging global pandemic. Today it is integral for a rheumatologist to
integrate immunology with disease pathogenesis, infectious agents, rehabilitation, public health, and
epidemiology [6]. The information horizons cannot be confined to just managing immunological
conditions but involve emerging, re-emerging and high burden diseases. The vertical integration with
various public health professionals by networking and digitalization will usher in a new era of
integrated medicine.

Handing patients, the baton for self-care, monitoring, and self-sampling as suggested by Morf H et al.
may be the way forward to share the responsibilities while moving towards a model of wholesome
patient-led care [7]. Besides, an emerging plethora of patient support communities hold potential in
leading a sea change in approach from hospital directed, to patient-initiated care [8]. Decades of
research in rheumatoid arthritis has taught researchers to move away from DAS28 to MCID (Minimum
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clinically important difference), and patient preferences in healthcare, and control of disease activity.
Patient inputs can be vital to fine-tune medications in those with minimal simmering disease activity to
achieve the right balance between patient acceptable symptom state (PASS) and drug toxicity. The time
has come to educate and empower our patients for meaningful care.

Such models are being explored on large scales in developed societies like Germany, where DiGA
initiative is leading efforts to digitize medicine in sync with national medical systems. The new era is
moving care to the patients’ home, wherein patients-initiated clinics (PIC) lend autonomy to patients to
consult in the ease of their natural environment while averting risks of contracting COVID-19. Digital
health applications’ usage during the pandemic has promoted teleconsultations with over 81.3% (n = 
243) of patients and 85.3% (n = 110) of rheumatologists willing to skip an on face to face appointment
[9]. Such models are also in sync with sustainable development goals, keeping economic, practical, and
need-based assessments in mind.

Digital medicine aims to increase patient engagement by using smart apps with voice assistant features
to enable even patients with arthritis to report health outcomes effectively [10]. Wearable devices
would ensure more transparency between patients and healthcare providers in self-assessment and
management [11]. Not only do they help in effective recording of patient prognosis but also endure new
habits, turning external motivations into internal ones. Furthermore, wearables enhance physical
activity as a behavior change technique [12]. The results of a systematic review using wearable activity
tracker reported positive outcomes showing an increase of over 1520 steps per day compared with a
group of patients not using trackers[13].

Tools such as the Internet arthritis self-management help patients design personalized exercise
schedules, provide medical advice as well as demonstrate useful exercises that can be followed by
patients with arthritis. The mind is the driver of physical health—and integrating cognitive assessments
and psychometrics with Telehealth services hold immense potential in improving patient care.

While we may still be far away from diagnosis over Teleconsults, remote monitoring is feasible, and it
may allow for early sustainable, and pragmatic interventions and prescriptions of medications for
wholesome care [14]. However, social, linguistic and cultural barriers may continue to impede large-
scale acceptance of such initiatives in the third world. Understanding physician and patient barriers
specific to local practice may provide vital insights to support administrators while enabling
widespread use of technology-assisted healthcare for better penetration to the countryside. While
patient-initiated research registries are still new, we hope that rapid digitalization would facilitate and
empower and involve both the patients and rheumatologists as equal stakeholders in management as
well as research. This work highlights the positive interplay between digital health and patient-initiated
care.
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Abstract

Introduction

Centhaquine (Lyfaquin ) showed significant efficacy as a resuscitative agent in animal models of
haemorrhagic shock. Its safety and tolerability were confirmed in healthy human volunteers. In this
study, our primary objective was to determine the safety, and the secondary objective was to assess the
efficacy of centhaquine in patients with hypovolemic shock.

Methods

A prospective, multicentre, randomized phase II study was conducted in male and female patients aged
18–70 years with hypovolemic shock having systolic BP ≤ 90 mmHg. Patients were randomized in a
1:1 ratio to either the control or centhaquine group. The control group received 100 ml of normal saline
infusion over 1 h, while the centhaquine group received 0.01 mg/kg of centhaquine in 100 ml normal
saline infusion over 1 h. Every patient received standard of care (SOC) and was followed for 28 days.

Results

Fifty patients were included, and 45 completed the trial: 22 in the control group and 23 in the
centhaquine group. The demographics of patients in both groups were comparable. No adverse event
related to centhaquine was recorded in the 28-day observation period. The baseline, Injury Scoring
System score, haemoglobin, and haematocrit were similar in both groups. However, 91% of the
patients in the centhaquine group needed major surgery, whereas only 68% in the control group (p = 
0.0526). Twenty-eight-day all-cause mortality was 0/23 in the centhaquine group and 2/22 in the
control group. The percent time in ICU and ventilator support was less in the centhaquine group than in
the control group. The total amount of vasopressors needed in the first 48 h of resuscitation was lower
in the centhaquine group than in the control group (3.12 ± 2.18 vs. 9.39 ± 4.28 mg). An increase in
systolic and diastolic BP from baseline through 48 h was more marked in the centhaquine group than in
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the control group. Compared with the control group, blood lactate level was lower by 1.75 ± 1.07
mmol/l in the centhaquine group on day 3 of resuscitation. Improvements in base deficit, multiple
organ dysfunction syndrome (MODS) score and adult respiratory distress syndrome (ARDS) were
greater in the centhaquine group than in the control group.

Conclusion

When added to SOC, centhaquine is a well-tolerated and effective resuscitative agent. It improves the
clinical outcome of patients with hypovolemic shock.

Trial Registration

ClinicalTrials.gov identifier number: NCT04056065.

Supplementary Information

The online version contains supplementary material available at 10.1007/s12325-021-01760-4.

Keywords: Centhaquine, Haemorrhage, Hypovolemia, Resuscitative agent, Shock

Key Summary Points

A multicentric, randomized, controlled trial was conducted to evaluate the safety and efficacy of centhaquine as
an adjuvant to the standard of care in hypovolemic shock patients.

Fifty patients were randomized 1:1 to receive centhaquine or saline. Centhaquine was administered at a dose of
0.01 mg/kg in 100 ml saline and infused over 1 h. The control group received 100 ml of saline over a 1-h
infusion.

Centhaquine was safe and well tolerated. There were no drug-related adverse events in the study.

Centhaquine improved blood pressure, reduced blood lactate levels, and improved base deficit. The total
amount of vasopressors needed was lower in the centhaquine group than in the control group. Multiple organ
dysfunction syndrome (MODS) score and acute respiratory distress syndrome (ARDS) also improved with
centhaquine.

Although the sample size is small, most of the parameters indicate that centhaquine is likely to be a safe and
effective resuscitative agent.

Open in a separate window
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This article is published with digital features, including a summary slide, to facilitate understanding of
the article. To view digital features for this article go to: https://doi.org/10.6084/m9.figshare.14465403.

Introduction

Hypovolemic shock is a life-threatening condition due to depletion of intravascular volume by
extracellular fluid loss or blood loss [1]. Patients, if left untreated, can develop ischaemic injury of vital
organs, leading to multi-organ failure [1]. About 61,000 in the US and 1.9 million people worldwide
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die because of haemorrhagic shock every year, and many patients die within the first 6 h [2, 3].
Immediate attention and management are needed to prevent multi-organ failure and death. Infusion of
fluid offers the benefit of increasing the intravascular volume, but it rapidly moves out to the
extravascular space. Damage control resuscitation prevents a formed clot from being dislodged, dilutes
clotting factors, and accelerates haemorrhage because of elevated blood pressure [4–6]. Blood products
in a balanced ratio of plasma, platelets, and red blood cells [7] are useful [8]; however, if these
measures are not adequate, vasopressors are added to resuscitate patients [9]. Common adverse effects
of vasopressors include arrhythmias, fluid extravasation, and ischaemia [10, 11].

The current standard of care (SOC) is inadequate and resuscitative agents are decades old. Attempts to
develop an effective resuscitative agent have not been successful. Agents that could decrease metabolic
activity to reduce oxygen demand were studied [12–15], but none was promising. Haemoglobin-based
blood substitutes were effective in animal models [16, 17] but failed in phase III clinical trials [18–20]
and were dropped from further development.

Centhaquine (Lyfaquin ) has been found to be an effective resuscitative agent in rat, rabbit, and swine
models of haemorrhagic shock [21–27]. Centhaquine significantly decreased blood lactate, increased
mean arterial pressure, pulse pressure, cardiac output, and decreased mortality and increased animals'
survival time with severe blood loss. Centhaquine appears to stimulate venous α2B adrenergic
receptors to produce venous constriction and increase venous return to the heart, resulting in increased
cardiac output and improved tissue perfusion. Centhaquine also acts on central α2A adrenergic
receptors to reduce sympathetic drive and decrease arterial vascular resistance contributing to improved
tissue blood perfusion [22]. Enhancing tissue blood perfusion is a significant advantage in reducing
resuscitation volume and preventing extravasation of fluid and adverse effects of lung oedema.
Centhaquine has no action on beta-adrenergic receptors, and therefore the risk of arrhythmias is
mitigated.

We performed a double-blind, randomized, and placebo-controlled phase I clinical study
(CTRI/2014/06/004647; NCT02408731) [21, 22] to assess the safety and tolerability of centhaquine.
Single ascending dose (SAD) and multiple ascending dose (MAD) study with centhaquine showed that
it was well-tolerated and safe in healthy male volunteers [21]. None of the subjects experienced a
serious adverse event in any cohort. We observed few non-serious adverse events (hypotension, high
lactic acid, fall in respiratory rate, dryness of mouth, and drowsiness) at more than ten times higher
than the therapeutic dose of 0.01 mg/kg. These events were transient and resolved without sequelae and
any intervention. Based on these results, we conducted a phase II trial to evaluate the safety and
efficacy of centhaquine in patients with hypovolemic shock due to blood loss.

Methods

We conducted a multicentric, randomized, controlled, double-blind study primarily to determine the
tolerability and safety of centhaquine given along with SOC in patients with hypovolemic shock due to
blood loss with systolic blood pressure (SBP) ≤ 90 mmHg. The secondary objective was to determine
the efficacy of centhaquine as a resuscitative agent.

Study Design

Patients were assessed for eligibility based on the inclusion and exclusion criteria and randomized in a
1:1 ratio either to the centhaquine group receiving centhaquine (0.01 mg/kg) by IV infusion along with
SOC or to the control group receiving SOC plus saline. According to the local hospital setting's
treatment guidelines, the SOC generally included endotracheal intubation, administration of fluids,

®
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blood products, and vasopressors. The study duration for an individual patient was 28 days, including
two study visits. Visit 1 on day 1 included screening, randomization, treatment, and visit 2 at the end of
the study (day 28 + 5). The patients randomized in this study were in a state of severe life-threatening
shock. An Interactive Web Response System (IWRS) was used to randomize the eligible patient to the
treatment groups. Each patient was monitored closely throughout his/her hospitalization and followed
until discharge from randomization. Each patient was assessed for safety and efficacy parameters over
28 days from randomization. At baseline, we recorded various demographic data (age, gender, weight,
height), chest x-ray, ECG, and vital signs. Blood tests at baseline included haematology, blood lactate,
base deficit, lipid profile, kidney function tests, liver function tests, and serum electrolytes. We also
noted the patient's physical examination, information about their medical history, concomitant illness,
concomitant medications, and initial Glasgow coma scale (GCS) and ARDS scores.

Patient Population

In this study, the patients were both males and females aged 18–70 years, with hypovolemic shock due
to blood loss with SBP ≤ 90 mmHg at presentation and continued receiving standard shock treatment,
having body weight 45–85 kg. The female patients included were either not of childbearing potential,
defined as postmenopausal for at least 1 year or surgically sterile, or if of childbearing potential, they
agreed to use effective contraception through the study. Patients with postpartum haemorrhage were
included. Exclusion criteria were patients with (1) a terminal illness (any other terminal illness
developed during the 28-day observation period which was not associated with hypovolemic shock);
(2) severe brain injury (GCS < 8); (3) type of injury not known; (4) inability to obtain intravenous
access; (5) known pregnancy; (6) cardiopulmonary resuscitation before randomization; (7) the presence
of a do not resuscitate order; (8) taking beta-adrenergic antagonists; (9) untreated tension
pneumothorax; (10) untreated cardiac tamponade; (11) bilateral absent pupillary light reflex (both
pupils fixed and dilated); (12) participating in another interventional study; (13) systemic diseases
which were present before having trauma, such as cancer, chronic renal failure, liver failure,
decompensated heart failure, or AIDS.

Consent

We took informed consent from every patient. For patients who were not fit to give consent at the time
of initiation of treatment, their legally authorized representative (LAR) gave the consent, and we took
re-consent of the patients as soon as their condition allowed. The investigator informed the
patient/LAR in writing and audio-visual recording about all aspects of the study relevant to deciding
whether to participate. The informed consent form included all the elements required by ICH-GCP
recommendations and schedule Y.

Treatment Regimen

Centhaquine (Lyfaquin ; lyophilized centhaquine citrate injection 1.0 mg) manufactured by Pharmazz
India Private Limited at Gufic Biosciences Limited was provided to the investigators at the
participating sites. Patients who met the eligibility criteria were randomized 1:1 to the centhaquine or
control groups. Throughout the study, all patients in both groups received the best SOC for
hypovolemic shock according to local institutional standard practice, including fluid resuscitation with
crystalloids/colloids, blood products, and vasopressors. Centhaquine or placebo (normal saline) was
administered intravenously after randomization to hypovolemic shock patients, an add-on to SOC, and
all patients continued receiving standard treatment for hypovolemic shock. In the centhaquine group,
intravenous infusion of centhaquine at a dose of 0.01 mg/kg body weight was carried out over 1 h in
100 ml normal saline. The next dose of centhaquine was administered if SBP fell or remained below or

®
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Safety Assessment

Efficacy Assessment

equal to 90 mmHg, but not before 4 h of the previous dose, and the total number of doses did not
exceed three per day. Centhaquine administration, if needed, was continued for 2 days post-
randomization. A minimum of one dose and a maximum of six doses of centhaquine were administered
within the first 48 h post-randomization. Similar treatment was carried out in the control group using an
equal volume of normal saline administered as an intravenous infusion over 1 h in 100 ml of normal
saline post-randomization. Specific intravenous treatments and dose selection were based on preclinical
and phase I safety and tolerability studies [21, 22].

Data Safety Monitoring Board

An independent data safety monitoring board consisting of a clinician with experience in critical care
medicine, a biostatistician, and a clinical pharmacologist monitored the trial's safety and efficacy. The
data safety monitoring board reviewed each subject's safety data from the study and all serious adverse
events, regardless of attribution, contemporaneously with submissions to the sponsor and investigator.

Randomization and Blinding

Patients were randomized 1:1 to either centhaquine or placebo using block randomization. A
statistician prepared the randomization list using a validated computer program, the statistical analysis
system SPSS. An interactive web response system (IWRS) method containing randomization codes
was used to randomize eligible patients to the treatment groups. The patients and all relevant personnel
involved with the conduct and interpretation of the study (including the investigator, investigational site
personnel, and the sponsor or designee's staff) were blinded to the identity of the assigned study drug
(centhaquine/placebo) and the randomization codes. The biostatistician/unblinded pharmacist was
independent of the study team. An unblinded monitor independent of the monitoring team monitored
the dispensing activity. The final randomization list was kept strictly confidential and accessible only
by authorized people per sponsor until completion of the study. Emergency unblinding through IWRS
was available.

Outcome Assessment

All patients who received treatment were included in the safety analysis. Safety
was assessed during treatment and the post-treatment follow-up period based on adverse events,
physical examination, vital signs, ECG, and clinical laboratory parameters as per protocol. A complete
set of haematological, biochemical, and organ function tests (complete blood count, blood glucose,
lipid profile, serum electrolytes, liver function test, and kidney function test) was performed. Adverse
events that occurred or worsened during treatment or post-treatment were recorded. All adverse events
were coded by preferred term and system organ class using the latest version of the Medical Dictionary
for Regulatory Activities. All patients were followed up for safety assessment at visit 1 (from day 1 to
day 7 or discharge, whichever is earlier) and visit 2 (day 28 + 5).

The efficacy of centhaquine in patients of hypovolemic shock was assessed using
(1) mortality through day 28 days; (2) days in ICU and on a ventilator; (3) total fluids and blood
products requirement during first 48 h; (4) the total amount of vasopressor infused in first 48 h; (5) the
number of doses of centhaquine administered in first 48 h post-randomization; (6) haemodynamic
variables mean through 48 h; (7) blood haematocrit and haemoglobin mean through 48 h; (8) blood
lactate and base deficit mean through day 3; (9) coagulation parameter mean through 28 days.
Additionally, MODS, ARDS, and GCS means through 28 days were recorded.

Sample Size Estimate
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The data obtained from earlier clinical studies were considered for sample size determination for this
phase II study. Trauma Center registry data suggest that 30-day mortality under the SOC protocol is
between 16.4 and 29.2% [28]. A similar estimate of mortality (26%) was for the control group of the
Resuscitation Outcomes Consortium pre-hospital hypertonic saline trial [29]. If we assume 18%
mortality in the control group, a sample size of a minimum of 15 per group was required to achieve
80% power to detect a clinically significant (at 5% significant level) reduction in mortality of 66%
(9.6% mortality) in the study group [30]. We further considered a 20% loss to follow-up, and with this,
a total of 36 patients (18 in each group) was required. To increase the study's power, we increased the
sample size to 50 patients (25 patients in each group).

Data Analysis

The results of the trial are presented as mean ± SEM. Unpaired t-test with Welch's correction was used
to analyse data sets with unequal variances. The unpaired t-test was used to compare the discrete
variables between the two data sets at baseline and follow-up. Non-parametric analysis was carried out
using Kruskal-Wallis one-way ANOVA without assuming equal variances, and Tukey's multiple
comparisons test estimated the significance of differences. A chi-square test was used to compare the
groups. Baptista-Pike method was used to calculate the odds ratio. A P value < 0.05 was considered
significant at a 95% confidence level and 0.10 at a 90% confidence level. Demographic variables (age,
weight, height, body surface area, and body mass index) and patient characteristics were summarized
descriptively by treatment assignments. Continuous variables, such as patient age at enrolment, number
of non-missing observations (n), mean, and SEM, were tabulated by treatment assignment. All
available data were used in the analyses. Each group was summarized individually. Unavailable data
were assessed as "missing values" and only the observed population was evaluated. The statistical
analysis was processed with GraphPad Prism 8.1.1 (GraphPad, San Diego, CA, USA).

Regulatory Oversight

The study was performed according to the Declaration of Helsinki principles, the International
Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for
Human Use Guideline for Good Clinical Practice (ICH-GCP), and local regulatory requirements. The
study protocol (PMZ-02, version 2.0/dated 10 March 2016) was approved by the Drugs Controller
General of India, Directorate General of Health Services, Ministry of Health and Family Welfare,
Government of India (DCGI CT NOC. no.: CT/ND/37/2016). Each institutional ethics committee also
reviewed and approved the study protocol before initiating patient enrolment. The trial was registered
at the Clinical Trials Registry, India (CTRI/2017/03/008184), and the United States National Library of
Medicine, ClinicalTrials.gov (NCT04056065). Each site's ethics committee was informed of any
protocol deviation, amendment, subject exclusion or withdrawal, and serious adverse events.

Results

Patient Enrolment and Demographics

A total of 137 patients were assessed in seven clinical sites across India, and 50 patients met the
eligibility criteria. All patients received standard treatment for hypovolemic shock and were randomly
assigned to either the control group (N = 26) who received standard treatment for shock and normal
saline or the centhaquine group (N = 24) that received standard treatment for shock along with
centhaquine. From the control group, 22 patients completed the study (2 patients withdrawn by the
investigator, 2 patients withdrew the consent), and from the centhaquine group, 23 patients completed
the study (1 patient withdrawn by the investigator) (Fig. 1). Demographics and baseline characteristics 

https://clinicaltrials.gov/ct2/show/NCT04056065
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of patients were comparable between the two groups. More male than female patients were included in
the control and centhaquine groups, and their proportion was similar in both groups (Table 1). Age,
body weight, height, BMI, and BSA were similar in each group (Table 1).

Fig. 1

Patient enrolment, randomization, and trial completion
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/table/Tab1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/figure/Fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/figure/Fig1/


1/19/22, 9:54 AM Resuscitative Effect of Centhaquine (Lyfaquin®) in Hypovolemic Shock Patients: A Randomized, Multicentric, Controlled Trial

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/ 8/34

Table 1

Baseline characteristics of patients

Open in a separate window

Data are presented as mean ± standard error of the mean

Patient Assessment at the Time of Inclusion

Control (N = 22) Centhaquine (N = 23)

Age (years) 35.82 ± 3.24 42.13 ± 2.90

Body weight (kg) 64.27 ± 2.42 64.78 ± 2.79

Body mass index (kg/m ) 22.65 ± 0.76 23.06 ± 0.76

Body surface area (m ) 1.73 ± 0.03 1.72 ± 0.04

Sex

 Men 16 (72.72%) 18 (78.26%)

 Women 06 (27.27%) 05 (21.74%)

Reason for hypovolemic shock

 Trauma 14 (63.64%) 15 (65.23%)

 Post-surgery 03 (13.64%) 02 (8.69%)

 Molar/ectopic pregnancy/uterine rupture/hysterectomy 03 (13.64%) 02 (8.69%)

 Gastrointestinal bleeding 02 (9.09%) 04 (17.39%)

Clinical factors

 Systolic blood pressure (mmHg) 90.45 ± 2.28 87.36 ± 1.85

 Diastolic blood pressure (mmHg) 59.64 ± 3.17 57.64 ± 1.50

 Heart rate (beats/min) 94.36 ± 5.09 98.91 ± 5.07

 Respiratory rate (breaths/min) 20.73 ± 0.77 21.23 ± 0.93

 Body temperature (°C) 36.73 ± 0.07 36.61 ± 0.06

 Blood lactate (mmol/l) 4.30 ± 0.96 4.34 ± 0.78

 Base deficit (momol/l) − 7.40 ± 1.42 − 5.78 ± 1.22

 Haemoglobin (g/dl) 9.38 ± 0.71 8.73 ± 0.55

 Haematocrit (%) 28.79 ± 2.11 26.43 ± 0.96

 Creatinine (mg/dl) 0.94 ± 0.10 1.13 ± 0.10

 Blood urea nitrogen (mg/dl) 12.46 ± 1.06 15.24 ± 1.61

 Glomerular filtration rate (ml/min/1.73 m ) 114.08 ± 10.47 90.86 ± 9.72

 Injury severity score 20.63 ± 2.45 23.14 ± 3.30

 Glasgow coma scale 13.95 ± 0.44 13.78 ± 0.45

 Adult respiratory distress syndrome 0.25 ± 0.11 0.12 ± 0.05

H 7 32 ± 0 03 7 36 ± 0 02

2

2

2
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The Injury Scoring System (ISS) values of patients in the control and centhaquine groups were
measured on day 1 (baseline). The ISS value indicates the severity of an injury which was a little
higher in centhaquine group patients (23.14 ± 3.30) compared to controls (20.63 ± 2.45), although the
difference did not reach the level of statistical significance. Baseline levels of haemoglobin (control
9.38 ± 0.71 g/dl vs. centhaquine 8.73 ± 0.55 g/dl) and haematocrit (control 28.79 ± 2.11% vs.
centhaquine 26.71 ± 1.81%) were almost similar in control and centhaquine groups patients. The level
of consciousness (GCS) of patients in both groups was similar (control 13.95 ± 0.44 vs. centhaquine
13.78 ± 0.45). Table 2 shows the case details of individual patients enrolled in each cohort. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/table/Tab2/
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Table 2

Case details of patients in control and centhaquine groups

Open in a separate window

Primary Outcome

Control (N = 22) Centhaquine (N = 23)

Patient
no.

Case details Patient
no.

Case details

01-004
Male, age 67 years; case of RTA,
bleeding over nose & multiple
abrasion over face

Event occurrence: 3 December 2017

Reporting at hospital (as per hospital

records): 3 December 2017 at 2:39
p.m.

Received first dose of study drug: 3
December 2017 at 5:50 p.m.

Surgery/procedure during
hospitalization (if any): Open
reduction and internal fixation
(ORIF)-plating fracture proximal
tibia right + ORIF herbert screw

fixation fracture talus + tension band
wiring fracture medial malleolus
right on 4 December 2017. Proximal
humerus left ORIF performed on 7
December 2017

01-001
Male, age 53 years, case of RTA, wound at right
thigh with abnormal mobility at right thigh and
knee. Active bleed from wound. Thigh x-ray

shows compound grade III fracture in right
femur. Multiple abrasion over right side of chest
and right wrist joint

Event occurrence (as per hospital records): 28
May 2017 at 6:30 p.m.

Reporting at hospital: 28 May 2017 at 9:45 p.m.

Received first dose of study drug: 29 May 2017

at 12:52 a.m.

Surgery/procedure during hospitalization (if
any): ORIF of right femur performed on 29 May
2017

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/table/Tab2/?report=objectonly
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All patients received centhaquine or saline when they were in hypovolemic shock with SBP ≤ 90
mmHg. The standard of care (SOC) for shock was provided to all the patients in both groups. SOC in
both groups was practically similar (Table 3). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/table/Tab3/
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Table 3

Details of the treatment provided to the patients in the control and centhaquine group
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Vital Signs

The vital signs of control and centhaquine groups are presented in Table 4. There was an improvement
in vital signs following resuscitation in both the control and centhaquine groups; however,
improvement in systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse pressure were
more significant in the centhaquine group. Once recovered from hypovolemic shock, vital signs were
similar in both groups of patients.

Patient
no.

Control (N = 22) Patient
no.

Centhaquine (N = 23)

01-004 Inj. Streptokinase, Inj. Piperacillin + 
Tazobactam, Inj. Tranexamic Acid, Inj.
Levetiracetam, Inj. Mannitol, Inj.
Pantoprazole, Inj. Ondansetron, Inj.
Cerebroprotein hydroxylate, Inj.
Citicoline, Inj. Ondansetron, Inj. Vitamin

K, Inj. Ceftriaxone + Sulbactam, Inj.
Vitamin B Complex, Inj. Tetanus Toxoid,
Inj. Diclofenac, Inj. Metronidazole, Tab.
Trypsin + Chymotrypsin, Syrup
Lactulose, Tab. Rutoside + Aceclofenac + 
Trypsin + Bromide, Tab. Betahistine, Inj.
Enoxaparin, Tab. Pantoprazole + 

Domperidone, Tab. Aspirin + 
Clopidogrel, Tab. Rosuvastatin, Tab.
Vitamin C, Tab. Lactobacillus, Tab.
Vitamin D3 Calcium

01-001 Inj. Ceftriaxone + Sulbactam, Inj.
Metronidazole, Inj. Amikacin, Inj.
Pantoprazole, Inj. Ondansetron, Inj.
Diclofenac, Inj. Tetanus toxoid, Inj. Vitamin
K, Inj. Piperacillin + Tazobactam, Powder
Chymotrypsin, Respule Levosalbutamol + 

Ipratropium bromide, Tab. Vitamin C, Cap.
Vitamin B complex, Inj. Piperacillin + 
Tazobactam, Tab. Cefuroxime, Cap.
Pantoprazole + Domperidone, Tab.
Etoricoxib

01-005 Inj. Pantoprazole, Inj. Ondansetron, Inj.
Tramadol, Inj. Tranexamic Acid, Inj.
Diclofenac, Inj. Vitamin K, Inj.
Ceftriaxone + Sulbactam, Inj.
Levetiracetam, Inj. Metronidazole, Inj.
Amikacin, Tab. Trypsin + Chymotrypsin,

Tab. Lactulose, Inj. Cefuroxime, Tab.
Vitamin C, Tab. Vitamin B Complex,
Tab. Pantoprazole + Domperidone, Tab.
Trypsin + Bromelain + Rutoside + 
Diclofenac

01-002 Inj. Ceftriaxone + Sulbactam, Inj.
Diclofenac, Inj. Amikacin, Inj. Pantoprazole,
Inj. Ondansetron, Inj. Tetanus Toxoid, Inj.
Paracetamol, Inj. Tramadol, Tab. Vitamin C,
Tab. Trypsin + Chymotrypsin, Tab.
Lactobacillus, Inj. Methylprednisolone, Tab.

Vitamin B Complex, Tab. Enoxaparin, Inj.
Piperacillin + Tazobactam, Tab. Cefuroxime,
Amlodipine, Protein Powder, Tab. Baclofen,
Tab. Pantoprazole + Domperidone, Tab.
Calcium, Tab. Vitamin D3

01-007 Inj. Ceftriaxone + Sulbactam, Inj.
Pantoprazole, Inj. Ondansetron, Inj.
Metronidazole, Inj. Mannitol, Inj.
Levetiracetam, Inj. Cerebroprotein, Inj.

01-006 Inj. Ceftriaxone + Sulbactam, Inj.
Pantoprazole, Inj. Ondansetron, Inj.
Diclofenac, Inj. Metronidazole, Inj.
Tramadol, Inj. Tetanus Toxoid, Inj.
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Table 4

Patients' vitals recorded through day 1 (baseline) to day 28

Vitals Group Baseline After administration of study drug

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day
28

Systolic blood
pressure (mmHg)

Control 90.45 ± 
2.27

115.00 
± 1.99

120.70 
± 2.48

121.00 
± 3.36

124.92 
± 3.97

123.38 
± 4.40

120.31 
± 3.59

120.10 
± 2.23

Centhaquine 87.36 ± 
1.85

119.08 
± 2.63

121.65 
± 2.36

119.90 
± 2.78

124.30 
± 3.45

122.20 
± 2.95

122.73 
± 3.74

118.60 
± 1.92

Diastolic blood
pressure (mmHg)

Control 59.63 ± 
3.16

72.35 
± 1.98

71.50 
± 1.73

75.62 
± 2.44

79.07 
± 3.03

77.53 
± 2.29

74.69 
± 3.32

78.63 
± 1.44

Centhaquine 57.63 ± 
1.49

73.65 
± 1.84

74.21 
± 2.35

72.95 
± 1.87

76.20 
± 2.05

75.40 
± 2.17

76.89 
± 1.93

76.95 
± 1.64

Pulse pressure
(mmHg)

Control 30.81 ± 
1.93

42.65 
± 1.38

49.20 
± 2.29

45.37 
± 2.49

45.85 
± 2.73

45.84 
± 3.33

45.61 
± 3.54

41.47 
± 1.61

Centhaquine 29.72 ± 
1.76

45.43 
± 2.40

47.43 
± 1.94

46.95 
± 2.08

48.52 
± 2.48

46.63 
± 2.91

46.16 
± 2.98

41.65 
± 1.17

Heart rate
(beats/min)

Control 94.36 ± 
5.09

87.80 
± 3.84

83.36 
± 4.16

86.87 
± 4.43

88.28 
± 4.36

86.00 
± 5.22

85.15 
± 5.10

87.89 
± 2.18

Centhaquine 98.91 ± 
5.07

95.13 
± 3.29

93.47 
± 3.51

88.52 
± 3.10

91.45 
± 4.35

88.25 
± 3.56

88.63 
± 4.34

85.39 
± 2.66

Respiratory rate
(breaths/min)

Control 20.72 ± 
0.77

20.45 
± 0.78

20.30 
± 0.68

19.62 
± 0.69

20.57 
± 0.70

20.00 
± 1.18

19.76 
± 0.89

19.89 
± 0.47

Centhaquine 21.22 ± 
0.93

19.72 
± 0.79

20.40 
± 0.65

19.71 
± 0.52

20.61 
± 0.83

19.50 
± 0.68

20.84 
± 0.95

19.73 
± 0.40

Body temperature
(°C)

Control 36.72 ± 
0.07

36.88 
± 0.10

36.78 
± 0.10

38.83 
± 1.92

36.83 
± 0.07

36.96 
± 0.15

36.94 
± 0.18

36.79 
± 0.05

Centhaquine 36.61 ± 
0.06

36.90 
± 0.09

36.91 
± 0.11

37.01 
± 0.14

36.85 
± 0.09

36.90 
± 0.13

36.60 
± 0.09

36.71 
± 0.07

Open in a separate window

Data are presented as mean ± standard error of the mean

Haematology, Coagulation Parameters, and Lipid Profile

The haematological parameters were similar in control and centhaquine groups at the time of inclusion
in the study (day 1, baseline). The haematological parameters improved from day 1 (baseline) to day
28, and this improvement was similar in both groups. Centhaquine does not alter patients'
haematological parameters in hypovolemic shock any differently from in the control group. (Table 5). 
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The baseline (at the time the patient was included in the study) coagulation parameters (platelet count,
prothrombin time, fibrinogen value, and international normalized ratio) in the control and centhaquine
groups were similar. The improvement in coagulation parameters from day 1 (baseline) to day 3 and
day 28 was similar in both groups. There was no significant difference observed between the groups
(Table 5). The baseline lipid profile of the control and centhaquine groups was similar. The change in
lipid profile from day 1 (baseline) to day 28 was similar in both groups. Centhaquine does not
significantly affect the lipid profile of patients in hypovolemic shock (Table 5).
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Table 5

Haematological, biochemical, and serum electrolyte levels of patients

Open in a separate window

Data are presented as mean ± standard error of the mean

Kidney and Liver Function Markers

Control (N = 22) Centhaquine (N = 23)

Day 1
(baseline)

Day 3 Day 28 Day 1
(baseline)

Day 3 Day 28

Haematology

Haemoglobin (g/dl) 9.38 ± 0.71 9.84 ± 
0.33

12.26 ± 
0.44

8.73 ± 0.55 8.71 ± 
0.30

11.00 ± 
0.38

Haematocrit (%) 28.79 ± 
2.11

30.26 ± 
1.00

38.01 ± 
1.36

26.71 ± 
1.81

26.43 ± 
0.96

34.31 ± 
1.16

Red blood cells (mill/cumm) 3.35 ± 0.23 – 4.44 ± 
0.19

3.05 ± 0.20 – 4.04 ± 
0.13

White blood cells 15.17 ± 
1.22

– 8.65 ± 
0.49

16.33 ± 
1.40

– 8.37 ± 
0.64

Neutrophils (%) 81.50 ± 
2.21

– 65.18 ± 
2.48

82.97 ± 
2.27

– 68.46 ± 
2.08

Lymphocytes (%) 12.96 ± 
2.13

– 24.42 ± 
1.97

12.33 ± 
2.01

– 22.86 ± 
2.02

Monocytes (%) 4.53 ± 0.63 – 5.84 ± 
0.62

3.43 ± 0.60 – 5.55 ± 
0.62

Eosinophils (%) 0.91 ± 0.24 – 4.35 ± 
0.91

1.24 ± 0.29 – 2.93 ± 
0.38

Basophils (%) 0.18 ± 0.10 – 0.22 ± 
0.08

0.27 ± 0.13 – 0.33 ± 
0.14

Reticulocytes (%) 2.39 ± 0.31 – 1.93 ± 
0.25

2.26 ± 0.73 – 1.83 ± 
0.23

Mean corpuscular volume (fl) 84.40 ± 
2.68

– 86.13 ± 
1.54

87.63 ± 
1.47

– 85.74 ± 
1.59

Mean corpuscular
haemoglobin (Pg)

27.29 ± 
1.11

– 27.86 ± 
0.62

28.74 ± 
0.56

– 27.48 ± 
0.46

Lipid profile

Triglyceride (mg/dl) 109.42 ± 
12.66

– 198.46 ± 
25.92

151.88 ± 
21.47

– 160.51 ± 
10.04

Total cholesterol (mg/dl) 109.58 ± 
10 71

– 156.96 ± 
8 53

132.51 ± 
14 92

– 152.25 ± 
10 07
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All-Cause Mortality

The baseline (day 1, time of patient inclusion) serum creatinine, blood urea nitrogen, and glomerular
filtration rate of the control and centhaquine groups were similar. The improvement in kidney function
parameters from day 1 (baseline) to day 28 was similar in both groups. No significant difference was
observed between the groups (Table 5). The baseline levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), serum bilirubin, alkaline phosphatase, and serum albumin of the
control and centhaquine groups was similar. The improvement in liver function parameters from day 1
(baseline) to day 28 was similar in both groups (Table 5). Centhaquine does not affect patients' kidney
and liver function markers in hypovolemic shock.

Serum Electrolytes and Random Blood Glucose

The baseline serum electrolytes (sodium, potassium, and calcium) and blood glucose of control and
centhaquine groups were similar. The improvement in electrolytes and blood glucose from day 1
(baseline) to day 28 was similar in both groups. There was no significant difference observed between
the groups (Table 5). Centhaquine does not affect serum electrolyte and blood glucose levels in
hypovolemic shock patients.

Safety and Tolerability

All patients who received treatment were included in the safety analysis. Two out of 22 patients died in
the control group and none in the centhaquine group. Three adverse events were reported in three
patients of the control group (N = 22). Of these three, two events were serious (death), and one was
moderate (viral hepatitis), which was resolved with medical intervention. Two moderate adverse
events, diarrhoea in one and acute kidney injury (due to severe traumatic injury resulting in the
amputation of a right lower limb combined with sepsis) in the other patient of the centhaquine group
(N = 23), were reported, both resolved with medical intervention. None of the adverse events were
related to the study drug.

Secondary Outcomes

Twenty-eight-day all-cause mortality was 9.1% in the control group, whereas it was
0% in the centhaquine group. Two out of 22 patients died within the first 48 h of resuscitation in the
control group, while all 23 patients in the centhaquine group survived.

Time in Hospital, in ICU, and on a Ventilator

Centhaquine group patients were in the hospital for a longer duration (14.87 ± 1.89 days) than control
(10.75 ± 2.01 days). Major surgery was performed in 91.30% (21 out of 23) patients in the centhaquine
group and 68.18% (15 out 22) in the control group (p = 0.0526). However, the ICU stay was only a
little longer for centhaquine group patients (6.23 ± 1.31 days) than control group patients (5.26 ± 1.27
days). Percent stay in ICU was higher for control group patients (48.93%) compared to those taking
centhaquine (41.89%). The difference between the means using a two-tailed, unpaired t-test with
Welch's correction was − 10.10 ± 10.16, 95% CI − 30.63 to 10.44, p = 0.3262. Centhaquine group
patients were on ventilator support for a shorter duration (0.89 ± 0.45 days) than control group patients
who stayed on ventilator support for 1.96 ± 1.10 days (Table 6). The difference between the means was
− 1.063 ± 1.186, 95% CI − 3.493 to 1.367, p = 0.3778.
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Table 6

Time spent in hospital, in ICU, and on a ventilator by control and centhaquine group patients

Group Duration of hospital
stay (days)

Time spent in
ICU (days)

Time spent on ventilator
support (days)

Time spent in
ward (days)

Control (N = 
22)

10.75 ± 2.01 5.26 ± 1.27 1.96 ± 1.10 5.87 ± 1.59

Centhaquine
(N = 23)

14.87 ± 1.89 6.23 ± 1.31 0.89 ± 0.45 8.61 ± 1.44

Open in a separate window

Data are presented as mean ± standard error of the mean

Total Fluids and Blood Products During First 48 Hours

When treated with centhaquine, patients with hypovolemic shock required a lesser (statistically
insignificant) volume of fluids (4.26 ± 0.23 l) in the first 48 h compared to control (4.59 ± 0.41 l) group
patients (two-tailed, unpaired t-test, p = 0.4919). Patients with hypovolemic shock enrolled in the
control and centhaquine groups required an almost similar amount of blood products in the first 48 h
(control 0.88 ± 0.13 l and centhaquine 0.92 ± 0.15 l; two-tailed, unpaired t-test, p = 0.8933). Around
86.36% of patients in the control group and 86.96% of patients in the centhaquine group required blood
products (Fig. 2). 
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Open in a separate window
Fig. 2

Total volume of fluid, blood products, and vasopressors administered during the first 48 h in the control
and centhaquine group of patients. Data presented as the mean ± standard error. Each dot represents the
amount administered to each patient

Amount of Vasopressors Infused in First 48 Hours

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/figure/Fig2/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/figure/Fig2/


1/19/22, 9:54 AM Resuscitative Effect of Centhaquine (Lyfaquin®) in Hypovolemic Shock Patients: A Randomized, Multicentric, Controlled Trial

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/ 20/34

The total amount of vasopressors needed in the first 48 h of resuscitation was 9.39 ± 4.28 mg for
patients in the control group, while only 3.12 ± 2.18 mg (p = 0.2013) in the centhaquine group (Fig. 2).
A two-tailed, unpaired t-test with Welch's correction indicated that the difference between the means
was − 6.272 ± 4.805, 95% CI − 16.07 to 3.524, p = 0.2013. A total of 40.91% of patients from the
control group required vasopressors, while only 26.09% needed them in the centhaquine group.

Number of Study Drug Doses in First 48 Hours

A total of 30 doses of placebo (normal saline) were required in 22 patients of the control group (1.36 ± 
0.17 doses per patient) in the first 48 h of randomization, while in the centhaquine group, a total of 28
doses were required in 23 patients (1.22 ± 0.11 doses per patient). The number of doses required in the
centhaquine group was about 10.29% less than those required in the control group.

Haemodynamic Changes in the First 48 Hours

Both the control and centhaquine groups of patients showed a significant increase in SBP in the first 48
h of randomization. The increase in SBP from baseline to 12, 24, and 48 h of resuscitation with
centhaquine was highly significant (p < 0.0001). In the control group of patients, the increase in SBP
from baseline was comparatively less significant (Fig. 3). At 12 h of resuscitation, the mean difference
from baseline was 14.86 mmHg (95% CI 1.313–28.41, p = 0.0261) in the control group and 29.39
mmHg (95% CI 20.94–37.85, p < 0.0001) in the centhaquine group. Similarly, at 24 h of resuscitation,
the mean difference from baseline was 15.23 mmHg (95% CI 1.677–28.78, p = 0.0216) in the control
group and 33.70 mmHg (95% CI 25.24–42.15, p < 0.0001) in the centhaquine group (Fig. 3). The mean
difference between baseline and 48 h of resuscitation was 34.13 mmHg (95% CI 25.68–42.59) in
centhaquine compared to 18.41 mmHg (95% CI 4.859–31.96) in the control group.
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Fig. 3

Systolic blood pressure during the first 48 h in the control and centhaquine groups of patients. The upper
panel shows data as the mean ± standard error. The lower panel shows a change in each patient's systolic
blood pressure with time. Two-way ANOVA showed a significant change in systolic blood pressure in the
centhaquine (p < 0.0001) but less in the control (p = 0.0261) group during the first 12 h of resuscitation

An increase in DBP at 12, 24, and 48 h from baseline occurred following resuscitation in both the
control and centhaquine groups. An increase in DBP was more marked in the centhaquine group than
in the controls (Fig. 4). The mean difference from baseline was 5.545 mmHg (95% CI − 1.595 to
12.69, p = 0.1812) at 12 h of resuscitation in the control group and 17.13 mmHg (95% CI 10.81–23.45,
p < 0.0001) in the centhaquine group. Similarly, at 24 h of resuscitation, the mean difference from
baseline was 2.818 mmHg (95% CI − 4.323 to 9.959, p = 0.7258) in the control group and 19.91

 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8189997_12325_2021_1760_Fig3_HTML.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/figure/Fig3/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/figure/Fig3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/figure/Fig4/


1/19/22, 9:54 AM Resuscitative Effect of Centhaquine (Lyfaquin®) in Hypovolemic Shock Patients: A Randomized, Multicentric, Controlled Trial

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8189997/ 22/34

mmHg (95% CI 13.59–26.23, p < 0.0001) in the centhaquine group (Fig. 4). The mean difference
between baseline and 48 h of resuscitation was 18.13 mmHg (95% CI 11.81–24.45) in the centhaquine
compared to 7.273 mmHg (95% CI 0.1318–14.41) in the control group.

Open in a separate window
Fig. 4

Diastolic blood pressure during the first 48 h in the control and centhaquine group of patients. The upper
panel shows data as the mean ± standard error. The lower panel shows a change in each patient's diastolic
blood pressure with time. Two-way ANOVA showed a significant change in diastolic blood pressure in the
centhaquine (p < 0.0001) but not in the control (p = 0.1812) group during the first 12 h of resuscitation

Change in Blood Lactate
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Blood lactate levels (mmol/l) were 4.30 ± 0.96 and 4.34 ± 0.78 in the control and centhaquine groups,
respectively, at baseline. It decreased to 3.19 ± 1.07 and 1.44 ± 0.13 in the control and centhaquine
groups, respectively, at day 3. Centhaquine significantly (two-tailed, unpaired t-test with Welch's
correction, the difference between the means was − 2.902 ± 0.7865, 95% CI − 4.529 to − 1.276, p = 
0.0012; 66.8%) decreased blood lactate levels with a high level of statistical significance. The decrease
in blood lactate was not significant in control group patients (the difference between the means was −
1.110 ± 1.437, 95% CI − 4.013 to 1.792, p = 0.4441; 25.8%). (Fig. 5). Analysis of change in lactate
levels in individual patients using two-way ANOVA had a p-value of 0.0682 in the control and 0.0007
in the centhaquine group of patients (Fig. 5). On comparison of blood lactate levels on day 3 between
the control and centhaquine groups using a two-tailed, unpaired t-test with Welch's correction, the
difference between the means was − 1.752 ± 1.077, 95% CI − 3.988 to 0.4839, p = 0.1183.
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Fig. 5

Blood lactate levels on days 1 and 3 of resuscitation in the control and centhaquine group of patients. The
upper panel shows data as the mean ± standard error in the control and centhaquine groups. The lower
panel shows a change in each patient's blood lactate levels on days 1 and 3 of the control (p = 0.0682) and
centhaquine (p = 0.0007) groups

Change in Base Deficit

Base deficit levels (mmol/l) improved from − 7.40 ± 1.42 at baseline to − 2.58 ± 1.49 at day 3 in the
control group (difference between the means 4.823 ± 2.054, 95% CI 0.6768–8.969, p = 0.0237) and
from − 5.78 ± 1.22 at baseline to 1.33 ± 0.76 at day 3 in the centhaquine group (difference between the
means 7.114 ± 1.439, 95% CI 4.913–10.03, p < 0.0001).
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Change in Glasgow Coma Scale (GCS), Multiple Organ Dysfunction Score (MODS), and
Adult Respiratory Distress Syndrome (ARDS)

The baseline GCS score was similar in control and centhaquine group patients, and it improved through
day 28 in both groups. On day 3, centhaquine-treated patients had a lower MODS (1.17 ± 0.27) than
controls (3.68 ± 1.45). The difference between the means of the control and centhaquine groups was
2.508 ± 1.486, 95% CI − 0.5713 to 5.587, p = 0.1054). MODS improved through day 28 in both groups,
but it was a little higher in the control group (0.26 ± 0.17) compared to centhaquine (0.17 ± 0.10).
Centhaquine-treated patients had lower ARDS scores (0.08 ± 0.03) on day 2 than controls (0.57 ± 0.25).
The difference between the means of the control and centhaquine groups was 0.4921 ± 0.2622, 95% CI
− 0.0519 to 1.036, p = 0.074). The ARDS score was higher in the control group during the 7-day
hospitalization period. ARDS improved through day 28 in both groups (Table 7).

Table 7

Patients' GCS, MODS, and ARDS recorded through day 28

Score Group Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 28

GCS Control 13.95 ± 

0.44

13.91 ± 

0.75

14.85 ± 

0.11

14.75 ± 

0.25

14.66 ± 

0.27

14.27 ± 

0.73

14.26 ± 

0.73

15.00 ± 

0.00

Centhaquine 13.78 ± 

0.45

14.43 ± 

0.31

14.69 ± 

0.26

14.67 ± 

0.29

14.71 ± 

0.28

14.70 ± 

0.30

14.68 ± 

0.32

15.00 ± 

0.00

MODS Control 3.68 ± 

1.45

1.31 ± 

0.36

0.93 ± 

0.35

1.07 ± 

0.38

1.00 ± 

0.32

0.26 ± 

0.17

Centhaquine 1.17 ± 

0.27

1.28 ± 

0.42

0.95 ± 

0.31

1.00 ± 

0.30

0.94 ± 

0.34

0.17 ± 

0.10

ARDS Control 0.25 ± 

0.11

0.57 ± 

0.25

0.26 ± 

0.12

0.34 ± 

0.15

0.25 ± 

0.14

0.23 ± 

0.14

0.20 ± 

0.13

0.00 ± 

0.00

Centhaquine 0.12 ± 

0.05

0.08 ± 

0.03

0.13 ± 

0.05

0.09 ± 

0.05

0.05 ± 

0.03

0.05 ± 

0.03

0.05 ± 

0.03

0.00 ± 

0.00

Open in a separate window

Data are presented as mean ± standard error of the mean

Discussion

This multicentre trial provides evidence that centhaquine administration to hypovolemic shock patients
had no evidence of adverse effects or complications and improved clinical outcome. The trial used the
randomization method to ensure that participating clinicians did not know the treatment allocation and
that the intervention did not influence the outcome assessment. The factors that could affect the
prognosis were well balanced at the baseline, and all patients' follow-up was carried out randomly till
the end of the study with minuscule potential for bias.
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Treatment of blood loss resulting in haemorrhagic shock has been guided by traditional practices rather
than randomized clinical trials. In the past 10 years, a decrease in crystalloids and an increase in blood
product use in ratios that depict blood transfusion have improved clinical outcome [6, 31].
Administering a sufficient fluid volume is essential during the early phases to stabilize
haemodynamics, and fluid restriction may be helpful in later phases [32]. Fluids and vasopressors are
still recognized as an essential part of resuscitation and are associated with undesired effects such as
fluid responsiveness, extravasation of fluids, and cardiac complications [10, 11, 33]. There is a need to
develop novel resuscitative agents that either work as a single agent or improve existing therapeutics.

Centhaquine is a resuscitative agent acting as an α-adrenergic receptor agonist. It acts on venous α2B
adrenergic receptors to produce constriction and increase venous return to the heart, increasing cardiac
output and tissue perfusion. It also acts on central α2A adrenergic receptors to reduce sympathetic drive
and decrease systemic vascular resistance leading to improved tissue blood perfusion [22, 34]. The
resuscitative effect of centhaquine is significantly blocked by α2 adrenergic receptor antagonists,
yohimbine, or atipamezole [34]. Centhaquine does not act on beta-adrenergic receptors; therefore, the
risk of cardiac arrhythmia is mitigated.

There is a drop in cardiac pre-load in hypovolemic conditions to a critical level, resulting in a dramatic
drop in cardiac output, leading to a decrease in tissue and organ perfusion, ultimately leading to
multiple organ dysfunction and death. Patients' clinical outcome is predominantly monitored using
biomarkers, blood pressure, and blood lactate levels. Vasopressors tend to increase blood pressure by
causing arterial vasoconstriction and increasing heart rate. An increase in heart rate augments cardiac
output. However, the force or rate of contraction cannot explain a significant cardiac output increase
[35]. About two-thirds of blood volume is pooled in the venous system serving as an adjustable
reservoir [36]. An increase in venous return from systemic veins into the right atrium significantly
increases cardiac output by the Frank-Starling mechanism, resulting in increased arterial blood pressure
and tissue perfusion. Based on the mechanism of action, centhaquine increases venous return to the
heart and increases cardiac output and tissue perfusion, making it an ideal candidate for use as a
resuscitative agent in treating patients with hypovolemic patients. The venous system is critical
following haemorrhage in mobilizing unstressed blood volume to preserve or increase venous blood
return to the heart and increase cardiac output [37, 38]. Centhaquine helps the venous system convert
unstressed blood volume to stressed blood volume and optimize cardiac output to maintain blood
circulation in a state of shock.

The safety of centhaquine in hypovolemic shock patients was assessed based on adverse events, vital
signs, and clinical laboratory parameters. Centhaquine did not show any clinically significant effect on
vital signs, haematology, lipid profile, kidney functions, liver functions, and serum electrolytes (Table 4
). Patients with hypovolemic shock showed a fall in SBP, DBP, and pulse pressure. Centhaquine
improved these vital parameters. Once patients recovered from hypovolemic shock, no clinically
significant effect of centhaquine was observed on vital signs (Tables 4, 5). This study excluded patients
with GCS < 8 to avoid the added complication of damage to the CNS in patients with a severe head
injury. Severe injury to the head can damage the brain and alter system haemodynamics and modify
cardiovascular responses and influence the investigational drug outcome.

Two out of 22 patients died in the control group and none in the centhaquine group. Three adverse
events were reported in three patients of the control group (N = 22). Out of these three, two events were
serious (death), and one was moderate (viral hepatitis), which was resolved with medical intervention.
Two adverse events, diarrhoea in one and acute kidney injury (due to severe traumatic injury resulting
in the amputation of a right lower limb combined with sepsis) in the other, were reported in the
centhaquine group (N = 23); both were moderate in severity and resolved with medical intervention. All
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these adverse events in the control and centhaquine groups were not related to the study drug and were
associated entirely with the patient's disease progression. Centhaquine was found to be safe and well
tolerated in hypovolemic shock patients.

Efficacy of centhaquine was assessed based on survival at 28 days; days in ICU; days on ventilator
support; total fluids and blood product requirement during first 48 h; amount of total vasopressor
infused in the first 48 h; haemodynamic variables; blood lactate; base deficit; MOD and ARDS scores.
A significant correlation exists between blood loss and change in haemoglobin [39], and a drop in
haemoglobin reflects the blood loss [40]. Since the haemoglobin level was lower by 0.65 g/dl in the
centhaquine group than in the controls, the blood loss was to some extent more in the centhaquine
group at the time of enrolment.

Two out of 22 patients died within the first 48 h of enrolment in the control group, while all 23 patients
in the centhaquine group survived. The severity of injuries was significantly more in the centhaquine
group, where 21 out of 23 (91.30%) patients needed major surgery following trauma, while only 15 out
of 22 (68.18%) in the control group underwent surgery (p = 0.0526). However, centhaquine group
patients stayed in the hospital for a longer duration than controls. However, the percent stay in ICU was
higher for control group patients (48.93%) than for the centhaquine group (41.89%). The more
extended hospital stays of centhaquine group patients were because of their health conditions, which
were a little more severe than those of the control group patients as seen from their ISS score (control
20.63 ± 2.45 vs. centhaquine 23.14 ± 3.30), baseline haemoglobin (control 9.38 ± 0.71 g/dl vs.
centhaquine 8.73 ± 0.55 g/dl) and haematocrit (control 28.79 ± 2.11% vs. centhaquine 26.71 ± 1.81%)
levels. Centhaquine group patients were on ventilator support for a shorter duration (0.89 ± 0.45 days)
than the control group patients who stayed on ventilator support for 1.96 ± 1.10 days. Although it did
not reach the statistical significance level, the results indicate a better recovery of patients with
centhaquine treatment (Table 6).

Centhaquine treated patients required a similar volume of fluids (4.26 ± 0.23 l) in the first 48 h of
randomization compared to control (4.59 ± 0.41 L) group patients. Almost a similar volume of blood
products was required by control and centhaquine group patients in the first 48 h of randomization.
These data of fluids and blood products and other treatments shown in Table 4 indicate that patients
from both groups received almost the same standard of care, avoiding biases.

Most patients show improved blood pressure in response to the fluids shortly after their administration;
however, this response is transient and is lost rapidly over time [41]. Using fluids is an attempt to
improve tissue perfusion by improving cardiac output. Adding centhaquine to fluid administration
augments cardiac output improvement through a different mechanism of action that complements each
other. Vasopressors are used when patients in hypovolemic shock are poorly or not responding to
fluids. Norepinephrine, phenylephrine, epinephrine, and dopamine are the commonly used
vasopressors. These catecholamines enhance cardiac contractility and vascular tone and influence
overall arterial, venous, and capillary pressures and blood flow. The dose of vasopressors needs to be
carefully titrated and is associated with many adverse effects like arrhythmias, fluid extravasation, and
ischaemia [10, 11]. Vasopressin is used both as adjunctive and first-line therapy, but studies have
equivocal results [42–44]. Angiotensin II has recently been introduced for patients with vasodilatory
shock [42, 45]. These vasopressors act on different receptors and through different pathways. Agents
affecting the sympathetic system through α- and β-adrenergic receptors are available, but additional
stimulation of these receptors is not apparent and could be helpful or even harmful [46]. The present
study is critical, given that centhaquine acts through α2-adrenergic receptors to increase cardiac output
(via α2B) and decreased arterial resistance (via α2A) has shown promising efficacy in hypovolemic
shock patients.
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A comparatively lesser amount of vasopressors was needed by the centhaquine group patients in the
first 48 h of resuscitation than by the control group patients. Only 26.09% of patients from the
centhaquine group required vasopressors, while 40.91% of patients from the control group needed
them. Though the difference in mean values of total vasopressors between the groups was not
statistically significant, the trend indicates a reduction in vasopressors' requirement in centhaquine
treatment. Our findings are consistent with our preclinical studies conducted in an animal model of
hypovolemic shock where rats treated with centhaquine required less norepinephrine to maintain their
blood pressure [47]. A significant reduction in SBP and DBP occurs in hypovolemic shock, leading to
a reduction in peripheral blood perfusion. Treatment with centhaquine showed a highly significant
increase (p < 0.0001) in SBP from baseline in the first 48 h of resuscitation, while in the control group,
the increase in SBP was comparatively less significant than with centhaquine. A similar increase (p < 
0.0001) was seen in DBP in centhaquine treated patients, while in the control group of patients,
minimal improvement in DBP occurred (Figs. 3, 4).

Changes in lactate levels provide an early and objective evaluation of a patient's response to therapy,
and repeated lactate determinations have proved to be a reliable prognostic index for patients with
haemorrhagic shock [48]. Early return of lactate levels to normal levels (< 2.0 mmol/l) within 24 h is
associated with improved mortality. A significant correlation was established between the admission
base deficit and transfusion requirements within the first 24 h and the risk of post-traumatic organ
failure or death [49]. In the present study, all the enrolled patients showed a significant increase in
blood lactate and base deficit levels. Centhaquine treatment showed a significant reduction in blood
lactate (p = 0.0012; 66.8%), while in the control group the reduction was not significant (0.441;
25.8%). Similarly, the centhaquine group showed a highly significant improvement in base deficit (p < 
0.0001), while in the control group, the reduction was less significant (p = 0.0237).

Mortality in hypovolemic shock patients is mainly associated with multiple organ dysfunction because
of hypoperfusion and severe acidosis. On day 3 of resuscitation, centhaquine-treated patients showed a
lower MODS (1.17 ± 0.27) than controls (3.68 ± 1.45). Studies in a swine model of haemorrhagic shock
showed that centhaquine significantly improved the Horowitz index (327 ± 10 and 392 ± 16 in the
control and centhaquine group, respectively) and reduced pulmonary oedema [22, 25]. In the present
study, centhaquine-treated patients showed comparatively lower ARDS scores than the control group
patients with p = 0.074 indicating significance at 90% CI but not at 95% CI (Table 7).

In this phase II study, centhaquine was highly efficacious, with statistically significant improvements in
blood lactate levels, base deficit, and blood pressure. An improvement in all the above clinical and
biological markers appears to contribute towards improved outcomes and reduced deaths when
centhaquine was added to the SOC. Results of this phase II study have confirmed previously observed
efficacy in preclinical studies [21–27].

This study's limitation is that it was conducted in a small number of patients and was conducted in one
country. Since this study involves a first-in-class drug product, we took this approach to have an
appropriate comparison with a limited number of patients with similar baseline characteristics. Another
limitation of the study was the assessment of tissue perfusion, including cardiac output, which was not
done because of lack of accessibility. Information about a patient's cardiac functions is clinically
desirable to manage hypovolemic shock better. However, this study's promising results have led to an
efficacy study in a larger group of hypovolemic shock patients, investigating centhaquine in a
multicentric, randomized, blinded, controlled efficacy clinical trial phase III (NCT04045327). In the
future, other investigators and we may conduct further studies to test whether centhaquine and
vasopressors complement each other in improving clinical outcomes of patients with hypovolemic
shock. We would also like to investigate this hypothesis in septic shock patients. Another question is
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how chronic co-morbidities, such as hypertension and congestive heart failure, impact the efficacy of
centhaquine. We recognize the demographics and SOC for the treatment of hypovolemic shock across
the world may vary and that the efficacy of centhaquine needs to be established in populations across
the world.

Conclusion

Centhaquine (Lyfaquin ) was safe and well tolerated in hypovolemic shock patients. This study is the
first to assess the effect of centhaquine on clinical outcomes in patients in hypovolemic shock due to
blood loss. Centhaquine is a highly effective resuscitative agent and appears to improve hypovolemic
shock patients' clinical outcomes.
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After ruling out the possibilities of drug toxicity (from 
history and checking prescriptions), Wilson’s disease, 
autoimmune etiologies, and other metabolic conditions, 
the patient was evaluated with an EEG, which revealed the 
classical periodic discharges. The levels of IgG measles 
antibodies were very high in cerebrospinal fluid and serum 
samples, which was consistent with a diagnosis of SSPE. 
Thus based on a classical EEG and raised antimeasles 
antibody titer, a diagnosis of SSPE was made with this 
uncommon initial presentation.

In developing countries like India where measles is 
still prevalent, one should be aware that of the atypical 
presentations of SSPE and that it can masquerade as a 
dystonia Parkinsonism syndrome. Movement disorders, 
though uncommon, can be an important clinical feature 
of patients with SSPE and neurologists should keep a 
possibility of this devastating disorder in patients presenting 
with movement disorders, especially in developing and 
underdeveloped countries.
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Pemetrexed‑Induced Pseudotumor Cerebri Syndrome: A Rare 
Complication

Sir,
Intracranial hypertension results from intracranial mass lesions, 
cerebrovascular disorders, obstructed cerebrospinal fluid 
circulation, cerebral venous thrombosis, craniocerebral trauma, 
infections, and infiltrations.[1‑3] Intracranial hypertension 
without structural causes initially termed as pseudotumor 
cerebri syndrome (PTCS) and subsequently as idiopathic 
intracranial hypertension is an uncommon disorder associated 
with hematological, endocrine, and systemic disorders.[3] 
Drugs known to cause PTCS include tetracyclines, quinolones, 
indomethacin, vitamin A, hormonal preparations, lithium, 
cyclosporin, anticancer drugs, etc.[1,2,4] We present a woman 
who had PTCS associated with pemetrexed therapy which is 

a novel chemotherapeutic agent used for pleuropulmonary 
malignancies.

A 60‑year‑old woman presented with progressively increasing 
diffuse throbbing headache and asymmetric impairment of 
vision in both eyes for 3 months associated with nonprojectile 
vomiting for 2 months. She had no seizures, diplopia, 
imbalance, motor, sensory or cognitive symptoms.

One year ago, she had lumbar pain radiating to right lower 
limb without motor, sensory or sphincter impairment. Magnetic 
resonance imaging (MRI) revealed third lumbar vertebral 
fracture with heterogeneous gadolinium enhancement. 
Further evaluation revealed adenocarcinoma of right lung. 

Priti.Mahadik
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Genetic testing for epidermal growth factor receptor (EGFR), 
anaplastic lymphoma kinase (ALK), and programmed 
death ligand‑1 (PDL‑1) mutations were negative. She was 
initiated on intensive combined therapy with carboplatin and 
pemetrexed along with zoledronic acid. Whole‑body positron 
emission tomography study after completion of the intensive 
chemotherapy with pemetrexed revealed stable disease. 
Maintenance therapy with monthly cycles of pemetrexed was 
started 4 months before admission. She had well‑controlled 
hypertension for 1 year.

On examination, she was apparently healthy looking and 
moderately built. Her blood pressure was 130/80 mmHg with 
heart rate of 84 per min and respiratory rate of 18 per min. 
There was no organomegaly, lymphadenopathy, or spinal 
tenderness. She had bilateral posterior subcapsular cataract 
with normal intraocular pressure. She was conscious, alert, and 
oriented with normal mental status examination. Visual acuity 
was reduced in both eyes (finger counting at 1 m with right eye 
and hand movement perception with left eye). She had bilateral 
grade IV papilledema with early optic atrophy [Figure 1] 
and bilateral abducent palsy. Other cranial nerves, motor and 
sensory examinations were normal. There were no signs of 
meningeal irritation.

She had normocytic normochromic anemia (8.4 gm/dL) and 
elevated serum creatinine (1.94 mg/dL). Cranial MRI revealed 
empty sella with bilateral optic nerve head swelling, distended 
perioptic subarachnoid space, and dilated superior ophthalmic 
veins without parenchymal lesions, ventriculomegaly, 
or abnormal enhancement [Figures 2 and 3]. Lumbar 
cerebrospinal fluid (CSF) was colorless, clear, and acellular 
with markedly elevated opening pressure (420 mm of water). 
CSF protein was 25 mg/dL and sugar 64 mg/dL. Lumbar 
puncture 2 days later revealed CSF pressure of 340 mm of 
water. CSF cytology was negative for abnormal cells and sterile 
on both occasions. She was treated with acetazolamide and 
prednisolone. She did not consent for thecoperitoneal shunt 
or optic nerve fenestration and was continued on medical 
therapy for intracranial hypertension. At 6‑week follow‑up, 
her visual acuity was unchanged and repeat lumbar puncture 
revealed opening pressure of 290 mm of water with normal 
analysis. On telephonic interview at 4 months, she reported 
that her vision was unchanged and that there were no other 
neurological or systemic symptoms.

We report the development of intracranial hypertension 
resulting in blindness in a middle‑aged woman while on 
the maintenance regimen of pemetrexed for pulmonary 
adenocarcinoma. Intracranial hypertension in patients with 
systemic malignancy can occur due to intracranial metastasis, 
meningeal infiltration, venous thrombosis, and neoplastic 
meningitis.[3,4] Our patient had clinical features of raised 
intracranial pressure in the absence of structural intracranial 
pathologies. Radiological features of PTCS include empty sella 
turcica, tortuosity of optic nerves with enlarged perioptic CSF 
space, flattening of the posterior globe, and optic nerve head 

swelling which were present in our patient. With these clinical 
and radiological features along with normal CSF analysis 
including cytology, we made a diagnosis of pseudotumor 
cerebri syndrome in our patient.[1,2] In addition, the diameter 
of the superior ophthalmic veins was increased on both sides 
in our patient. Increased diameter of the superior ophthalmic 
veins correlated with degree of intracranial hypertension 
from diverse causes and can be considered as a feature of 
intracranial hypertension.[5] Pseudotumor cerebri syndrome 
is a preferred term over primary and secondary idiopathic 
intracranial hypertension.[1]

Cancer chemotherapy can lead to peripheral and cranial 
neuropathy, encephalopathy, seizures, cerebellar dysfunction, 
myelopathy, posterior revisable encephalopathy, etc.[6] The 
occurrence of chemotherapy‑induced raised intracranial 

Figure 1: Showing right optic fundus with papilledema and early optic 
atrophy

Figure 2: Showing the MRI findings in the patient. Axial T2 weighted 
images (a and b), axial FLAIR image (c), and oblique orbital T2 weighed 
image (d). The optic nerve is tortuous with dilated perioptic cerebrospinal 
space (long white arrows), flattening of posterior globe with optic nerve 
head swelling (short white arrow) and superior ophthalmic veins are 
dilated (black arrow)
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pressure is rare and is reported with methotrexate and 
5‑fluorouracil.[6] The mechanisms of chemotherapy‑induced 
raised intracranial pressure are not well understood. PTCS is 
also reported with severe renal dysfunction.[2] However, renal 
dysfunction in our patient was mild which could have been 
related to hypertension or secondary to pemetrexed therapy.[7]

Papilledema with normal CSF pressure and analysis 
occurred in a patient receiving carboplatin.[8] Posterior 
reversible encephalopathy syndrome (PRES) with impaired 
vision occurred with regimens using carboplatin[9] and 
pemetrexed.[10] A patient receiving pemetrexed for 
adenocarcinoma of the lung developed raised intracranial 
pressure secondary to communicating hydrocephalus and 
underwent ventriculoperitoneal shunt.[11] Our patient did 
not have features of PRES or hydrocephalus. She received 
carboplatin and pemetrexed in the intensive chemotherapy 
phase with carboplatin stopped 3 months before the onset of 
intracranial hypertension. She was on pemetrexed monotherapy 
when intracranial hypertension leading to blindness occurred. 
Clinical profile of PTCS in our patient was supported by the 
cranial MRI findings, elevated CSF pressure, and normal CSF 
analysis.[1‑3]

To the best of our knowledge, this is the first report showing 
pemetrexed‑induced pseudotumor cerebri syndrome. As our 
patient did not have hydrocephalus, underlying mechanism 
may be different. Patients on pemetrexed therapy may need 
to be monitored for raised intracranial pressure which can 
prevent visual impairment.
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Abstract

Background:

Mother baby psychiatry units (MBUs) are the expected standard of inpatient care internationally for
postpartum mothers with severe mental illness (SMI) and favorable outcomes for mother infant dyads
have been reported from these services. However, there are very few such units in low- and middle-
income countries. The current study aimed to assess the short-term outcome of mothers in SMI
admitted to an MBU in India.

Materials and Methods:

Mother infant dyads admitted over a year in the MBU were assessed in detail at admission, discharge,
and at 3 months. Tools used included the Brief Psychiatric Rating Scale (BPRS), Young's Mania Rating
Scale, Edinburgh Postnatal Depression Scale, and Clinical Global Impression. Mother infant
interaction was assessed using the NIMHANS maternal behavior scale.

Results:

The mean age of the 43 mothers admitted in this period was 27.3 ± 6.2 years. For 27 (62.8%) mothers,
this was a first episode of psychosis. Affective disorders and acute psychotic disorders were the most
common diagnoses. The average duration of stay in the MBU was 25 days. While all mothers showed
significant improvement at discharge, mothers with a first episode in the postpartum had higher BPRS
scores (Ws = 309.5, P = 0.02) as compared to the others. At 3 months following discharge, all mothers
sustained the improvement achieved.

Discussion:

Mothers with SMI admitted to an MBU showed significant clinical and dyadic improvement at
discharge which was sustained at 3 months. However, the lack of a control group limits the
generalizability of the current findings.
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Conclusion:

The study highlighted a favorable short-term outcome among mothers with SMI admitted to a MBU
facility.

Keywords: Low- and middle-income country, mother baby unit, postpartum psychosis, short-term
outcome

INTRODUCTION

Postpartum period is considered to be a vulnerable phase for new-onset psychiatric illness or
exacerbation of preexisting psychiatric illness.[1] Severe mental illness (SMI) which includes bipolar
affective disorders, schizophrenia, and related psychotic disorders during postpartum is considered as a
psychiatric emergency in view of its significant risk to the mother and her infant. Further, an early
separation of infant from an unwell mother can have negative consequences such as aggression and
negativity during childhood[2] as well as delay the recovery among postpartum mothers with mental
illness.[3]

Mother baby unit (MBU) is a psychiatric inpatient setup that provides comprehensive care to women
with mental illness along with her baby during the postpartum period. The comprehensive care
involves a focus on mother-infant interactions and the child's development in addition to clinical care
of the mother. Currently, most of the MBUs are located in high-income countries (HICs) with sparse
services in low- and middle-income (LAMI) countries.[4] The available data have shown good
outcome among mothers with postpartum mental illness admitted along with their infant in an MBU
setting in HIC.[5]

A systematic review looking at the outcome of mothers admitted to psychiatric MBUs across the world
included 10 studies out of which 9 were from HIC and only one study from LAMI country. The review
found that 69% to 78% of mothers improved in their symptoms at the time of discharge from the MBU.
[5] The factors responsible for poor outcome among mothers included diagnosis of schizophrenia,
personality disorders, poor social integration, severe behavioral disturbance, low social class, and poor
relationship or psychiatric illness in the partner.[6] Specific factors responsible for poor mother infant
outcomes included, mothers with schizophrenia and other psychotic disorders with lack of mothering
skills,[7] mothers with postnatal depression who had poor bonding with their babies,[8] young mothers
with higher psychosocial risk with low parenting confidence,[9] mothers with both psychotic and
nonpsychotic depression with feelings of insecurity with their infants compared to mothers with
postpartum mania.[10] The review also highlighted that at the time of discharge physical harm to baby
was seen more with affective disorders[11] and infant being separated if mother had psychosis.[11,12]
There are limited MBUs located in LAMI countries, and the only available data are from MBU situated
in India. The outcome of postpartum mothers from India reported that 80% had improved completely
while rest had residual symptoms at discharge.[4] The observational study showed that
multidisciplinary MBU care significantly improved the psychopathology and mother-infant interaction
among women with varied diagnosis.[13] However, the authors were not clear whether such
improvement in mother infant interactions were maintained postdischarge.[13] The aim of the current
study was to investigate the short-term clinical outcome and its association with demographic and
clinical factors that might influence the outcome among mother infant dyads admitted to an MBU in
India.

MATERIALS AND METHODS
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This prospective study included mothers who were admitted to the Mother Baby Perinatal Psychiatry
Unit at National Institute of Mental Health and Neuro Sciences (NIMHANS), Bengaluru during a 1-
year period (March 2016 to February 2017). The study included mothers with the age range of 18–35
years, admitted with their infants to the MBU with a diagnosis of postpartum SMI. Mothers with
history of intellectual disability and personality disorders were excluded. The study was approved by
the Institutional Ethics Committee. Mothers participated in the study after providing written informed
consent.

Sociodemographic and clinical details such as past and family history, duration of postpartum onset,
diagnosis, duration of hospital stay, administration of electro convulsive therapy (ECT), and
psychosocial risk factors[9,14](history of previous abortion, significant grief in past 1 year,
dissatisfaction about the gender of the baby, traumatic childbirth, childhood trauma, and unwanted
pregnancy) were collected using a semi-structured pro forma. Maternal psychopathology was rated
using Brief Psychiatric Rating Scale (BPRS),[15] Young's Mania Rating Scale (YMRS),[16] Edinburgh
postnatal depression scale (EPDS),[17] and Clinical Global Impression (CGI)[18] Maternal behavior
toward her infant was recorded using NIMHANS Maternal Behavior Scale (NIMBUS).[19]

NIMHANS maternal behavior scale (NIMBUS)

The NIMBUS is an objective assessment of mother infant interactions among mothers with SMI. It has
five domains and 1 item on reasons for separation from infant during psychiatric illness. Each mother-
infant dyad was observed in terms of care for the baby's basic needs, affectionate behavior, significant
incidents, overall assessment of safety, how does the mother handle separation from the baby and
whether the mother is separated from baby last few days and reasons for the same.

The above assessments were done at baseline and at the time of discharge.

The short-term outcomes were assessed after 3 months from the time of their discharge from the
hospital. Short-term outcome assessments included CGI-improvement and NIMBUS. Telephonic
follow-up was done if the patient failed to visit the hospital by 3 months following the discharge.

Statistical analysis

Statistical analysis was performed using the SPSS Inc. Released 2007. SPSS for Windows, Version
16.0. Chicago, SPSS Inc. version 16. Descriptive statistics such as frequency and mean were used to
describe the sociodemographic variables and total scores of the scales. Wilcoxon signed-rank test used
for comparing mean scores of BPRS, YMRS, and EPDS assessed at three points of time. Friedman's
test was used for comparing scores of CGI and maternal behaviors rating scales at three points of
assessment.

RESULTS

During the study period, 43 mother-infant dyads with mothers having postpartum SMI who met
inclusion criteria were recruited. The mean age of the mothers in years was 27.3 (6.2) years. Majority
(90.7%) belonged to Hindu religion, having secondary (8–10 years) level of education (44.2%) and
from rural background (60.5%). Except one woman all others were married. Most of the mothers
(86%) were home makers.

Clinical details
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First episode of SMI during the postpartum period was seen in 27 (62.8%) mothers. Both past and
family history of mental illness was seen in 21 (49%) mothers. The mean duration of onset of
symptoms in the postpartum period was 11.3 (10.1) weeks (range: 1  week–36  weeks). None of the
mothers had catatonia at the time of evaluation. Ten (23%) mothers had a history of deliberate self-
harm attempts. The most common psychiatric diagnosis was affective disorders (bipolar disorder and
severe depression with psychotic symptoms) (40%) followed by acute psychosis (39%), schizophrenia
(14%), and schizoaffective disorders (7%). Mean duration of their hospital stay was 21.5 (14.2) days
(range: 7 days to 94 days). More than half the mothers (53.49%) received Electro Convulsive Therapy
(ECT) during inpatient care. Majority (81%) of the mothers perceived that they had adequate support
system and 10 (23%) mothers had a history of family violence. Detailed evaluation during inpatient
care noted comorbid personality traits in 9 (21%) mothers. Other psychosocial risk factors noted were
history of previous abortion in 6 (14%), significant grief and dissatisfaction about the gender of the
baby in 4 (9%) and traumatic childbirth, childhood trauma, and unwanted pregnancy in 1 (2%) mother
each. All mother-infant dyads received individualized multidisciplinary care.

Clinical outcome at admission and discharge

The median scores on BPRS, YMRS, and EPDS at admission and discharge are shown in Table 1. The
severity of illness was recorded at admission and discharge. Wilcoxon Signed-rank test was used to
compare the total score at admission and discharge. Significant reduction in the total score was
observed in all the parameters (P < 0.001) [Table 1]. The BPRS at discharge among those who had the
1  episode postpartum illness was significantly higher than those with worsening of preexisting
psychiatric illness in the current postpartum (W  = 309.5, P = 0.02).

Table 1

Comparison of Rating Scales at admission and discharge

Scale Time of assessment Median IQR Z P

BPRS Admission 69.50 19 −5.646 <0.001

Discharge 32.0 12.5

YMRS Admission 25 22 −5.225 <0.001

Discharge 10 6.25

EPDS Admission 18 5 −5.012 <0.001

Discharge 8 6.75

Open in a separate window

IQR – Interquartile range; BPRS – Brief Psychiatry Rating Scale; YMRS – Young’s Mania Rating Scale; EPDS –
Edinburgh Postnatal Depression Scale

Clinical Global Impression (CGI) and NIMHANS Maternal Behavior Scale (NIMBUS) at
admission, discharge, and follow-up
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Clinical Global Impression (CGI) and NIMHANS Maternal Behavior Scale (NIMBUS) at admission,
discharge and follow-up. The total score on CGI and individual item score on NIMBUS was recorded
at admission, discharge, and at 3 month follow-up. Friedman test was used to compare the total scores
on CGI and individual item score on NIMBUS. Significant improvement was noted at discharge and it
was sustained over a period of 3 months follow-up (P < 0.001) [Table 2].

Table 2

Comparison of clinical global impression and National Institute of Mental Health and Neuro
Sciences Maternal Behavior Scale at admission, discharge, and follow-up

Scale Time of assessment Median (mean) IQR (SD) t P

CGI Admission 5 (4.95) 0 (0.216) 79.480 <0.001

Discharge 2 (2.093) 0 (0.610)

Follow-up 2 (2) 0 (0)

NIMBUS

Care Admission 8 (8.33) 7 (3.400) 54.642 <0.001

Discharge 4 (4.744) 0 (1.852)

Follow-up 4 (4) 0 (0)

Affection Admission 10.4 (11.40) 10 (6.233) 51.283 <0.001

Discharge 5 (5.691) 0 (3.573)

Follow-up 5 (5) 0 (0)

Significant incidents Admission 5 (6.05) 1 (1.812) 21.593 <0.001

Discharge 5 (4.953) 0 (1.233)

Follow-up 5 (5) 0 (0)

Overall safety Admission 26 (27.53) 16.0 (9.493) 58.403 <0.001

Discharge 15.30 (17.535) 1.0 (6.370)

Follow-up 15 (15) 0 (0)

Handling separation Admission 2 (2.53) 3 (1.30) 49.523 <0.001

Discharge 1 (1.256) 0 (0.276)

Follow-up 1 (1) 0 (0)

Total bonding score Admission 32 (32.60) 17 (9.965) 65.871 <0.001

Discharge 17 (19.71) 2 (6.653)

Follow-up 17 (17) 0 (0)

Open in a separate window

CGI – Clinical global impression; NIMBUS – NIMHANS Maternal Behavior Scale; NIMHANS – National
Institute of Mental Health and Neuro Sciences; IQR – Interquartile range; SD – Standard deviation
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Factors influencing the clinical outcome

Fisher's exact test was used to evaluate association between outcome and clinical variables (family and
past history of mental illness and/or suicide attempts). No such association could be made. In view of
small sample size, complex statistical analysis was not done.

Correlations between clinical outcome and mother-infant attachment

There were no significant correlations between clinical outcome and mother-infant bonding (objective
assessment) except scores of YMRS and total bonding scores along with their subscales though
strength of association was low (correlation coefficient – 0.522) using nonparametric spearman rho
correlation.

DISCUSSION

The current study aimed to assess the clinical outcome of mothers with postpartum SMI admitted along
with their infants in an MBU from a low resource setting. Forty-three mothers who were evaluated at
admission, discharge and at 3-month postdischarge had significant improvement in their psychotic,
depressive, and manic symptoms at discharge and sustained the improvement over the 3-month period.
Most of the previously published literature on maternal outcome[6,7,9,13,20] have reported significant
improvement at discharge. One of the largest studies in the UK evaluated 1081 mothers admitted to 8
MBUs over a 6-year period reported that 78% mothers had good outcome with respect to clinical
improvement and 80% improvement in parenting outcome. The joint admission of mother infant dyad
has been found to improve the outcome of mothers not only in their psychopathology but also in terms
of improvement in their parenting skills.[13,20] A similar finding of 69% of the mothers showing
improvement in clinical symptoms in 869 women admitted to 13 MBUs in France[6] and Australia.
[7,9] Our study did not show any specific factor that could have has been reported influenced the
outcome except the fact that women with the 1 episode postpartum illness had higher scores on BPRS
as compared to women who had past psychiatric illness. It is possible that around 79% of our sample
had a diagnosis of mood disorder and acute psychosis which are known to have favorable outcomes in
previous studies in comparison to schizophrenia.[6,7] However, higher scores on BPRS at discharge
among the 1 postpartum episode in our sample could be because of the higher prevalence of mood
incongruent psychotic symptoms in the 1 onset psychosis occurring in postpartum.[21] There was no
correlation with maternal psychopathology and mother infant bonding. Similar findings have been
documented in previously published literature with improvement in maternal sensitivity at the time of
discharge.[13] Only a weak association was noted between YMRS scores of mothers with mother-
infant bonding. Clinical status of the mothers might not be directly associated with parameters of
mother infant relationship.[13]

In our study, the improvement in the clinical outcome and mother infant bonding sustained over a
period of 3 months. It is quite possible that all mother infant dyad had received individualized care in
addition to standard care during inpatient admission. Other possible reasons could be over
representation of mood disorders and acute psychosis, perceived social support. However, there is
limited literature on short-term outcome on postpartum SMI form low resource settings. A review on
long-term outcome of postpartum psychosis has shown that 43.5% of women did not have episodes
outside the perinatal period.[22] Apart from that our center has good after care facility in terms of
initial early follow-up and providing helpline number to contact in case of difficulties.[23]
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The strength of the study include that, this was first prospective short-term outcome study involving
mother-infant dyads admitted to an MBU located in LAMI country. All mothers underwent structured
and validated assessments at three different point in time (admission, discharge, and 3-month follow-
up). The researcher was able to follow-up all the mothers who consented for the study at 3 months
postdischarge. This could be because the researcher had good rapport with all the mothers recruited in
the study. This can be strength as well as weakness of the study because in real life scenario there will
be dropouts in a prospective study design. This itself can have impact on the study results.

The major limitation in this study is the lack of a control group, and hence, it is difficult to infer that the
improvement among mothers was due to the MBU care. Another limitation was small sample size and
inability to do complex analyses to understand the role of predictors of outcome. Psychosocial risk
factors were assessed through the open-ended questions to mothers rather than structured interview. All
mother infant dyads in MBU received standard care with additional interventions based on the felt
need. We did not record what specific interventions mother received during the study period. All the
assessments were done by the same investigator at three points of time which could have biased the
observations.

CONCLUSION

The study highlights favorable outcome among mothers admitted to a MBU facility. Lack of control
group limits inferences in this study. Future research should focus on long-term follow-ups of mother
infant dyads, cost-effectiveness of MBU facility.
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Comparison of Manual, Semi-automated and 
Fully-automated Enzymatic Methods for 
High Density Lipoprotein Estimation-  
A Cross-sectional Study

INTRODUCTION
Lipoproteins are complex particles with nonpolar lipids in their core 
and more polar amphipathic lipids at their surface [1]. They contain 
different proportions of lipids and proteins and thus differ in their 
physical and chemical properties. On the basis of their differences in 
densities as determined by ultracentrifugation they are classified as 
Chylomicrons, Very Low Density Lipoprotein (VLDL), Intermediate 
Density Lipoprotein (IDL), Low Density Lipoprotein (LDL), High 
Density Lipoprotein (HDL) and Lipoprotein (a).

HDL cholesterol plays an important role in reverse cholesterol 
transport during which it takes the cholesterol from peripheral 
tissues to liver. HDL also possess anti-oxidant property by 
preventing the oxidation of LDL, anti-inflammatory and anti-clotting 
properties, which are yet to be known clearly [2]. HDL increases 
the production of Nitric oxide (NO) which is a signaling molecule 
and atheroprotective in nature. NO synthesis is increased due to 
increased expression of endothelial NO synthase (eNOS) [3]. The 
patients with blood levels of HDL below 35 mg/dL are more prone 
for developing Coronary Artery Disease (CAD). There is an inverse 
relation between serum HDL levels and the risk of the CAD [4]. 
HDL is known as “anti-atherosclerotic factor” or cardio-protection 
factor [5]. It is also proved in some of the studies that significant 
vascular residual risk still exists even at the normal or high HDL 
levels also [6,7].

Manual methods used for estimation in laboratory rely on the 
technical skills of the technician while automated machines 
generate quick results and also have less scope for human 
errors [4]. It is emphasised that the results of HDL cholesterol 

determination should be accurate and reliable, especially for the 
patients with borderline values, where the variation resulting from 
the methodology used may interfere with the interpretation of clinical 
scenario by the doctors [5]. There is improvement in both analytical 
and biological variability when the HDL cholesterol is estimated by 
automatic direct method [8].

Different results are obtained with different methodologies available 
in the market. Hence, it is the sole responsibility of the laboratories 
to spell out the different methodologies which are available for HDL 
estimation which will help the clinicians in monitoring and correctly 
diagnosing the changes in serum lipids using the knowledge of 
available methodologies [9]. Considering the above points this 
study was undertaken to compare the values of HDL using three 
different technical methodologies.

MATERIALS AND METHODS
It was a cross-sectional study, conducted using 30 serum samples 
which were obtained from the Biochemistry laboratory of KLE 
Society’s Dr. Prabhakar Kore Charitable Hospital and Medical 
Research Centre, Belagavi, Karnataka, India. The study was 
undertaken after obtaining the Institutional Ethical Committee approval 
(letter no. MDC/DOME/397). The study was conducted between 
January 2015 to December 2015. Convenient sampling was followed.

Study Procedure
The samples were subjected to analysis using fully-automated, 
semi-automated and manual method for estimating HDL cholesterol. 
The HDL-C was estimated by fully-automated technique using 
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ABSTRACT
Introduction: Spherical particles with nonpolar neutral lipids at 
the center and more polar amphipathic lipids at their surface 
are called Lipoproteins. High Density Lipoprotein (HDL) aids in 
cholesterol homeostasis by removing it from cells by several 
different mechanisms. The results of HDL Cholesterol (HDL-C) 
should be accurate and reliable, especially for the patients 
with borderline values, where the variation resulting from the 
methodology used may interfere with the interpretation of 
clinical scenario by the doctors.

Aim: To compare the results of HDL values obtained by using 
three different technical methods.

Materials and Methods: The present study was conducted 
using 30 serum samples from the Biochemistry laboratory of KLE 
Society’s Dr. Prabhakar Kore Charitable Hospital and Medical 
Research Centre, Belagavi, Karnataka, India for HDL values, 
each for the three different technical methods (fully-automated, 

semi-automated and manual method). The data obtained was 
analysed statistically by computing descriptive statistics the 
mean, standard deviation and correlation coefficient.

Results: Results of serum samples analysed for HDL-C values 
ranged from 31-79 mg/dL (mean 43.1) in fully-automated 
analyser, 28.06-75.18 (mean 39.6) in semi-automated and 
27.06-62.7 mg/dL (mean 39.7) using manual method. There 
was significant difference in the mean values of HDL-C values 
obtained using the three different methods and positive 
correlation was established on comparing semi-automated and 
manual method (Semi-automated v/s manual method, r=0.827) 
and found to be statistically significant.

Conclusion: As HDL estimation is routinely done in many of 
the clinical laboratories, a sound knowledge of the HDL values 
obtained using different techniques can help the clinicians while 
ordering for the test and also for diagnosing and monitoring of 
the cases with various lipid abnormalities.
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modification of the Abell Kendall method [10]. Semi-automated 
estimation of HDL-C is based on Burstein M et al., and Roesclau P 
et al., and for manual method, precipitation by phosphotungstate-
Magnesium chloride followed by Carr JJ and Drektor IJ Method was 
used [11-13].

The instruments used in this study were- DimensionRClinical Chemistry 
analyser by Siemens (fully-automated), Erba Chem 5 V2 manufactured 
by Erba Manheim (semi-automated) and EI spectrophotometer by 
Jayanti Scientific Instruments, New Delhi (manual). Semi-automated 
analysis was done by using commercially available Erba kit whereas for 
manual analysis reagents were prepared freshly in the laboratory.

STATISTICAL ANALYSIS
Descriptive statistics, the mean, standard deviation and Pearson 
correlation coefficient were the statistical methods used to analyse 
the obtained data using SPSS software version 20. The difference 
between each method was also calculated.

RESULTS
Results of serum samples analysed for HDL-C values ranged from 
31-79 mg/dL (mean 43.1) in fully-automated analyser, 28.06-
75.18 mg/dL (mean 39.6) in semi-automated and 27.06-62.7 mg/dL 
(mean 39.7) using manual method as shown in [Table/Fig-1].

suffering from any cardiovascular illness. This study found a significant 
difference in HDL cholesterol values obtained using fully-automated, 
semi-automated and manual method.

Jabbar J et al., stated that there was no significant difference between 
precipitation and automated method for the analysis of HDL-C levels 
which was contradictory to the findings of this study [8]. The reason 
for this could be incomplete precipitation of apoB lipoprotein by the 
precipitation methods (manual method) when compared with the 
other two methods. The turbidity of supernatant seen in some of the 
conditions like hypertriglyceridemia, inflammatory conditions and 
cryopreservation may cause discordance between the methods, 
which can be overcome in fully-automated methods than manual 
method. Mulinge JM et al., concluded that the results obtained by 
direct (automated) and precipitation (manual) method for HDL-C 
measurement are comparable which is also not in accordance with 
the present study [17]. The findings of this study was also not in 
agreement with another study conducted by Arranz-Pena ML et al., 
that showed close correlation of HDL-C assay using direct method 
and precipitation method [18]. Nauck M et al., stated that precise and 
accurate HDL-C concentration can be obtained using homogenous 
assays even for samples with hypertriglyceridemia, thus offering an 
advantage on the use of direct techniques in patients with higher 
triglyceride levels [19]. HDL-C isolated and estimated by manual 
method was found to be lower than that estimated using the direct 
homogenous assay method as per a study done by Jensen T et 
al., which is similar to the findings of the index study [20]. This 
is because the fraction with a density of >1.063 includes some 
apolipoprotein (apo B)-containing lipoproteins and it seems that the 
automated methods which are direct, react with these lipoproteins; 
thus indicating that the results obtained by this method are more 
accurate than those obtained by precipitation or manual method. 

Inspite of the sufficient evidence that has concluded that the CHD 
event rates are gradually lower in cohort participants with very high 
HDL levels, the risk for CHD still exists in these cohorts [21]. In most 
of the developing countries HDL-C analysis is performed using 
manual (precipitation) method. This method mainly relies on the 
accurate pipetting technique under the hands of a skilled medical 
technologist [8]. Fully-automated analysers have various advantages 
over manual methods like less human errors, time-saving, labour 
intensive and calibration reliability. They also offer laboratories 
substantial operational and productivity benefits. In addition, the 
results obtained from fully-automated method offer the promise of 
achieving the high degree of certainty required in clinical decision 
making based on HDL-C concentrations. Busy laboratories, with 
high work load and frequent analysis of multiple samples, should 
adopt automated methodologies. Hence, a clinician must have 
sound knowledge about the discrepancies in the results obtained 
using different technical methods for HDL-C estimation.

Limitation(s)
The major limitation of the present study was the small sample size. 
As it a cross sectional study hence casual relationship could not be 
established. Analytical studies can be taken up in future to establish 
the casual relationship.

CONCLUSION(S)
On comparing the HDL-C values using three methods, it was found 
that there was a significant difference in the values obtained using 
manual method (Carr JJ and Drektor IJ method) semi-automated 
method and fully-automated method. The desired method can be 
chosen depending on the laboratory workload and set up used. As 
HDL estimation is routinely done in many of the clinical laboratories, 
a sound knowledge of the HDL values obtained using different 
techniques can help the clinicians during interpretation of the test 
results and also for diagnosing and monitoring of the cases with 
various lipid abnormalities.

Total 
samples

Fully-automated 
method range 

(mean) in mg/dl

Semi- automated 
method range 

(mean) in mg/dl

manual 
method 

range (mean) 
in mg/dl

Difference 
(mg/dl)

HDL-C
31-79 

(43.1±9.94)
28.06-75.18 
(39.6±9.86)

27.06-62.7 
(39.7±8.75)

----

Fully-
automated 
and Semi-
automated

---- ---- ---- 0.14±5.49

Fully-
automated 
and Manual 
method

---- ---- ---- 3.37±6.42

Semi-
automated 
and Manual 
method

---- ---- ---- 3.51±5.58

[Table/Fig-1]: Range and mean values along with difference between HDL 
 cholesterol levels by fully-automated, semi-automated and manual methods.

method Semi-automated manual method

Fully-automated r=0.838, p<0.001 r=0.769, p<0.001

Semi-automated r=0.827, p<0.001

[Table/Fig-2]: Correlation analysis of HDL levels.

There was significant difference in the mean values of HDL-C values 
obtained using the three different methods and positive correlation 
was established on comparing semi-automated and manual method 
(Semi-automated v/s manual method, r=0.827) and found to be 
statistically significant.

The values obtained using manual method showed positive correlation 
when compared with fully-automated method (Manual v/s fully-
automated r=0.769), and similarly there was also positive correlation 
of the results between semi-automated v/s fully-automated method 
(r=0.838) [Table/Fig-2].

DISCUSSION
The morbidity associated with coronary vascular events has 
shown an increasing trend in the last decades due to physical 
inactivity, stressful life and consumption of junk food [8]. The 
ratio of LDL-C/HDL-C is one of the important predictors of 
cardiovascular risk [14-16].

Accuracy of reports reflecting correct HDL-C levels are of utmost 
significance during risk assessment strategies, while treating patients 
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BACKGROUND AND PURPOSE: Very few large scale multicentric stroke clinical trials have been done in India. The Indian Council 
of Medical Research funded INSTRuCT (Indian Stroke Clinical Trial Network) as a task force project with the objectives 
to establish a state-of-the-art stroke clinical trial network and to conduct pharmacological and nonpharmacological stroke 
clinical trials relevant to the nation and globally. The purpose of the article is to enumerate the structure of multicentric stroke 
network, with emphasis on its scope, challenges and expectations in India.

METHODS: Multiple expert group meetings were conducted by Indian Council of Medical Research to understand the scope 
of network to perform stroke clinical trials in the country. Established stroke centers with annual volume of 200 patients 
with stroke with prior experience of conducting clinical trials were included. Central coordinating center, standard operating 
procedures, data and safety monitoring board were formed.

DISCUSSION: In first phase, 2 trials were initiated namely, SPRINT (Secondary Prevention by Structured Semi-Interactive 
Stroke Prevention Package in India) and Ayurveda treatment in the rehabilitation of patients with ischemic stroke in India 
(RESTORE [Rehabilitation of Ischemic stroke Patients in India: A Randomized controlled trial]). In second phase, 4 trials have 
been approved. SPRINT trial was the first to be initiated. SPRINT trial randomized first patient on April 28, 2018; recruited 
3048 patients with an average of 128.5 per month so far. The first follow-up was completed on May 27, 2019. RESTORE 
trial randomized first patient on May 22, 2019; recruited 49 patients with an average of 3.7 per month so far. The first follow-
up was completed on August 30, 2019.

CONCLUSIONS: In next 5 years, INSTRuCT will be able to complete high-quality large scale stroke trials which are relevant 
globally.

REGISTRATION: URL: http://www.ctri.nic.in/; Unique Identifier: CTRI/2017/05/008507.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.
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The incidence of stroke in India ranges from 117 to 
145/100 000 with a case fatality rate of 24.5% to 
42%.1 Stroke research in the past 2 decades has 

been focused primarily in the area of epidemiology, clini-
cal studies, hospital registries, and genetic research.2–8 
Very few large scale multicentric stroke clinical trials 
have been done in India.9–11

Indian Council of Medical Research (ICMR) is the apex 
body in India for the formulation, coordination, and promotion 
of biomedical research. Five stakeholder meetings were held 
between 2014 and 2016 by ICMR to study the need and 
establishment of the network. The scope of work required 
to establish the network was recognition of the need for 
creation of a national network, identification and contact-
ing established stroke centers, developing the network 
framework, creation of steering committee, and selection of 
clinical trials. In the year 2017, INSTRuCT (Indian Stroke 
Clinical Trial Network) was created with the objectives to 
establish a state-of-the-art stroke clinical trial network 
and to conduct pharmacological and nonpharmacologi-
cal stroke clinical trials relevant to the nation and globally.

The stroke unit of Christian Medical College Ludhiana 
(CMCL) has been performing multicenter research and 
stroke trials in the country.4,5,9–14 The center coordinated 
the ATTEND (Family-Led Rehabilitation After Stroke in 
INDIA: a Randomized Controlled Trial), which recruited 
1250 patients across 14 centers in India.14 The ATTEND 
trial (2013–2016) set a bench mark for the robustness 

of a multicentric trial in the subcontinent and paved way 
for the establishment of INSTRuCT by ICMR.

METHODS
The authors declare that all supporting data are available within 
the article (and in the Data Supplement).

INSTRuCT was formed with 27 stroke centers in 2016. 
The inclusion criteria for center selection is listed in the Table. 
Feasibility questionnaires were developed by the CMC Stroke 
unit and mailed to the leading stroke centers across India. Private, 
government, tertiary teaching hospitals were approached for 
inclusion, and 27 centers were selected. Out of these, 4 dropped 
out due to administrative issues. Further, 7 new centers have been 
added in 2019, and currently, there are 30 hospitals in the net-
work (Figures 1 and 2). Each site is responsible for its own ethics 
committee approval. There is a future plan to initiate centralized 
ethics committee by the ICMR for trials under the network.

Governance and Infrastructure
ICMR governs the INSTRuCT through a Steering Committee 
which reviews the ongoing studies under this network and 
new trials submitted by the participating investigators. ICMR 
ensures training to all sites through workshops and continued 
funding support to INSTRuCT network. Details of Task force 
Group are mentioned later.

The stroke unit of CMCL is the Central Coordinating Center 
(CCC) or the management team. The CCC team comprises of 
JDP, the principal investigator (PI) with information technology 
personnel, 2 national coordinators, and 2 statisticians. The overall 
monitoring and establishing information technology infrastructure 
of all clinical trials for the network is done by CCC. The team has 
created online databases for the trials under it along with applica-
tion servers, firewall, workstation, and dedicated internet line. An 
Indian Information Technology Company SOCIT has developed 
the databases for the ongoing 2 trials. The database softwares 
were tested and subsequently rolled out to CCC for customer 
verification. The Information Technology Company trains the CCC 
staff, and they, in turn, train the users across the centers.

Trial data and statistical analysis is the responsibility of the 
Achutha Menon Center for Health Science Studies under Sree 
Chitra Tirunal Institute for Medical Sciences and Technology, 
Thiruvananthapuram. They are involved in the trial design, 
sample size calculation, and statistical analysis plan. INSTRuCT 
Network facilitates any PI in the network who can design a trial 
if they have an idea. A single trial can have multiple PIs (up to 3).

The Standard Operating Procedures for the network have 
been created. The Trial specific requirements and logistics 
are budgeted for any new trial separately. Material in the Data 

Nonstandard Abbreviations and Acronyms

ASTN Australian Stroke Trials Network
ATTEND  Family-led rehabilitation after 

stroke in India: a randomized con-
trolled trial

CCC Central Coordinating Center
CMCL  Christian Medical College, 

Ludhiana
DSMB Data Safety Management Board
ESOTA  European Stroke Organisation Tri-

als Alliance
GAINS  Global Alliance of Networks in 

Stroke
ICMR Indian Council of Medical Research
INSTRuCT Indian Stroke Clinical Trial Network
NIH StrokeNet NIH Stroke Trials Network
NIH National Institutes of Health
PI principal investigator
RESTORE  Rehabilitation of Ischemic Stroke 

Patients in India: A Randomized 
Controlled Trial

SPRINT INDIA  Secondary Prevention by Struc-
tured Semi-Interactive Stroke 
Prevention Package in INDIA

Table. INSTRuCT Network Inclusion Criteria

INSTRuCT network inclusion criteria

Established stroke centers with a functioning stroke unit for at least 2 y.

An annual volume of ≈100-200 ischemic and hemorrhagic stroke patients.

A minimum 2 y of experience of clinical trials done previously.

The PI of the center should conduct the trials as per GCP guidelines.

GCP indicates good clinical practice; INSTRuCT, Indian Stroke Clinical Trial 
Network; and PI, principal investigator.
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Supplement presents the flow chart for initiating a trial in the 
INSTRuCT Network. The INSTRuCT Network website https://
instructnetwork.in/ provides information on the purpose, objec-
tives, and mission of the network.

Creation of Steering Committee, DSMB, and 
International Advisory Committee
The ICMR experts for INSTRuCT constitute the steering commit-
tee members. The Steering Committee is a multidisciplinary group 
who, collectively have the scientific, medical, and clinical trial man-
agement experience to conduct and evaluate the trial. The steer-
ing committee members include the Chairperson Dr Kurupath 
Radhakrishnan (Avitis Hospital Palakkad Kerala), Dr Jagarlapudi 
Murali Krishna Murthy (CARE Hospital, Hyderabad), Dr Prem Pais 
(St John’s Hospital, Bangalore), Dr Parthasarathy Satishchandra 
(National Institute of Mental Health and Neurosciences, 
Bangalore), Dr Subhash Kaul (Krishna Institute of Medical 
Sciences, Hyderabad), Dr Pankaj Seth (National Brain Research 
Center, Gurugram), Dr Vishnubhatla Sreenivas (All India Institute of 
Medical Sciences, New Delhi), Dr Denis Xavier (St John’s Hospital, 
Bangalore), Dr Ganesan Karthikeyan, (All India Institute of Medical 
Sciences, New Delhi), Dr Niveditha Devasenapathy (Public Health 
Foundation of India, New Delhi), Dr Trichur Raju (National Institute 
of Mental Health and Neurosciences, Bangalore), and Late Dr 
Shyamal Das (Bangur Institute of Neurosciences, Kolkata).

An independent Data Safety Management Board (DSMB) 
is created by ICMR for each trial in the network. The members 
are selected by ICMR based on experience in cardiovascular and 
stroke trials. The duration of membership to DSMB is 5 years. 
The steering committee is jointly responsible with the DSMB 
for safeguarding the interests of participating patients and for 
the conduct of the trial. The DSMB charter is prepared which 
includes details of closed (review of grouped safety data, pre-
sented by coded treatment arm, with the study statistician) and 
open (review of general conduct, progress of the study includ-
ing data in aggregate without grouping) sessions. At each meet-
ing of the DSMB, it will make a recommendation to the Steering 
Committee to continue or to terminate the trial. The frequency of 
subsequent meetings will be determined by the rate of recruit-
ment and the results of these initial analyses. Meeting will be held 
annually by teleconferences. In addition, an International Advisory 
Committee was formed which comprises of Stroke experts from 
National Institutes of Health (NIH) StrokeNet, Canadian Stroke 
Consortium, UK Stroke network, and ASTN (Australian Stroke 
Trials Network). Dr Gary Ford, Dr Joseph Broderick, Dr Andrew 
Demchuk, Dr Craig Anderson, Dr Richard Lindley, Dr Laurent 
Billot, Dr Pooja Khatri, Dr Yuko Palesch, Dr Clinton Wright, Dr 
Scott Janis, and Dr Catherine Dillon comprise the International 
Advisory Committee. These members have been appointed based 
on their experience in stroke and cardiovascular disease trials by 
the ICMR. They participate in the peer review process of the new 
trials. INSTRuCT is also a member of the GAINS (Global Alliance 
of Networks in Stroke) https://www.globalstroketrials.org/.

The Steering committee would approve the trial and fund-
ing would be sought from ICMR or any other funding agency 
in India. Subsequently, the lead PI would be responsible for the 
conduct of the trial through CCC.

Project Management
The network comprises of 30 centers across the country. 
Monitoring of the 17 North Indian centers is done by the CCC. 
The monitoring of the 13 South Indian Sites is assigned to Sree 
Chitra Tirunal Institute for Medical Sciences and Technology 
which is done by the appointed Research Associate. The trial 
monitors travel to the centers periodically to assess the data 
validity, fidelity of operations, and update the management team 
and the ICMR. All the centers have one Research Coordinator 
who conduct and oversee the trials under the INSTRuCT net-
work. ICMR Headquarters is the nodal center for this network.

Project Database
The recruited patients are randomized from the centralized server 
based at CMCL. Each center and its personnel are provided a ded-
icated username and password through which they login through 
a secure link to the randomization software. Further, the captured 
data from the centers is entered online and queries generated 
online, monitored by the INSTRuCT management at CMCL.

INSTRuCT Capacity Building
A continuous endeavour of the network is research capacity 
building for the stroke specialists in the country. A 2-day investi-
gators meeting with representation of all Site Investigators and 
Coordinators with ICMR and steering committee was held in 
Hyderabad in 2017. The PIs from all centers were provided the 

Figure 1. Development of INSTRuCT (Indian Stroke Clinical 
Trial Network).
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opportunity to submit the letter of intent for new trials. The sec-
ond trial RESTORE (Rehabilitation of Ischemic stroke Patients 
in India: A Randomized controlled trial) was selected for fund-
ing from among 5 letter of intents by the steering committee.

In July 2018, an intense 2 days program was organized 
at ICMR Headquarters, New Delhi, which was attended by 
INSTRuCT investigators as well as 17 investigators from 
potential new centers. The program was devoted to training on 
research priorities for India and design and conduct of clini-
cal trials, and there was discussion on research methodology, 
statistical analysis, and sample size calculation. Leading fund-
ing agencies and representations from pharmaceutical industry 
were invited to interact with the investigators. A grantsmanship 
competition led to the selection of the best letter of intents out 
of 100 submitted, 10 letter of intents were selected for discus-
sion, and finally 3 were selected for full proposal.

A joint meeting with NIH StrokeNet (NIH Stroke Trials 
Network), steering committee, and INSTRuCT investigators 
was held in September 2019 at ICMR Headquarters New 
Delhi. The objective of the joint program was capacity building, 
exchange of experience, and explore collaborative stroke trials 
between India and United States.

Selection of Trials
The trials with clearly defined objectives, methodology, design, 
and statistical plan in the areas of treatment, prevention and 
recovery are prioritized and approved by the Steering commit-
tee. Those trials which are novel but need time or guidance to 

further revise the proposal can appeal through rebuttal process 
and are given opportunity in the next meeting. The future plan 
is to collaborate with pharmaceutical industry, other funding 
agencies and execute global, international academic/industry-
sponsored trials from other countries.

Ongoing Trials
There are 2 trials under the network which are randomizing 
patients currently. The first stroke trial SPRINT INDIA Trial 
(Secondary Prevention by Structured Semi-Interactive Stroke 
Prevention Package in INDIA) was started in 2017 (URL: https://
www.clinicaltrials.gov; Unique identifier: NCT03228979).15 The 
PI’s of the trial are Dr Jeyaraj Durai Pandian and Dr Mahesh 
Kate. The aim of the trial is to reduce recurrent stroke, acute 
coronary syndrome, and deaths in patients with sub-acute stroke 
using package of SMS (short message service), video message, 
and workbook. In the SPRINT India trial, data obtained from 
feasibility questionnaires, indicated the primary languages used 
by the patient subset from each site. Development of the pack-
age underwent an exhaustive 3 tier development process with 
the help of stakeholders involved in the care of stroke patients 
and language experts. In the formative stage, package was first 
developed in English language and then translated to 11 Indian 
languages by the CCC. This was followed by the acceptability 
stage, where the package was independently evaluated and 
modifications were made according to inputs obtained regionally. 
The revised package was further analyzed under the implemen-
tation stage. This process took an entire year from April 2017 to 

Figure 2. Heat map of prevalence of stroke in various states and the annual number of stroke patients in each center.D
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April 2018, and first patient was randomized in April 2018.16 This 
also led to copyright of the education material (SPRINT INDIA 
Stroke Prevention Workbook, English version L-78770/2018). 
India has 22 recognized major languages in its 28 states and 8 
union territories. Generalization and limiting the trials to a subset 
of common languages can affect patient enrolment as well as 
ethics approval process. The consent form and patient informa-
tion sheet are translated in the local languages. This is a standard 
practice for performing multicentered trials and research in India. 
There is nationwide variations in the prevalence of stroke risk 
factors. Blood pressure is highest in Punjab, Himachal Pradesh 
in North India, Sikkim, Nagaland in East, Kerala in South India, 
and Goa on the Western coast. Cardiovascular disease is highest 
in Punjab, Kerala, and Tamil Nadu. Highest cholesterol levels are 
also found at the 2 extremes of the country; Himachal Pradesh, 
Haryana in North and Kerala, Tamil Nadu in South.17

The other trial is ayurvedic treatment in the RESTORE. The 
PI of the trial is Dr Sylaja PN from Sree Chitra Tirunal Institute 
for Medical Sciences and Technology, Thiruvananthapuram. The 
aim of the trial is to find out the safety and efficacy of ayurvedic 
treatment in the rehabilitation of patients with stroke and to com-
pare the efficacy of ayurvedic treatment over conventional phys-
iotherapy in the rehabilitation of patients with stroke with first 
patient being randomized in April 2019. This is the first random-
ized controlled trial on ayurvedic treatment in India (Figure 3).

The 4 approved proposals are
1. RE-OPEN (Randomized Trial of Biosimilar Tenecteplase 

Versus Tissue Plasminogen Activator during Endovascular 
Therapy for Acute Ischemic Stroke Due to Large Vessel 
Occlusions). PI: Dr Rohit Bhatia, All India Institute of 
Medical Sciences, New Delhi.

2. INTRINSIC TRIAL (Indian trial of tranexamic acid in non-
traumatic intracerebral hemorrhage). Dr Jeyaraj Durai 
Pandian, CMCL.

3. MOBILITY (Medical Application based Post Stroke care 
Strategy for survivors and their caregivers: A Randomized 
Controlled Trial). Dr Dheeraj Khurana, Post Graduate 
Institute of Medical Education and Research, Chandigarh.

4. STENOSIS (A Randomized Trial of Long-Term Dual 
Versus Single Antiplatelet Therapy in Patients with 
Intracranial Atherosclerotic Disease). PI: Dr Rohit Bhatia, 
All India Institute of Medical Sciences, New Delhi.

Publication Policy
The main results of the trials will be published under the name 
INSTRuCT Collaborators. All publications would be approved by 
the Steering Committee with appropriate authorship determined 
by the steering committee and as per International Committee of 
Medical Journal Editors. The corresponding author when submit-
ting a group author article, would clearly indicate the preferred 
citation and clearly identify all individual authors as well as the 
group name and list other members of the group in the acknowl-
edgments. The group will jointly make decisions about contribu-
tors/authors before submitting the article for publication. Since 
inception the network has published 2 articles.15,16

DISCUSSION
The INSTRuCT Network has been established as a Task 
Force Research Project and has the distinction of being 

the pioneer for establishing a disease network in the coun-
try. Similar networks have been created in countries like 
Canada, United Kingdom, Australia, and United States.18–21

The Canadian Stroke Network was funded by the 
Government and it was active from 1999 to 2014. 
The Canadian Stroke Network established partnership 
between academic and clinical institutions, industry, 
nonprofit organizations, and government departments. 
INSTRuCT is funded by the ICMR but aims to bring simi-
lar partnerships with industry in the future.18

National Institute for Health Research is the largest 
funding agency of United Kingdom. National Institute 
for Health Research has established Clinical Research 
Network and it works with National Health Services, Uni-
versities, local funders, local government, industry and 
charities whereas in INSTRuCT, ICMR is the primary 
funding agency. In National Institute for Health Research 
Clinical Research Network each trial’s analysis plan is 
written and analyzed by its own trial statisticians while 
in INSTRuCT the data is centralized and analyzed by the 
network statistician.19

The ASTN (Australasian Stroke Trialists Network) is 
a special group of stroke society of Australasia which is 
not for profit organization. Their key role unlike that of 
INSTRuCT is only to coordinate commercially sponsored 
and investigator initiated stroke trials in Australia. They 
do not fund the trials in the region.20

NIH StrokeNet was initiated in 2013 by the National 
Institute of Neurological Disorders and Stroke and NIH. 
The network has a wide base and involves 500 hospitals 
across the US INSTRuCT network has similar structure 
like NIH StrokeNet where the main components include 
the National Coordinating Centre, the National Data 
Management Centre and 27 academic regional coordi-
nating centers across the United States. The NIH Stro-
keNet provides centralized infrastructure and support for 
data management and integration as well as opportuni-
ties for data sharing. In the NIH StrokeNet, the funding 
decisions are made by the National Institute of Neu-
rological Disorders and Stroke, similarly in INSTRuCT, 
ICMR decides the approval for the funding of trials. NIH 
StrokeNet is an open network; trial concepts can be initi-
ated by investigators outside of NIH StrokeNet as well 
as by centers not part of the network. In addition, NIH 
StrokeNet has regional coordinating centers, INSTRuCT 
does not have regional coordinating centers; however, 
they are being planned in the future.21,22

ESOTA (European Stroke Organisation Trials Alli-
ance) was recently formed in 2018 with the objective 
to increase international collaboration of established 
European national stroke research networks on random-
ized stroke trials in Europe. However, unlike INSTRuCT, 
ESOTA does not directly fund and manage the trials.23

These national stroke research networks require 
multinational and intercontinental collaboration to facili-
tate research alliance, education, communication, and 
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recommendations relating to stroke research. Also the 
need for very large trials requires collaboration across 
continents. To fill this lacuna, an alliance of stroke 
research networks around the world was created to focus 
on collaboration between established stroke research 
networks worldwide. The GAINS, to ease stroke clinical 
trials with effective communication, collaboration, and 
guidance of young researchers.24

Challenges
The network has faced quite a few challenges over the 
last three years. Initially the network constituted of 27 
centers; due to various reasons, few of the centers had 
to leave the network. However, 7 more centers have 
recently joined the network so the network currently 
constitutes of 30 centers. The most common challenges 
emanate from the centers having internal administrative 
issues and the PIs changing the hospitals.

Despite the fact that the Network has started quite 
recently, INSTRuCT has accomplished to run 2 multi-
centric trials with 4 more trials already approved. Over 
and above, a foundation for research capacity devel-
opment among stroke trialists has been laid. A nation-
wide stroke network for a subcontinent like India with 
diverse geography, and a varied genepool is antici-
pated to provide voluminous stroke data and infor-
mation prompting new horizons in stroke research. 
INSTRuCT will try to answer some of the issues 

related to stroke in India and will explore new low-cost 
treatment options.25

Conclusions
INSTRuCT has established a state-of-the-art stroke clin-
ical trial network in the country and will accomplish its 
mission statement to conduct stroke clinical trials which 
would potentially impact stroke management in India and 
rest of the world.
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Abstract 

Background: Pre‑eclampsia is a leading cause of maternal and perinatal mortality and morbidity globally. Planned 
delivery between  34+0 and  36+6 weeks may reduce adverse pregnancy outcomes but is yet to be evaluated in a low 
and middle‑income setting. Prior to designing a randomised controlled trial to evaluate this in India and Zambia, we 
carried out a 6‑month feasibility study in order to better understand the proposed trial environment and guide devel‑
opment of our intervention.

Methods: We used mixed methods to understand the disease burden and current management of pre‑eclampsia 
at our proposed trial sites and explore the acceptability of the intervention. We undertook a case notes review of 
women with pre‑eclampsia who delivered at the proposed trial sites over a 3‑month period, alongside facilitating 
focus group discussions with women and partners and conducting semi‑structured interviews with healthcare pro‑
viders. Descriptive statistics were used to analyse audit data. A thematic framework analysis was used for qualitative 
data.

Results: Case notes data (n = 326) showed that in our settings, 19.5% (n = 44) of women with pre‑eclampsia deliver‑
ing beyond 34 weeks experienced an adverse outcome. In women delivering between  34+0 and  36+6 weeks, there 
were similar numbers of antenatal stillbirths [n = 3 (3.3%)] and neonatal deaths [n = 3 (3.4%)]; median infant birth‑
weight was 2.2 kg and 1.9 kg in Zambia and India respectively. Lived experience of women and healthcare providers 
was an important facilitator to the proposed intervention, highlighting the serious consequences of pre‑eclampsia. A 
preference for spontaneous labour and limited neonatal resources were identified as potential barriers.

Conclusions: This study demonstrated a clear need to evaluate the intervention and highlighted several chal‑
lenges relating to trial context that enabled us to adapt our protocol and design an acceptable intervention. Our 
study demonstrates the importance of assessing feasibility when developing complex interventions, particularly in a 
low‑resource setting. Additionally, it provides a unique insight into the management of pre‑eclampsia at our trial set‑
tings and an understanding of the knowledge, attitudes and beliefs underpinning the acceptability of planned early 
delivery.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  alice.1.beardmore‑gray@kcl.ac.uk
1 Department of Women and Children’s Health, School of Life Course 
Sciences, King’s College London, London, UK
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-9923-4912
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12978-021-01159-y&domain=pdf


Page 2 of 17Beardmore‑Gray et al. Reprod Health          (2021) 18:110 

Background
The disproportionate burden of pre-eclampsia in low 
and middle-income countries (LMIC), particularly in 
Sub-Saharan Africa and South Asia, is well described 
[1–3]. Hypertensive disorders are the second big-
gest cause of maternal mortality worldwide [2], and 
pre-eclampsia itself is responsible for 76,000 maternal 
deaths and 500,000 perinatal deaths every year [4].The 
vast majority of these (98%) occur in LMIC [1]. Despite 
this, there is a lack of research into interventions 
which could be implemented in these regions in order 
to improve pregnancy outcomes. One such interven-
tion, planned early delivery, has been shown to reduce 
adverse maternal outcomes in a high-income setting 
[5, 6], but is yet to be evaluated in a LMIC setting. The 
proposed CRADLE-4 trial aims to establish whether 
planned early delivery in women with late preterm pre-
eclampsia (between  34+0- and  36+6- weeks’ gestation) 
is effective in reducing adverse pregnancy outcomes 
in India and Zambia. To our knowledge, it will be the 
first trial to evaluate timing of delivery in late preterm 
pre-eclampsia in LMIC. It is now widely recognised 
that conducting an assessment of feasibility is an essen-
tial step prior to the development and evaluation of a 
healthcare intervention as part of a larger-scale clinical 
trial [7, 8]. We therefore designed this initial feasibil-
ity study in order to understand the contextual factors 
likely to influence trial implementation and assess the 
perceived barriers and facilitators to the intervention. 
The findings were used to directly inform the design of 
the main trial protocol. We anticipate that the results of 
this study would not just optimise delivery of the trial 
itself, but also improve the external validity of any sig-
nificant trial findings such that they are generalisable to 

similar settings and practicable to implement in a real-
world environment.

Methods
Aims and objectives
The overall aim of this study was to explore the feasibility 
of planned early delivery in women with pre-eclampsia 
(not requiring immediate delivery) between  34+0- and 
 36+6-weeks’gestation in order to inform the design of 
the intervention and the main trial protocol. By assessing 
feasibility, we aimed to explore areas of uncertainty sur-
rounding the main trial design. Specific study objectives 
were to confirm the need for the proposed intervention, 
obtain estimates to help with sample size calculation, 
explore potential outcome measures, understand the 
resource limitations likely to impact upon overall study 
design and to establish whether the proposed interven-
tion would be acceptable to all stakeholders (pregnant 
women, their partners and relevant healthcare providers). 
In order to meet these objectives we set out to under-
stand the disease burden associated with pre-eclampsia 
at the proposed trial sites, understand the current man-
agement of pregnancies complicated by pre-eclampsia at 
the proposed trial sites, and to explore the perceived risks 
and benefits of the intervention by women, their part-
ners and healthcare providers involved in the delivery of 
maternal and new-born healthcare.

Ethical approval was provided by King’s College Lon-
don Research Ethics Committee (LRS-18/19-8818), 
University of Zambia Research Ethics Committee (014-
11-18) and KLES Academy of Higher Education and 
Research Institutional Ethics Committee (KAHER/
IEC/2019-20/D-2742).

Plain language summary 

Pre‑eclampsia is a complication of pregnancy and is one of the major causes of pregnancy‑related death and serious 
illness for women and babies around the world. Most of these deaths occur in lower income countries in Africa and 
Asia. Signs of pre‑eclampsia include high blood pressure and protein in the urine. It is unpredictable and may affect 
different organs within the woman, leading to seizures, stroke and even death if not well managed. It can also affect 
the baby’s growth and in severe cases lead to stillbirth. We know that birth of the baby (and placenta) is the only cure 
for pre‑eclampsia. Currently, it is recommended by the World Health Organisation that all women with pre‑eclampsia 
are offered planned early birth once they reach 37 weeks of pregnancy, unless they develop severe complications 
needing intervention sooner than this. However, research from higher income countries has shown that planned early 
birth from 34 weeks of pregnancy may reduce serious complications in the woman, without causing harm to the 
baby. We are designing a clinical trial to find out whether, in women with pre‑eclampsia between 34 and 37 weeks 
of pregnancy, it is better to offer planned early birth or to offer close monitoring until either they reach 37 weeks, or a 
complication develops requiring emergency intervention. Before designing this trial, we carried out a study in order 
to establish whether the main trial would be possible, and acceptable to the local community, at our potential trial 
sites in India and Zambia.

Keywords: Pregnancy, Pre‑eclampsia, Delivery, Low‑ and middle‑income, Feasibility, Acceptability
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Study design
CRADLE-4 Phase 1 study was designed as a mixed-
methods [9] feasibility study which took place over a 
six-month period from 1st January 2019 to 30th June 
2019. We chose to include qualitative research meth-
ods, which have gained increasing recognition for their 
important contribution to feasibility studies [10] and 
may be the most effective way of exploring key areas of 
uncertainty such as acceptability and local context. They 
are also increasingly used to address important ques-
tions about health and healthcare, particularly relevant in 
fields such as women’s health where, for example, under-
standing women’s experiences of childbirth is critical 
to the delivery of respectful maternity care [11]. In this 
study, we used a parallel approach [12], whereby quan-
titative and qualitative data collection and analysis were 
conducted separately and simultaneously and brought 
together at the interpretation stage [13]. This is a prag-
matic approach to integration for such datasets [14] and 
allowed for qualitative data to complement and explain 
interesting findings from the quantitative data analy-
sis. Analysis and interpretation of these integrated data 
was therefore exploratory, reflecting guidance for mixed 
methods feasibility studies [10].

Study settings
The study was conducted across four of the proposed 
sites for the interventional phase of the trial in India 
and Zambia. These are tertiary level hospitals (provid-
ing Comprehensive Emergency Obstetric and Newborn 
Care) situated in urban environments:

• University Teaching Hospital, Lusaka, Zambia
• Ndola Teaching Hospital, Ndola, Zambia
• KLE Academy of Higher Education and Research’s, 

J N Medical College Hospital, Belgaum, Karnataka, 
India

• S Nijalingappa Medical College and Hanagal Shri 
Kumareshwar Hospital and Research Centre, 
Bagalkot, Karnataka, India

An additional site, Chipata first level hospital, was also 
used to facilitate two of the focus group discussions in 
Lusaka, Zambia.

Case notes review
We undertook a retrospective case notes review of all 
women with pre-eclampsia who delivered at the study 
sites between January and March 2019. Following discus-
sion with local site teams and initial site visits, and noting 
the high prevalence of pre-eclampsia and maternal mor-
bidity in these settings, a three month period was deemed 
adequate to provide a reliable estimate of the number of 

women who would be potentially eligible for the main 
trial. A retrospective assessment of pre-eclampsia cases 
at these facilities over the preceding year did not indicate 
any meaningful seasonal variation that might influence 
these results. We also collected key maternal and infant 
outcomes to inform selection of primary and second-
ary outcomes and undertake a power calculation for the 
main trial. Women’s data were included if they had been 
diagnosed with pre-eclampsia and delivered at one of the 
participating sites. Relevant clinical notes were identified 
using ward registers with a record of diagnosis (e.g., pre-
eclampsia) at discharge. The corresponding neonatal files 
were then located in order to record neonatal outcomes. 
Data were collected directly from case records by trained 
research assistants at each site. Study data were collected 
and managed using Research Electronic Data Capture 
Tools (REDCap). Whilst every effort was made to directly 
enter data onto REDCap, where internet connectivity 
made this impossible, data were entered onto paper case 
report forms (CRFs) and then inputted onto REDCap. 
Information was collected on baseline demographics, 
current pregnancy details, methods of gestational age 
determination, use of pre-eclampsia diagnostic criteria, 
clinical management of pre-eclampsia and gestation spe-
cific maternal and neonatal outcomes.

Focus group discussions
In order to assess acceptability of the intervention to 
women and their families, we facilitated separate focus 
group discussions for pregnant women and their male 
partners (or closest supporting relative such as mother 
or mother-in-law). In both India and Zambia, women are 
generally considered to have low-decision making power 
in their households, particularly in relation to decisions 
on healthcare and how to use cash earnings[15, 15]. We 
therefore identified male partners as being an important 
group to include in the feasibility study, recognising they 
may exert considerable influence over a woman’s choice 
whether to participate in a research study or not. Par-
ticipants were considered eligible if either they or their 
partner (or relative) were attending for routine antenatal 
care at any of the study sites. Individuals invited to take 
part were provided with written information detailing 
what their participation would involve (approximately 
one hour of audio-recorded focus group discussion) and 
written informed consent was obtained from all partici-
pants prior to initiation of the focus group discussion. 
Each focus group discussion was facilitated by a mem-
ber of the local research team with previous experience 
in qualitative health research, using the local language 
preferred by participants (either Nyanja or Bemba in 
Zambia, or Kannada in India). Discussions took place in 
private spaces within the healthcare facility (e.g., seminar 
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room). Refreshments were provided and transport costs 
were reimbursed. A focus group discussion guide (Addi-
tional file 1) was used to explore key questions relating to 
participants’ knowledge of pre-eclampsia, attitudes and 
beliefs towards planned early delivery and previous lived 
experience of hypertensive disorders of pregnancy. Each 
discussion was audio recorded, transcribed, translated, 
and subsequently analysed using NVivo qualitative data 
analysis software.

Key stakeholder interviews
Semi-structured interviews were used to explore the 
acceptability of the intervention to healthcare providers. 
A stratified, purposive, sampling strategy [17] was used to 
identify key stakeholders, with individuals selected based 
on their potential influence in the main trial, following 
discussion with each of the local site teams. We identified 
a cross-section of staff involved in the delivery of mater-
nal and newborn care across study sites which included 
obstetricians, paediatricians, midwives, maternity nurses 
and neonatal nurses. These individuals were then invited 
(either by phone, e-mail, or in person) to take part in a 
semi-structured interview, lasting approximately 30 min. 
Following an invitation to participate, each individual 
was provided with written information about what their 
participation would involve, and if willing to take part 
they were asked to provide written informed consent. 
Interviews were conducted at times convenient for the 
participant and private office spaces were used. A topic 
guide (Additional file 2) was used to explore participants’ 
understanding of pre-eclampsia, their clinical experience 
of the condition and the perceived risks and benefits of 
planned early delivery between  34+0- and  36+6-weeks’ 
gestation in women with pre-eclampsia. The interviews 
were conducted in English (as this was the professional 
working language at each of the study sites), and discus-
sions were audio recorded, transcribed, and subsequently 
analysed using NVivo qualitative data analysis software.

Data analysis
Descriptive analysis and summary statistics were used 
for the quantitative data generated from the case notes 
review. Qualitative data generated from the focus group 
discussions and stakeholder interviews were initially 
analysed separately and then combined. Triangula-
tion of qualitative data (i.e., combining data from inter-
views and focus groups) in this way has been shown to 
enhance understanding of complex phenomena [13, 13]. 
Data were analysed using a thematic framework analysis 
appropriate to cross-disciplinary health research [18]. 
This adopts a deductive approach which enabled themes 
to be developed based on a combination of a priori 
research questions [19]. Thematic framework analysis is 

used to show presence and absence of patterns amongst 
different groups and does not rely on data saturation. 
Nevertheless, we adopted a pragmatic approach to data 
collection, continuing until we were satisfied enough 
data had been collected covering all major themes in the 
framework.

The thematic framework (Fig.  1) assessed three key 
domains, reflecting the study objectives: understanding 
disease burden of pre-eclampsia; current management 
of pre-eclampsia; and the acceptability of planned early 
delivery. Each of these were evaluated from a maternal 
perspective, an infant perspective, and a health system 
perspective.

The domains of disease burden and current manage-
ment were chosen in order to explore the need for the 
intervention and understand the contextual factors likely 
to impact trial implementation. They were also consid-
ered to be important determinants of acceptability as 
they may influence the perceived risks and benefits that 
women and healthcare providers attribute to the inter-
vention as a result of their experiences. Understanding 
these perceptions at an early stage of trial development 
was seen as an important step, not just in assessing the 
feasibility of the trial itself, but also the long-term feasi-
bility of the intervention, should the main trial prove it to 
be effective.

Results
Medical records for 326 women with pre-eclampsia 
(and 342 infants) who delivered at one of the study sites 
between January and March 2019 were included in the 
case notes review. A total of eight focus group discus-
sions (n = 59 participants) took place with the number 
of participants in each focus group ranging between six 
and ten. Five focus group discussions involved pregnant 
women attending for routine antenatal care (four in Zam-
bia, n = 29 participants; one in India, n = 6 participants) 
and three separate focus groups were facilitated with 
their male partners (two in Zambia, n = 17 participants; 
one in India, n = 7 participants). A total of 29 health-
care providers were interviewed. This purposive sample 
included nine obstetricians (Zambia n = 6 , India n = 3), 
six paediatricians (Zambia n = 2, India n = 4), six mid-
wives (Zambia n = 6), two maternity nurses (India n = 2), 
five neonatal nurses (Zambia n = 3, India n = 2), and one 
healthcare assistant (India n = 1). An integrated summary 
of key qualitative and quantitative findings, presented 
according to the thematic framework, is shown below in 
Fig. 1. Key maternal data are shown in Table 1 and infant 
data in Table  2, grouped by gestational age  (34+0–36+6 
and ≥ 37 weeks). Illustrative quotes drawn from qualita-
tive data are found in Table 3. Supplementary case notes 
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Facilitators to trial interven�on (planned early 
delivery) 

Barriers to trial interven�on (planned early 
delivery) 

Maternal 
Misconcep�ons surrounding underlying 
causes of pre-eclampsia amongst women 
and their partners 

Infant 
Concern over risk of sepsis associated with 
neonatal unit admission 
Concern over risks of early delivery given 
high prevalence of growth restric�on in 
this popula�on  

Health system 
Delayed presenta�ons to care 
Delayed referrals to ter�ary level care 

Maternal
Understanding (and lived experience) 
of serious complica�ons associated 
with pre-eclampsia e.g. maternal death  

Infant 
Experiences of infant death and other 
adverse perinatal outcomes related to 
delayed interven�on (amongst women, 
partners and healthcare providers) 

Health system 
High frequency of disease 
complica�ons witnessed by families 
and healthcare providers 

Disease 
burden 

Maternal 
Lack of female autonomy (regarding 
decisions related to health and finances) 
Fatalism 

Infant 
Lack of knowledge and understanding of 
how to care for a preterm infant amongst 
women and their partners 

Health system 
Inaccurate gesta�onal age determina�on  
Lack of diagnos�c tools (par�cularly in 
Zambia) 
Lack of neonatal unit resources 
Instances of poor communica�on between 
staff and women 

Maternal
Recogni�on of maternal symptoms 
Understanding of need for hospital 
admission +/- early delivery 

Infant 
Good neonatal outcomes between 
34+0-36+6 weeks  

Health system 
Robust clinical diagnosis of pre-
eclampsia 
Current management in line with 
WHO guidelines on antenatal care and 
management of pre-eclampsia 

Current 
management 

Maternal 
Reluctance to accept hospital admission 
Preference for spontaneous onset of 
labour  
Percep�on (amongst women) that 
interven�on might reduce likelihood of 
vaginal delivery 

Infant 
Poten�al complica�ons of prematurity  

Health system 
Concern related to financial burden of 
neonatal unit admission (India) 

Maternal
Poten�al to reduce serious 
complica�ons 
Awareness of that early delivery may 
save a woman’s life 

Infant 
Understanding that healthy mum = 
healthy baby 
Poten�al for interven�on to reduce 
s�llbirths and neonatal morbidity 

Health system 
Trust in healthcare providers 
Lack of antenatal monitoring (leading 
to perceived benefit of planned early 
delivery amongst healthcare providers)  

Acceptability 

Fig. 1 Integrated summary of key themes and findings
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Table 1 Case notes review—maternal data

*Records of antenatal ultrasound or clinic visits not always available

34–36+6 weeks N (%)  ≥ 37 weeks N (%)

Zambian sites Indian sites Zambian sites Indian sites

Total number of women n = 69 n = 15 n = 98 n = 44

Maternal characteristics

 Mean (SD) age (years) 26.5 (7.0) 24.5 (3.2) 25.8 (5.9) 24.4. (4.2)

 Primiparous 28 (40.5) 10 (66.7) 57 (58.2) 31 (70.5)

 Singleton pregnancy 64 (92.8) 14 (93.3) 94 (95.9) 44 (100)

 Ultrasound scan during pregnancy 44 (63.8) 8 (53.3)* 63 (64.3) 33 (75.0)*

At pre‑eclampsia diagnosis

 SBP ≥ 140 or DBP ≥ 90 mmHg 68 (98.6) 11 (73.3)* 93 (94.9) 30 (68.2)*

 ≥ 1 + protein on urine dipstick 62 (89.9) 8 (53.3) 83 (84.7) 21 (47.7)

 Quantitative assessment of proteinuria 0 0 0 0

 Creatinine tested 18 (26.1) 15 (100) 23 (23.5) 42 (95.5)

 Liver enzymes tested 24 (34.8) 15 (100) 24 (24.5) 42 (95.5)

 Platelets tested 49 (71.0) 15 (100) 60 (61.2) 41 (93.2)

Pre‑eclampsia management

 Given antihypertensives 61 (88.4) 15 (100) 88 (89.8) 35 (79.5)

 > 1 antihypertensive agent 56 (81.6) 8 (53.3) 70 (71.4) 14 (31.8)

 Received antenatal corticosteroids 42 (60.9) 4 (26.7) 9 (9.2) 1 (2.3)

 Received magnesium sulfate 47 (68.1) 12 (80.0) 61 (62.2) 19 (43.2)

 Admitted antenatally 66 (95.7) 15 (100) 90 (91.8) 44 (100)

Onset of labour:

 Spontaneous 22 (31.9) 3 (20.0) 43 (43.9) 24 (54.5)

 Induced 25 (34.8) 4 (26.7) 28 (28.6) 5 (11.4)

 Pre‑labour caesarean section 22 (31.9) 8 (53.3) 27 (27.6) 15 (34.1)

 Not documented 0 0 0 0

Composite of severe maternal mortality and morbidity (N women) 12 (17.4) 6 (40.0) 17 (17.3) 9 (20.5)

Individual components (non‑exclusive events):

 Death 0 0 0 0

 Stroke 0 0 0 0

 Eclampsia 9 (13.0) 3 (20.0) 9 (9.2) 5 (11.4)

 Hysterectomy 0 0 0 0

 Placental abruption 0 3 (20.0) 1 (1.0) 0

 Pulmonary oedema 0 0 0 0

 Blood transfusion 3 (4.3) 2 (13.3) 7 (7.1) 4 (9.1)

Severe hypertension 60 (87.0) 13 (86.7) 68 (69.4) 31 (70.5)

Other maternal complications: 7 (10.1) 4 (26.7) 6 (6.1) 4 (9.1)

Documented primary indication for delivery by clinician (N = induced 
plus pre‑labour CS)

n = 47 n = 12 n = 55 n = 20

 Severe pre‑eclampsia 34 (72.3) 9 (75.0) 40 (72.7) 15 (75.0)

 Eclampsia 6 (12.8) 3 (25.0) 6 (10.9) 5 (25.0)

 Other 6 (12.8) 0 9 (16.4) 0

Hospital length of stay n = 69 n = 15 n = 98 n = 44

 Median (IQR) pre‑delivery length of stay (days) 1 (1–3) 1 (1–1) 1 (1–2) 1 (1–1)

 Median (IQR) postnatal length of stay (days) 3 (2–5) 8 (7–11) 3 (2–4) 7 (5–9)
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Table 2 Case notes review—infant data

34–36+6 weeks N (%)  ≥ 37 weeks N (%)

Zambian sites Indian sites Zambian sites Indian sites

Total number of infants (N) n = 74 n = 16 n = 102 n = 44

 Livebirths 72 (97.3) 15 (93.8) 99 (97.1) 41 (93.2)

 Antepartum stillbirths 2 (2.7) 1 (6.3) 2 (2.0) 2 (4.5)

 Intrapartum stillbirths 0 0 1 (1.0) 1 (2.3)

 Neonatal deaths (% of livebirths) 2 (2.7) 1 (6.7) 2 (2.0) 1 (2.4)

 No birth outcome reported 0 0 0 0

Mode of delivery:

 Spontaneous vaginal delivery 32 (43.2) 3 (18.75) 44 (43.1) 12 (27.2)

 Assisted vaginal delivery 1 (1.4) 0 5 (4.0) 0

 Caesarean section 41 (55.4) 13 (81.3) 52 (51.0) 32 (72.7)

 Not documented 0 0 1 (1.0) 0

Median (IQR) gestation at delivery (days) 249 (243–252) 251 (245–255) 269 (266–280) 272 (266–282)

Median (IQR) birthweight (kg) 2.2 (1.9–2.7) 1.9 (1.8–2.3) 2.8 (2.3–3.3) 2.7 (2.5–3.0)

 Median (IQR) birthweight centile* 16 (5–73) 5 (2–17) 18 (3–49) 11 (4–24)

 Small for gestational age (birthweight <  10th centile) 28 (38.3) 10 (62.5) 37 (36.3) 22 (50.0)

Admission to neonatal unit N (% livebirths) 37 (50.0) 13 (86.7) 32 (32.3) 17 (41.5)

Primary indication for neonatal unit admission N (% livebirths): n = 72 n = 15 n = 99 n = 41

 Prematurity 13 (18.1) 0 3 (3.0) 0

 Low birthweight 3 (4.2) 3 (20.0) 1 (1.0) 1 (2.4)

 Respiratory distress 3 (4.2) 5 (33.3) 1 (1.0) 4 (9.8)

 Birth Asphyxia/Cyanosis 5 (6.9) 0 7 (7.1) 2 (4.9)

 Jaundice 0 5 (33.3) 0 8 (19.5)

 Other 0 0 1 (1.0) 2 (4.8)

 No clinical indication (healthy lodger) 7 (9.7) 0 14 (14.1) 0

 Not documented 6 (8.3) 0 5 (5.1) 0

Respiratory support required (and type): 9 (12.5) 5 (33.3) 5 (5.1) 8 (19.5)

 Oxygen 4 (5.6) 2 (13.3) 4 (4.0) 5 (12.1)

 Continuous positive airway pressure 5 (6.9) 2 (13.3) 1 (1.0) 1 (2.4)

 Intubation and ventilation 0 1 (6.7) 0 2 (4.9)

Antibiotics given (and indication): 9 (12.5) 3 (20.0) 6 (6.1) 6 (14.6)

 Presumed sepsis 8 (11.1) 1 (6.7) 5 (5.1) 5 (12.2)

 Prematurity 1 (1.2) 0 0 0

 Confirmed infection 0 2 (13.3.) 1 (1.0) 1 (2.4)

Additional clinical outcomes:

 Neonatal hypoglycaemia 0 2 (13.3) 2 (2.0) 3 (7.3)

 Neonatal seizures 0 1 (6.7) 0 2 (4.9)

 Nasogastric feeding required 4 (5.6) 6 (40.0) 1 (1.0) 13 (31.7)

 Hypoxic ischaemic encephalopathy 0 5 (33.3) 1 (1.0) 6 (14.6)

 Necrotising enterocolitis 0 0 0 0

Outcome of NICU admission N (% admissions) n = 37 n = 13 n = 32 n = 17

 Discharged alive 28 (75.7) 12 (92.3) 30 (93.8) 13 (76.5)

 Died 2 (5.4) 1 (7.7) 2 (6.3) 1 (5.9)

 No outcome recorded 7 (18.9) 0 0 1 (5.9)

 Left against medical advice 0 0 0 2 (5.9)

Hospital length of stay

 Median (IQR) length of stay (days) 4 (2–7) 6 (1–7) 3 (2–5) 6 (4–8)
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review data are presented in Additional file 3 (Tables 4, 
5).

Disease burden
Maternal factors
Case notes review data highlighted the serious maternal 
and perinatal morbidity associated with pre-eclamp-
sia across sites in both countries (Tables  1, 2). Notably, 
n = 12 (14.3%) women who delivered between  34+0 and 
 36+6 weeks in Zambia experienced eclampsia, compared 
to n = 14 (9.2%) delivering at term (≥ 37  weeks). Pla-
cental abruption, acute kidney injury, and HELLP syn-
drome were also frequently recorded clinical outcomes. 
Between  34+0 and  36+6  weeks, n = 60 (87%) women in 
Zambia and n = 13 (86.7%) women in India developed 
severe hypertension, which supports the finding that 
approximately three quarters of women at this gesta-
tion underwent clinician-initiated delivery for severe 
pre-eclampsia. Complementing this quantitative data, 
women, partners and healthcare providers all demon-
strated a clear understanding of the complications linked 
to pre-eclampsia and were able to share examples of 
their own lived experience, either as healthcare providers 
managing these complications or as patients (or patient 
relatives) experiencing the disease itself (Table 3). Whilst 
healthcare providers were able to provide more detailed 
accounts using medical terms, women and their partners 
could identify links between raised blood pressure and 
serious complications such as death, stroke and eclamp-
sia (“fits”). However, potential barriers to understanding 
were also highlighted. For example, misconceptions sur-
rounding the underlying cause of pre-eclampsia were 
identified, with women and partners sometimes making 
connections between raised blood pressure and emo-
tional states, and healthcare providers identifying a need 
to improve awareness around the condition.

Infant factors
Overall, there were a low number of infant deaths occur-
ring after 34  weeks’ gestation in our sample. Between 
 34+0 and  36+6  weeks, the proportion of antepartum 
stillbirths [n = 3, (3.3%)] was similar to the number of 
neonatal deaths [n = 3, (3.4%)]. Importantly, the propor-
tion of neonatal deaths that occurred in infants born 
late preterm  (34+0–36+6  weeks) and term (≥ 37  weeks) 
was low in both groups [n = 3, (3.3%) and n = 3, (2.1%) 
respectively]. Furthermore, whilst respiratory distress 
was a more commonly documented indication for neo-
natal unit admission in infants born late preterm [n = 8, 
(16.0%) late preterm vs. n = 5, (10.2%) term], birth 
asphyxia was more common in those born at term [n = 5, 
(10.0%) late preterm vs. n = 9, (18.4%) term]. Addition-
ally, women, partners and healthcare providers in both 

countries frequently mentioned instances of infant death, 
with examples of the baby dying “inside the womb” the 
most commonly reported infant complication of pre-
eclampsia. Whilst recognising this important risk asso-
ciated with continuing pregnancy, healthcare providers 
also expressed concern regarding the risks of early deliv-
ery. Interview participants mentioned high rates of hos-
pital-acquired infection within neonatal units, however, 
these concerns were not borne out by the case notes 
review data which demonstrated only small numbers of 
confirmed infection amongst infants born after 34 weeks 
(n = 4, 4.0% of total neonatal unit admissions). There 
was also a perceived concern that higher rates of growth 
restriction amongst infants of women with pre-eclampsia 
would put these infants at greater risk of complications 
of prematurity. However, only n = 6 (12.0%) late preterm 
neonatal unit admissions were due to low birthweight.

Health system factors
Case notes review data demonstrated that in Zambia, 
approximately 1 in 5 women experienced a composite 
outcome of severe maternal mortality or morbidity (in 
India, this proportion was even higher with 2 in 5 women 
experiencing the composite outcome, though our sam-
ple size was smaller). Healthcare providers reported wit-
nessing complications of pre-eclampsia on a weekly if 
not daily basis, and women and partners were both able 
to recall examples of friends and family (including their 
own partners in the case of male participants) affected 
by pre-eclampsia, often with severe consequences. Thus, 
pre-eclampsia was perceived as an important and fre-
quent problem by pregnant women and their partners, 
and healthcare providers highlighted a clear need to opti-
mise current management. Nevertheless, potential bar-
riers to implementing a facility-based intervention (such 
as planned early delivery) were identified. These centred 
around delayed presentations to care related in part to 
lack of understanding amongst the local community, as 
well as delayed referrals from peripheral healthcare facili-
ties to tertiary level care.

Current management
Maternal factors
Case notes review data showed that the majority of 
women diagnosed with pre-eclampsia met the diagnostic 
criteria of hypertension and proteinuria, as outlined by 
international guidelines [20, 20]. There was widespread 
use of antihypertensives and magnesium sulfate, suggest-
ing appropriate management of those with severe disease. 
In accordance with World Health Organisation (WHO) 
guidelines on the management of pre-eclampsia, over 
90% of women across both country sites were admitted 
to hospital once diagnosed and referred (although our 
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predominantly urban sample based in tertiary healthcare 
facilities may not necessarily be generalisable to other 
settings). Amongst healthcare providers there was a good 
understanding of both diagnosis and management of pre-
eclampsia and particularly the need for early delivery 
(Table 3). This was supported by responses from women 
and partners who were able to recall many of the com-
mon signs and symptoms of pre-eclampsia in addition to 
recognising that medical interventions (such as induction 
of labour) may be required in order to save a woman’s life. 
However, important themes identified from the focus 
group discussions at both Indian and Zambian sites also 
included a sense of fatalism and the idea that the out-
come of a pregnancy would be “decided by God”, rather 
than medical intervention. A lack of female autonomy 
related to making decisions regarding healthcare was also 
apparent in both countries, with partners and extended 
family members often given the power to decide whether 
to proceed with an intervention such as induction of 
labour or caesarean section.

Infant factors
Neonatal outcome data collected as part of the case 
notes review demonstrated good neonatal outcomes 
between  34+0 and  36+6  weeks. Median birthweight was 
above 1.8  kg (the threshold for neonatal unit admission 
according to local protocols) in both Indian and Zam-
bian settings. Whilst a high proportion of livebirths 
were admitted to the neonatal unit [n = 37, (50.0%) in 
Zambia, n = 13 (86.7%) in India], the majority of these 
infants were discharged alive [n = 28 (75.7%) in Zambia, 
n = 12 (92.3%) in India] and only three neonatal deaths 
were recorded following neonatal unit admission [n = 2 
(5.4%) in Zambia, n = 1 (7.7%) in India]. The same num-
ber [n = 3 (3.4%)] of neonatal deaths were recorded for 
neonates born ≥ 37  weeks. Small numbers of neonates 
born between  34+0 and  36+6 weeks required respiratory 
support [n = 9, (12.5%) of neonates in Zambia and n = 5 
(33.3%) of neonates in India], but serious morbidity {such 
as necrotising enterocolitis [n = 0] or neonatal seizures 
[n = 1 (2%)]} was rare at this late preterm gestation. Qual-
itative data complemented these findings, particularly 
interviews with healthcare providers who expressed con-
fidence that after 34 weeks’ gestation, infants were likely 
to do well. Even amongst women and partners, there was 
recognition that hospitals and doctors were able to help 
small, premature babies and several women reported 
personal experiences of delivering their babies early, with 
positive outcomes. Nevertheless, some gaps in knowl-
edge and understanding regarding the care of a preterm 
infant were identified during the focus group discussions. 
There was limited understanding of what a neonatal unit 
admission might involve and the type of support that 

could be provided to preterm infants, as well as examples 
of individuals who had attempted (sometimes unsuc-
cessfully) to care for a preterm infant at home in order to 
avoid the cost of a neonatal unit admission.

Health system factors
Whilst maternal case notes data demonstrated robust 
clinical diagnosis of pre-eclampsia across the proposed 
trial sites and good adherence to WHO guidelines on 
the management of pre-eclampsia, it was also clear that 
resource limitations present a significant challenge in 
these settings. For example, only n = 5 [7.2%] women 
in Zambia and n = 5 [33.3%] women in India (see Addi-
tional file  3: Table  4) had an obstetric ultrasound scan 
before 20  weeks’ gestation, making accurate gestational 
age determination harder. There was a clear disparity 
in the availability of laboratory investigations between 
the two countries noted. Whilst creatinine and liver 
enzyme testing appeared to be routinely available at the 
two Indian sites, only a quarter of women in Zambia had 
these tests performed. No women in either country had a 
quantitative (e.g., protein: creatinine ratio or 24 h urinary 
protein collection) assessment of proteinuria performed. 
Whilst neonatal outcomes were reassuring, interviews 
with healthcare providers also highlighted a number of 
concerns relating to a lack of neonatal resources, in par-
ticular ventilators and medications such as surfactant 
and anti-convulsants. A further challenge relating to 
women’s willingness to accept care was identified dur-
ing focus group discussions which revealed examples of 
poor communication between healthcare providers and 
women or families. These examples often related to a lack 
of explanation, or at times a didactic and paternalistic 
approach to delivering care and thus a breakdown of rap-
port between clinical staff and women.

Acceptability
Maternal factors
When considering the perceived risks and benefits of 
planned early delivery from a maternal perspective, the 
most important perceived benefit amongst healthcare 
providers, women and partners was the potential to save 
the woman’s life and reduce the likelihood of life-threat-
ening complications (Table  3). Whilst potential disad-
vantages were also identified (most notably there was a 
reluctance amongst women and their partners to accept 
early induction of labour), the benefit of preserving the 
woman’s life was seen to outweigh any potential risks 
associated with a preterm delivery. Whilst some women 
and partners expressed concern that induced labour may 
increase the need for operative delivery, this fear was not 
supported by case notes review data which showed that 
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between  34+0 and  36+6  weeks, the majority of women 
who underwent induction of labour were able to deliver 
vaginally (Additional file  3: Table  4). Whilst healthcare 
providers expressed concerns regarding women’s will-
ingness to accept hospital admission based on a lack of 
understanding of the seriousness of the condition, most 
women and their partners felt that they would accept 
medical intervention if it meant saving the life of both the 
woman and their baby.

Infant factors
The perceived risks of early delivery to the infant iden-
tified by healthcare providers, women and partners was 
the impact of preterm delivery and the ways in which this 
may affect the infant’s growth and development. How-
ever, overriding these concerns was a firm recognition of 
the mother-infant dyad and the idea that the best way to 
achieve a healthy infant was first to ensure the health of 
the mother. The consequences of waiting to deliver were 
clearly stated and included infant death due to stillbirth 
or severe birth asphyxia.

Health system factors
Considering the acceptability of planned early delivery 
from a health system perspective, the inherent challenges 
in delivering antenatal care and providing follow up for 
high-risk women in these settings acted as a facilitator 
towards the intervention as healthcare providers per-
ceived a benefit to earlier intervention, given these chal-
lenges. Furthermore, whilst household decision making 
was often deferred to other family members (particu-
larly male members of the household), women and part-
ners demonstrated a high level of trust placed in medical 
professionals and ultimate decision-making authority 
provided to doctors. Countering this, was the perceived 
financial risk of a neonatal unit admission, which was 
highlighted as a particular issue in India, whereas care in 
Zambia was provided largely free of charge.

Discussion
Assessing the disease burden due to pre-eclampsia across 
our study sites demonstrated the high prevalence of 
adverse pregnancy outcomes associated with the condi-
tion in these settings. Combining case notes data with 
the powerful lived experiences of healthcare providers, 
women and their partners highlighted a strong desire for 
optimising current management and confirmed a need 
for evaluation of our proposed intervention (planned 
early delivery). Whilst it is not possible to draw firm 
conclusions based upon our relatively small sample, the 
infant data suggests there is no increased risk of neonatal 
mortality associated with late preterm delivery compared 
to term delivery in this high-risk population, and that 

prolonging pregnancy in this situation may be at least as 
risky to the infant as iatrogenic preterm delivery. In par-
ticular, there appears to be a higher risk of hypoxic brain 
injury secondary to severe maternal disease amongst 
infants born at term, compared to those born late pre-
term. Supporting this, a surprising finding was the posi-
tive attitude of paediatric doctors towards planned early 
delivery. Interview data showed that despite our concern 
that these individuals may perceive greater risk associ-
ated with the intervention, they felt more confident in 
managing late prematurity as compared to birth asphyxia 
following an emergency delivery for severe pre-eclamp-
sia, and therefore attributed greater benefit to planned 
early delivery. Overall, neonatal outcome data provided 
reassuring evidence that the proposed trial sites have the 
facilities and skills to appropriately manage late prema-
turity. Data from the case notes review and stakeholder 
interviews identified key resource limitations which 
influenced the design of the interventional trial proto-
col. In particular, we were able to modify the eligibility 
criteria and refine our selection of maternal and perina-
tal outcomes, developing pragmatic, clinical definitions 
that would enable these variables to be measured reli-
ably. Important facilitators assessed as part of current 
management included a strong recognition of the signs 
and symptoms of pre-eclampsia and an understanding 
of the need for hospital admission and early delivery. 
This reflects the fact that in our study settings, there is 
positive engagement with antenatal care [15, 16, 16] and 
good provision of the WHO recommended [23] ‘Infor-
mation, Education, Communication’ sessions to women 
during these visits. Whilst healthcare providers, women 
and their partners did perceive some risk associated 
with planned early delivery (such as undergoing induc-
tion of labour or the costs of a preterm delivery), over-
all the intervention was found to be acceptable to the 
majority of stakeholders with clear perceived benefits 
identified (reducing the risk of death, serious complica-
tions and stillbirth) that were felt to outweigh any poten-
tial disadvantages. Our findings therefore suggest that, 
with appropriate modifications to suit the local context, 
the interventional phase of the trial would be feasible to 
deliver and acceptable both to those delivering the inter-
vention (healthcare providers) and those receiving it 
(pregnant women with pre-eclampsia).

The mixed-methods design of this study enabled the 
integration of data from multiple sources. Qualitative 
data was used to explore and explain quantitative find-
ings, with case notes review data also validating (or in 
some cases dispelling) key themes identified in analy-
ses of focus group discussions and interviews. Case 
notes review data provided important findings relating 
to current management of pre-eclampsia as well as the 



Page 14 of 17Beardmore‑Gray et al. Reprod Health          (2021) 18:110 

availability of specific resources and the incidence of 
severe morbidity. This enabled an objective assessment 
of feasibility, and rigorous case-finding and data collec-
tion provided a complete and realistic assessment over 
a three-month period. The acceptability of the interven-
tion, and the perceived risks and benefits of planned early 
delivery, were assessed qualitatively and this enabled a 
methodical and thorough understanding of knowledge, 
attitudes and beliefs amongst local pregnant women and 
their partners. This sample of focus group participants 
was deliberately selected to be representative of the tar-
get study population for the main trial. Focus group data 
has therefore informed our recruitment strategy when 
designing the trial protocol and ensured engagement of 
local stakeholders from the outset. Our study was limited 
by challenges with documentation, for example, despite 
extensive efforts it was not always possible to locate 
antenatal and neonatal records and thus capture all out-
comes. Additionally, further research may elucidate the 
role of sociodemographic influences on decision-making 
(e.g., around pregnancy interventions). The position of 
the research team facilitating focus group discussions 
as midwives and researchers was both a strength and a 
limitation. For example, as midwives they were able to 
build trust and rapport with colleagues and women; how-
ever, this role may also have created a power imbalance 
between facilitator and participants. Steps were taken to 
counter this, for example, acting as facilitators at health-
care facilities where they did not work clinically.

Our study findings enabled us to modify implementa-
tion of the main trial in order to suit the local context. 
For example, in order to address common misconcep-
tions regarding the causes of pre-eclampsia and manage-
ment of preterm birth, we developed brief educational 
videos to supplement trial recruitment materials. Rec-
ognising the involvement of male partners and learning 
from previous experiences of poor communication, dis-
cussions regarding trial participation would be encour-
aged to take place with both the woman and her partner 
present. Taking resource limitations into account, the 
CRADLE-4 trial inclusion criteria will utilise a broad 
definition of pre-eclampsia based on simple clinical 
parameters (hypertension and dipstick proteinuria) and 
gestational age determination based upon known last 
menstrual period (LMP) rather than first trimester ultra-
sound. However, the use of early (prior to 20 weeks) and 
late ultrasound will be encouraged, particularly when 
reliable data on LMP is not available. This is a pragmatic 
approach that would be transferable to similar settings. 
Furthermore, whilst it can be challenging to distinguish 

between growth restriction and early prematurity with-
out accurate gestational age determination, we did not 
want to impose stringent criteria that could potentially 
exclude growth restricted fetuses (on the mistaken prem-
ise of prematurity before 34 weeks), who are in fact at the 
highest risk of intra-uterine death and potentially may 
benefit most from early delivery. Clinical outcomes were 
also adapted. The primary short-term maternal outcome 
used in the main trial will be based on the miniPIERS 
composite of adverse maternal outcomes [24], with the 
addition of severe hypertension. The miniPIERS compos-
ite had previously been selected for use in a prospective 
study of women with any hypertensive disorder of preg-
nancy in a low and middle-income setting [24]. We fur-
ther modified the outcome definitions based upon our 
study findings. For example, we modified the definition 
of “blood transfusion” to include a request for transfu-
sion even if blood products were unavailable at time of 
request or not received. Acknowledging the discrep-
ancy in biochemistry testing between sites, we also plan 
to report a separate maternal mortality and morbidity 
composite of components detected by a clinical diagno-
sis only, as a secondary maternal outcome. Perinatal out-
comes were also adapted via iterative discussion with site 
teams, building upon findings from stakeholder inter-
views with paediatric staff. For example, recognising that 
culture-proven sepsis is a difficult outcome to detect due 
to limited laboratory resources, a diagnosis of possible 
serious bacterial infection (based on WHO’s Integrated 
Management of Childhood Illness guidelines [25]) was 
added as a secondary perinatal outcome.

Based upon the maternal and neonatal outcome data 
collected during the case notes review, we anticipate a 
maternal event rate composite outcome of severe mater-
nal mortality or morbidity with severe hypertension) 
of 80% and a neonatal event rate (stillbirth or neonatal 
death of neonatal unit admission for > 48 h with morbid-
ity) of 23% in the expectant management (usual care) 
group of the main trial, in women with late preterm pre-
eclampsia. This informed our sample size calculation, 
which is detailed in the published trial protocol [26].

The Medical Research Council guidelines on devel-
oping and evaluating complex interventions recognise 
that interventions are often undermined by problems 
of acceptability, compliance, delivery of the interven-
tion, recruitment, and retention [27]. The guidelines 
therefore advocate that initial feasibility studies are 
undertaken in order to address these potential issues 
when designing the main study protocol. Consider-
ing an intervention such as planned early delivery in 
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pre-eclampsia in India and Zambia, there are several 
behaviours required by those delivering the inter-
vention (healthcare providers) and those receiving 
it (women) which are complex and need to be under-
stood. Selecting meaningful maternal and perinatal 
outcomes, which can be reliably measured in a real-
world setting, was also a potential challenge. Despite its 
importance, feasibility work is often poorly described 
and under-reported [7]. The CRADLE-4 feasibility 
study therefore serves as an important example of how 
the Medial Research Council Guidelines on developing 
and evaluating complex interventions can be put into 
practice and used to guide the development of a ran-
domised trial design. Furthermore, there is currently 
inconsistent reporting of outcomes from randomised 
trials evaluating interventions for pre-eclampsia [28], 
leading to the potential omission of clinically important 
outcomes and difficulty in comparing and contrast-
ing individual studies, thus limiting our ability to draw 
firm conclusions from the evidence available. Recent 
work has therefore focussed on the develop of a core 
outcome set for pre-eclampsia research [29]. The CRA-
DLE-4 trial, informed by its feasibility phase, presents 
an opportunity to develop and validate these core out-
comes, such that they may be shared and used in future 
pre-eclampsia trials taking place in similar settings.

Conclusion
Pre-eclampsia is a progressive and unpredictable disease 
and deciding when to recommend delivery presents a 
challenging scenario to clinicians around the world. The 
balance of risks and benefits must be carefully weighed 
depending on the gestational age of the pregnancy and 
the severity of the condition. When considering the spe-
cific gestational window between  34+0 and  36+6  weeks, 
it is clear that planned early delivery is likely to reduce 
adverse maternal outcomes, but further clarity is needed 
regarding impact on neonatal outcomes and other key 
maternal considerations such as mode of delivery. Our 
preliminary findings from this study suggest that whilst 
planned early delivery may involve an increased risk of 
neonatal unit admission with small numbers of babies 
requiring additional support with feeding and breath-
ing, continuing with expectant management poses a 
significant risk of stillbirth and birth asphyxia. A larger 
scale randomised controlled trial is needed to fully 
evaluate which management strategy poses the least 
risk overall. This feasibility study has demonstrated that 
whilst contextual challenges related to the proposed 

trial environment need to be taken into consideration, 
such a trial is indeed feasible and the proposed inter-
vention is acceptable to local stakeholders (healthcare 
providers, women and their partners). These prelimi-
nary findings have directly influenced the design of the 
interventional phase protocol, specifically the selection of 
outcome measures, with a view to contributing towards 
core outcome sets for similar trials taking place in low- 
or middle-income settings. Staff training and participant 
recruitment materials will address the gaps in knowledge 
identified during focus group discussions and interviews 
as well as fears and fixed beliefs surrounding early deliv-
ery. Co-creating a trial protocol with local stakeholders 
at this stage and taking into account the feasibility and 
acceptability of the intervention will be key in ensuring 
that any evidence generated as part of this research can 
be successfully implemented and sustained within rou-
tine clinical practice.
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Abstract

Background

The COVID-19 pandemic has drastically affected everyone in a hit or miss manner. Since it began,
evidence of the neuro-invasive potential of the virus has been intensifying significantly. Several
pathways have been hypothesized to elucidate the neurotropic nature of SARS-CoV2. It is the need of
the hour to collect vital information.

Objective

To evaluate and correlate the neuro-radiological and neurological manifestations in patients diagnosed
with SARS-CoV2.

To identify neuro-invasive pathways of COVID infection.

Methods

Relevant studies were identified through four databases—the Cochrane Library, PubMed, Science
Direct, and Web of Science. These were searched using relevant keywords—“COVID-19,” “SARS-
CoV2,” “neurological manifestations,” “neuroimaging,” “CT,” and “MRI.” Relevant articles were
screened according to a pre-defined inclusion and exclusion criteria from December 2019 to August
2020.

Results

Our review included a total of 63 full text publications with 584 patients, composed mainly of
observational studies, case reports, and case series. The most common neurological manifestations
associated with COVID-19 were altered mental status, stroke, and paralysis. About 17.85% patients
who underwent neuroimaging were found to be having ischemic changes suggestive of a stroke. This
was followed by hemorrhagic changes as the second most common finding. The most commonly
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involved vessel was the Middle Cerebral Artery. Besides stroke, we found that SARS-CoV2 could be
the cause for new-onset seizures, Guillain-Barre Syndrome, encephalitis, and many other severe
neurological diseases.

Conclusion

The information that we have obtained so far will prove dynamic to healthcare providers working
against the COVID-19 pandemic. It is necessary to be aware of these atypical neurological findings for
the early diagnosis and treatment of COVID-19 infected patients. However, to completely understand
the connection between SARS-CoV2 and the nervous system, further research is necessary.

Keywords: SARS-CoV 2, Stroke, Neuro-invasive, COVID-19, Neuroimaging

Introduction

The infamous COVID-19 pandemic has drastically involved everyone in a hit or miss manner. The
world is currently fighting against a highly infectious novel coronavirus, known as SARS-CoV2. What
began as an outbreak of pneumonia in Wuhan, China, has rapidly engulfed the entire world [1]. As of
August 31, 2020, this virus has infected approximately 25 million people and caused 844 thousand
deaths globally [2]. The pandemic has posed severe challenges to public health, and the medical
community continues to struggle in hitherto mysterious zones, especially in terms of reliable
therapeutic interventions. In one study, health care providers utilized extracorporeal membrane
oxygenation (ECMO) for patients with acute respiratory distress syndrome secondary to COVID-19,
although early reports seem to have a high mortality rate due to devastating neurological insult [3].

Though the respiratory symptoms are the most common, there have been studies which highlight the
potential neurotropism of the virus. The incubation period of COVID-19 infected patients, whether
asymptomatic or possessing wide spread signs and symptoms, varies from 2 to 11 days with an
approximate mortality rate of 2-4% [4]. In an observational study in Wuhan, 36.4% of the patients had
neurological involvement such as impaired consciousness, acute cerebrovascular events, headache,
seizure, hyposmia, and hypogeusia [5]. There have also been several reports on patients presenting with
neurological involvement as the initial symptoms [6, 7].

This initial data reflects that the brain seems to be a target organ for various infections and critical
diseases, either due to direct insult or through secondary involvement. The peripheral nervous system
(PNS) is also particularly susceptible during infection-related immune-mediated diseases [8].

Even though there is extensive data on the respiratory involvement of SARS-CoV2, documentation of
its neurological aspect has been limited to observational studies and case reports. There is a further lack
of information on the neuroimaging findings of COVID-19. In this rapidly evolving situation, it has
become essential for healthcare providers to stay updated on the various atypical presentations of
SARS-CoV2 and keep in mind COVID-19 as a potential diagnosis when encountering such cases.
Therefore, we performed a comprehensive literature search in this systematic review to ascertain the
different neurological manifestations and neuroimaging findings linked with COVID-19 infection.

Objective

To evaluate and correlate the neuro-radiological and neurological manifestations in patients diagnosed
with SARS-CoV2.

To identify neuro-invasive pathways of COVID infection.
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Methods

A comprehensive search of the literature was performed from the following databases: PubMed, Web
of Science, Cochrane Library, and Science Direct. The following search terms were used in
combination with the Boolean operators AND and OR; “COVID-19,” “SARS-CoV2,” “neurological
manifestations,” “neuroimaging,” “MRI,” and “CT.” We selected for analysis only articles in which the
title and abstract contained the aforementioned search terms. In an initial screen, we excluded articles
which were duplicates, and those in which title and abstract were not relevant to our search
terminology. Of the remaining studies, screening was done based on the full text of the article under the
following inclusion criteria: (1) Studies reporting patients with laboratory confirmation of SARS-
CoV2, (2) case reports, case series, cohort studies, and case-control studies, (3) studies in which
subjects were above the age of 18, (4) studies containing neuroimaging (CT or MRI) of the brain, (5)
studies performed between December 2019 and August 2020. The exclusion criteria were as follows:
(1) reviews, editorials, or commentaries. (2) Studies in which subjects were in the pediatric age group,
were pregnant, or had prior neurological conditions. (3) Studies with no neurological evaluation, (4)
studies published in any language other than English, without available English translations. The
articles were screened in their entirety, by two independent readers, in each of the aforementioned
scientific databases, to determine eligibility for inclusion. Discrepancies were discussed among all
authors, and a collective effort was undertaken to resolve them.

The search strategy and article selection process are depicted in the flowchart in Fig. 1 as per the
PRISMA statement.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig1/
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Open in a separate window
Fig. 1

PRSIMA flow chart summarizing search strategy for the articles included in the study

Results

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig1/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8170868_41983_2021_322_Fig1_HTML.jpg
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Through the search strategy, we identified 63 articles with neurological and neuroimaging
manifestations in patients infected with COVID-19. We included 584 patients who presented with
neurological manifestations and underwent different neuroimaging modalities. The age of patients
ranged from 24-88 years.

In terms of neuroimaging findings (Table 1), among these 63 articles, 584 patients underwent
neuroimaging. Four hundred and twenty eight (67.61%) patients that underwent neuroimaging did not
have any abnormality on CT or MRI. For the remaining 156 patients, neuroimaging findings were in
descending order as follows: ischemic changes (17.85%), with the middle cerebral artery (MCA) being
the most frequent anatomical location; hemorrhagic changes (6.31%), diffuse edema (1.57%),
encephalitis (1.57%), herniation (with uncal and subfalcine as the most common) (1.26%), venous
thrombosis (0.7%), atrophy (0.4%), inflammatory process (0.4%), and constriction (0.4%). The
absence of flow and signal changes was 0.3% each. The least common findings were acute myelitis,
high-grade glioma, calcification of the proximal left internal carotid artery (ICA), a demyelinating
lesion in left temporal and right occipital lobes, dissection of the left vertebral artery, and small-vessel
disease comprised the remaining 0.6% (0.1% each) (Fig. 2).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/table/Tab1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig2/
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Table 1

Reported studies on COVID-19 patients with neurological manifestations with positive findings
on major imaging modalities

Open in a separate window

Article name Imaging
modality

Neuroimaging findings

1 A case of COVID-19
respiratory Illness with
Subsequent seizure and
hemiparesis [9]

CT—head Subcortical hypoattenuation with sulcal effacement
in the left occipital and posterior parietal lobes
suggestive of ischemic changes

2 A case series of devastating
intracranial hemorrhage during
venovenous extracorporeal
membrane oxygenation for
COVID-19 [3]

CT—head
Multicompartment intracranial hemorrhage with
marked diffuse edema and secondary infarction of the
left anterior and posterior cerebral artery territories

due to vascular compression

Multifocal intracerebral hemorrhage (ICH) with left
hemispheric lobar hemorrhage and right cerebellar
hemorrhage

Small left frontal cortical subarachnoid hemorrhage
(SAH)

3 A first case of
meningitis/encephalitis
associated with SARS-
coronavirus-2 [10]

MRI—brain
Diffusion weighted images (DWI) showed
hyperintensity along the wall of inferior horn of right
lateral ventricle.

Fluid-attenuated inversion recovery (FLAIR) images
showed hyperintense signal changes in the right
mesial temporal lobe and hippocampus—suggestive
of right lateral ventriculitis and encephalitis.

4 Acute abducens nerve palsy in a
patient with the novel
coronavirus disease (COVID-
19) [11]

MRI—brain Denervation of CN VI- as evident by hyperintensity
on T2 weighting of atrophic left lateral rectus muscle

5 Acute disseminated
encephalomyelitis after SARS-
CoV-2 infection [12]

MRI—brain
and spine

6 enhancing lesions, most with ring enhancement and
some with nodular enhancement

Hyperintense signal of the optic nerves bilaterally

Hyperintense spindle-like T8 lesion

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/table/Tab1/?report=objectonly
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Fig. 2

Evaluation of positive neurological findings on CT scan and MRI of COVID-19 infected patients. To
demonstrate positive neuroimaging findings, patients with normal findings on imaging or findings
unrelated to COVID-19 were not included

Out of the 157 distinct neurological manifestations presented in the 63 articles (Table 2), we were able
to identify 5 possible groups. Patients were only included once per group. In order of prevalence:
altered mental status (52.5%), sensory alterations (19.7%), motor alterations (17.7%), others (5.5%),
and seizures (4.6%) (Fig. 3). Certain articles with a larger patient population did not specify its
prevalence for the different neurological manifestations. The only group with a female predominance
was sensory alterations (51.7%). No group had a defined male predominance. Altered mental status and
others had a greater representation of un-specified sex (79.8% and 80% respectively) (Fig. 4).

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8170868_41983_2021_322_Fig2_HTML.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/table/Tab2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig4/
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Table 2

General signs and symptoms, and associated neurological manifestations reported in the studies
on COVID-19 infected patients

Open in a separate window

Article name Article type N = no.
of

patients

Age/sex General signs
and symptoms

Neurological
manifestations

1 A case of COVID-19
respiratory illness with
subsequent seizure and
hemiparesis [9]

Case report 1 38-
year-old
male

Progressive
cough

Fever

Dyspnea

Generalized tonic—
clonic seizure (GTCS

Left-sided hemiplegia

Decreased right side
spontaneous

movements

2 A case series of
devastating
intracranial
hemorrhage during
venovenous
extracorporeal

membrane
oxygenation for
COVID-19 [3]

Case series 4 Mean
age—
50.7
years

Anisocoria

Gaze defect

Altered mental status
(AMS)

Agitation

3 A first case of
meningitis/encephalitis
associated with SARS-
coronavirus-2 [10]

Case report 1 24-
year-old
male

Headache

Generalized
fatigue

Fever and sore
throat

Neck stiffness

Transient generalized
seizures

Glasgow coma scale
(GCS)—6/15

4 Acute abducens nerve
palsy in a patient with
the novel coronavirus
disease (COVID-19)
[11]

Case report 1 32-
year-old
male

Fever and cough

Diarrhea

Fatigue

Diplopia (acute,
binocular, horizontal)

5 Acute disseminated
encephalomyelitis

Case report 1 64-
year-old

Influenza-like
syndrome

Anosmia, ageusia

B/L i i i i

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/table/Tab2/?report=objectonly
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Fig. 3

Neurological manifestations in patients infected with SARS-CoV2

Fig. 4

Gender wise allocation of neurological manifestations in patients with COVID-19

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8170868_41983_2021_322_Fig3_HTML.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig3/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8170868_41983_2021_322_Fig4_HTML.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170868/figure/Fig4/
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Discussion

Since the outbreak of the SARS-CoV2 virus in December 2019, the majority of research has been
centered around respiratory pathogenesis and manifestations of the virus. However, recent focus has
shifted toward its invasive nature and complications in the nervous system. There has been a surge in
the number of cases documenting the nervous system involvement in COVID-19 positive patients with
minimal respiratory involvement. Some studies reported absence of SARS-CoV-2 RNA in the nasal
and throat swabs even though it was found to be present in the cerebrospinal fluid upon further
investigations [10]. However, our understanding of the pathophysiology behind such neurological
manifestations and the data on neuroimaging still remains limited.

Pathogenesis

Currently, there are 4 mechanisms of neuro-invasion that have been hypothesized.

Receptor modulation

The body has a traditional angiotensin-converting enzyme (ACE) in lung capillaries which is a part of
the renin-angiotensin-aldosterone system (RAAS) and is involved in regulating blood pressure.
COVID-19 is known to use ACE2 receptors, present in the endothelium of the heart, kidneys, and
alveolar cells, especially alveolar type 2 (AT2), for cell entry. Binding to these receptors, the virus
hampers the body’s natural mechanism of decreasing blood pressure thus increasing the likelihood of
intracranial hemorrhages and stroke [69–71]. The neurons and glial cells are known to have ACE2
receptors, possibly explaining the neurotropism of the virus [72]. The mechanism of entry hypothesized
is that the spikes present on the virus might link with ACE2 on the capillary endothelium, damaging
the blood-brain barrier (BBB) and thus gaining entry into CNS [71]. The two areas are involved in the
central regulation of respiration—nucleus of the tractus solitarius and ventrolateral medulla also
express ACE2 receptors.

Trans-cribrial transmission

The anosmia in many cases points toward viral entry via olfactory bulb and across the cribriform plate
[71]. This mechanism has been linked with murine experiments which led to the detection of the virus
in the midbrain, basal ganglia, infralimbic cortex, and the piriform via intranasal inoculation of
COVID-19 [69, 73]. SARS-CoV-2 may use ACE2 or trans-membrane protease serine 2 (TMPRSS2)
receptors to infect olfactory receptor neurons in the olfactory epithelium [74].

Blood-brain barrier spread

Prior research of SARS-CoV and MERS has shown that cytokines like tumor necrosis factor (TNF-α)
and interleukins (IL-6 and IL-1) led to direct death of neurons in the respiratory center in the medulla
[73, 75]. The prolific response of the immune system leads to an enormous release of these cytokines
and chemokines. They lead to increased permeability and breakdown of the BBB resulting in increased
entry of leukocytes. They can also precipitate glutamate receptor-induced neuronal hyperexcitability
which may be the reason behind acute seizures linked with the virus. Furthermore, hyperinflammatory
and immune responses can result in cytokine storm syndrome which is a severe manifestation of
COVID-19 [72].

Trans-synaptic transmission
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The entry of the virus into CNS through the peripheral nerves is another hypothesized secondary
pathway. The alveoli in the lungs have sensory innervations that detect changes in O  and CO . These
pathways run-up to the respiratory centers in the brainstem and send signals to the pre-synapses there.
Porcine hepatitis E virus studies depict a similar pathway of transmission and since HEV is almost
homologous to hCoV-OC43 , a close relative of SARS-CoV-2, it might be the same case here [76].

The neuropathological mechanisms reported to play a role in the development of neurological disorders
in COVID-19 are—hypoxic brain injury and immune-mediated damage. The hypoxic brain injury is
believed to be due to the alveolar gas exchange disorders caused by proliferation of virus in the
alveolar cells [71]. As mentioned above, severe immune response resulting in a cytokine storm can also
lead to the development of neurological manifestations [72].

Neuro-radiological manifestations

About 17.85% patients who underwent neuroimaging were found to be having ischemic changes
suggestive of a stroke. Rajan Jain [27] and colleagues found that the inpatient COVID-19 positive
population with stroke had a poor outcome. Similarly, in a systematic review by Sebastian Fredman
[77] and colleagues, mortality rate of 45% was reported in the admitted COVID-19 positive patients
affected with ischemic stroke. Large vessel involvement was found to be the most common,
particularly the MCA. The association of COVID-19 and cerebrovascular disease has been well
established but it is still unclear whether this is a de novo occurrence or a complication of already
existing atheromatous plaques [78]. The role of stenotic lesions resulting in ischemic changes is also
unclear. Hemorrhagic changes were found to be the second most common positive imaging finding
particularly involving the corpus callosum and subcortical parenchyma. Aikaterini Fitsiori [68] and
colleagues reported that COVID-19 or its treatment may cause unusual microbleeds, predominantly
affecting the corpus callosum. All these patients were suffering from severe or moderate acute
respiratory distress. This could be due to microangiopathic changes resulting from the cytokine-
induced pathogenesis discussed above. Simon Pao [79] and colleagues concluded that ischemic
changes were seen in both mild and severe infections whereas hemorrhagic changes were more
prevalent in severely affected patients.

Neurological findings

In this study, we observe that COVID-19 patients presented with a variety of neurological
complications. In our review, the most prevalent finding has been altered mental status (52.5%).
Among the earliest articles about COVID-19 by Mao [5] and colleagues was a retrospective study that
showed that 36.4% of patients presented with nervous system abnormalities, and among them, patients
who had severe disease were more vulnerable to acute cerebrovascular disease and altered
consciousness. The neurotropism of the virus leading to inflammation in the CNS may be a cause of
altered mental status. Macrophages and microglia which proliferate to the areas concentrated by viral
antigen have shown to cause demyelination leading to memory and cognitive deficits. This was
observed in a murine study conducted with several strains of the virus [80, 81]. Nepal G [80]. and
colleagues mention the importance of early identification of altered mental status in SARS-CoV-2
patients to check for a possible reversible cause leading to its early management. Confusion, agitation,
drowsiness, lethargy, and psychotic symptoms were some of the most commonly observed subsets of
symptoms included in altered mental status (Table 2).

Stroke has been observed to be the most frequent finding in neuroimaging of patients affected by
COVID-19. A peculiar thing about COVID-19 related strokes is that they can be found in younger
patients as observed in a case series by Ashrafi [33] which explores this association in patients younger

2 2

2
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than the age of 55, where the youngest patient, a 33-year-old, was without any previous comorbidities.
Several studies have mentioned the prothrombotic and inflammatory nature of COVID-19, and some
reports mention stroke symptoms being the first presentation in many cases. Lee SG [82] and Spence
JD [83] mention that about 20-55% of SARS-CoV-2 patients exhibited laboratory values indicating
coagulopathies. The prevalence of ischemic strokes is slightly higher than that of hemorrhagic strokes
as seen in a 6-patient case series by Morassi [64] where 4 were affected by ischemic stroke and 2 by
hemorrhagic. Other frequently seen manifestations include paralysis, headaches, and altered speech.

As far as we know, this is the only study with documentation of reports published until August 2020
which is based on the nervous system involvement and neuroradiological findings of COVID-19
patients. The limitations of our study were that a subset of reported neurological or neuroimaging
findings in severely ill and elderly patients may be incidental. The radiological findings might have
been susceptible to clinical bias hence it is difficult to standardize them. Radiological imaging
presumably is performed selectively on those presenting with notable neurological involvement,
leaving out the probable findings in those diseases which are milder in nature, as routine imaging may
increase the risk of transmission of the virus. Our study only included articles published in the English
language.

Conclusion

In the past few months of the global pandemic, the connection between COVID-19 and neurological
manifestations has been growing substantially. Having strong knowledge about such associations will
prove to be instrumental in early detection, isolation, and care of patients who present with unusual
neurologic symptoms, especially during the ongoing pandemic. Focus on long-term neurologic
sequelae and neuroimaging findings is necessary to further the research on the neurotropic involvement
of SARS-CoV-2.
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ACE2 Angiotensin-converting enzyme 2

AT2 Alveolar type 2 cells

BBB Blood-brain barrier

CNS Central nervous system

CT Computed tomography

HEV Hepatitis E virus

ICA Internal carotid artery

IL-1 Interleukin 1

IL-6 Interleukin 6
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ADHD is one of the most common childhood-onset psychi-
atric disorders. It develops in childhood and later becomes 
apparent in the preschool and early school years (Alizadeh, 
Armio, Coolidge, Flores, & Sutton, 2015; Cheng & Myers, 
2005; Hamed, Taha, Sabra, & Bella, 2008; Kaur, Patidar, 
Meenakshi, Girdhar, & Kaur, 2014; Rutter & Taylor, 2002; 
Suvarna & Kamath, 2009; Tashakori & Afkandeh, 2011). It 
can be described as over activity, persistent and debilitating 
inattention, and impulsivity. Inattention, hyperactivity/
impulsivity, and combined inattentive/hyperactive impul-
sive subtype (combined ADHD) are the predominant three 
subtypes (Alizadeh et al., 2015; Cheng & Myers, 2005; 
Hamed et al., 2008; Meysamie, Fard, & Mohammadi, 2011; 
Rutter & Taylor, 2002).

Across the studies, the magnitude of persistence of 
ADHD has been inconsistent. It is also seen that in develop-
ing countries, there is a paucity of studies in this area. Due 
to adverse psychosocial factors, there can be a higher per-
sistence of ADHD and impairment in social adjustment 
(ADHD Institute, 2016).

Even though there is not any global consensus on ADHD 
prevalence, the estimated prevalence of ADHD worldwide 
ranges between 5.29% and 7.1% (Tashakori & Afkandeh, 
2011). In the Indian scenario, the prevalence of ADHD falls 
in range of 2% to 17% (Juneja, Sairam, & Jain, 2014).

ADHD has been considered as a life disability. 
Significantly impaired cognitive, family, school, and psy-
chosocial functioning have been observed in adolescents 
with persistent ADHD (Cheng & Myers, 2005; Pondé & 
Friere, 2007; Rutter & Taylor, 2002). Studies indicate that 
patients with ADHD are at risk for developing comorbidi-
ties like oppositional defiant disorder (ODD), conduct dis-
order (CD), and depression (Cheng & Myers, 2005; Pondé 
& Friere, 2007).

Public awareness about ADHD is particularly poor in 
India. There is paucity of evidence on ADHD as very few 
studies have been reported (Venkata & Panicker, 2013). 
To know the extent of ADHD prevalence in our popula-
tion would be the foundation to planning of interventions 
in future. Hence, it is imperative to know the prevalence 
of ADHD in our population. The objective of the study 
was to determine the prevalence of ADHD in primary 
school children.
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Materials and Methods

Setting and Sample

This cross-sectional study was undertaken in three private 
schools of Belagavi in the year 2015-2017. Our sample 
frame constituted of 170 primary school children aged 
between 6 and 11 years from three private schools in 
Belagavi. The inclusion criteria were parents who were 
permanent residents of the study area and teachers and par-
ents of primary school children aged between 6 and 11 
years who gave consent to participate. Parents of primary 
school children with medical diagnosis aged between 6 and 
11 years were excluded from the study. The calculated 
sample size was 154 using formula n = z2pq/d2. With 10% 
attrition rate, sample size was 170. Proportionate samples 
were taken from each school—100 students from School 1, 
46 students from School 2, and 24 from School 3. Students 
from each standard were selected based on a computer-
generated random table. One hundred fifty-six children 
participated in the study, which consisted of 80 girls and 76 
boys (Figure 1).

Procedures

Ethical approval was obtained from Institutional Ethical and 
Research Committee before conducting the study. To check 
the feasibility of the study, pilot study was conducted among 
10% of the total sample size. Sixteen students of Grade 1 to 
5 were included, who were not a part of the study popula-
tion. After seeking permission from principals of respective 
schools, students from Grade 1 to 5 were enrolled in the 
study, after taking informed consent from their parents.

Measures

SNAP-IV Teacher and Parent 18-Item Rating Scale. This is a 
rating scale that consists of various behavioral parameters 
for ADHD diagnosis. This was rated from a score of 0 to 3 

by the parents and teachers according to their observations 
about child’s behavior.

Statistical Package for Social Science (SPSS) version 
20 software was used for statistical analysis. Mean, stan-
dard deviation, student’s t test, and Kappa statistics were 
carried out.

Results

•• Table 1 represents the sociodemographic variables.

The results are presented on three bases:

•• According to scores of the scale for two subsets men-
tioned in the questionnaire (inattention and hyperac-
tivity/impulsivity),
|| Table 2 represents genderwise distribution 

of ADHD predominantly inattentive type as 
reported by scores given by teachers and parents;

|| Table 3 represents genderwise distribution of 
ADHD predominantly hyperactive–impulsive 
type as reported by scores given by teachers and 
parents; and

|| Tables 4 and 5 represent that Kappa Statistics are 
applied to identify the type of agreement between 
the scoring by informants (teachers and parents) 
for both the subtypes of ADHD (inattention and 
hyperactivity/impulsivity).

•• Table 6 represents association of gender with ADHD 
subtypes as reported by parents and teachers by 
applying t-test.

•• Comparison of average rating of each subset of 
ADHD with cutoff scores suggestive of ADHD 
reported in the literature is represented in Table 7.

•• Agreement of parents and teachers on presence of 
symptoms of ADHD in the child is represented in 
Table 8. It was done by finding all children whose 
respondents agreed that they had any symptom of 

Screened 170 Children

Parents of 6 children did not
give consent and 8 forms were 

incomplete 

Total Sample size- 156 children

76 Boys80 Girls

Figure 1. Schematic representation of sample selection.

Table 1. Distribution of Participants According to 
Sociodemographic Variables.

Sociodemographic variables n %

Gender
 Female 80 51.3
 Male 76 48.7
Age
 6 19 12.2
 7 35 22.4
 8 35 22.4
 9 31 19.9
 10 26 16.7
 11 10 6.4
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ADHD (mild, moderate, severe symptoms, or clin-
ically not significant). The score according to the 
questionnaire placed the child in any on these 
symptoms category. Then, it was evaluated which 
child was placed in mild/moderate/severe category 

of symptoms by both the respondents for each 
subset.

Prevalence was derived on the basis of scoring, cutoffs, and 
agreement between the informants as shown in Tables 1 to 8.

Table 2. Distribution of Gender According to ADHD Predominantly Inattentive Type.

Informant Gender
Symptoms not 

clinically significant
Mild 

symptoms
Moderate 
symptoms

Severe 
symptoms Total

Teachers Female 44.2% (69) 3.8% (6) 1.9% (3) 1.3% (2) 51.3% (80)
Male 34.6% (54) 9.0% (14) 4.5% (7) 0.6% (1) 48.7% (76)
Total 78.8% (123) 12.8% (20) 6.4% (10) 1.9% (3) 100.0% (156)

Parents Female 42.9% (67) 4.5% (7) 2.6% (4) 1.3% (2) 51.3% (80)
Male 39.7% (62) 7.1% (11) 1.9% (3) 0 48.7% (76)
Total 82.7% (129) 11.5% (18) 4.5% (7) 1.3% (2) 100.0% (156)

Table 3. Distribution of Gender According to ADHD Predominantly Hyperactive/Impulsive Type.

Informant Gender
Symptoms not 

clinically significant
Mild 

symptoms
Moderate 
symptoms

Severe 
symptoms Total

Teachers Female 46.8% (73) 3.8% (6) 0 0.6% (1) 51.3% (80)
Male 41.7% (65) 5.1% (8) 1.3% (2) 0.6% (1) 48.7% (76)
Total 88.5% (138) 9.0% (14) 1.3% (2) 1.3% (2) 100.0% (156)

Parents Female 44.9% (70) 3.2% (5) 2.6% (4) 0.6% (1) 51.3% (80)
Male 43.6% (68) 3.2% (5) 1.9% (3) 0 48.7% (76)
Total 88.5% (138) 6.4% (10) 4.5% (7) 0.6% (1) 100.0% (156)

Table 4. Comparison of Symptoms of ADHD Predominantly Inattentive Type Rated by Parents and Teachers.

Kappa statistics
Teacher Inattention Category × Parent Inattention Category cross-tabulation

 Parent-rated inattention category

Total 
Symptoms not 

clinically significant
Mild 

symptoms
Moderate 
symptoms

Severe 
symptoms

Teacher-rated 
inattention 
category

Symptoms not 
clinically significant

113 8 1 1 123

Mild symptoms 10 8 2 0 20
Moderate symptoms 4 2 4 0 10
Severe symptoms 2 0 0 1 3

Total 129 18 7 2 156

Symmetric measures Value Asymptotic SEa Approx. Tb Approx. significant

Measure of agreement Kappa .417 .082 6.937 .000
N of valid cases 156  

• Poor agreement = Less than. 20
• Fair agreement = .20 to .40
• Moderate agreement = .40 to .60
• Good agreement = .60 to .80
• Very good agreement = .80 to 1.00
aNot assuming the null hypothesis.
bUsing the asymptotic standard error assuming the null hypothesis.
Note. The value of Kappa is .417. Thus, there is moderate agreement between the teachers and parents according to scoring for inattention.
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Class size is significantly co-related with teacher-rated 
inattention score and also with teacher-rated inattention + 
hyperactivity score as shown in Table 9.

Discussion

Global prevalence of ADHD has been reported ranging 
between 5.29% and 7.1% and national prevalence is 
between 2% and 17% (ADHD Institute, 2016; Juneja et. al., 

Table 6. Association Between Gender and ADHD Subtypes by Parents and Teachers.

Independent t-test group statistics

 Gender n M SD t value Level of significance

Teacher ADHD predominantly inattentive type Female 80 1.23 0.636 1.690 .093
Male 76 1.41 0.715

Teacher ADHD predominantly hyperactive type Female 80 1.11 0.421 1.095 .275
Male 76 1.20 0.542

Parent ADHD predominantly inattentive type Female 80 1.26 0.670 0.407 .685
Male 76 1.22 0.506

Parent ADHD predominantly hyperactive type Female 80 1.20 0.582 0.659 .511
Male 76 1.14 0.453

Teacher ADHD combined type Female 80 0.6139 0.54918 1.802 .074
Male 76 0.7829 0.62157

Parent ADHD combined type Female 80 0.6861 0.61077 0.108 .914
Male 76 0.6959 0.51343

Note. There is no significant association between gender and ADHD subtypes rated by both teachers and parents.

Table 7. Comparison of Standard Cutoffs of Subtypes of 
ADHD with average rating of each subset as rated by Teachers 
and Parents.

Subscale Teacher Parent

Inattention 2.56 1.9% (3) 1.78 9.6% (15)
Hyperactivity/impulsivity 1.78 5.1% (8) 1.44 11.53% (18)
Combined 2.00 3.2% (5) 1.67 8.9% (14)

Note. The parents report a higher prevalence than teachers.

Table 5. Comparison of Symptoms of ADHD Predominantly Hyperactive Type Rated by Parents and Teachers.

Kappa statistics
Teacher Hyperactivity Category × Parent Hyperactivity Category cross-tabulation

 Parent-rated hyperactivity category

Total 
Symptoms not 

clinically significant
Mild 

symptoms
Moderate 
symptoms

Severe 
symptoms

Teacher-rated 
hyperactivity 
category

Symptoms not 
clinically significant

130 5 3 0 138

Mild symptoms 7 4 3 0 14
Moderate symptoms 0 1 1 0 2
Severe symptoms 1 0 0 1 2

Total 138 10 7 1 156

Symmetric measures Value Asymptotic SEa Approx. Tb Approx. significance

Measure of agreement Kappa .393 .096 6.419 .000
N of valid cases 156  

• Poor agreement = Less than. 20
• Fair agreement = .20 to .40
• Moderate agreement = .40 to .60
• Good agreement = .60 to .80
• Very good agreement = .80 to 1.00
aNot assuming the null hypothesis.
bUsing the asymptotic standard error assuming the null hypothesis.
Note. The value of Kappa is .393. Thus, there is fair agreement between the teachers and parents according to scoring for hyperactivity.
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2014). We report 5.76% prevalence, which is in consistency 
with the study in Nigeria (6.6%; Ndukuba, Odinka, 
Muomah, Obindo, & Omigbodun, 2014). However, as 
reported, among other countries, the prevalence is highest 
in Iran (12.3%) followed by Brazil (10.3%), United 
Kingdom (8%), and Iran (7.2%) and least in Lebanon 
(3.2%; Alizadeh et al., 2015; Alloway, Elliott, & Holmes, 
2010; Hebrani, Abdolahian, Behdani, Vosoogh, & 
Javanbakht, 2007; Pondé & Friere, 2007; Richa et al., 
2014). The prevalence of ADHD among girls was 3.8% and 
1.9% among boys, which was not statistically significant. 
This finding is similar to the study done in Nigeria; how-
ever, it differs when compared with studies done in 
Coimbatore, Odisha, Trabzon, Mumbai, Brazil, Turkey, 
Saudi Arabia, and Lebanon, where the prevalence is 
reported to be higher in boys (Alqahtani, 2010; Gul, Tiryaki, 
Kultur, Topbas, & Ak, 2010; Naik, Patel, & Biswas, 2016; 
Ndukuba et al., 2014; Pondé & Friere, 2007; Richa et al., 
2014; Suvarna & Kamath, 2009; Venkata & Panicker, 2013; 
Zorlu et al., 2015). With regard to the subtypes of ADHD, 
there was no significant gender difference between boys 
and girls, which is in line with a study done in Shahrekord 
City of Iran (Safavi, Ganji, & Bidad, 2016).

In the present study, the parent score is higher than 
teacher score. A similar high parent score was reported in 
the study done in Tehran City of Iran (Meysamie, Fard, & 
Mohammadi, 2011). This finding is contradictory to the 
study conducted in Coimbatore, where teacher score was 
higher than parent score (Venkata & Panicker, 2013). The 
study carried out in Asir City of Saudi Arabia also had 
higher teacher score than the parent score in both the sub-
types—inattention and hyperactivity (Alqahtani, 2010).

It could be possible that if this study had obtained infor-
mation from a single source, as such parents, prevalence 
rate would be higher. According to parents’ subscale alone, 
ADHD in the current study was high, indicating the differ-
ence between reporting of prevalence by teachers and par-
ents. In this study, data were collected from both parents 

and teachers. In a study done in Lebanon, data were col-
lected only from teachers, not from parents, which were not 
enough to generate a complete ADHD diagnosis (Richa 
et al., 2014).

The difference between rating by parents and teachers 
can be explained by taking into account the differences 
between the two environments viz. school and home. In 
school, there are specific rules that control students’ behav-
ior. Behavior pattern such as “often leaves seat in classroom 
or in other situations in which remaining seated is expected” 
would be noted more easily in school environment. Behavior 
pattern like “often is forgetful in daily activities” would be 
more noticed at home rather than in school.

The lower rating of ADHD reported by teachers would 
be due to more number of students in classes. Thus, it would 
become difficult to pay attention on behavior pattern of 
individual students. The higher rating of ADHD reported by 
parents may be due to much free behavior of children at 
home. Hence, prevalence reported in this study adds to the 
existing literature for using parents’ and teachers’ scale 
together for ADHD screening.

As ADHD is a classroom impairment, it is important to 
focus on areas such as number of children in the classroom, 
environment of the classroom, and so on. In this study, class 
size shows significant correlation with ADHD predomi-
nantly inattentive type and ADHD combined type rated by 
teachers.

It is important to consider the thin line of demarcation 
between temporal constellation of behavior patterns during 
childhood consisting of shorter attention span, higher activ-
ity level, and the normal range of expectation of such symp-
toms for a child’s age. Hence, the symptoms can be 
considered only when they are present over a longer period 
of time. It may also happen that the symptoms persist not 
only in childhood but also in adulthood, which in turn needs 
to be observed in different environments and by different 
caregivers, that is, parents, teachers, and guardians.

Interpretation of the results should be done in light of 
some methodological limitations such as we used respon-
dent-based rating scales, not clinical interviews. Also, the 
sample is not representative of the country as a whole as it 
includes urban area only.

Conclusion

We estimated 5.76% ADHD prevalence in primary school 
children of Belagavi. We have to consider findings not only 
according to the scores of the rating scale and cutoffs as 
suggested by the literature but also according to level of 
agreement between teachers and parents about presence of 
the symptoms of ADHD in the child. The children need to 
be observed by multiple caregivers in different settings, in 
which they spend maximum time.

Table 8. Distribution of Children Rated as ADHD by Parents 
and Teachers.

ADHD subscale n %

ADHD with agreement 9 5.76
ADHD rated by single respondent 

(partial agreement)
10 6.4

ADHD rated by single respondent and 
the other agrees up to certain extent

3 1.9

Inattention 21 13.36
Hyperactivity/impulsivity 4 2.56
Total 47 30.12

Note. It was found that 5.76% (9) children were rated as ADHD by both 
parents and teachers.
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This study adds to the existing literature by contributing 
data in understudied areas. Screening of children in the 
schools would help in early diagnosis and thus provide 
treatment in a comprehensive manner.
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a b s t r a c t

Background and aims: Menopause is a physiological process in nature and hence, variations in the age of
menopause are not expected. Hence, the study was conducted with an objective to calculate the reliable
estimates of age at menopause for India, and understand the differentials in women’s age at menopause
throughout the country.
Methods: A total of 202 studies of age at menopause, covering the period 2009e2020, were accessed
from PubMed database and Google. Of these only ten studies met the selection criteria for this paper,
which is that the data for these studies must be collected from house-to-house surveys.
Results: The average age at menopause in India, with minimal publication bias, is 46.6 years (95% CI:
44.83, 48.44). In one study slightly above 1.96 Standard Deviation, was observed, as ascertained by
Funnel Plot and Egger’s test. The mean age ranged from a minimum of 44.69 years (95% CI: 35.01, 54.37)
to a maximum of 48.95 (95% CI: 42.29, 55.61) years. Furthermore, the age at menopause did not exhibit
any significant variation by age at menarche, although the association was positive.
Conclusions: The age at menopause showed positive association with age at menarche. In India, during
the period 2009e2020, it was 46.6 years, which significantly lower than the age in some developed
countries. The differences may be methodological since no information was found regarding the dis-
tribution of age at menopause in the studies that were considered for meta-analysis.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Menopause is physiological process which signals the end of the
reproductive phase in the lives of women. The onset of menopause
is associated with varied symptoms like hot flushes, night sweats,
urinary and genital changes, dyspareunia, insomnia, etc. World-
wide, natural menopause occurs between the ages of 45 and 55
years [1]. Presently, the average age of women at menopause is
about 51 years in industrialized countries, whereas in the devel-
oping countries, it ranges from 43 to 49 years [2,3].

Early menopause has been reported to lead to high risk of car-
diovascular diseases, osteoporosis, venereal cancers, and even early
onset of Alzheimer’s disease. Late menopause is associated with
increased risk of breast and endometrial cancers [4]. A woman
living in the rural areas of a developing country, and in disadvan-
taged socio-economic conditions with poor availability of essential
health services, and at a higher altitude is more likely to have
earlier natural menopause than her counterpart living in a

developed country, urban areas, and at a lower altitude [5]. Women
whose menstrual cycle is less than 26 days at the age of 20e35
years are reported to be more likely to reach natural menopause 1.4
years earlier than women with a cycle length of 26e32 days. Late
natural menopause was seen in women with menstrual cycle
lengths of 33 days or longer [6].

Average age at natural menopausal in India varies with region.
In Eastern India, it is 47.3 years; 46.2 years in Western India; 45.5 in
Northern India; 46.1 years in Southern India; and 47.8 years in the
Central parts of India. Significant differences in the average age at
natural menopause, with varying estimates, were observed be-
tween North and East, North and Centre, West and Centre, and
between South and Central India [7e16]. The present study has
been made an attempt to address the gap arising in the absence of
reliable estimates of age at menopause for India, using meta-
analysis.

2. Material and methods

2.1. Literature search

A literature searchwas carried out, using PubMed and Google, to

* Corresponding author.
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identify articles on age atmenopausewith reference to India, which
were published between 2009 and 2020. The key words for search
were ‘age at menopause, and ‘India’. The processes of selecting
studies for this paper, and the number of studies available are
explained in Fig. 1.

2.2. Inclusion and exclusion criteria

A search was carried out for studies conducted using a Cross-
sectional Design, those which covered women aged 40e60 years
from different parts of India during 2009e2019, the average age at
menopause, and which had similar inclusion and exclusion criteria
were considered for meta-analysis. An additional condition was
that the full paper must be published in English language. The
references listed in these articles were accessed through Google.

2.3. Data extraction

Data extracted from each selected study consisted of the au-
thors’ last name(s), year of publication, sample size in each study,
age group(s) of the participants, place of study, mean age at
menopause, Standard Deviation and average age at menarche, and
then analyzed for calculating the mean age at menopause (with
95% Confidence Interval).

2.4. Statistical analysis

Cross sectional studies carried out in different part of India
constituted the study materials. Forest plot was constructed with
data obtained from the cross-sectional studies using STATA-16
Statistical Software for describing the spread of menopause age
calculated in individual studies. The spread was measured around
the weighted pooled age at menopause. The heterogeneity in
menopause age in the studies is described by I2 statistics (I2 less
than 50% indicates low heterogeneity; above 50% indicates high
heterogeneity).

I2¼Q � df
Q

� 100

where, df ¼ K-1 ¼ degrees of freedom of Q-statistic.
and Q - chi-squared statistic

Q ¼
XK
k¼1

�cbk �cbk
�

bs2
k

cbk - Estimated effects, which vary from study to study
sk- Standard Error of estimated effect
cbk e Precision-weighted average of the estimated effects

cbk ¼
PK

k¼1bs�2k
cbkPK

k¼1bs�2k

I2 - Describes the percentage of the variability in effect estimates
i.e., due to heterogeneity rather than chance (or sampling error).

The weighted average age at menopause with 95% Confidence
Interval was computed, along with Funnel Plot and Egger’s test, to
study publication preferences.

3. Results

Out of a total of 202 studies from India, which were filtered from
the database, only ten conformed to the selection criteria for in-
clusion in the study (Fig. 1). The mean age at menopause was
estimated from the datasets retrieved from the ten studies [7e16].

The data for meta-analysis, as shown by year of study in Table 1,
show that, though not expected, age at menopause varies with
geographical area. In addition, Table 2 shows that the age at
menopause is different for different countries. It was the highest in
Japan (50.4 years), followed by Taiwan (50.2 years), Netherland
(50.16 years). Age at menopause was the lowest in Italy (42 year).

Fig. 2 presents the Forest plot for average age at menopause in
India, which reveals the distribution of age at menopause in the ten
studies in this meta-analysis. The pooled mean age at menopause
was 46.64 (95% CI: 44.83, 48.44) years. Furthermore, a nominal
heterogeneity was found among studies with themean age ranging
from 44.69 (95% CI: 35.01, 54.35) years to 48.95 (95% CI: 42.29,
55.61). Sub-group analysis by average age at menarche showed that
the pooled average age at menopause among women with age at
menarche at less than 12.5, 12.5e13.5 and 13.5þ years were 46.13
(95% CI: 43.22, 49.04), 46.59 (95% CI: 43.07, 50.12), and 47.22 (95%
CI: 44.17, 50.28) years respectively, the association of age at
menopause with age at menarche was positive.

Fig. 3 presents evidence of publication bias since the Funnel plot
does not exhibit the expected normality in the estimates of age at

Fig. 1. Flow chart of study selection process for age at menopause, India.
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Table 1
Review of Studies Showing Menopausal Age in Various region of India.

Authors Sample Size Age group Place Mean SD Age at menarche Average age at menarche groups

Dasgupta and Ray, 2009 180 40e60 India 46.15 4.36 13.34 12.5e13.5
Pathak and Parashar, 2010 564 40e60 Punjab, India 47.91 3.16 14.2 13.5þ
Punia et al., 2016 400 40e60 Haryana, India 46.2 1.61 11.95 <12.5
Ahuja, 2016 2048 40e60 India 46.16 4.89 13.09 12.5e13.5
Ganitha et al., 2017 500 40e55 Tamil Nadu, India 45.75 3.83 12.1 <12.5
Patel et al., 2018 100 40e65 Gujarat, India 44.69 4.94 13.86 13.5þ
Avin and chethan, 2016 400 40e60 KARNATAKA, India 45.32 2.79 13.1 12.5e13.5
Singh et al., 2018 232 40e50 Bhopal, India 46.77 3.52 13.56 13.5þ
Shankam et al., 2018 230 48e52 Andhra Pradesh India 48.95 3.4 13.22 12.5e13.5
Sharma, 2019 154 46e59 Arunachal Pradesh, India 47.6 2.29 14.2 13.5þ

Table 2
Review of studies showing menopausal age in various countries other than India.

Authors Sample Size Age (Year) Place Mean SD

Savonitto et al., 2018 [17] 373 50 Italy 42 11.3
Hachul et al., 2016 [18] 426 29e59 Sao Paulo, Brazil 47.5 0.5
van Noord et al., 1997 [19] 4686 24e62 Netherlands 50.16 4.15
Shen et al., 2020 [20] 36,931 55e60 Taiwan 50.2 4.0
Zhang et al., 2020 [21] 15406 18e79 China 48.8 4.7
Delavar and Hajiahmadi, 2011 [22] 740 45e63 Northern Iran 47.8 4.8
Akahoshi et al., 2002 [28] 1136 40þ Japan 50.4 2.8

Fig. 2. Forest plot for average age at menopause in India.
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menopause. Furthermore, there was fluctuation in the spread
which was more on the lower side of the estimates. The reason for
fluctuation in spread may be bias in data collection, statistical
methodology or bias in publication.

4. Discussion

Ahuja (2016) had estimated the mean age at menopause in In-
dia’s regions, which varied between 45.5 years in North India and
47.8 years in the Central parts of India [7]. Menopause is physio-
logical in nature and such variations in the age of menopause are
not expected. For this reason, a systematic review along with meta-
analysis was attempted to arrive at a more accurate estimate of age
at menopause in India. Our analysis also shows that the differences
in age at menopause between developed and developing countries
is wider than expected. This finding may point to the need for
comparable distribution of age of women in the study samples
worldwide. Such an approach will help in arriving at a better un-
derstanding, as well as comparisons, of the age of onset of meno-
pause in women in various countries.

This study applied a random effect model on the assumption
that data used for meta-analysis was obtained from randomly
selected samples in all the studies. The nominal heterogeneity
observed in these studies was due to the nominal physiological
variation in the populations in which the studies were carried out,
as well as the diversity of locations, cultures, and the economic
status of the participants.

The results of this study show that average age at menopause in
India is 46.6-year, which is close to the that in Thailand at 45 years
[23], and 46 years in South Africa [24]. It is less than that in Ghana,
where it is 48 years [25], and 48.6 years in Brazil [26]. However,
from Age at menopause in the developed countries is higher: 51
years in the USA [27], 50.4 in Japan [28] and 49.8 in Taiwan [29]. At
global level, mean age at menopause has been estimated as 50
years [30]. Regional differentials in average age at menopause show
a clear positive association with the socio-economic and infra-
structural development status of the countries.

The average age at menopause in the study was 46.1 years for
women whose age at menarche was less than 12.5 years. It was
higher among at 46.59 years for women whose age at menarche
was 12.5-13.5 years, and 47.22 years for women aged 13.5þ years at
menarche. Thus, there is a positive association of age at menarche
with age at menopause. Singh (2018) had established a similar
association of age at menopause with age at menarche. In an earlier
study, Stanford et al. (1987) had observed the differentials in the
relationship with parity, irregularity of periods, and breastfeeding
practices [13,31]. Other studies showed relationship of age at

menopause with socio-cultural, economic, lifestyle and lifestyle
related diseases, and other health aspects of women during
reproductive period [32e36].

5. Conclusion

Meta-analysis in this study estimated the mean age at meno-
pause for Indian women as 46.64 years with 95% CI (44.83, 48.44)
with minimal evidence of publication bias as evidenced by Funnel
plot and Egger’s test. Age at menopause showed a positive associ-
ation with age at menarche. Hence, to cause out the differentials in
age at menopause and to meet healthcare needs for the women,
further study is required.
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Abstract Dermatofibrosarcoma protuberans is a very rare

tumour that accounts for less than 0.1% of all malignant

neoplasms. It is a locally aggressive tumour with high

recurrence rate. Head and neck involvement is very

uncommon and hence diverse treatment protocols have

been recommended for its management in the currently

available literature. We present a case of dermatofibrosar-

coma protuberans over the lower part of right cheek in a

middle aged male, which was successfully treated with

wide local excision and reconstruction along with post-op

radiotherapy. The patient was followed-up for 18 months

with no recurrence. Prompt and accurate diagnosis along

with multidisciplinary treatment is crucial for optimal

management of this rare tumor. The optimal treatment

option is surgical resection with wide margins along with

adjuvant radiotherapy, which leads to better outcomes even

in patients with positive surgical margins. Larger clinical

trials with Imatinib will firmly establish its chemothera-

peutic role in its management. Lifelong regular follow-up

is essential for early detection of tumor.

Keywords Dermatofibrosarcoma protuberans � DFSP �
Head and neck � Skin neoplasms � Surgery � Radiotherapy

Introduction

Dermatofibrosarcoma protuberans (DFSP) of the head and

neck is a rare cutaneous low grade sarcoma characterized

by high chance of local recurrence and low metastatic

potential. It accounts for less than 0.1% of all malignant

neoplasms and approximately 1% of all soft tissue sarco-

mas. This condition was first described by Darier in 1924.

It commonly involves the trunk (42–72%), extremities

(16–30%) and rarely involves the head and neck (10–16%)

[1].

Case Report

A 40 year old male presented to Head and Neck Oncology

services at our institute with complaints of a painless

swelling over the right lower part of cheek since past three

months. The lesion was insidious in onset and gradually

progressing in size with no history of trauma. On exami-

nation, a single non-tender 6 9 5 cm brownish-red plaque

with irregular surface and margins with subcutaneous

induration was present at the right angle of mandible

(Fig. 1). The biopsy revealed dermatofibrosarcoma protu-

berans. CT scan showed ill-defined minimally enhancing

soft tissue density mass lesion around the right angle of

mandible with ill-defined fat plane between the lesion and

the underlying masseter muscle with no underlying bony

erosion. The patient under underwent wide excision of

lesion with 4–5 cm margin under general anaesthesia. Due

to patient’s financial constraints, the surgical defect was
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reconstructed with a 12 9 10 cm pectoralis major

myocutaneous flap instead of a microvascular free-flap

(Fig. 2). Histopathology revealed spindle shaped cells

arranged in storiform or cartwheel pattern extending just

beneath the skin into the subcutaneous tissue, suggestive of

DFSP (Fig. 3a). On immunohistochemistry, the tumour

cells were positive for CD34 and vimentin and negative for

CD31, SMA and S100 which helped to confirm the diag-

nosis and establish that the excised margins were tumour—

free (Fig. 3b). The patient subsequently received 60 cGy of

radiation. The patient’s recovery period was uneventful and

18 months after treatment, he was symptom-free with no

signs of recurrence (Fig. 4).

Discussion

The exact cause of DFSP is unknown, but in 10–20% of

cases a history of trauma can be elicited. It may also arise

from surgical scars, old burn scars and sites of immu-

nizations [2]. The median age for patients with DFSP is

39–45 years and it is more common in men. The surface of

the lesion usually presents as irregular protuberant swelling

or as a hard indurated plaque usually involving the trunk,

proximal extremities and rarely the head and neck region.

It is slow-growing lesion and may appear violaceous, blue-

red or brown. It is a locally aggressive tumour which rarely

metastasis to lung, bone, and lymph nodes [2]. The dif-

ferential diagnosis of this lesion includes keloid, hyper-

trophic scar, morphea, cutaneous melanoma,

dermatofibroma or basal cell carcinoma [3]. Hence an early

biopsy will help to identify the tumor accurately and pre-

vent misdiagnosis.

Fig. 1 A brownish-red plaque with irregular surface and margins

seen at the right angle of mandible

Fig. 2 Wide local excision with reconstruction with pectoralis major

myocutaneous (PMMC) flap

Fig. 3 a DFSP is characterised by spindle shaped cells arranged in

storiform or cartwheel pattern extending just beneath the skin (H & E

stain, 109). b DFSP showing positivity for CD34 on

immunohistochemistry
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DFSP arises from chromosomal translocation t(17, 22)

(q22, q13). Its histopathology shows a distinct ‘‘cartwheel’’

or ‘‘storiform’’ arrangement of uniform appearing fibrob-

lasts with CD34 ? on immunohistochemistry that helps to

differentiate them from fibrosarcomas and malignant

fibrous histiocytomas [4]. Only 5% are considered to be

high-grade ‘‘fibrosarcomatous DFSP’’ or DFSP-FS which

is often associated with significant risk of both local

recurrence and distant metastasis [5]. The predictors of

poor clinical outcome include age greater than 50 years,

high mitotic index, increased cellularity, DFSP-FS variant

and positive surgical margins.

The American Musculoskeletal Tumor Society (MSTS)

staging system for DFSP takes into account tumour grade

and compartmentalization [6]. Stage IA tumours are low-

grade, intra-compartmental lesions while Stage IB tumours

are low-grade lesions that exhibit extra-compartmental

extension with involvement of underlying fascia or muscle.

German Guidelines for DFSP has also been used for its

staging [7].

Previously, conservative surgical resection (\ 3 cm)

along with classic histologic vertical processing lead to

unacceptably high recurrence rates varying from 26 to 60%

[8]. But with adoption of wide local excision (3–5 cm

margin), the local recurrence rates has dropped to around

20% [9]. Nearly 50% of DFSP recurrences after surgery

have been observed within 1 year and 80% within the first

3 years [9]. The high recurrence rates have been attributed

to various factors that include failure to excise clinically

inapparent projections of the tumour and inability of ver-

tical histologic processing of tissues to pick up asymmetric

outcroppings. The tumour’s benign nature can be mis-

leading to both patient and surgeon alike.

Mohs micrographic procedure enables microscope-as-

sisted complete removal of tumour and is highly effective

in managing smaller DFSP lesions (\ 3 cm) [10]. This

procedure has several disadvantages as it may require

multiple sittings (mean 2.4, range 1–5) to achieve complete

tumour removal and cannot be used for large tumours and

DFSP-FS variant. Besides it requires a highly trained

surgeon.

Radiotherapy serves as an adjuvant in the management

of DFSP in addition to wide local excision, especially if

surgical margins are positive. Conservative resection is

possible with the use of post-operative radiotherapy,

especially where preservation of cosmetic and functional

outcome is of prime importance. The number of patients in

various studies undergoing post-operative radiotherapy is

very small to draw strong conclusions.

The recent understanding in the role of PDGF B – PDGF

R signalling pathway in the pathogenesis of DFSP has lead

to targeted inhibition of PDGFRs with Imatinib [11]. This

is particularly useful in the treatment of patients with

locally advanced lesions and metastatic disease that cannot

achieve complete surgical resection [11].

Patients with tumour recurrence are usually dealt by

salvage wide local excision followed by adjuvant radio-

therapy (dose 40–60 Gy). If the tumour is inoperable, it is

downsized with either pre-operative radiotherapy or Ima-

tinib and then surgical excision is planned.

Since DFSP has high metastatic potential, lifelong fol-

low-up has been recommended. The workup for recurrent

DFSP should include cross-sectional imaging (CT scan or

MRI scan) of tumour, CT scan of chest, PET scan and

tissue biopsy to confirm diagnosis prior to initiation of

therapy.

Conclusion

The optimal treatment option for patients with DFSP is

surgical resection with wide margins. The use of adjuvant

radiotherapy in patients with positive surgical margins and

recurrences improves the likelihood of cure. Horizontal

histologic processing along with use of immunohisto-

chemistry would facilitate better tumor detection at the

periphery. Larger clinical trials with Imatinib will firmly

establish its chemotherapeutic role in the management of

DFSP. Lifelong regular follow-up is essential for early

detection of tumor.

Fig. 4 6 months post-operative photograph showing completely

healed head & neck region
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treatment options in dermatofibrosarcoma protuberans. J Cancer

Res Clin Oncol 135:653–665

2. Taylor HB, Helwig EB (1962) Dermatofibrosarcoma protuberans:

a study of 115 cases. Cancer 15:717–725

3. Elbendary A, Griffin JR, Elston DM, Verma SB (2016) Cellular

dermatofibroma: a hyperkeratotic indurated plaque on the thigh.

Indian Dermatol Online J 7:308–310

4. Haycox CL, Odland PB, Olbricht SM, Piepkorn M (1997)

Immunohistochemical characterisation of dermatofibrosarcoma

protuberans with practical applications for diagnosis and treat-

ment. J Am Acad Dermatol 37:438–444

5. Bowne WB, Antonescu CR, Leung DH, Katz SC, Hawkins WG,

Woodruff JM et al (2000) Dermatofibrosarcoma protuberans: a

clinicopathologic analysis of patients treated and followed at a

single institution. Cancer 88:2711–2720

6. Enneking WF, Spanier SS, Goodman MA (1980) Current con-

cepts review. The surgical staging of musculoskeletal sarcoma.

J Bone Joint Surg Am 62:1027–1030

7. Ugurel S, Kortmann RD, Mohr P, Mentzel T, Garbe C, Bre-

uninger H (2008) Short German guidelines: dermatofibrosarcoma

protuberans. J Dtsch Dermatol Ges 6(Suppl 1):S17–S18

8. Stojadinovic A, Karpoff HM, Antonescu CR, Shah JP, Singh B,

Spiro RH et al (2000) Dermatofibrosarcoma protuberans of the

head and neck. Ann Surg Oncol 7:696–704

9. Ratner D (2003) Dermatofibrosarcoma protuberans: surgical

treatment options. Skinmed 2:121–122

10. Snow SN, Gordon EM, Larson PO, Bagheri MM, Bentz ML,

Sable DB (2004) Dermatofibrosarcoma protuberans: a report on

29 patients treated by Mohs micrographic surgery with long-term

follow-up and review of the literature. Cancer 101:28–38

11. McArthur GA, Demetri GD, van Oosterom A, Heinrich MC,

Debiec-Rychter M, Corless CL et al (2005) Molecular and clin-

ical analysis of locally advanced dermatofibrosarcoma protuber-

ans treated with imatinib: Imatinib Target Exploration

Consortium Study B2225. J Clin Oncol 23:866–873

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

123

Indian J Otolaryngol Head Neck Surg



See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/350050185

Burden of increased blood glucose due to modifiable risk factors among men

in India

Article  in  Diabetes and Metabolic Syndrome Clinical Research and Reviews · March 2021

DOI: 10.1016/j.dsx.2021.03.007

CITATIONS

0
READS

71

3 authors:

Some of the authors of this publication are also working on these related projects:

Public Health View project

Public Health View project

Rajeshwari Biradar

KLE University

25 PUBLICATIONS   37 CITATIONS   

SEE PROFILE

Dharmendra Pratap Singh

Tata Institute of Social Sciences

27 PUBLICATIONS   43 CITATIONS   

SEE PROFILE

Jang Bahadur Prasad

KLE University

41 PUBLICATIONS   70 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Dharmendra Pratap Singh on 19 April 2021.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/350050185_Burden_of_increased_blood_glucose_due_to_modifiable_risk_factors_among_men_in_India?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/350050185_Burden_of_increased_blood_glucose_due_to_modifiable_risk_factors_among_men_in_India?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Public-Health-121?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Public-Health-122?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rajeshwari-Biradar?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rajeshwari-Biradar?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/KLE_University?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rajeshwari-Biradar?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dharmendra-Singh-39?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dharmendra-Singh-39?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Tata-Institute-of-Social-Sciences?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dharmendra-Singh-39?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jang-Bahadur-Prasad?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jang-Bahadur-Prasad?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/KLE_University?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jang-Bahadur-Prasad?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Dharmendra-Singh-39?enrichId=rgreq-6b748bc0538df070eab2f2ad85117f8a-XXX&enrichSource=Y292ZXJQYWdlOzM1MDA1MDE4NTtBUzoxMDE0Mjc3NTMyMDUzNTA0QDE2MTg4MzQwMTY2MjY%3D&el=1_x_10&_esc=publicationCoverPdf


Burden of increased blood glucose due to modifiable risk factors
among men in India

Rajeshwari A. Biradar a, *, Dharmendra P. Singh b, Jang Bahadur Prasad c

a School of Development Studies, Tata Institute of Social Sciences, Mumbai, India
b School of Research Methodology, Tata Institute of Social Sciences, Mumbai, India
c Department of Epidemiology and Biostatistics, KLE University, Belgaum, 590010, Karnataka, India

a r t i c l e i n f o

Article history:
Received 6 February 2021
Received in revised form
4 March 2021
Accepted 7 March 2021

Keywords:
Epidemiology
Non-communicable diseases
Obesity
Men in India

a b s t r a c t

Background and aims: Worldwide, many diabetes cases are occurring mainly due to lifestyle risk factors.
Hence, to quantify and compare the attributable burden of key modifiable risk factors associated with
increased Blood Glucose (BG) among Indian states and districts.
Methods: The study used the National Family Health Survey (2015e16) data to estimate Population
Attributable Risk (PAR) for increased BG (>140 mg/dl) among men aged 15e54 years in 640 districts of
36 States/Union Territories (UTs), India. We have considered three key modifiable factors such as high
Body Mass Index (BMI), use of tobacco and alcohol. Population Attributable Risk techniques were
employed to address the attributable burden of increased blood glucose due to modifiable risk factors.
Results: Substantial variations were found in the burden of increased BG due to high BMI, alcohol and
tobacco use in India. The overall burden of increased BG due to high BMI, tobacco and alcohol in India
was 28.5%, 2.1% and 6.4%, respectively. Regional variations in BG were found in high BMI, tobacco and
alcohol consumption groups. The high burden of increased BG related to the above key modifiable risk
factors mostly seen in North-Eastern’ districts due to alcohol, Southern and Northern’ districts was due to
high BMI. However, the higher burden due to tobacco was reported in Central, Eastern and North-
Eastern’ districts.
Conclusion: Three modifiable risk factors are contributing significantly to increased BG among men.
Since there are regional differences in their contributions, state/district, specific targeted interventions
may be necessary to control increased BG among men in India.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Globally, estimates have shown that there will be 642 million
diabetes cases by 2040, while 415 million people are living with
diabetes in 2015 [1]. People with type two diabetes are increasing
in every country, but more than 80% live in low and middle
eincome countries such as India, Bangladesh, Bhutan, Pakistan, Sri
Lanka, Philippines and Indonesia [1]. Among the top 10 countries in
the world, India stands second with 69.2 million people with dia-
betes and another 36.5 million with prediabetes which is a high-
risk condition for diabetes [1]. This increasing incidence is mainly
attributed to lifestyle changes, eating unhealthy food and being

physically inactive. The South Asian and Pacific region is facing a
high risk with the prevalence of diabetes. There are reported dif-
ferences in the characteristics of diabetes in Asian populations [2].
In India, diabetes became one of the largest global health chal-
lenges. The number of people living with diabetes (Type 1 and 2)
increasing every day, which is causing a severe economic burden to
the patients and to the society at large. Among the two types, Type
2 diabetes, being more prevalent and contributes significantly to
the increasing trend [1].

It is generally believed that an energy-dense Western-style diet
in conjunction with a sedentary lifestyle is the primary cause of
diabetes [3]. These two factors are also held responsible for the
current global epidemic of obesity, which is closely associated with
the rising rate of diabetes [4]. An earlier analysis showed high body
mass index (BMI) appears to contribute less to an increased risk of
diabetes than the presence of increased visceral obesity [5] and/or
ectopic fat (liver fat) [6e8]. Interestingly, a substantial age-
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corrected rise of diabetes cases in recent decades was also seen in
countries with nomajor change in the availability of food, such as in
Western Europe [9]. This suggests that additional lifestyle factors
contributed to the increased risk of diabetes. A recent study con-
ducted in India has shown that though the diabetes prevalence
among aged 15e49 years old in India is 6.9% and only for men, it is
8% [10]. A recent study revealed higher blood glucose prevalence
among obese men compared to obese women in Kerala state [11].

The health risks of alcohol intake seem to be dose-dependent.
There is now consistent epidemiological data that moderate
alcohol consumption (1e2 drinks per day) may reduce the risk of
developing diabetes by a mean maximum of approximately 20%,
but possibly only in women and not in Asian populations [12,13].
However, an Indian rural community-based cross-sectional study
has shown a higher prevalence of abnormal glucose tolerance was
reported among alcohol consumers as compared to non-alcohol
consumers [14].

The review of the literature revealed a positive association be-
tween smoking and diabetes [15e17]. Smoking rates were 2e3
times higher among person with diabetes of American Indians and
Alaska Natives [16]. A total of 290 incident cases of diabetes were
found in 7,124 men with no history of diabetes; cigarette smoking
was associated with a significant increase in the risk of diabetes,
even after adjustment for age, BMI, and other potential con-
founders. The risk of diabetes in those who switched from smoking
cigarettes to pipe or cigars also equally risky. Nicotine is the major
pharmacologically active chemical in tobacco, has been found to be
responsible for the association between cigarette smoking and the
development of diabetes [17,18]. Exposure to cigarette smoke, both
passively and actively has been found to be associated with an
increased risk of type 2 diabetes when compared to non-smokers
[19].

Most of the studies conducted in India have observed an asso-
ciation between high BMI, alcohol and tobacco consumption use
and diabetes, but these studies are based on facility data, small
scale, restricted to smaller geographical areas, limited in scope and
methodologically not sound. Though there are regional and district
level variations in diabetes prevalence in India, we have not come
across any spatial analysis of assessing the burden of modifiable
risk factors on diabetes inmen. This could be because until recently,
there was no nationally, regionally, and district level representative
data set in India for this purpose. Fortunately, the recent round of
the National Family Health Survey (NFHS-4) provides a unique
opportunity to study the prevalence of increased blood glucose
among men aged 15e54 at the district and state levels. Hence, the
purpose of this study is to use this large-scale data set (NFHS-4) to
examine the prevalence of increased blood glucose and its burden
due to modifiable risk factors among men at the district and state
levels in India.

2. Data and methods

The study used NFHS-4 data, which is the Indian Demographic
Health Survey, led under the stewardship of the Ministry of Health
and Family Welfare (MoHFW), Government of India, and coordi-
nated by the International Institute for Population Sciences (IIPS),
Mumbai, India. The NFHS-4 survey has adopted a multistage
stratified sampling to provide various demographics and popula-
tion health outcome indicators for all 640 districts and 35 states
and Union Territories (UTs) as per the 2011 Indian Census classifi-
cation. For the first time in India, NFHS-4 collected blood glucose
and hypertension measurements. It contains information on
699,686 women of 15e49 years and 112,122men of 15e54 years on
health and family welfare to provide estimates of essential in-
dicators. For this study, we focused on men sample of 112,122 to

study the seriousness of increased blood glucose burden due to its
associated risk factors in 640 Indian districts of 36 states/UTs.

2.1. Variables’ descriptions

2.1.1. Outcome variables
NFHS-4 collected random blood glucose using a finger-stick

blood specimen in 15e54 years’ age men using a freestyle opti-
mum glucometer. Based on random glucose levels, NFHS-4 classi-
fied the adult men aged 15e54 years as ‘high’ (141e160 mg/dl) and
‘very high’ (>160 mg/dl) blood glucose levels. However, based on
the Indian population data Somannavar et al. (2009) defined the
random cut-off glucose and found that the 2-h plasma glucose
>200 mg/dl (11.1 mmol/l) criterion is equivalent to the random
capillary blood glucose cut-off point of 140 mg/dl (7.7 mmol/l)
[20,21]. Similarly, others also defined a random glucose level of
>140 mg/dl as above normal and in this study, we too follow this
definition as increased blood glucose level [10].

2.1.2. Explanatory variables
Among the key modifiable risk factors included for the analysis

are, tobacco consumption (Yes (smoke cigarettes, smoke pipe, use
chewing tobacco, use snuff, smokes cigars, gutakha pan masala
with tobacco, pan with tobacco, smoke others), No), and alcohol
consumption (Yes, No). As diet and physical activities are major
modifiable risk factors, therefore we have used proxy indicator of
Body Mass Index (BMI). We defined individuals having a BMI less
than 18.0e22.9 kg/m2 are considered to be ‘Normal’. BMI ranging
between 23.0 and 24.9 kg/m2 and BMI �25 kg/m2 as ‘Obesity [22].
For analysis purposes we defined ‘high BMI” those who have a BMI
�23 kg/m2.

2.2. Statistical analysis

We analysed data in IBM Statistical Package for the Social Sci-
ences (SPSS) version-25 and GeoDa 1.14. We employed the popu-
lation attributable risk (PAR) method. Population attributable risk
(PAR) is a useful method of quantifying the burden of a specific risk
factor, and takes into account both the strength of the association
between the risk factor and the wider population health [23]. In
this study, we have used PAR method to assess the burden of
modifiable risk factors on increased blood glucose among men in
India.

3. Results

3.1. Geographical variations in increased blood glucose

3.1.1. State wise
Table 1 shows considerable variation of increased BG among

states/UTs in India. For instance, among the states, the highest
prevalence of increased BG was reported in Kerala (14.2%) followed
by Goa (14.0%). Similarly, other higher increased blood glucose
states were West Bengal (11.8%), Odisha (11.7%), and Andhra Pra-
desh (11.4%). The lowest prevalence was seen in the states of
Rajasthan (6.2%) and Haryana (6.3%). Among the UTs, Andaman &
Nicobar Islands and Lakshadweep have much higher prevalence of
blood glucose levels,17.1% and 16.2% respectively.

3.1.2. District wise
Fig. 1 indicates district-level geographical variation in the

prevalence among men in 640 districts of India. During 2015e16,
254 of 640 districts in India reported 9% and higher prevalence of
increased blood glucose. These districts were spread across Indian
states. The other 86 districts have shown 8e9% of the adult men
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suffered from increased blood glucose prevalence. On the other
hand, 45 districts reported less than 4% prevalence, and these dis-
tricts are mostly from other than the central and south region of
India.

3.2. Geographical variations in modifiable risk factors

3.2.1. State wise
We have presented the geographical variations in the preva-

lence of alcohol, tobacco consumption and “high BMI” in Table 1.
The overall, prevalence of alcohol consumption, high BMI and to-
bacco use among aged 15e54 men was 29.5%, 35.5% and 31.6%
respectively. The highest percentage of alcohol consumption was
seen in Arunachal Pradesh (59.0%), followed by Tripura (56.8%) and
Telangana (54.6%). On the other hand, a higher percentage of high
BMI (overweight/obese) among men were observed in Sikkim
(61.9%), Kerala (55.4%) and Punjab (52.6%). Similarly, Mizoram
(78.6%) state was the highest tobacco user among all the states
followed byManipur (65.1%), Nagaland (60.1%) and Tripura (48.4%).

3.2.2. District wise
District-level geographical variations in the high BMI, use of

tobacco and alcohol prevalence among 640 districts are presented
in Figs. 2e4. It is observed substantial disparities in high BMI, use of
tobacco and alcohol prevalence among 640 districts. Fig. 2 shows
prevalence of high BMI was more than 50% in the 79 districts. There
are 119 districts have shown 40e50% of high BMI prevalence.

Fig. 3 indicates that 16% of the districts out of 640 have shown
�50% of the tobacco use. In addition, �70% of the tobacco preva-
lence was seen in 19 districts, and these districts mostly concen-
trated in Tripura, Mizoram andManipur from North-east regions of
India. The districts with 60e70% of the tobacco prevalence were
seen in North-Eastern, Central, Eastern and Western regions of
India. About 112 districts reported <20% of tobacco prevalence in
the Southern and Northern region of India. Fig. 4 has shown, 31
districts had �60% of the alcohol prevalence, and these districts are
from North Eastern and border districts of Central, Western and
Southern region of India. Moreover, there are 103 districts in India
have 45e60% of alcohol prevalence. The higher prevalence of
alcohol usage was seen mostly in districts of Arunachal Pradesh
from North-Eastern regions of India.

3.3. Geographical variations of increased blood glucose due to
modifiable risk factors

3.3.1. State wise
We have presented for India and its state-wise burden of

Table 1
Prevalence of increased Blood Glucose (BG), alcohol, high Body Mass Index (BMI)
and tobacco use among men in India and its states/union territories, 2015e16.

Increased BG Alcohol High BMI* Tobacco

Andaman & Nicobar Islands 17.1 50.5 59.9 60.5
Andhra Pradesh 11.4 35.2 48.5 20.0
Arunachal Pradesh 8.4 59.4 42.2 48.3
Assam 7.6 36.0 27.8 45.7
Bihar 7.4 29.2 25.8 28.2
Chandigarh 8.1 39.4 53.6 15.5
Chhattisgarh 10.1 53.4 23.0 46.0
Dadra & Nagar Haveli 10.7 34.2 39.0 33.2
Daman & Diu 9.4 35.8 48.8 31.2
Goa 14.0 44.3 54.3 18.5
Gujarat 8.4 11.0 36.0 44.3
Haryana 6.3 25.0 44.0 12.2
Himachal Pradesh 7.5 41.2 38.7 26.9
Jammu & Kashmir 6.9 11.1 40.3 31.7
Jharkhand 8.3 39.5 23.7 23.1
Karnataka 9.2 29.5 40.5 29.3
Kerala 14.2 37.4 55.4 25.0
Lakshadweep 16.2 4.9 50.1 26.7
Madhya Pradesh 7.3 29.6 22.6 44.4
Maharashtra 6.6 20.8 41.2 28.1
Manipur 10.1 52.8 39.5 65.1
Meghalaya 7.2 44.9 25.7 51.6
Mizoram 10.9 49.2 41.4 78.6
Nagaland 10.1 37.7 30.6 60.1
Delhi 11.0 25.2 45.6 18.7
Odisha 11.7 39.5 32.6 46.3
Puducherry 9.3 41.2 57.8 10.6
Punjab 7.1 35.0 52.6 11.9
Rajasthan 6.2 15.9 29.7 28.3
Sikkim 9.5 51.4 61.9 29.2
Tamil Nadu 11.0 47.2 49.4 22.4
Tripura 9.6 56.8 34.7 48.4
Uttar Pradesh 7.8 22.3 25.4 38.5
Uttarakhand 9.8 36.1 35.6 26.2
West Bengal 11.8 28.2 30.2 32.7
Telangana 7.6 54.6 38.4 21.0
Total 8.8 29.5 35.5 31.6

Note: *BMI 23 or above kg/m.2.

Fig. 1. Prevalence of increased Blood Glucose among aged 15e54 men across the In-
dian districts, 2015e16.

Fig. 2. Prevalence of High BMI among aged 15e54 men across the Indian districts,
2015e16.
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increased blood glucose due to tobacco, alcohol and high BMI in
Figs. 5e8. At the national level, 28.5% of the blood glucose related to
high BMI among 15e54 agedmen. On the other hand, in India, 6.4%
and 2.1% of the burden attributed to alcohol and tobacco use (Fig. 5).
Among all states, the higher (55.1%) burden was attributed to high
BMI in Andhra Pradesh compared to other states. There are 16
states/UTs have shown the high BMI related burden above the
national average of 28.5.0% such as Andhra Pradesh (55.1%), Daman
& Diu (49.0%), Telangana (46.0%), Karnataka (45.0%), Madhya Pra-
desh (42.9%), Goa (41.6%), Himachal Pradesh (40.2%), West Bengal
and Tamil Nadu (38.3%), Manipur (37.1%), Punjab (35.4%), Kerala
(34.7%), Haryana (31.4%), Nagaland (31.3%), Sikkim (30.6%) and
Utter Pradesh (29.8%) (Fig. 6). Similarly, the higher burden related
to alcohol usewas observed in Andhra Pradesh (24.2%) compared to
others states and followed by Manipur (17.5%) and Sikkim (12.3%)
(Fig. 7). State-wise results indicate that higher tobacco usages
related to the burden reported in Telangana state (13%) compared
to others states followed by Jammu & Kashmir (9.8%) and Chhat-
tisgarh (8.5%) (Fig. 8).

3.3.2. District wise
Districts level variations of burden of increased blood glucose

due to key modifiable risk factors are presented in Figs. 9e11.

Fig. 3. Prevalence of tobacco use among aged 15e54 men across the Indian districts,
2015e16.

Fig. 4. Prevalence of alcohol use among aged 15e54 men across the Indian districts,
2015e16.

Fig. 5. Burden of increased Blood Glucose among alcohol consumption group, High Body Mass Index group, and Tobacco consumption group in India.

Fig. 6. Burden of increased Blood Glucose in High Body Mass Index group in States/
Union Territories, India.
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Among 640 districts, nearly 60e74% of the burdenwas attributed to
alcohol use in 10 districts (Fig. 9) namely Cachar and Tinsukia in
Assam, Chikmagalur in Karnataka, Tirap and Lower Dibang Valley
in Arunachal Pradesh, South District in Sikkim, Baran in Rajasthan,
Palamu and Pakur in Jharkhand and Lakhisarai in Bihar.

In India, out of 640 districts 316 districts have shown more than
25% of the increased GB burden due to high BMI. More than 50% of
the increased blood glucose cases were found due to exposure of
high BMI in 101 districts (Fig. 10). Highest increased blood glucose
due to exposure of high BMI was found Banda in Uttar Pradesh
(84.5%), Fatehgarh Sahib in Punjab (84.3%), Bijapur in Karnataka
(83.8%) and West Godavari in Andhra Pradesh (81.9%) districts in
India.

The burden increased blood glucose due to tobacco use pre-
sented in Fig. 11. It shows that about 61e76% of the burden reported
due to exposure to tobacco use in 14 districts namely, Ashoknagar,
Harda, in Madhya Pradesh, Nagaon, Dima Hasao, Nalbari in Assam,
Warangal in Telangana, Saiha in Mizoram, Hamirpur in Himachal
Pradesh, Jehanabad and Gopalganj in Bihar, Etah in Uttar Pradesh,

Baramula in Jammu& Kashmir, Diu in Daman&Diu, Mayurbhanj in
Odisha.

4. Discussion

An estimated 36 million deaths occurred globally in 2008 due to
non-communicable diseases and 3.5% deaths account for diabetes.
Major non-communicable diseases occur due to four behavioural
risk factors such as tobacco use, unhealthy diet, physical inactivity
and harmful use of alcohol. In this study due to unavailability of
unhealthy diet, physical inactivity data we have used proxy indi-
cator of high BMI information, tobacco and alcohol consumption
are considered to account for the actual effect on increased blood
glucose among men aged 15e54 year. Although morbidity and
mortality from non-communicable diseases mainly occur in
adulthood, exposure to risk factors begins early in life [24e26]. The
increase in the prevalence of the modifiable risk factors might be
due to economic development especially in the era of globalization

Fig. 7. Burden of increased Blood Glucose in Alcohol use group in States/Union Ter-
ritories, India.

Fig. 8. Burden of increased Blood Glucose in Tobacco use group in States/Union Ter-
ritories, India.

Fig. 9. Burden of increased Blood Glucose in Alcohol use group among men in 640
districts of India.

Fig. 10. Burden of increased Blood Glucose in High Body Mass Index group among men
in 640 Districts of India.
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that has followed by rapid changes in lifestyle and an increase in life
expectancy [10,27e30]. This in turn might have exacerbated
throughout India the rise of increased blood glucose leading to
higher diabetes prevalence [10]. Similarly, other studies conducted
in India have shown increased blood glucose was higher among all
the age groups in men compared to women in Kerala [11].

This study also found that there are large geographical varia-
tions in increased blood glucose level among men in India. Highest
increased blood glucose level was reported among aged 15e54
men in Kerala compared to men in other states. A recent study also
found Kerala was one of the highest diabetes prevalence states
among the Indian states [10]. This study also found that variations
in increased blood glucose level among men of 15e54 ages in the
640 districts. During 2015e16, almost every 3rd district (254 of 640
districts) in India reported �9% increased blood glucose than the
national average among men. Similarly, a recent study in India has
shown that for both the sexes, nearly every 4th district (170 of 640
districts) has shown higher diabetes prevalence of 8% [31]. The
study also has shown that the prevalence of diabetes was higher
among men than women in the Southern and Eastern regions of
India, and lower prevalence was seen in the Northern and Western
regions [32]. In contrast, our findings have shown, not all the south
Indian states have higher increased blood glucose prevalence; for
instance, West Bengal (11.8%) and Odisha (11.7%) have got the
higher prevalence than the Telangana (7.6), Andhra Pradesh (11.4%)
and Karnataka (9.2%). A recent study in India has shown that high
diabetes prevalence districts for both the sexes mostly in South
India [10]. However, our findings revealed that higher increased
blood glucose prevalence districts are scattered across India.

According to the literature, lifestyle is the primary cause of
diabetes occurring worldwide [24,25,33]. This study has shown
highest prevalence of harmful use of tobacco is in north east states
followed by some from norther and southern states of India. The
government of India has recognized the harmful impact of tobacco
use on health. Therefore, Government of India launched the Na-
tional Tobacco Control Programme (NTCP) in the year 2007e08
during the 11th Five-Year-Plan with several aims and was imple-
mented in 21 states covering 42 districts [34]. NTCP’s one of the
aims was to create awareness about the harmful effects of tobacco
consumption on NCDs [34]. As per 12th Five-Year-Plan 8.1 million
tobacco users reduced from Global Adult Tobacco Survey (GATS)

round first to GATS round Second [35].
In 2013, Government of India has recognized ‘alcohol’ as major

agenda item in the National Framework for Monitoring the Pre-
vention and Central of NCDs and approved a specific target of 10%
relative reduction in alcohol use [36]. In order to better deploy the
resources to control important key modifiable risk factors, the re-
sults of our study revealing geographical variations among 640
districts and 36 states/UTs in India can be useful. For instance, states
level results have shown that the highest percentage of alcohol use
was in Arunachal Pradesh, followed by Tripura and Telangana. The
highest use of tobacco was seen in Mizoram, followed by Manipur,
Nagaland and Tripura. Similarly, high BMI (overweight/obese) was
observed in Sikkim, Goa and Andhra Pradesh. The district’s results
have shown large heterogeneity within states for the high preva-
lence of high BMI, high consumption of alcohol and tobacco, and
can be useful for targeted interventions.

Interventions up to District level and below have been inte-
grated under the National Health Mission and funds provided
through NCD Flexi pool. While State NCD Cells are functional in 21
states, district NCD Cells are functional in 96 districts. An average of
6.15% was found suspected to be with increased blood glucose
(above 140 mg/dl, random) among NCD clinic attendees [32]. Some
of the studied indicated that it seems NCDs cell are not functioning
effectively due to lack of the human resources and lack of training
[37,38]. For instance, a study found that only 69% of ANMs had
received training for NPCDCS, and the necessary equipment and
IEC/health education materials were not available at all sub-centres
for conducting NCD camps [37]. Under these circumstances, our
study findings can be very useful to the government of India for
prioritizing districts according to the levels of risk and deploying
resources to implement interventions in high priority districts
where the risk is higher.

5. Conclusion

With the increasing burden of diabetes in India, the government
has launched an ambitious plan as part of National Health Mission
to screen all the high-risk areas such as schools, urban slums and
workplaces. Moreover, the planning is done both at the state and
district levels for conducting camps and distributing IEC materials
to control the NCDs. But the implementation is running into
problems due to lack of resources. Under these circumstances, our
study provides evidences to focus on controlling modifiable risk
factors according to their contribution for increased blood glucose
levels among men by states and districts. This is especially useful
because of limited resources, and policy makers can develop tar-
geted interventions at district level so that program managers can
deploy resources more effectively.

Moreover, the modifiable risk factors such as alcohol and to-
bacco consumption are serious issues among men. Hence, gov-
ernment programs should focus awareness on harmful use of
alcohol and tobacco and promote diet and physical activity to
control the increasing blood glucose level in men.

Limitations of the study

The current examination has documented the prevalence of
increased blood glucose level among 15e54 men in India. For the
non-availability of data for same age groups for women, the study
could not include women. Similarly, non-availability of diet and
physical activity data we have used the proxy indicator of BMI.
Hance, results should be interpreted accordingly.

Fig. 11. Burden of increased Blood Glucose in Tobacco use group among men in 640
Districts of India.
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Abstract

Genetic disorders with predominant central nervous system white matter abnormali-

ties (CNS WMAs), also called leukodystrophies, are heterogeneous entities. We

ascertained 117 individuals with CNS WMAs from 104 unrelated families. Targeted

genetic testing was carried out in 16 families and 13 of them received a diagnosis.
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Chromosomal microarray (CMA) was performed for three families and one received a

diagnosis. Mendeliome sequencing was used for testing 11 families and all received a

diagnosis. Whole exome sequencing (WES) was performed in 80 families and was

diagnostic in 52 (65%). Singleton WES was diagnostic for 50/75 (66.67%) families.

Overall, genetic diagnoses were obtained in 77 families (74.03%). Twenty-two of

47 distinct disorders observed in this cohort have not been reported in Indian individ-

uals previously. Notably, disorders of nuclear mitochondrial pathology were most fre-

quent (9 disorders in 20 families). Thirty-seven of 75 (49.33%) disease-causing variants

are novel. To sum up, the present cohort describes the phenotypic and genotypic spec-

trum of genetic disorders with CNS WMAs in our population. It demonstrates WES,

especially singleton WES, as an efficient tool in the diagnosis of these heterogeneous

entities. It also highlights possible founder events and recurrent disease-causing variants

in our population and their implications on the testing strategy.

K E YWORD S

leukoencephalopathy, next generation sequencing, white matter disease, whole exome
sequencing

1 | INTRODUCTION

Disorders with predominant central nervous system white matter abnor-

malities (CNS WMAs), also called leukodystrophies (LD), are a large group

of heterogeneous disorders.1–5 Traditionally, all genetic disorders with

CNS WMAs were referred to as leukodystrophies. The Global Leukodys-

trophy Initiative (GLIA)6 grouped these disorders into leukodystrophies

(LDs) and genetic leukoencephalopathies. As per this classification, LDs

included disorders with primary glial cell and myelin sheath pathology of

genetic aetiology. Genetic leukoencephalopathies were defined as genetic

disorders with significant CNS WMAs but did not meet the inclusion

criteria of leukodystrophy. Another classification centred on pathological

changes and pathogenetic mechanisms7 focuses on primary involvement

of any white matter component viz. myelin, oligodendrocytes, astrocytes,

microglia, axons, and blood vessels. However, in absence of neuropatho-

logical and pathomechanism evidence for several disorders, the concept

of primary/true white matter involvement remains uncertain. Thus, the

experts have now brought all genetic disorders with CNS WMAs under

the umbrella term of leukodystrophies, irrespective of structural, cellular,

molecular involvement associated with these disorders.4

Owing to extreme heterogeneity, the clinical findings of these disorders

is very variable.3 Most disorders have paediatric onset, and few disorders

manifest in adulthood. Clinically, they may present with neuroregression

after an initial period of normal development or global developmental delay.

Seizures, tone abnormalities (hypotonia progressing to hypertonia and spas-

ticity) and cerebellar signs are other commonly noted neurological features.

A handful of these disorders may be diagnosed clinically with the aid of

extra-neurological clinical features including dental, endocrine, ophthalmo-

logic findings. Radiologically, these disorders can be categorised into hypo/

delayed myelination and other white matter abnormalities including

de/dysmyelinating changes, cysts and calcifications.

Most of the disorders with CNS WMAs are of monogenic

aetiology. A small proportion of disorders have underlying chromo-

somal abnormalities, microdeletions/duplications and pathogenic vari-

ants in mitochondrial genome.3 Though some of these disorders can

be diagnosed clinically, majority present with heterogeneous and

overlapping clinical features. Initially, diagnosis was achieved through

detailed clinical evaluation, neuropathological and metabolic investiga-

tions.2 Thereafter, white matter abnormalities pattern recognition on

magnetic resonance imaging (MRI) brain emerged as a more robust

diagnostic aid. Considering the heterogeneous monogenic aetiology,

currently next generation sequencing (NGS) based genomic testing,

especially whole exome sequencing (WES), has become a rapid and

efficient tool for diagnosis for disorders with CNS WMAs.5

The wide availability of WES has made molecular diagnosis of sin-

gle gene disorders much more equitable across most population

groups globally especially with the increasing availability of datasets

of population specific genomic variants from diverse populations.8

Systematic phenotypic and genomic studies for heterogeneous disor-

ders from underrepresented populations are likely to inform the prev-

alence, clinical and genomic spectrum, efficiency and yield of tests,

thus reducing the global disparities. Previously, cohorts of individuals

with disorders with CNS WMAs have been reported from different

populations.5,9–19 We hereby report on the phenotypic and genotypic

spectrum of individuals with CNS WMAs from India.

2 | METHODS

The cohort includes individuals with CNS WMAs who underwent

genetic/genomic testing at the Department of Medical Genetics,

Kasturba Medical College and Hospital, Manipal (KMC Manipal) from
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June 2015 to December 2020. These individuals were evaluated at

KMC Manipal and 19 other centres across India (Supplementary data).

Families were counselled for genetic testing and participation in the

research studies. The protocols were approved by the institutional

ethics committee at Kasturba Medical College, Manipal, India as per

the declaration of Helsinki. An informed consent was obtained from

all participants. Genetic testing included targeted genetic testing and

broad-spectrum genomic testing. Targeted genetic testing consisted

of Sanger sequencing of exonic and flanking intronic regions of dis-

ease associated genes, Sanger sequencing of probable founder vari-

ants, multiplex ligation-dependent probe amplification and gap-PCR.

Genomic tests employed for testing included WES, Mendeliome

sequencing and chromosomal microarray (CMA). CMA was performed

using the Affymetrix CytoScan™ 750 K array (Thermo Fisher Scientific,

Inc.; Waltham, MA). Resulting data was analysed using Chromosome Anal-

ysis Suite (ChAS) v.4.2.1. WES and Mendeliome sequencing were per-

formed using multiple sequencing platforms from Illumina Inc. USA to

generate 100–150 bp paired-end reads (Table S1). Details of downstream

WES data processing including capture kits, data processing and annota-

tion using the established in-house pipeline is provided in Supplementary

information (Supplementary materials and Methods). Customised bespoke

perl scripts were used to generate allele frequencies from in-house WES

data. These counts were integrated when the in-house WES cohort

consisted of nearly 200 exomes which later increased to 1455 exomes.

Allele frequencies, homozygous and heterozygous counts were also taken

from gnomAD v.2 data and integrated in the pipeline. Sample VCF files

were annotated against these allele frequencies, homozygous and hetero-

zygous counts. Genomic variants were filtered based on in-house and

gnomAD allele frequencies and prioritised based on predicted in silico

scores and concordance with the phenotype observed in affected

individuals.

Region of homozygosity (ROH) analysis was performed in individuals

with homozygous disease-causing variants to determine whether these

variants were present within an ROH. Also, the WES/Mendeliome data

of individuals with recurrent variants was manually examined to identify

identical haplotype for a possibility of a founder event. Copy number var-

iant analysis was performed for all individuals with no SNV (Single Nucle-

otide Variant) of clinical significance upon WES data analysis. Detailed

methodology of CNV (Copy Number Variant) calling, ROH mapping and

analysis is described in Supplementary section.

3 | RESULTS

We ascertained 135 individuals with predominant CNS WMAs from

120 families between June 2015 and December 2020. Of these,

F IGURE 1 Gender distribution (A) proportion of consanguinity (B) proportion of novel and known variants (C) genetic testing performed and
diagnostic yield (D) homozygous variants in consanguineous and non-consanguineous families observed in the present cohort. CMA-
chromosomal microarray, WES- Whole exome sequencing [Colour figure can be viewed at wileyonlinelibrary.com]
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TABLE 1 Spectrum of monogenic disorders with CNS WMAs observed in the cohort (n = 46)

Pathogenesis Disorder (MIM#; Gene)

Myelin protein defect (n = 1) Pelizaeus -Merzbacher disease (312 080; PLP1)a

Subcellular organelle dysfunction (14) Mitochondrial dysfunction (n = 9) Perrault syndrome 3 (614 129; CLPP), Leukodystrophy,

hypomyelinating, 18, (618 404; DEGS1), Multiple mitochondrial

Dysfunctional syndrome 5 (617 613; ISCA1)a, Mitochondrial

complex I deficiency (252 010; NDUFV1, NDUFV2)a, Pyruvate-

dehydrogenase E1-alpha deficiency, (312 170; PDHA1)a,

Thiamine metabolism dysfunction syndrome 2 (biotin- or

thiamine-responsive encephalopathy type 2) (607 483;

SLC19A3)a, Mitochondrial DNA depletion syndrome 5

(encephalomyopathic with or without methylmalonic aciduria)

(612 073; SUCLA2). Leigh syndrome, due to COX IV deficiency

(256 000; SURF1)a, Mitochondrial DNA depletion syndrome 1

(MNGIE type) (603 041; TYMP)a

Lysosomal dysfunction (n = 5) Metachromatic leukodystrophy (250 100; ARSA)a, Krabbe disease

(245 200; GALC), GM2-gangliosidosis, several forms; Tay-Sachs

disease (272 800; HEXA)a, Niemann-Pick disease, type C1

(257 220; NPC1), Neuronal ceroid lipofiscinosis type 1

(256 730; PPT1)a

Peroxisomal dysfunction (n = 1) X- adrenoleukodystrophy (300 100; ABCD1)a

Metabolic disorders (n = 6) Amino acid & organic acid metabolism

(n = 5)

Maple Syrup Urine disease type 1a (248 600; BCKDHA)a, Canavan

disease (608 034; ASPA)a, 3-methylglutaconic aciduria, type I

(250 950; AUH), Glutaric aciduria type 1 (231 670; GCDH)a,

Homocystinuria due to MTHFR deficiency (236 250; MTHFR)a

Carbohydrate metabolism (n = 1) Galactosemia (230 400; GALT)a

Membrane Transport and

homeostasis (n = 5)

Intracellular vesicular transport (n = 1) Spastic paraplegia 11 (604 360; SPG11)a

Ion and water homeostasis (n = 4) Menkes disease (309 400; ATP7A), FKTN related

dystroglycanopathy (253 800; FKTN)a, Merosin deficient

congenital muscular dystrophy (607 855; LAMA2)a,

Megalencephalic leukoencephalopathy with subcortical cysts

(604 004; MLC1)a

DNA replication and transcription regulation (n = 2) Short stature, brachydactyly, intellectual developmental disability,

and seizures (617 157; PRMT7), Aicardi-Goutières syndrome

type 3 (610 329, RNASEH2C)a

DNA repair mechanism defect (n = 2) Intellectual disorder with speech delay, autism and dysmorphic

facies (618 672; CNOT3), Aicardi-Goutières syndrome type 1

(225 750; TREX1)

mRNA translation (n = 2) Leukoencephalopathy with vanishing white matter (603 896;

EIF2B1, EIF2B4, EIF2B5)a, Leukodystrophy, hypomyelinating, 7,

with or without oligodontia and/or hypogonadotropic

hypogonadism (607 694; POLR3A)a

RNA modification and editing (n = 1) Muscular dystrophy-dystroglycanopathy (congenital with brain

and eye anomalies, type A, 11) (615 181; B3GALNT2)

Cell–cell adhesion (n = 1) MASA syndrome and CRASH syndrome (303 350; L1CAM)

Cell cycle and differentiation and apoptosis (n = 4) Neuronal ceroid lipofuscinosis (600 143; CLN8), CARASIL

syndrome (600 142; HTRA1)a, Coffin Lowry syndrome

(303 600; RPS6KA3), familial hemophagocytic

lymphohistiocytosis 2, (603 553, PRF1)

Miscellaneous (n = 7) Biotinidase deficiency (253 260; BTD)a, Leukodystrophy,

hypomyelinating, 5 (610 532; FAM126A), Alexander disease

(203 450; GFAP)a, Epileptic encephalopathy, early infantile, 27

(616 139; GRIN2B)a, Methylmalonic aciduria, vitamin

B12-responsive, due to defect in synthesis of

adenosylcobalamin, cblB complementation type (251 110;

MMAB)a, Warburg micro syndrome (614 222; RAB18), Epilepsy,

hearing loss and mental retardation syndrome (616 577;

SPATA5)

aThese disorders have been previously reported in Indian population.

4 KAUR ET AL.



families with findings of novel disease-gene associations,20–23

extremely rare disorders with CNS WMAs,24–29 probable founder var-

iants20,22,23,30 and locus and allelic heterogeneity associated with

mitochondrial disorders31 in 18 individuals from 16 unrelated families

have been published earlier and are provided in Table S5.

The present cohort consists of 117 individuals from 104 unrelated

families with CNS WMAs. Seventy-two individuals from 62 unrelated

families were recruited from our centre and forty-five individuals from

42 families were clinically evaluated at other centres across India

(Supplementary section). All families are of Indian origin except one

family (F82) from Bangladesh. Sixty-eight individuals (58.11%) were

males and 49 (41.88%) were females. Consanguinity was noted in

54.80% (57/104) of the families. The age ranged from new-born to

59 years, however a majority (n = 111, 94.87%) of individuals were of

paediatric age.

On neuroimaging, 24 families (23.07%) presented with deficient

myelination and 80 families (76.92%) had other white matter abnor-

malities. The specific type of white matter abnormalities are described

in the case summaries and Tables S2 and S3 in supplementary section.

Based on clinical and neuroimaging findings, a clinical diagnosis could

be made in 43 families (41.34%). A probable diagnosis was available in

27 families (25.96%) and no clinical diagnosis could be ascertained

in 34 families (32.69%).

Targeted genetic testing was performed in a total of 16 families,

13 of these received a genetic diagnosis. Sanger sequencing of exonic

and flanking intronic regions of small sized genes was performed for

eight families viz. GALC (F16), GCDH (F20), BTD (F23), ASPA (F52) and

ABCD1 (F40, F85, F94), seven of these families received diagnosis.

Sanger sequencing of probable founder variants was performed in

four families for the variants ISCA1; NM_030940.3; c.259G > A (F28

and F93) and RNASEH2C; NM_032193.3; c.205C > T (F98 and F56),

three of these families received diagnosis. Deletion/duplication analy-

sis for PLP1 (Pelizaeus-Merzbacher disease, MIM# 312080) carried

out in three families (F37, F95 and F96) by multiplex ligation depen-

dent probe amplification was diagnostic. Gap-PCR for common 30 kb

deletion in GALC (Krabbe disease, MIM# 245200) carried out in one

family (F72) was non-diagnostic. The three families undiagnosed by

targeted genetic testing (F20, F56 and F72) underwent singleton

WES. CMA and WES were performed in similarly affected siblings

(sibship) for one family (F28) and rendered diagnoses of 18q deletion

syndrome and partial 4q trisomy. CMA was non-diagnostic for two

families (F29 and F82) and was followed up with singleton WES. WES

was performed in a total of 80 families with singleton in 75, parent–

child trio in three (F25, F60, F69) and sibships in two families (F27,

F67). WES was diagnostic in a total of 52/80 (65%) families of which

50/75 (66.67%) were diagnosed by singleton (Tables S2 and S3). Men-

deliome sequencing was done for 11 families (F64, F75, F84, F86,

F97, F99, F100, F101, F102, F103 and F104), all of them received

diagnosis. In total, 77 families (74.03%) received genetic diagnosis

(Figure 1(A), Tables S2–S4). Segregation analysis was carried out in all

families (Supplementary section). No CNVs of clinical significance

were detected from WES data analysis. Detailed results are provided

is Supplementary section.

A total of 47 disorders with CNSWMAs were observed in 77 fam-

ilies (Table 1). Of these, 76 families had monogenic disorders and one

had microdeletion syndrome (18q deletion syndrome, F27). Thirty-

seven of these disorders were autosomal recessive, 4 were autosomal

dominant and 6 were X-linked disorders. Of the monogenic disorders,

the spectrum of disorders consisted of myelin protein defects (n = 1),

cellular organelle defects including mitochondrial (n = 9), lysosomal

(n = 5) and peroxisomal (n = 1) dysfunctions, metabolic defects

including amino acid and organic acid (n = 5), carbohydrate (n = 1)

metabolism, membrane transport and homeostasis defects including

disorders of intracellular vesicular transport (n = 1) and ion and water

homeostasis (n = 4), defect in DNA replication and transcription regu-

lation (n = 2), DNA repair (n = 2), mRNA translation (n = 2), RNA

modification and editing (n = 1), cell–cell adhesion defects (n = 1) and

cell cycle differentiation and apoptosis (n = 4). Eight disorders of

diverse etiologies are clubbed under the miscellaneous category.

We observed 75 causative variants in the present cohort, of

which 73 were single nucleotide variants and two were copy number

variants. Of the 73 single nucleotide variants observed in 51 genes in

families with monogenic disorders, 44 were missense, 10 were indels,

9 were splicing, 8 were stopgain, one stoploss and one synonymous

variant. According to the standards and guidelines for the interpreta-

tion of sequence variants by the American College of Medical Genet-

ics and Genomics (ACMG) and the Association for Molecular

Pathology, 36 of these variants were classified as pathogenic, 28 as

likely pathogenic and 9 as variants of uncertain clinical significance.

Thirty-seven of 75 (49.33%) among the observed variants in this

cohort are novel. Of the families with single nucleotide variants, fifty-

seven (89.06%) had homozygous variants, 7 families had compound

heterozygous variants, 5 families had hemizygous variants, 4 families

had de novo heterozygous variants. Of the 46 individuals with homo-

zygous disease-causing variants identified by WES, 39 (84.78%) indi-

viduals had respective variants within an ROH. The observed sizes of

the ROH harbouring disease-causing variants varied from 1 Mb to

51.7 Mb with mean size of 16 Mb (Table S6). A probable founder vari-

ant was noted in two families with maple syrup urine disease type 1a

(F1 and F2) among others published previously.

4 | DISCUSSION

The present cohort, though far from being representative of the com-

plete spectrum of disorders with CNS WMAs in the Indian population,

illustrates the well-known clinical and genomic heterogeneity of these

disorders. Several disorders with CNS WMAs have been reported

from India earlier including a recently reported a cohort of 50 individ-

uals with relatively common and recognisable disorders of CNS

WMAs.12 Multiple case series describing the genotypic spectrum

of relatively common and clinically recognisable disorders like

metachromatic leukodystrophy (67 families),32,33 megalencephalic

leukoencephalopathy with subcortical cysts (39 families)34 and

Tay-Sachs disease (28 families)35 have been published. Multiple case

reports describe individuals with hypomyelination with hypodontia
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and hypogonadotropic hypogonadism,36 Krabbe disease, 37 Alexander

disease,38 vanishing white matter disease, 39 Canavan disease,40 leu-

koencephalopathy with brainstem and spinal cord involvement, 41

glutaric aciduria,42 GM1 gangliosidosis,43 Coats plus syndrome,44

ribose 5-phosphate isomerase deficiency,45 TUB4A1 related

hypomyelinating leukodystrophy,46 homocystinuria due to MTHFR

deficiency47 and adult onset disorders like cerebral autosomal-

dominant arteriopathy with subcortical infarcts (CADASIL),48

CARASIL,49 diffuse hereditary leukoencephalopathy with spheroids50

and X-linked adrenoleukodystrophy.51–53 Rare disorders with CNS

WMAs like LYRM7 related mitochondrial complex III deficiency with

cavitation leukoencephalopathy53 and SLC33A1 related Huppke-

Brendel syndrome with hypomyelination and cerebellar hypoplasia54

have also been reported. Also, individuals with atypical presentations

of previously well-known disorders have also been reported like

Canavan disease with microcephaly. 40 We add an additional 22 dis-

tinct disorders with CNS WMAs through this cohort which have not

been reported in Indian individuals previously (Table 1).

Owing to extreme heterogeneity of disorders with CNS WMAs,

clinical diagnosis necessitates clues from age at onset, family pedigree,

associated systemic findings, neuroimaging pattern recognition for

white matter abnormalities along with other CNS malformations and

metabolic findings.3 Also, clinical diagnosis of these disorders depends

largely on the experience and expertise of the individuals/team.2,4

Permanent and significant hypomyelination is a good clue for clinical

diagnosis.55 Marked deficiency of myelin as seen in Pelizaeus-

Merzbacher disease (F37, F95, F96) and Pelizaeus-Merzbacher-like

disorders provides a good clinical handle. Characteristic MRI patterns

provided clinical diagnosis in several families including those with

megalencephalic leukoencephalopathy with subcortical cysts (F6),

Leigh disease (F44, F55, F77, F84), Krabbe disease (F16, F31, F63,

F72), glutaricaciduria (F17, F20), multiple mitochondrial dysfunctions

syndrome 5 (F28, F93), Canavan disease (F52), vanishing white matter

disease (F76, F93), Alexander disease (F99) and aided selection of

appropriate genetic test. In a few families, a combination of MRI imag-

ing combined with other clinical findings provided good handle for

clinical diagnosis. Adult age at onset along with characteristic neuro-

imaging findings aided in a clinical diagnosis of adrenoleukodystrophy

(F40) and CARASIL/CADASIL (F57). A combination of systemic clinical

features with neuroimaging findings aided in a clinical diagnosis of

hypomyelinating leukodystrophy with or without oligodontia and/or

hypogonadotropic hypogonadism (4H) (F19) and hypomyelination

with congenital cataract (F18), Menkes disease (F15) and biotinidase

deficiency (F23). Biochemical tests along with white matter abnormali-

ties pattern recognition were crucial for diagnosis in several families

such as in elevated creatine phosphokinase in merosin deficient con-

genital muscular dystrophy (F8, F14, F74, F86) and elevated lactate

levels in mitochondrial disorders (F44, F55, F77, F84). Often non-

specific CNS WMAs may be seen as an associated finding in

recognisable syndromes as was observed in Coffin-Lowry syndrome

(F92) in this cohort.56 We also observed hypomyelination in an indi-

vidual with Warburg Micro syndrome (F70), not reported in the

literature till date (Figure S1).

Genetic testing has emerged as the first-tier testing for disorders

with CNS WMAs. Targeted genetic tests can be employed in individ-

uals with clinical diagnoses and small target region to test either com-

mon/recurrent or founder variants or genes of small size. We used

these tests for disorders like X-linked adrenoleukodystrophy and bio-

tinidase deficiency caused by defects in small sized genes, Pelizaeus–

Merzbacher disease with recurrent pathogenic variations and in ISCA1

and RNASEH2C for probable founder variants. Cohorts of individuals

with targeted testing including restriction fragment length polymor-

phisms, amplification-refractory mutation system based polymerase

chain reaction, and Sanger sequencing for common and recognisable

phenotypes, especially for recurrent genetic variants have been

reported from India previously.32,33 The diagnostic yield of targeted

testing is likely to be variable and dependent on the cohort selection

as well as the clinical expertise available with the team. Richards et al

reported the diagnostic yield of targeted genetic testing in a cohort of

individuals with leukodystrophies to be 34% with average time

of diagnosis being one-and-half years.9 Another study reported the

yield of targeted testing as high as 64% (16/25).10

Appropriate administration of broad-spectrum NGS based tests,

particularly WES, has not only proved to be rapid but also cost effec-

tive for diagnosis of these disorders.9 The in-house collation WES

data of 1455 unrelated individuals with monogenic disorders at our

centre aided in generation of allele frequencies, homozygote counts,

and heterozygote counts for population specific genomic variants in

addition to those from gnomAD v.2 dataset. These counts proved

highly efficient in filtering and prioritisation of causative variants. We

employed WES as an early line of testing in most families. Several

families underwent WES and not targeted testing despite a clinical

diagnosis due to presence of genetic heterogeneity and/or a large tar-

get region for sequencing. The diagnostic yield in families with a clini-

cal diagnosis was substantially high (96.29%; 26/27) and lower in

families with a probable (70.37%, 19/27) or no diagnosis (47.05%,

16/34). Overall, diagnostic yield of WES and Mendeliome sequencing

was noted to be 65% and 100% respectively in the present cohort.

These findings underscore the efficacy of broad-spectrum genetic

tests and also highlight the variability in diagnostic yield in the pres-

ence/absence of a clinical diagnosis. In other cohorts worldwide the

diagnostic yield of WES as a first tier test is noted to be as high as

73–90%.10,1819 In a cohort undiagnosed by targeted testing,

Vanderver et al reported diagnostic yield of WES to be 42% (30/71).5

NGS based gene panel for LDs have reported variable diagnostic

yield (44–60%).10–12 There is a rapid surge in number of LDs being

identified. In 2015, 237 genes were known to be implicated in patho-

genesis of disorders with CNS WMAs2,6 which increased to 317 by

2019.4 By 2020, 29 additional genes were added.3,4 Thus, determin-

ing an exhaustive and up-to-date list of genes associated with patho-

genesis of disorders with CNS WMAs poses a challenge in developing

a comprehensive panel. Recently, a cohort employing genome

sequencing (GS) has shown to increase rate of diagnosis by 14% in

individuals undiagnosed with WES.14 A proof of concept demon-

strated early application of GS, in conjunction with radiologic, enzy-

matic, biochemical analyte and chromosomal testing as a rapid test
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with diagnostic rate of (76.5%) in individuals with LDs which is com-

parable to that of WES as a first line test.17

Consanguinity was noted to be 54.80%, 58.50% and 31%, in the

present cohort, previously reported Indian, and Saudi Arabian cohorts

respectively. The data on consanguinity is not available for

cohorts reported from other populations. Mode of inheritance was

noted to be largely autosomal recessive in Indian12 and Saudi Arabian

cohorts10,19 namely, 87–92% as compared to 60–72%, in other

populations.5 In the current cohort, 64/76 (84.21%) families had auto-

somal recessive disorders. Similarly, 80% of Indian families in previ-

ously reported cohort12 and 92% of Saudi Arabian families19 with

autosomal recessive disorders had disease-causing variants in a homo-

zygous state. In contrast, 21–32% of the families with autosomal

recessive disorders had disease-causing variants in a homozygous

state in previously reported cohorts of CNS WMAs from mixed and

northern European descent, African American, African, Asian,

and Latin American origin.5,14,17 Also, 17/57 (29.82%) families in our

cohort which had homozygous variants were clinically documented to

be non-consanguineous (Figure 1B). Hence, the high rate of homozy-

gous variants in Indian and Saudi Arabian population underscores the

possible effects of inbreeding and founder events other than consan-

guinity in the Indian population.57

Occurrence of at least four founder variants and several recurrent

mutations have been observed in causative genes for disorders with

CNS WMAs reported from India previously.58,59 A well-established

founder variant c.135dupC in MLC1 (Megalencephalic leu-

koencephalopathy with subcortical cysts) is noted in Indian Aggarwal

community.59 We observed recurrent variants in six genes in 20 fami-

lies. Of these, probable founder events were noted in nine families

and four genes, including cases published previously.20–23,30 The pre-

sent cohort adds 37 novel disease-causing variants to the genotypic

spectrum of disorders with CNS WMAs.

In view of lack of a uniform classification and sub-classification of

these disorders, comparison of cohorts across diverse populations is

challenging. Till date, 10 cohorts of individuals with CNS WMAs have

been reported in both paediatric and adult age group across different

populations (mixed and northern European descent, African American,

Arab, African, Asian, Latin American, Argentinian, Chinese, Malay, Fili-

pino, Japanese, South Arabian and Indian). The cohorts are significantly

heterogeneous with respect to the disorders included.5,10,12,14,17 Two

of these cohorts13,19 only reported the disorders listed as LDs by the

GLIA.6 The common disorders noted are adrenoleukodystrophy,

CADASIL and vanishing white matter disease in Argentinian cohort,

Krabbe disease in Chinese cohort and metachromatic leukodystrophy

in Saudi Arabian populations respectively. Aicardi-Goutières syndrome

was noted to be most common disorders based on variant allele fre-

quencies in local Saudi Arabian Genetic database.19,60 In the adult

cohorts, most common disorders noted were NOTCH3 related cerebral

arteriopathy with subcortical infarcts and leukoencephalopathy (MIM#

125310) and CSF1R related diffuse hereditary leukoencephalopathy

with spheroids (MIM# 221820). We categorised monogenic disorders

observed in this cohort based on known cellular or molecular

pathomechanisms. Of these, the disorders leading to cellular organelle

dysfunction, particularly mitochondrial disorders were the most com-

mon entities observed in the cohort (Table 1).

There are a few limitations of the present study. Individuals with

CNS WMAs without genetic testing could not be included in the

cohort, thus limiting our understanding of epidemiology of these dis-

orders. Chromosomal microarray could be done only in a few individ-

uals. Further, a parent–child trio WES, sibship WES, genome

sequencing including mitochondrial genome sequencing in those

undiagnosed by singleton WES, if performed, would have added to

the diagnostic yield of the cohort.

In conclusion, the spectrum of disorders with CNS WMAs is ever

widening and the need for diagnosis is unmet worldwide. Considering

the high proportion of monogenic recessive disorders contributing to

the genetic aetiology of these disorders, we propose singleton

WES/Mendeliome sequencing as an early line of testing. Availability of

more comprehensive cohorts especially from a country with a large pop-

ulation as India would inform the incidence, prevalence, recurrent vari-

ants, and founder variants, resulting in devising better testing strategies

for these disorders. The increasing pool of disease-causing variants

would aid in delineating pathogenicity of several novel genomic variants

and providing genetic diagnosis in our population as well as globally.
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Abstract
Background: Nail changes in psoriasis can present as a diagnostic challenge especially in the absence of cutaneous features. They
occur in approximately 40% of psoriatics and in 5% as the sole presentation. Onychoscopy as a diagnostic tool aids in better
visualization of nail matrix and bed abnormalities in psoriasis patients with nail involvement. Aim: To study onychoscopic features
of nails in psoriasis and correlate it clinically using nail psoriasis severity index (NAPSI). Materials and Methods: A total of
60 patients of psoriasis with nail changes were recruited in this hospital based cross-sectional study over a period of one year.
Cutaneous severity was assessed using psoriasis area severity index (PASI). NAPSI was used to determine the severity of nail
involvement. Nails of the patients with psoriasis were examined clinically and onychoscopically. Statistical analysis was done using
the software R i386.3.6.3. Results: Pitting was the most common nail change observed on clinical and onychoscopic examination,
seen in 90% and 95% patients respectively. Leuconychia, red spots in lunula, onycholysis, and splinter hemorrhages were better
visualized on onychoscopy. A statistically significant higher NAPSI (P < 0.05) was obtained on onychoscopy. There was a positive
co- relation between the cutaneous severity of psoriasis and the extent of nail involvement. Conclusion: Onychoscopic
examination coupled with NAPSI in nail psoriasis serves as a useful guide to assess the nail involvement and provides a better
insight into the subtle nail changes in psoriatics which could have been missed clinically. Limitations: Small study population, lack
of age and sex matched control group.

Keywords
nail, psoriasis, dermoscopy, pasi, napsi

Introduction

Psoriasis is an immune mediated hyperproliferative papulos-

quamous disorder with a chronic course. Its worldwide preva-

lence is estimated to be 1% to 2% of the general population.1,2

Nail involvement has been reported in 40% of patients suffer-

ing from cutaneous psoriasis and in 5%, it may be a sole

presentation. Nail alteration in psoriasis is mostly asympto-

matic in the early stages and can be its initial presentation,

hence examination and evaluation for nail changes routinely

is of foremost importance.1,3,4 Nail psoriasis leads to physical

disability, cosmetic disfigurement, and psychological disabil-

ity, thereby adding to a remarkable decrease in quality of life.

Nail matrix or plate involvement results in pitting, red spots in

the lunula, crumbling, and leukonychia; while nail bed

involvement leads to onycholysis, oil spots, subungual hyperker-

atosis, and splinter hemorrhages. Rich and Scher were the first to

design an objective scoring system called nail psoriasis severity

index (NAPSI) to observe and score the nail changes in psoriasis.2

Various modes for evaluation of nail include clinical, ultraso-

nographic and dermoscopic assessment.2,5 A dermoscope is a

non-invasive, diagnostic tool used for detecting subtle skin

patterns, lesions and vascular structures which are not well visua-

lized on clinical examination. The term “ONYCHOSCOPY” has

been coined for dermoscopic examination of nail unit. It holds a

distinct place in diagnosing nail disorders by enhancing the
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visibility of nail features and revealing the subtle non-visible

features.6

Due to availability of limited literature on this aspect; in this

study we have attempted to correlate clinical features with

onychoscopy in those with nail involvement in psoriasis.2

Materials and Methods

The study was a hospital based cross sectional study conducted

over a period of one year i.e. from 1st January 2019 to 31st

December 2019 after obtaining institutional ethical clearance.

As per universal sampling method, a total of 60 consenting

patients who were clinically diagnosed with psoriasis with nail

involvement, attending the outpatient department, irrespective

of the sex and age were recruited. Patients having congenital

and acquired nail disorders and nail changes secondary to

dermatological conditions other than psoriasis were excluded

from the study.

Data were collected by a single examiner and recorded in

preformed source document. Demographic data such as age,

gender and clinical data such as duration of psoriasis, joint

involvement, systemic comorbidities, and treatments received

were recorded. A general physical, systemic and dermatologi-

cal examination was carried out and noted. Diagnosis of psor-

iasis was made based on clinical examination and confirmed by

skin biopsy in doubtful cases. The extent and severity of cuta-

neous involvement was calculated using PASI.

Changes of all the fingernails and toenails were scored using

NAPSI with appropriate clinical photographs. NAPSI involves

dividing each nail into 4 quadrants. In each quadrant a score of

0 to 4 is given for nail bed and matrix changes respectively.

Depending on the number of quadrants involved, score of “0”

for no quadrant involvement; “1” if one quadrant is involved;

“2” if 2 quadrants are involved; “3” if changes were seen in

3 quadrants, and “4” if present in all 4 quadrants. A total of

matrix score and nail bed score denotes the total score of that

nail, which ranges from 0 to 8. Likewise, each nail is scored

and sum of scores of all the nails gives the final NAPSI that

ranges from 0 to 80 for all the fingernails and from 0 to 160 if

the toenails are also included.

Dermoscopic/onychoscopic examination of the nails was

performed using a video-dermatoscope (Dinolite premier

AM4113ZT model) using polarized light and a contact method

(using ultrasound gel as interface fluid) under 50X and

200 X magnification. Onychoscopic images were recorded

along with their corresponding clinical images. The nail

changes observed on onychoscopic examination was scored

using NAPSI. Additional nail changes observed on clinical and

onchyoscopic examination were noted in the source document.

Data were analyzed using statistical software R i386.3.6.3

and Excel. Kappa statistical test was used for testing the level

of agreement of clinical and onychoscopy NAPSI. Independent

t test/ Mann Whitney U test was done to compare the groups for

continuous variables. Karl Pearson’s chi square and correlation

coefficient method were used to study for association between

attributes wherever applicable.

Results

A total of 60 patients of psoriasis with nail involvement were

enrolled; of which 68.33% (n-41) were males and 31.67%
(n- 19) were females. The male to female ratio in our study

was 2.15:1. The age of the patients affected ranged between

19 to 88 years with average age being 48.92 years. The duration

of affection with psoriasis ranged from less than 1.5 months to

30 years with a mean duration of disease being 9.45 years.

Most common type of psoriasis encountered was the chronic

plaque psoriasis or psoriasis vulgaris seen in 85% (n- 51) of the

patients, followed by palmoplantar psoriasis 5% (n-3), pustular

psoriasis 6.66% (n-4), erythrodermic psoriasis 1.67% (n-1), and

guttate type of psoriasis (n-1, 1.67%) respectively. Out of

60 patients, 51.67% (n- 31) patients gave history of joint invol-

vement. 21 of them gave a history of knee pain; although the

diagnosis of psoriatic arthritis could not be confirmed by a

rheumatologist due to limitation of the resources. Interphalan-

geal joints involvement constituted 46.66% (n-28) all together,

and were the second most common joints found to be involved

in our study; wherein proximal joints and distal interphalangeal

joints showed an equal number of involvement (23.33%, n-14

each). The average duration of joint complaints in the study

was 3.92 years.

The mean PASI obtained in the study was 9.27(mean + SD:

9.27+ 7.72) with minimum and maximum PASI being 1.1 and

33.0 respectively. NAPSI obtained on clinical examination

Table 1. PASI, Clinical NAPSI and Onychoscopic NAPSI.

Min Max Mean SD Median

PASI 1.10 33.00 9.27 7.72 7.30
NAPSI on Clinical examination 8.00 79.00 34.42 18.13 30.00
NAPSI on onychoscopy 15.00 94.00 44.00 18.47 41.00

Chart 1. Scatter Diagram to Depict Corelation Between PASI and
NAPSI Score.
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ranged between 8 – 79, with the mean NAPSI being 34.42

(mean + SD: 34.42 + 18.13). The mean NAPSI on onycho-

scopy was 44.00(mean + SD: 44.00+ 18.47); higher than the

mean NAPSI obtained clinically. The maximum and minimum

score on onychoscopic examination was 94.00 and 15.00

respectively. Table.1 demonstrates the summary of the PASI

and NAPSI observed in the study.

In our study 51.67% (n- 31) patients had a NAPSI of 40 or

more, while 48.33% (n- 29) patients had a NAPSI of less than

40 on onychoscopic examination. On clinical and onycho-

scopic examination (p value <0.05); males had significant nail

involvement. Both clinical and onychoscopic examination

demonstrated a statistical significance (p value< 0.05) for mean

NAPSI, which was found to be higher for fingernails as

compared to the toenails.

Independent t test for comparison between the clinical and

onychoscopic NAPSI was done which showed that onychosco-

pically evaluated NAPSI had a statistically significant P value

(P < 0.05) than clinical NAPSI, thus indicating that onycho-

scopy is an efficient method to evaluate and help in early

detection of the nail changes. By Karl Pearson’s correlation

coefficient method, it was found that there was a statistically

significant correlation between the PASI and NAPSI both clini-

cally (p value <0.05) and on onychoscopy (p value <0.05)

suggesting that severity of cutaneous involvement was propor-

tionate to the severity of nail involvement.

Chart. 1 is a scatter diagram showing correlation between

PASI and NAPSI.

Table. 2 demonstrates the 4 -nail matrix /plate and nail bed

signs included in the NAPSI observed in our patients. The most

common nail plate change seen was pitting, both on clinical

evaluation in 90% patients (Figure 1A) and on onychoscopic

examination in 95% patients (Figure 1B). Least common nail

plate feature seen was red spots in lunula; which on clinical

examination was found in 20% of the patients (Figure 2A) and

on onychoscopic examination in 30% of the patients

Table 2. Nail matrix and Bed Changes Observed on Clinical and Onychoscopic Examination.

Changes Number of patients clinically % Number of patients on Onychoscopy % Total p-value

Pitting
No 6 10.00 3 5.00 9 0.2500
Yes 54 90.00 57 95.00 111

Leukonychia
No 31 51.67 13 21.67 44 0.0001*
Yes 29 48.33 47 78.33 76

Red spots in lunula
No 48 80.00 42 70.00 90 0.0310*
Yes 12 20.00 18 30.00 30

Crumbling
No 27 45.00 28 46.67 55 1.0000
Yes 33 55.00 32 53.33 65

Onycholysis
No 27 45.00 12 20.00 39 0.0001*
Yes 33 55.00 48 80.00 81

Subungual hyperkeratosis
No 11 18.33 14 23.33 25 0.3750
Yes 49 81.67 46 76.67 95

Oil drop sign
No 49 81.67 46 76.67 95 0.2500
Yes 11 18.33 14 23.33 25

Splinter Hemorrhages
No 42 70.00 23 38.33 65 0.0001*
Yes 18 30.00 37 61.67 55
Total 60 100.0 60 100.00 120

*p-value < 0.05 is considered statistically significant.

Figure 1A. Clinical picture showing multiple pits (arrow) and distal
onycholysis (circle). B, Onychoscopic picture (50 x) using polarized
light highlighting multiple pits (arrows).
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(Figure 2B). Most common nail bed change on clinical exam-

ination was that of subungual hyperkeratosis in 81.67% of the

patients (Figure 3A) followed by onycholysis in 55% patients

(Figure 4A). Most common nail bed change on onychoscopic

examination was onycholysis in 81% (Figure 4B) followed by

subungual hyperkeratosis in 76.67% (Figure 3B). We found a

statistically significant relation (p value <0.05) between the

2 methods inferring that onychoscopic examination visualized

Figure 3A. Clinical picture showing subungual hyperkeratosis
(arrows). B, Onychoscopic picture (50x) using polarized light showing
subungual hyperkeratosis (arrows).

Figure 4A. Clinical picture showing distal onycholysis (arrow). B,
Onychoscopic picture (50x) using polarized light showing onycholysis
(black arrow) and highlighting the line of erythema below (red arrow).

Figure 5. Onychoscopic picture (50 x) using polarized light showing
multiple leukonychia (arrow).

Figure 6. Onychoscopic picture (50x) using polarized light showing
splinter hemorrhages (arrows).

Figure 7. Onychoscopic picture (50 x) using polarized light showing
oil drop sign (arrow).

Figure 2A. Clinical picture showing red spots in lunula (arrows). B,
Onychoscopic picture (50x) using polarized light showing red spots in
lunula (arrows).
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leukonychia (Figure 5), red spots in lunula, onycholysis, and

splinter hemorrhages (Figure 6) better in comparison to clinical

examination.

Additionally, we found that a higher mean NAPSI was

obtained on onychoscopy for pitting, leukonychia, red spots

in lunula, onycholysis, splinter hemorrhages, and oil drop

sign (Figure 7) than on clinical examination inferring that

greater number of changes were visualized on onychoscopic

examination.

Other features observed, which are not a part of NAPSI were

as follows; linear ridges were the most common finding found

in 48.33% of the patient on clinical examination and 53.33% of

the patients on onychoscopic examination. Beau’s line was the

second common feature found in 33.33% on both clinical and

onychoscopic examination (Figure 8A and 8B). Other nail fea-

tures that we encountered were yellowish discoloration, long-

itudinal melanochychia, pterygium, absent cuticle, whitish

discoloration of nail plate, and dilated hyponychial vessels.

(Figure 9).

In our study, the sensitivity and specificity of onychoscopic

examination in assessing the nail involvement when compared

to clinical examination for the nail changes without use of any

magnifying aids was 100% and 58% respectively. (Table 3).

Discussion

Nail changes in psoriasis are common but often overlooked and

underdiagnosed. It leads to significant amount of psychological

stress, pain and a negative impact on a patient’s quality of life.

Onychoscopy, as a non-invasive tool has emerged as an

efficient method to evaluate nail changes as it aids in better

visualization of additional new features that may be specific for

psoriasis.2,7 Table 4. Comparison of our study findings with

other similar studies.

Pits are punctate depressions caused due to shedding of foci

of parakeratotic cells due to the defective keratinization of the

proximal nail matrix. They are deep, irregularly arranged and

abundant with different sizes in psoriasis as compared to other

disorders.2,8 We found pitting as the most common nail change

on clinical (90%) and onychoscopic (95%) examination;

consistent with studies by Wanniang N et al.2 and Polat

A et al.8 However, we did not find any statistical significance

between pits greater than 30 in number and joint complaints in

our study.

Leukonychia results from internal desquamation of kerati-

nocytes that do not flake off because of the parakeratosis of the

distal nail matrix.8 We observed a slightly higher frequency of

leukonychia on onychoscopy (78.33%) as compared to clinical

observation (48.33%). Polat A et al.8 reported higher incidence

of leukonychia (82.5% on clinical and 92.5% on onychoscopic

examination), while study by Wanniang N et al.2 showed a

lower incidence of leukonychia on clinical examination

(20%) and on onychoscopic examination (22%).

Red spots in lunula appear as erythematous dots over lunula

because of inflammation of the vessel wall leading to vessel

dilation or change in blood composition in the intermediate or

ventral nail matrix.9 Red spots in lunula were seen in 20% of

the patients on clinical and 30% of the patients on onycho-

scopic examination; much higher in frequency in comparison

to studies by Wanniang N et al.1 and Polat A et al.22 Also, we

found that onychoscopic examination provided better

Figure 8A. Clinical picture showing beau’s line (arrow). B,
Onychoscopic picture (50 x) using polarized light showing Beau’s
line (arrow).

Figure 9. Dermoscopy picture (50x) using polarized light showing
dilated hyponychial capillaries seen as red dots (circle).

Table 3. Sensitivity, Specificity of Onychoscopic Examination viz.
Clinical Nail Examination.a

Clinical examination

< 44 � 44

Onychoscopic
examination

< 44 34 11
� 44 0 15

Percentage (CI)

Sensitivity 100% (90%-100%)
Specificity 58% (37%-77%)
Positive predictive value 76% (60%-87%)
Negative predictive value 100% (78%-100%)
Kappa value 0.6071429 (0.3973412-0.8169445)

aAbove values were calculated considering the mean NAPSI score of 44
obtained on onychoscopy in our study.
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visualization of the red spots in lunula as compared to clinical

examination.

Nail crumbling due to entire nail matrix involvement; nail

plate dystrophy, increased thickness of the plate and nail bed

hyperkeratosis is an indicator of chronic and/or severe nail

psoriasis.10 A significant number showed crumbling of nails

in our study i.e. 55% on clinical examination 53.33% on

onychoscopic examination as compared to the studies by

Wanniang N et al.2 as well as Polat A et al.8

Onycholysis refers to the separation of the nail plate from the

nail bed. A study by Yorulmaz et al.1 noted a linear erythematous

border around the onycholysis, which was better observed by a

onychoscope than by clinical examination. They considered this

feature to be specific for psoriatic nails. Similar observations were

made by Polat et al.8 and Wanniang et al.2 We too noted this

feature in few of our study patients. Also, onycholysis was better

visualized with the aid of onychoscope as compared to clinical

examination in our study. Onychoscopy helps in better to visua-

lization of findings in the initial stages and in areas with minimal

separation which may not be visible to the naked eye.8 We found

onycholysis to be the second common feature on onychoscopy

with 55% (33/60) patients having onycholysis on clinical

examination and 80% (48 /60) patients on onychoscopic

examination respectively; similar to the studies by Wanniang

N et al.2 and Polat A et al.8 who reported onycholysis in 54% and

67.5% of patients on clinical and 54% and 77.5% of patients on

onychoscopic examination respectively .

Splinter hemorrhages, seen as reddish brown to purplish

black striae in a longitudinal distribution are found usually at

the distal ends of the nails. They are formed due to the extra-

vasation of blood along the grooves beneath the nail plate when

the dilated capillaries in the nail bed ruptures.2 We observed it

in 30% patients on clinical and 61.67% patients on onycho-

scopic examination. Wanniang N et al.2 observed a lower

frequency of splinter hemorrhages on clinical examination

(8%) but a similar high frequency (62%) on onychoscopic

examination. Polat A et al.8 too have reported a higher fre-

quency of splinter hemorrhages, i.e. in 75% on clinical and

80% on onychoscopic examination respectively.

Subungual hyperkeratosis is due to keratinocyte accumula-

tion occurring as a result of abnormal shedding of the cells

from horny layer of the bed. It is prominently seen in toenails.4

It was the second most common feature observed by us on

clinical examination. (81.67% on clinical and 76.67% on onch-

yoscopic examination). Wanniang N et al.2 as well as Polat

A et al.8 have reported a lower incidence of subungual hyper-

keratosis on clinical as well as onychoscopic examination in

their studies.

Salmon patch or oil drop sign is visualized secondary to

occurrence of psoriatic plaques in the distal matrix and nail bed.2

We found no significant difference in visualization of these

changes on clinical (18.33%) and onychoscopic (23.33%) exam-

ination, respectively. Its incidence in our study was less than in

the studies by Wanniang N et al.2 as well as Polat A et al.8

Longitudinal striations presents as split in the nail due to

longitudinal involvement in the matrix and inflammation of the

matrix. It is observed in longstanding psoriasis.11 In our study,

this was the most commonly found additional feature, which is

not a component of NAPSI. Its incidence on onychoscopy

was 53.33% and 48.33% on clinical examination. Polat et al.8

found higher incidence on clinical (62.5%) and a much lower

incidence of 20% on onychoscopic examination.

Beau’s lines are a result of transverse involvement of the

proximal part of the nail matrix and presents as transverse

grooves and ridges. We observed Beau’s lines in 33.33% on

both clinical and onychoscopic examination respectively.

Rajashekhar S et al.7 reported similar findings on clinical

examination (21.5%) while Wanniang N et al.2 showed similar

findings on onychoscopic examination (22%). However, Polat

et al.8 have observed it in significantly fewer patients in their

Table 4. Compares the Findings of Our Study with Similar Studies on Nail Changes in Psoriasis.

Nail features

Our study Wanniang et al2 Polat et al7
Yadav and
Khopkar13 Rajshekhar et al8

Clinical
(%)

Onychoscopy
(%)

Clinical
(%)

Onychoscopy
(%)

Clinical
(%)

Onychoscopy
(%) Onychoscopy Clinical

Sample size - 60 Sample size -50 Sample size - 40 Sample size - 68 Sample size - 100

Nail matrix changes
Pitting 90 95 84 84 92.5 77.5 18 83.1
Leukonychia 48.33 78.33 20 22 82.5 92.5 – 6.2
Crumbling of nails 55 53.33 14 16 17.5 20 – 7.7
Red spots in lunula 20 30 0 8 5 5 – 0

Nail bed changes
Subungual

hyperkeratosis
81 76.67 40 46 35 32.5 – 23.1

Onycholysis 55 80 54 54 67.5 77.5 10 73.8
Splinter

hemorrhages
30 61.67 8 62 75 80 5 4.6

Salmon patch 18.33 23.33 32 44 42.5 47.5 2 3.1
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study. The other additional feature commonly studied was yel-

lowish discolouration of nail plate found in 30% of the patient

by both methods of examination.

Yorulmaz A et al.1 and Wanniang N et al.2 noted dilated

hyponychial capillaries in 35.82% and 10% of their patients

using an onychoscope. This sign could be due to the underlying

changes in the dermal vasculature. According to Yorulmaz

A et al.1 dilated hyponychial capillaries may be representative

of the well described Auspitz sign, demonstrated clinically on

psoriatic plaques while according to Puri K.J.P.S12 splinter

hemorrhages are representative of Auspitz sign in nail. How-

ever, we observed this feature in only 3% of our patients on

onychoscopic examination.

A statistically significant positive correlation was noted

between the PASI and the NAPSI. This shows that patients

with greater disease severity as measured by PASI had more

severe nail involvement. The limitations of our study include

small study population, lack of an age and a sex matched

control group.

Conclusion

Our study was an attempt to assess the often underdiagnosed

subtle nail changes in psoriasis using onychoscopy. Leukony-

chia, red spots in lunula, onycholysis and splinter hemorrhages

were better visualized on onychoscopic examination.

The sensitivity and specificity of onychoscopic evaluation

in comparison to clinical evaluation for assessing the nail

involvement in our study was 100% and 58% respectively.

Thus onychoscopic examination should done routinely for

diagnosing nail involvement in all cases of psoriasis as it aids

in better visualizing the nail changes compared to clinical

examination.
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Abstract

Background and Aims: 
Caudal epidural and ultrasound-guided ilioinguinal, iliohypogastric nerve (IL/IH) blocks are commonly used regional
anesthesia techniques for postoperative analgesia in pediatric inguinal surgeries. Dexmedetomidine as an adjuvant has
been proven to prolong the duration of both neuraxial and peripheral nerve blocks. We compared the duration of
analgesia provided by local anesthetic (LA) and dexmedetomidine for caudal and IL/IH block for pediatric inguinal
surgeries.

Material and Methods: 
Forty-six children undergoing inguinal hernia repair were selected for this randomized double-blind study. After
general anesthesia, children received either 0.75 mL.kg  of 0.25% bupivacaine with 1 mcg.kg  of dexmedetomidine in
caudal epidural or 0.25 mL.kg  of 0.25% bupivacaine with 1 mcg.kg  of dexmedetomidine in IL/IH block. The pain
was assessed up to 24 h postoperatively using face, legs, activity, cry, consolability (FLACC) score. For FLACC ≥4,
rescue analgesia was provided using 1 μg/kg of intravenous fentanyl, up to 2 h postoperatively and 10 mg/kg of oral
ibuprofen between 2 and 24 postoperative hours. The time for first rescue analgesia was taken as the duration of
analgesia.

Results: 
There were no significant differences in the pain scores or analgesic utilization between the groups. The duration of
analgesia of caudal and IL/IH blocks was similar (720.3 ± 430.1 min and 808.4 ± 453.1 min, respectively). The time
taken for the performance of block was significantly higher for caudal compared to IL/IH (547 ± 93 vs. 317 ± 179 s; P <
0.001).

Conclusion: 
Both caudal epidural and USG-IL/IH block with dexmedetomidine as additive provide the comparable duration of
postoperative analgesia with no significant side effects.

Introduction
A pediatric caudal epidural block is a simple, safe procedure with a high success rate. Hence, it is the preferred mode of
analgesia for pediatric inguinal surgeries. Its main disadvantage is that the duration of analgesia is very short when
used as a single-shot injection. Many additives have been used along with local anesthetics in the single-shot caudal
epidural to prolong the duration of analgesia.[ ] Ilioinguinal and iliohypogastric nerve block (IL/IH) is another regional
anesthesia technique that is equally effective for inguinal hernia surgeries in children.[ ] But, the main drawback of the
IL/IH block is a high failure rate when performed blindly. Ultrasound-guided (USG) IL/IH has been described with a
significantly higher success rate.[ ] USG-IL/IH has been shown to be as effective as a caudal block for postoperative
analgesia in children undergoing unilateral groin surgery.[ ]

Many additives have been successfully used as an adjunct to local anesthetic in pediatric regional anesthesia.[ ]
Dexmedetomidine is a highly selective a  agonist and has shown to prolong the duration of caudal analgesia when used
in pediatric surgeries.[ ] Animal trials demonstrated that perineural dexmedetomidine in combination with
bupivacaine enhanced sensory and motor block, without neurotoxicity in experimental studies.[ ] Dexmedetomidine
has been shown to prolong the duration of peripheral nerve blocks in children.[ ] Even though there are separate
studies showing the efficacy of dexmedetomidine as an adjuvant for central neuraxial block and in peripheral nerve
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blocks, there are no direct studies comparing the efficacy of dexmedetomidine as adjuvant in central neuraxial block to
its effect in the peripheral block for similar surgeries. The primary aim of this study was to compare the duration of
postoperative analgesia following caudal epidural and USG-IL/IH block using a combination of bupivacaine and
dexmedetomidine. Pain scores after the surgery, rescue analgesic requirement and side effects were the secondary
outcome measures studied.

Material and Methods
This prospective randomized double-blind study was conducted after approval from the institute's ethical committee.
This study was registered in the clinical trial registry of India reference: CTRI/2018/01/011327. Informed written
consent was obtained from the parents of children, after explaining to them about the postoperative pain assessment
and its treatment.

Forty-six children of ASA class I and II, aged between 1 and 10 years scheduled to undergo unilateral herniotomy were
included in the study. Children with active respiratory tract infection, bleeding disorders, neuromuscular abnormalities,
deformities of the caudal space, and those allergic to nonsteroidal anti-inflammatory drugs or any of the study drugs
were excluded from the study.

All children received 0.5 mg/kg of syrup midazolam orally as premedication about 30 min prior to the start of
anesthesia. Standard monitoring consisted of the electrocardiogram, noninvasive blood pressure, pulse oximetry, and
capnograph. Inhalation induction of anesthesia was conducted using sevoflurane in oxygen and nitrous oxide and
intravenous access were secured. Anesthesia was maintained with 2% sevoflurane in 66% nitrous oxide. The airway was
secured by face mask or classic laryngeal mask airway and spontaneous ventilation was maintained.

The children were randomized using a computer-generated randomization table as either USG-IL/IH block group
(group B) or caudal epidural group (group C). Double blinding was ensured by not allowing the parents of the child and
the person who assessed the postoperative pain in the operation theater while giving the block.

For children in group C, the caudal block was performed by identifying the landmarks and after loss of resistance to the
needle. They received 0.75 mL/kg body weight of 0.25% bupivacaine and 1 μg/kg of dexmedetomidine as an additive. In
group B, the children received USG-IL/IH block with 0.25 mL/kg body weight of 0.25% bupivacaine with 1 μg/kg of
dexmedetomidine. 50 μg of dexmedetomidine was diluted in 1 mL syringe (0.5 mL of dexmedetomidine and 0.5 mL
normal saline, resulting in 5 μg/0.1 mL). The dose of dexmedetomidine was rounded off to the nearest multiple of 5 μg
(e.g., for a 12 kg child 10 μg and for a 13 kg child 15 μg of dexmedetomidine was used).

For USG-IL/IH block, the ultrasound machine (Samsung sonoACE-R7) with a linear transducer (5–12 MHz) was used.
Two anesthesiologists, who had performed at least 20 caudal epidurals and USG-IL/IH before, performed all the blocks
for the study. The skin was disinfected and the transducer was placed medial to the anterior superior iliac spine (ASIS),
oriented on a line joining the ASIS with the umbilicus. The three muscle layers were identified as internal oblique
muscle (IOM), external oblique muscle (EOM), and transversus abdominis muscle (TAM). The IL/IH nerves appear as
hypoechoic ovals between the IOM and TAMs. The needle was inserted in-plane in a medial to lateral orientation,
through the subcutaneous tissue, EOM, and IOM, and was advanced toward the nerves. The local anesthetic was
injected under the guidance of ultrasound. Time to perform the block was defined as the time needed for positioning
(lateral for caudal block), aseptic precautions (probe preparation for ILIH), block performance, and the patient being
ready for surgery (return positioning to supine in case of the caudal block).

20% increase in the heart rate or respiratory rate above the baseline, or patient movement at skin incision or during the
intraoperative period was considered as a failed block. In this case, fentanyl 1 μg.kg  was given intravenously. Heart
rate, blood pressure, and respiratory rate were recorded every 5 min for 30 min after the block. After surgery, patients
were transferred to the recovery room and were monitored every 15 min during the first 2 h in a post-anesthesia care
unit (PACU) and every 1 h for the next 2 h and every 6  hourly for up to 24 h postoperative period in the ward.
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Emergence delirium was assessed using pediatric anesthesia emergence delirium (PAED) score. Postoperative pain was
assessed with the FLACC score.[ ] Patients having pain scores equal to or more than 4 in the first 2 h after the surgery
were given intravenous fentanyl 1 μg/kg as a rescue analgesic. Between 2 and 24 h of the postoperative period, 10
mg/kg of oral ibuprofen syrup was used as the rescue analgesic. If the pain did not subside within half an hour of giving
syrup, they were given 15 mg/kg of paracetamol syrup orally. Time for first rescue analgesia was recorded. Pain score,
number of rescue analgesics in 24 h period, time for ambulation, time for voiding urine after the surgery, postoperative
nausea and vomiting (PONV) were noted. The parent's satisfaction for analgesia was noted in percentages. Heart rates
less than 60/min were considered as bradycardia and was treated with intravenous atropine. Other side effects such as
PONV were noted.

Statistical analysis
A previous study using 1 mg/kg dexmedetomidine in the caudal block noted the mean duration of analgesia of 809 ±
156 (95% CI: 625–965) min.[ ] Based on this, the sample size needed to show a 20% change in the duration of
analgesia with 80% power and an a-error of 0.05 was 18 patients in each group. Considering some dropouts we decided
to include 23 patients in each group.

Statistical analyses were performed using SPSS ver. 20.0 (SPSS Inc., Chicago, IL). Categorical variables were compared
using the Chi-square test or Fisher's exact test. Continuous variables were compared using independent t-test. Data are
presented as mean ± standard deviation or as the number of patients and percentages. Time to first analgesic
administration was analyzed by Kaplan-Meier survival analysis and log-rank test. P value of less than 0.05 was
considered statistically significant.

Results
A total of 46 patients were randomized into two groups of 23 patients each [Figure 1]. Two patients in the caudal block
group had failed block for which intraoperative fentanyl was given. Age, sex, weight of the children, and indication for
surgery are shown in Table 1. There was no difference in intraoperative heart rate or respiratory rate between the
groups. There was no significant difference in the FLACC scores throughout the postoperative duration of 24 h [Figure
2]. The mean duration of analgesia for the caudal group was 720.3 ± 430.1 min and for USG-IL/IH group was 808.3 ±
453.1 min, which was not significantly different [Table 2]. The Kaplan–Meier survival curves [Figure 3] for the two
groups show that the time to first analgesic request was comparable between caudal group (range 548.3–892.2 min)
and IL/IH group (range 627.2–989.5) (P-value 0.64 by log-rank test for equality in survivor function). Three children
in the caudal group and none in USG-IL/IH had pain in the first 2 postoperative hours. Four children in the caudal
epidural group and six children in USG- IL/IH group did not require any analgesic up to 24 h postoperatively. An
average number of oral analgesics used was not different between the groups. Time to perform block was significantly
higher for caudal compared to USG-IL/IH (547 ± 93 vs. 317 ± 179 s). There was no significant difference in parent's
satisfaction for postoperative analgesia between the groups.

Figure 1
Figure 1:
CONSORT Flow chart on randomization and allocation of patients

Table 1
Table 1:
Demographic parameters

Figure 2
Figure 2:
Postoperative face, legs, activity, cry, consolability pain score

Table 2
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Table 2:
Effectiveness of block in two groups

Figure 3
Figure 3:
Kaplan–Meier survival plot for the duration of analgesia
One child in each group had bradycardia in the immediate postoperative period, which was treated with intravenous
atropine. There was no difference in the postoperative heart rate between the groups. There was no difference between
the groups for incidence of emergence delirium, PONV, time for ambulation, or voiding urine [Table 3]. Two children in
USG-IL/IH group developed fever postoperatively, which could not be ascertained in the immediate postoperative
period, although both the children developed upper respiratory tract infections on postoperative days 2 and 3.

Table 3
Table 3:
Side effects and complication in two groups

Discussion
We found that the duration of postoperative analgesia provided by caudal epidural and ILIH with dexmedetomidine as
an additive were comparable. Analgesia provided in both groups lasted for about 12–14 h, making both a good choice
for postoperative analgesia for hernia surgery.

A previous study compared analgesia provided by caudal epidural to USG-IL/IH block using 0.25% bupivacaine and
found that the mean duration of analgesia for the caudal group was 4.8 h and USG guided IL/IH block was 5.0 h, which
was not statistically significant.[ ] These results are similar to our study, although the duration of analgesia is
significantly longer in both the groups in our study. Abualhassan et al. found that the duration of analgesia was
significantly higher with USG-IL/IH block than blind caudal analgesia.[ ] The average time for first rescue analgesia
was longer in the USG- IL/IH block with 253 ± 102.6 min as compared to 219.6 ± 48.4 min in the caudal group,
although this difference was not statistically significant. In our study, we found both techniques to be equally efficacious
and provide analgesia for about 730–808 min. This prolonged duration in the present study is attributed to the
addition of dexmedetomidine in both the groups as compared to only plain local anesthetics used in earlier studies.

We found two failures in the caudal analgesia group and no failures in USG-IL/IH technique; however, this difference
was statistically not significant. Higher success in USG-IL/IH can be attributed to the accuracy provided by ultrasound
guidance in the identification of anatomical structures as compared to its blind counterpart.

The advantage of the caudal epidural was that several additives could be added to local anesthetic to prolong the
duration of analgesia. Many studies have been conducted using dexmedetomidine as the adjunct in caudal showing a
prolongation in the duration of analgesia.[ ]

Saadawy et al. compared the analgesic efficacy of caudal dexmedetomidine with bupivacaine as compared to
bupivacaine alone and found a significant prolongation of the duration of analgesia by dexmedetomidine (18.5 ± 2.8 h
vs. 6.2 ± 2.8 h).[ ] In order to find the effective dose of dexmedetomidine, a study was conducted comparing caudal
bupivacaine alone with bupivacaine and 1 and 2 μg/kg of dexmedetomidine for postoperative analgesia in pediatric
patients undergoing infraumbilical surgeries.[ ] The study found that the mean duration of analgesia provided by
bupivacaine with 1 μg/kg dexmedetomidine was 809 min (652–965 min), bupivacaine with 2 μg/kg of
dexmedetomidine was 880 min (733–1026 min), and plain bupivacaine was 396 min (343–448 min). The authors
found more side effects in the 2 μg/kg dexmedetomidine group as compared to the 1 μg/kg group. Thus,
dexmedetomidine in the dose of 1 μg/kg had comparable prolongation of postoperative analgesia to 2 μg/kg of
dexmedetomidine with significantly lesser side effects. Therefore, we chose 1 μg/kg of dexmedetomidine for our study.
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Several adjuncts now are being used in peripheral blocks as well. There are few studies comparing the efficacy of
dexmedetomidine as an additive to local anesthetics for peripheral nerve blocks to prolong the duration of analgesia.
[ ] A meta-analysis of the studies on the use of alpha 2 adreno-receptor agonists showed that the addition of
dexmedetomidine prolongs the duration of analgesia of the peripheral nerve blocks.[ ] Lundblad et al. used
dexmedetomidine as an adjunct to IL/IH nerve blocks for pediatric inguinal hernia repair and concluded that the time
for first postoperative supplementation of analgesia was prolonged by 88% in dexmedetomidine group as compared to
plain ropivacaine.[ ] The mean duration of analgesia with the dexmedetomidine group was 7.6 h. In our study, too, we
found a similar analgesic profile with the addition of dexmedetomidine.

The studies so far, including meta-analysis, have demonstrated that dexmedetomidine prolongs the duration of the
central neuraxial block as well as peripheral nerve blocks.[ ] There are many studies testing whether prolongation of
the duration of perineural dexmedetomidine is caused by a peripheral mechanism of action or by central effects due to
absorption and systemic redistribution of the perineurally administered dexmedetomidine.[ ] But, to the best of
our knowledge, there are no studies directly comparing the analgesic efficacy of dexmedetomidine in neuraxial block vs.
peripheral nerve block. Comparing the results of our study results with previous studies, we can extrapolate that
dexmedetomidine as an additive to local anesthetics prolonged the duration of analgesia in both caudal and USG-IL/IH
block effectively. Hence, dexmedetomidine is a useful additive to local anesthetics in both caudal and USG-IL/IH block.

In the present study, the average time taken for performing caudal analgesia was significantly more than the USG-
IL/IH block. The additional time is taken to position the patient laterally for a caudal epidural and turning them back to
supine after the block was approximately 5 min, which was more in the caudal group than USG-IL/IH block. As USG-
IL/IH block was performed in the supine position itself, it could be performed much faster. We found that IL/IH block
could be performed much more easily, with less dependence on additional assistance (to look after the patient in lateral
position for caudal). Previous studies also have shown that caudal epidural takes almost 10–15 min for the onset of
analgesia, which is longer compared to peripheral nerve blocks. In a busy operating schedule, with many short
procedures, the time and manpower needed for the performance of the block can become important. We could not find
any previous studies comparing the ease of performance and time taken for the performance of blocks.

The main limitation of the study is, even though we noted that dexmedetomidine works equally effective in the central
neuraxial block as well as peripheral block, we did not confirm it with either receptor distribution or blood
concentration of dexmedetomidine in this study. We used the same dose of dexmedetomidine in USG-IL/IH and caudal
epidural (1 μg/kg), but different doses of local anesthetic, 0.25 mL/kg for USG-IL/IH and 0.75 mL/kg for the caudal
group, as per usual clinically effective dose recommendations. Whether the action of dexmedetomidine varies with dose
at the different sites needs to be tested with further studies.

Conclusion
Both caudal epidural and USG-IL/IH block with dexmedetomidine as additive provide the comparable duration of
postoperative analgesia with no significant side effects.
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Abstract 

Context: Preoperative blockade with α-blockers is recommended in patients with 
pheochromocytoma/paraganglioma (PPGL). The data on calcium channel blockade (CCB) 
in PPGL are scarce.
Objective: We aimed to compare the efficacy of CCB and α-blockers on intraoperative 
hemodynamic instability (HDI) in PPGL.
Methods: In the interim analysis of this monocentric, pilot, open-label, randomized 
controlled trial, patients with solitary, secretory, and nonmetastatic PPGL were randomized 
to oral prazosin gastrointestinal therapeutic system (GITS) (maximum 30 mg, n = 9) or 
amlodipine (maximum 20  mg, n = 11). The primary outcomes were the episodes and 
duration of hypertension (systolic blood pressure ≥ 160 mmHg) and hypotension (mean 
arterial pressure < 60 mmHg) and duration of HDI (hypertension and/or hypotension) as 
a percentage of total surgical time (from induction of anesthesia to skin closure).
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Results: The median (IQR) episodes (2 [1-3] vs 0 [0-1]; P  =  0.002) and duration of 
hypertension (19 [14-42] vs 0 [0-3] minutes; P = 0.001) and intraoperative HDI duration 
(22.85 ± 18.4% vs 2.44 ± 2.4%; CI, 8.68-32.14%; P 0.002) were significantly higher in 
the prazosin GITS arm than the amlodipine arm, whereas episodes and duration of 
hypotension did not differ between the 2 groups. There was no perioperative mortality. 
One patient had intraoperative ST depression on the electrocardiogram. The drug-related 
adverse effects were pedal edema (1 in amlodipine), dizziness (1 in prazosin GITS), and 
tachycardia (6 in prazosin GITS and 3 in amlodipine).
Conclusion: Preoperative blockade with amlodipine is an efficacious alternative to 
prazosin GITS in preventing intraoperative HDI in PPGL. Larger studies that compare 
preoperative blockade by amlodipine with other α-blockers like phenoxybenzamine and/
or doxazosin in PPGL patients are warranted.

Key Words: pheochromocytoma, amlodipine, hemodynamic instability

Pheochromocytoma (PCC) and paraganglioma (PGL), also 
together known as PPGL, are catecholamine-producing tu-
mors that can lead to life-threatening hypertensive or hypo-
tensive emergencies (1). Surgical excision of the tumor is the 
mainstay of treatment; however, it is fraught with difficul-
ties. Tumor handling during surgery can lead to hypertensive 
crises and arrhythmia due to the sudden release of massive 
amounts of stored catecholamines. In addition, severe hypo-
tension after tumor excision poses additional problems. The 
mortality rates after PPGL surgery have drastically improved 
since its first description, when it ranged from 20% to 45%, 
to the present rates of 1% to 3% (2). This improvement is 
attributed to a better understanding of the pathophysiology, 
advances in anesthesia and monitoring techniques, and pre-
operative adrenoceptor blockade. Although a few authors 
argue against the need for preoperative α-blockade, the ro-
bust data to substantiate such an argument are lacking (2, 3).

The preoperative blockade is recommended by Endocrine 
Society (ES) clinical practice guidelines for all patients with 
hormonally functioning PPGL to prevent unpredictable blood 
pressure (BP) instability during tumor resection and peri-
operative cardiovascular complications (1). Conventionally, 
α-blockade followed by β-blockade is the preferred choice 
for preoperative management of PPGL in many institutions. 
Phenoxybenzamine, a noncompetitive and nonselective 
α-blocker, is considered the drug of choice for the preopera-
tive α-blockade. Studies have shown lesser hemodynamic 
instability (HDI) but a greater risk of postoperative hypoten-
sion with phenoxybenzamine than with selective α-blockers 
(4). However, the use of phenoxybenzamine is limited, due to 
its high cost and reduced availability, especially in resource-
constrained countries such as India, where competitive, 
α1-selective blockers (prazosin and doxazosin) are more fre-
quently used for preoperative α-blockade. In our as well as 
several other Indian centers, prazosin GITS (gastrointestinal 
therapeutic system) is the most commonly used drug for the 

preoperative blockade in PPGL patients. Notably, the ES 
guideline suggestion to use α-blockade as the first choice for 
the preoperative blockade is based on retrospective studies (1).

Calcium channel blockers (CCB) are commonly used as 
the most preferred add-on drugs in PPGL patients with un-
controlled hypertension on α-blockers. A few institutions use 
CCB as the first-line drug for the preoperative blockade in 
PPGL patients (4, 5). The ES guidelines also suggest using 
CCB as monotherapy in patients with no/mild hyperten-
sion or severe orthostatic hypotension following the use of 
α-blockers (1). CCBs are also the preferred agents for pre-
operative hypertension control in secretory PPGL patients in 
whom rapid drop of systemic BP is undesirable (eg, in tet-
ralogy of Fallot) or volume expansion with salt and water is 
complicated (cardiac or renal failure) (6). However, studies 
that have evaluated CCBs as the first-line drug for pre-
operative management of PPGL are limited (7-9). Although 
nicardipine/nifedipine are the most commonly used CCBs in 
previous studies, amlodipine is the preferred CCB in our set-
ting due to its easy availability and longer duration of action. 
At our center, we have observed less intraoperative HDI in 
patients on amlodipine when used as an add-on drug or as 
monotherapy in patients who developed severe hypotension 
with α-blockers. To the best of our knowledge, no randomized 
controlled studies have compared a CCB and an α-blocker for 
preoperative management in PPGL, and no published data 
on amlodipine use in PPGL is available. Hence, we compared 
the effect of preoperative amlodipine and prazosin GITS on 
intraoperative HDI in this pilot, randomized trial.

Methods

This randomized controlled, open-label pilot trial was con-
ducted at a tertiary care hospital (Seth G. S. Medical College 
and KEM hospital, Mumbai, India) after approval from the 
institutional ethics committee II of Seth GS Medical College 
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(IEC-II# EC/OA: 174/2018). The trial is registered under 
the clinical trial registry of India (CTRI/2018/06/014604). 
The study was initiated on June 23, 2018, but the unprece-
dented situation of the COVID-19 pandemic led to slow ac-
crual (the last patient was recruited on January 15, 2020); 
hence, an interim analysis was performed.

Participants

Adult (age, 18-70  years) patients with solitary, secretory, 
and nonmetastatic PPGL were included in the study. The 
preoperative diagnosis of PPGL was based on biochemical 
tests and characteristic radiology. The secretory phenotype 
was based on the elevated plasma free normetanephrine 
(PFNMN) and plasma free metanephrine (PFMN) with 
upper cutoff values of 180 pg/mL and 90 pg/mL, respect-
ively, as described in a previous study (10). The tumors 
were classified as adrenergic phenotype (tumors secreting 
metanephrine and/or epinephrine, alone or in combination 
with normetanephrine/norepinephrine) or as noradrenergic 
phenotype (tumors secreting only norepinephrine and 
normetanephrine) (11). Either anatomical (CECT neck 
to pelvis) and/or functional imaging (68Ga-DOTATATE 
PET/CT or 131I-MIBG) were used to detect primary and/
or metastatic lesions. Patients with multiple, metastatic, 
nonsecretory, and/or inoperable PPGL were excluded from 
the study. Pregnancy, significant psychiatric or cardiovas-
cular morbidity, and lack of consent were the other exclu-
sion criteria. Written informed consent was obtained from 
all the participants before enrolling in the study.

Randomization and Implementation

Participants were randomized into 2 arms for preopera-
tive blockade: prazosin GITS arm and amlodipine arm. 
A randomization plan was generated by using a web-based 
randomization software; participants were randomized 
in a 1:1 ratio using 13 random permuted blocks with a 
block size of 2. The allocation was concealed with the use 
of sealed envelopes. The research coordinator involved in 
enrolling and assigning the participants to trial groups had 
no involvement in clinical management, data collection, or 
analysis.

Interventions

All the participants were hospitalized for preoperative 
blockade except 2 in whom daily outpatient monitoring 
was possible. Both amlodipine (amlodipine besylate, 
Amlopin, USV Pharma, India) and prazosin GITS (prazosin 
hydrochloride OPS, Prazopress XL, Sun Pharma, India) 
were administered as oral tablets. Prazosin hydrochloride 

OPS, which is an osmotic pump formulation, also known 
as GITS, provides sustained drug concentration with a me-
dian residence time of 22 hours (12). Amlodipine is also a 
long-acting antihypertensive drug with a half-life of 40 to 
60 hours (13). The prazosin GITS was administered in 4 
divided doses, whereas amlodipine was administered in 2 
divided doses. During the entire duration of the preopera-
tive blockade, BP and heart rate were monitored at least 
twice daily in both supine (after 10 minutes rest) and up-
right (after 3 minutes of standing) positions.

In nonhypertensive patients, doses of blockade drugs 
were gradually up-titrated to the highest maximal toler-
able dose (prazosin GITS: 30  mg; amlodipine: 20  mg), 
as the titration to target goals was not a feasible option. 
Tolerability was objectively defined as standing systolic 
blood pressure (SBP) <90  mmHg despite adequate salt 
and water intake. In hypertensive patients, preexisting 
antihypertensive medications were gradually down-
titrated and stopped with simultaneous up-titration of the 
allocated blockade drug to the maximal tolerable dose. 
In hypertensive participants, the goal to reach the max-
imal tolerable dose of the allocated drug, rather than 
target goals, was included to have a uniform protocol that 
also provides maximal blockade with the allocated drug. 
Prazosin GITS was gradually up-titrated in increments 
of 2.5 mg daily until a dose of 15 mg was reached, and 
then in increments of 5  mg daily to the maximum dose 
of 30 mg (Fig. 1). Amlodipine was up-titrated at 2.5 mg 
increments to a maximum of 20  mg. Patients in whom 
BP was uncontrolled despite receiving the maximum dose 
of the allocated drug, additional antihypertensive drugs 
(telmisartan up to 80 mg/day, clonidine up to 0.3 mg/day) 
were added to achieve the target BP (defined as supine 
BP < 130/80 mmHg and standing systolic BP > 90 mmHg). 
In patients having a resting heart rate (HR) of >90 beats 
per minute (bpm), metoprolol was added at a dose of 25 to 
50 mg and gradually up-titrated (maximum dose: 200 mg) 
to achieve the resting supine HR of <90 bpm. Any adverse 
events that occurred during the blockade were recorded. 
Participants underwent 24-hour BP (24h-BP) monitoring 
(DynaPulse 5000A; Pulse Metric, Inc., USA) during the 
hospitalization, which was initiated between 24 and 48 
hours of reaching the target goals or the maximal tolerable 
dose. The patients for whom the surgery was expected to 
be delayed due to logistic reasons were discharged after 
the complete blockade. During the homestay, adherence 
to drug intake and BP monitoring (self-measured blood 
pressure) was ensured by regular telephonic communica-
tions. These patients were rehospitalized 24 to 48 hours 
before the surgery and the maintenance of the target goals 
was confirmed. All participants underwent a thorough pre-
anesthetic and presurgical evaluation by the same team of 
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anesthesiologists and surgeons in a protocolized manner. 
All patients were given 1 liter of 0.9% normal saline over 
12 hours preceding the surgery. On the day of surgery, 
usual morning doses of prazosin GITS, amlodipine, and/or 
clonidine were given, whereas telmisartan and metoprolol 
were withheld.

Intraoperative Anesthesia and Surgery

The patients were premedicated with 2  µg/kg fentanyl 
and 0.02 mg/kg midazolam and shifted to the operation 
theater. An intraarterial catheter (for beat-to-beat BP 
monitoring) and a central catheter in the internal jugular 
vein (for fluid resuscitation and infusion of fluids, vaso-
dilators, and inotropes) were secured under local an-
esthesia. The induction of general anesthesia was done 
using intravenous propofol 2.5 to 3  mg/kg and anes-
thesia was maintained on inhalational 2% sevoflurane, 
compressed air in oxygen to maintain 1 minimum al-
veolar concentration (1 MAC). Endotracheal intubation 
was achieved following injection of rocuronium 1  mg/
kg intravenously after ensuring complete neuromus-
cular paralysis. Attenuation of the pressor response to 
laryngoscopy was achieved using 1.5 mg/kg intravenous 

lidocaine. One gram of paracetamol was given intra-
venously as a part of multimodal analgesia at the start 
of surgery, and injection fentanyl 1µg/kg was repeated 
after 1.5 hours. The intraoperative hypertensive episodes 
were managed with infusion and boluses of nitrogly-
cerine (NTG) with the targeted BP of <140/90, whereas 
sodium nitroprusside infusion was used as a second-line 
drug. Esmolol was considered whenever HR was >110 
bpm. Hypotensive episodes were managed initially with 
fluid resuscitation; if unresponsive, noradrenaline infu-
sion was added to achieve the target mean arterial pres-
sure (MAP) of >60 mmHg. Adrenaline infusion was the 
second-line inotrope and ephedrine as the third line. 
Crystalloids were used to maintain central venous pres-
sure of 6 to 8 mmHg. The same surgical team performed 
all the surgeries, using a lateral transabdominal approach 
for adrenalectomies. During laparoscopic surgery, the 
intra-abdominal pressure was maintained at 12 mmHg. 
Intraoperative monitoring of hemodynamics was re-
corded throughout the procedure, and details of events 
and dosage of medications were noted. Monitoring of 
the blood glucose and electrolytes was done periodically. 
The duration of surgery was defined as the time from the 
induction of anesthesia to the closure of skin incision. 

Figure 1. Study design: Stepwise blocking protocol. Adequate salt and water supplementation were ensured to control/ prevent postural hypo-
tension. In normotensive patients, salt and water were started before blocking was initiated. In hypertensive patients, down-titration of existing 
antihypertensives was done. Abbreviations: 24h-BP, 24-hour blood pressure monitoring; BP, blood pressure; GITS, gastrointestinal therapeutic 
system; HR, heart rate; NS, normal saline. *The dose escalation was done only if standing systolic BP was >90 mmHg. #Supine BP < 130/80 mmHg 
and standing SBP > 90 mmHg.
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Postoperative monitoring and management were done 
in the intensive care unit; after stabilization, the pa-
tients were shifted to the wards. The presence of per-
sistent hypotension needing continued inotropes and/or 
fluids for maintaining BP postoperatively was noted. The 
amount of intravenous fluid administered in the first 12 
hours after surgery and the total duration of inotropes 
were recorded.

Outcomes

The primary outcomes of the study were intraoperative 
episodes and duration of hypertension (SBP ≥ 160 mmHg) 
and hypotension (MAP < 60 mmHg) (14), and the dur-
ation of HDI as a percentage of the total duration of 
surgery. Each hypertensive episode was defined as a new 
occurrence of SBP of ≥160 mmHg with at least 5 minutes 
of preceding SBP of <160 mmHg. Similarly, each hypo-
tensive episode was defined as a new occurrence of MAP 
of <60 mmHg with at least 5 minutes of preceding MAP 
of ≥60 mmHg. The duration of HDI as a percentage of 
the total duration of surgery was defined as the time in 
minutes in hypertension (SBP ≥ 160 mmHg) and/or time 
in minutes in hypotension (MAP < 60 mmHg) as a per-
centage of total time in minutes from the induction of 
anesthesia to skin closure.

Secondary endpoints were the maximum and min-
imum BP, the proportion of patients with various degrees 
of hypertension (SBP ≥ 160  mmHg, SBP ≥ 180  mmHg, 
SBP ≥ 200  mmHg, and SBP ≥ 250  mmHg) or hypoten-
sion (MAP < 60 mmHg), the doses of intraoperative vaso-
dilators and inotrope used, and the duration of inotropes 
postoperatively.

In addition, we calculated a hemodynamic instability 
score to indicate overall hemodynamic instability. The 
hemodynamic instability score is a semi-quantitative 
measure of hemodynamic variables as well as the amount 
of intravenous fluid, vasoactive, and vasodilator drugs re-
quired (15, 16). We adapted the Hemodynamic Instability 
score (HI-score) described in the PRESCRIPT trial (16) 
and replaced magnesium sulfate doses (first-line vaso-
dilator used in the PRESCRIPT trial) with tertiles of NTG 
(first-line vasodilator used in our study) doses required in 
our study cohort. All other parameters in the score were 
unchanged.

Sample Size

A sample size of 26 was chosen based on the feasibility. 
A total of 23 patients had been randomized and completed 
the study at the time of interim analysis; the Pocock ap-
proach was used for the interim analysis and a 2-sided  

P value of 0.0294 was obtained as the threshold to define 
statistical significance (loss of alpha) (17).

Statistical Methods

Categorical variables were expressed as actual numbers 
and percentages, whereas continuous variables were ex-
pressed as the median and interquartile range (IQR). The 
categorical variables were compared using the Fisher exact 
test, whereas continuous variables were compared with the 
Mann Whitney U test. A P value < 0.029 was considered 
statistically significant. All analyses were performed by 
using SPSS version 25.0 (IBM, Armonk, NY).

Results

A total of 23 patients (12 males) were enrolled in the study. 
From this total participant population, 11 and 12 patients 
were randomly assigned to the amlodipine and prazosin 
GITS arms, respectively, and all of them received the in-
tended treatment. Twenty patients (prazosin GITS, n = 9; 
amlodipine, n  =  11) were analyzed for the outcome, as 
shown in Fig. 2. Three patients were excluded from the 
final analysis. In the first patient, surgery was prolonged up 
to 10 hours because of profound hemorrhage due to rent 
in the inferior vena cava, the second patient deferred sur-
gery at our center, and the third patient had uncontrolled 
hypertension requiring both α-blockers and CCB to control 
hypertension.

The patient baseline characteristics are described in 
Table 1. The mean age at diagnosis was 37 ± 14 years. The 
majority of the tumors were pheochromocytoma (n = 16), 
whereas a small proportion was sympathetic paraganglioma 
(n = 4). The maximum tumor diameter of the cohort was 
5.8 ± 1.6  cm. All patients had secretory tumors. Three 
of the 9 analyzed cases in the prazosin GITS arm had an 
adrenergic phenotype but none in the amlodipine arm. 
Hypertension was present in 14 of 20 cases. The proportion 
of normotensive patients in the prazosin GITS arm and the 
amlodipine arm were comparable (4/9 vs 2/11; P = 0.34). 
Detailed individual data are given in the Supplementary 
Table (18).

The median duration to reach the preoperative blockade 
targets were 11 (9-12) days and 6 (6-7) days in the prazosin 
GITS and the amlodipine arms, respectively, which could 
be due to study design as the dose of amlodipine was es-
calated more rapidly. The maximum doses were reached 
in all participants except 1 in the prazosin GITS arm. 
In this patient, dose escalation was not possible beyond 
12.5 mg as the patient had low supine BP (94/60 mmHg) 
and standing SBP <90  mmHg despite adequate salt and 
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water supplementation. Beta-blockade (metoprolol) was 
used in 6 and 3 patients of the prazosin GITS and the 
amlodipine arms, respectively. Additional antihypertensive 
drugs added were telmisartan and clonidine, as depicted in 
Table 1. The SBP and diastolic blood pressure (DBP) were 
adequately controlled before the surgery, which was also 
reflected in postblockade 24h-BP monitoring. The patients 
underwent surgery after a median duration of 11 (4-18) 
days after the documentation of 24h-BP monitoring, with 
no significant difference between the 2 groups (median 12 
[4-25] days vs 9 [4-14]days; P = 0.288) All but 3 patients in 
the prazosin GITS arm and 1 in the amlodipine arm under-
went surgery in the same admission. All except 2 patients 
underwent laparoscopic tumor excision. The difference in 
duration of surgery between the 2 groups was not statistic-
ally significant (183 ± 67 vs 153 ± 67 minutes; P = 0.27).

Hypertensive episodes (2 [1-3] vs 0 [0-1]; P  =  0.002) 
and duration of hypertension (19 [14-42] minutes vs 0 

[0-3] minutes; P = 0.001) were significantly higher in the 
prazosin GITS arm than the amlodipine arm. The epi-
sodes of hypotension (MAP < 60  mmHg) were numeric-
ally greater, but statistically insignificant, in the prazosin 
GITS arm (2 [1-3] vs 0 [0-2]; P = 0.054) as was the dur-
ation of hypotension (4 [3-6] minutes vs 0 [0-5] min-
utes; P = 0.062). The intraoperative HDI duration as a 
percentage of surgical time was significantly higher in 
the prazosin GITS group (22.85% ± 18.4%) than in the 
amlodipine group (2.44% ± 2.4%) (mean difference: 
20.41%, 95% CI, 8.68%-32.14%; P  =  0.002) (Fig. 3). 
The duration of hypertensive episodes as a percentage of 
total time was significantly greater in the prazosin GITS 
arm (14.3% [7.6%-29%] vs 0% [0%-1.3%]; P = 0.001) 
whereas hypotensive episodes were not statistically signifi-
cant (3.2% [1.4%-3.4%] vs 0% [0%-2.6%] P = 0.068).

Among the secondary outcomes, the proportion of pa-
tients with hypertension was significantly higher (Fig. 4), 

Figure 2. CONSORT flow diagram. Abbreviations: CCB, Calcium channel blockers; GITS, gastrointestinal therapeutic system; PCC, pheochromocytoma.
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Table 1. Baseline characteristics of the study population

Prazosin GITS (n = 9) Amlodipine (n = 11) P value

Demographic details    
 Age (years) 39 (30–50) 33 (21–42) 0.304
 Females, n/total (%) 5/9 (55.6%) 5/11 (45.5%) 1.0
Symptomatic for catecholamine excess, n/total (%) 5/9 (55.6%) 5/11 (45.5%) 1.0
Comorbidities, n/total (%)    
 Diabetes mellitus 2/9 (22.2%) 1/11 (9.1%) 0.57
 Hypertension 5/9 (55.6%) 9/11 (81.8%) 0.34
 CAD 1/9 (11.1%) 2/11 (18.2%) 1.0
 CVA 1/9 (11.1%) 2/11 (18.2%) 1.0
ASA risk n/total (%)    
 I 3/9 (33.3%) 1/11 (9.1%) 0.5
 II 5/9 (55.6%) 9/11 (81.8%)  
 III 1/9 (11.1%) 1/11 (9.1%)  
Details at randomization    
 Supine SBP (mmHg)a 122 (110–124) 124 (116–140) 0.40
 Supine DBP (mmHg)a 80 (80–80) 80 (80–100) 0.35
 Standing SBP (mmHg)a 120 (100–120) 120 (110–130) 0.34
 HR (bpm)a 88 (84–92) 84 (80–92) 0.46
Biochemistry    
 PFNMN (pg/mL) 2161 (1258–3117) 1162 (623–2740) 0.16
 PFMN (pg/mL) 69 (41–1817) 32 (20–38.5) 0.016
 Adrenergic phenotype, n/total (%) 3/9 (33.3%) 0/11 (0%) 0.07
Imaging    
 Max tumor size (cm) 6.5 (5.5–7.8) 4·9 (4·3–6) 0.08
 Pheochromocytoma, n/total (%) 8/9 (88.9%) 8/11 (72.7%) 0.59
  Right 3/8 (37.5%) 4/8 (50%)  
  Left 5/8 (62.5%) 4/8 (50%)  
 Paraganglioma, n/total (%) 1/9 (11.1%) 3/11 (27.3%)  
 Maximum doseb reached, n/total (%) 8/9 (88.9%) 11/11 (100%)  
 Metoprolol, n/total (%) 6/9 (66.7%) 3/11 (27.3%) 0.17
Additional drugs    
 Telmisartan, n/total (%) 1/9 (11.1%) 2/11 (18.2%) 1.0
 Clonidine, n/total (%) 1/9 (11.1%) 1/11 (9.1%) 1.0
 Duration of block (days) 11 (9–12) 6 (6–7) 0.001
Events during blockade, n/total (%)    
 Tachycardia 6/9 (66.7%) 3/11 (27.3%) 0.17
 Postural hypotension 2/9 (22.2%) 2/11 (18.2%) 1.0
Endpoint of blockade    
 SBP (mmHg) 110 (108–120) 120 (108–122) 0.47
 DBP (mmHg) 76 (70–80) 78 (68–84) 0.79
 Standing SBP (mmHg) 110 (100–120) 110 (108–120) 0.51
 HR (bpm) 80 (80–82) 84 (76–88) 0.57
Postblockade 24h-BP monitoring    
 Mean SBP (mmHg) 119 (109–135) 119.5 (112–130) 0.81
 Mean DBP (mmHg) 64 (62–81) 71.5 (66–77) 0.46
 Max SBP (mmHg) 162 (142–192) 155 (145–158) 0.93
 Max DBP (mmHg) 107 (99–118) 93.5 (84–103) 0.27

Data are represented as n/total (%) or median (interquartile range).
Abbreviations: 24h-BP monitoring, 24-hour blood pressure monitoring; ASA, American Society of Anesthesiologists; CAD, coronary artery disease; CVA, cerebro-
vascular accident; DBP, diastolic blood pressure; GITS, gastrointestinal therapeutic system; HR, heart rate; PFNMN, plasma free normetanephrine; PFMN, plasma 
free metanephrine; SBP, systolic blood pressure.
aAt the time of measurement of BP and HR at randomization, hypertensive patients were on antihypertensives, chosen as per the discretion of the treating internist
bMaximum dose of prazosin GITS—30 mg, amlodipine—20 mg
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whereas hypotension tended to be greater in the prazosin 
GITS arm than the amlodipine arm (Table 2). The dose of 
NTG to control hypertension also tended to be higher in 
the prazosin GITS arm. The noradrenaline dose showed 
a statistical trend toward significance, being higher in the 
prazosin GITS group. The maximal SBP, DBP, and MAP 
were significantly higher, whereas the minimum DBP and 
MAP were significantly lower in the prazosin GITS arm 
than the amlodipine arm. Intraoperative BP recordings are 
depicted in Fig. 5. Only 1 patient had a complication in 
the form of transient ST depression on electrocardiography 
intraoperatively, probably related to cardiac ischemia, in 
the prazosin GITS arm. There was no mortality in the peri-
operative period. The HI-score was significantly greater in 
prazosin GITS group (52 [29.5-78.5]) as compared with 
amlodipine group (15 [5-28]); P = 0.006 (Table 2).

Postoperative persistent hypotension was seen in 6 and 
2 patients of the prazosin GITS and the amlodipine arms, 
respectively (P = 0.065). Noradrenaline was required for 
a median duration of 45 [0-180] minutes in the prazosin 
GITS arm and 0 [0-0] minutes in the amlodipine arm 
(P = 0.119). The intravenous fluid amount used in the first 
12 hours after the surgery (1500 [1500-1821] mL vs 1500 
[1000-2000] mL; P = 0.538) was comparable between the 
2 arms.

The drug-related adverse effects observed in the study 
were pedal edema (1 patient in amlodipine arm), dizzi-
ness (1 patient in prazosin GITS arm), tachycardia (6 in 
prazosin GITS and 3 in amlodipine). The events unrelated 
to drug effect were infection (2 respiratory tract infections, 
2 patients with postoperative fever, and 1 cellulitis), tran-
sient postoperative hyperglycemia (n = 4), hypoglycemia 
(n = 2), constipation (n = 5), and epigastric pain (n = 1).

Discussion

In the interim analysis of this pilot, exploratory, open-label, 
randomized controlled trial, episodes and duration of 
hypertension, and duration of HDI were significantly lower 
whereas the episodes and duration of hypotension tended 
to be lower in PPGL patients who received preoperative 
blockade with amlodipine than in those who received 
prazosin GITS.

There are very few studies evaluating the use of CCB as 
a preoperative blockade in PPGL patients (7-9). A  retro-
spective multicentric study that compared preoperative 
blockade with phenoxybenzamine and nicardipine re-
ported comparable intraoperative HDI (at least 1 episode 
each of SBP ≥ 160  mmHg and MAP < 60  mmHg) but 
higher maximum SBP in nicardipine-treated PPGL patients 
(7). However, the study observations might have been 
confounded due to the retrospective nature of the study 
and varying anesthetic and surgical protocols. Another 
single-center, large, observational study reported sustained 
intraoperative hypertension (SBP > 180  mmHg for more 
than 10 minutes) in 3.8% of PPGL patients treated with pre- 
and intraoperative nicardipine (8). In a contemporary study, 
sustained intraoperative hypertension (SBP > 180  mmHg 
for more than 10 minutes) was observed in 25.4% of PPGL 
patients treated with preoperative phenoxybenzamine and 
intraoperative sodium nitroprusside (19).

In our study, amlodipine was more effective in 
preventing hypertensive episodes compared with prazosin 
GITS. The study population was randomly assigned to 
the 2 groups; hence, baseline parameters, such as demo-
graphic details and symptoms, were similar in the 2 groups. 
Both of the groups had similar mean BP at the end of the 
blockade, which was confirmed by 24h-BP monitoring. 

Figure 3. Box plots of percentage time spent in hemodynamic in-
stability in prazosin GITS and amlodipine group. Dark gray refers 
to prazosin GITS group and light gray refers to amlodipine group. 
Percentage time spent in HDI (% time spent in HDI) is time in systolic 
blood pressure ≥160 mmHg and/or mean arterial pressure <60 mmHg 
as a percentage of total surgical time from induction of anesthesia to 
skin closure. Abbreviations: GITS, gastrointestinal therapeutic system; 
HDI, hemodynamic instability.

Figure 4. Number and proportion of patients with hypertension and 
hypotension in each group. Black bars represent patients in prazosin 
GITS group and gray bars represent patients in amlodipine group.
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There was a predominance of adrenergic phenotype in 
the prazosin group; however, secretory phenotype does 
not affect the occurrence of hemodynamic complica-
tions, as shown in a retrospective study that included 

80 patients; hence, it is unlikely to influence our results 
(20). The excessive use of intraoperative NTG can blunt 
the intraoperative BP rise; hence, the dose of NTG used 
should be reviewed in conjunction with BP changes. In 

Table 2. Perioperative details of the study participants

Prazosin GITS (n = 9) Amlodipine (n = 11) P value

Primary outcome:    
 Episodes of SBP ≥ 160 mmHga 2 (1–3) 0 (0–1) 0.002
 Duration of SBP ≥ 160 mmHg (min) 19 (14–42) 0 (0–3) 0.001
 Episodes of MAP < 60 mmHgb 2 (1–3) 0 (0–2) 0.054
 Duration of MAP < 60 mmHg (min) 4 (3–6) 0 (0–5) 0.062
 Duration of HDI (%)c 17.8 (6.8–35.6) 1.32 (0–5.0) 0.002
Maximum BP/HR    
 Maximum SBP (mmHg) 245 (199–291) 150 (125–173) 0.002
 Maximum DBP (mmHg) 110 (105–136) 100 (89–110) 0.022
 Maximum MAP (mmHg) 153 (126–164) 110 (100–126) 0.002
 Maximum HR (bpm) 118 (95–119) 100.5 (94–104) 0.25
Minimum BP/HR    
 Minimum SBP (mmHg) 76 (64–80) 86 (79–79) 0.03
 Minimum DBP (mmHg) 41 (32–45) 54 (43–60) 0.006
 Minimum MAP (mmHg) 52 (38–56) 60 (53–68) 0.018
 Minimum HR (bpm) 55 (48–60) 59.5 (47–65) 0.62
Number of patients n/total (%) with    
 SBP ≥ 160 mmHg 9/9 (100%) 4/11 (36.4%) 0.005
 SBP ≥ 180 mmHg 7/9 (77.8%) 1/11 (9.1%) 0.005
 SBP ≥ 200 mmHg 6/9 (66.7%) 0/11 (0%) 0.002
 SBP ≥ 250 mmHg 4/9 (44.4%) 0/11 (0%) 0.026
 MAP < 60 mmHg 8/9 (88.9%) 5/11 (45.5%) 0.070
 HR > 110 bpm 6/9 (66.7%) 1/10 (10%) 0.019
 HR < 50 bpm 3/9 (33.3%) 3/10 (30%) 1.0
Intraoperative antihypertensive agents    
 Patients requiring NTG, n/total (%) 8/9 (88.9%) 6/11 (54.5%) 0.157
 NTG dose (µg) 2500 (762–6200) 485 (0–1750) 0.076
 Esmolol, n/total (%) 1/9(11.1%) 1/11 (9.1%) 1.0
 Nitroprusside, n (%) 1/9 (11.1%) 0/11 (0%) 0.45
Intraoperative inotropes and fluids    
 Inotropes, n/total (%) 6/9 (66.7%) 3/11 (27.3%) 0.175
 Noradrenaline dose (µg) 200 (0–500) 0 (0–0) 0.032
 Additional inotrope, n/total 3/9 (33.3%) 1/11 (9.1%) 0.28
 Fluids—crystalloids and colloids (mL) 1500 (1500–2000) 1500 (1000–1800) 0.094
 Blood loss (mL) 100 (100–200) 150 (100–150) 0.907
 Total output (mL) 550 (500–1000) 350 (340–550) 0.094
Postoperative    
 Persistent hypotensiond, n/total (%) 6/9 (66.7%) 2/11 (18.2%) 0.065
 Duration of inotropes (min) 45 (0–180) 0 (0–0) 0.119
 Fluids in the first 12 hours (mL) 1500 (1500–1821) 1500 (1000–2000) 0.538
Hemodynamic instability (HI) scoree 52 (29.5–78.5) 15 (5–28) 0.006

Data are represented as n/total or median (interquartile range).
Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; GITS, gastrointestinal therapeutic system; HDI, hemodynamic instability; HR, heart rate; MAP, 
mean arterial pressure; NTG, nitroglycerin; SBP, systolic blood pressure.
aEach hypertensive episode was defined as a new occurrence of SBP > 160 mmHg with at least 5 minutes of preceding SBP < 160 mmHg.
beach hypotensive episode was defined as a new occurrence of MAP < 60 mmHg with at least 5 minutes of preceding MAP > 60 mmHg.
cDuration of HDI is time in SBP > 160 mmHg and/or MAP < 60 mmHg as a percentage of total surgery time (from induction of anesthesia to skin closure).
dPersistent hypotension is defined as the need for continued inotropes or fluids for maintaining BP postoperatively.
eHemodynamic instability score was adapted from PRESCRIPT trial where magnesium sulfate doses were replaced with NTG dose tertiles (first tertile: 22.85, 
second tertile: 56.81 µg/kg/hr).
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our study, the NTG dose in the prazosin GITS group was 
numerically higher, thus suggesting greater hypertensive 
excursions. Furthermore, the HI-score was significantly 
greater in the prazosin GITS group, suggesting overall 
better hemodynamic stability in the amlodipine arm. To 

summarize, patient-related factors, tumor-related factors, 
adequacy of the blockade, surgical approach, and influ-
ence of anesthesia provider were comparable between the 
groups, and the observed differences could be attributed 
to the nature of preoperative blockade.

Figure 5. Intraoperative blood pressure recordings in individual patients. Panels 1 to 9 denote patients in the prazosin GITS arm and 10 to 20 denote 
patients in the amlodipine arm.
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The BP increase in PPGL surgery has 2 distinct pat-
terns. The first pattern is a BP rise during noxious stimuli 
before tumor manipulation, for example, during intub-
ation and pneumoperitoneum. This pattern is attributed 
to enhanced sympathetic activity and can be counteracted 
by deepening the plane of anesthesia. The other pattern is 
the BP rise during tumor manipulation which is associated 
with marked catecholamine rise (9). In our cohort, the ma-
jority of BP rises were seen during tumor manipulation. 
During tumor manipulation, the released catecholamines 
cause hypertension by vasoconstriction (increased systemic 
vascular resistance, SVR) or by increasing cardiac contract-
ility (increased cardiac index). In a study from France, pre-
operative nifedipine followed by intraoperative nicardipine 
provided good control of SVR throughout the PPGL sur-
gery (9). This superior control of vasoconstriction could be 
related to the blockade of noradrenaline-mediated calcium 
influx into vascular smooth muscles; thus, they act distally 
to the α-receptor at the final pathway of vasoconstriction. 
The presence of additional vasoconstrictor peptides such as 
neuropeptide Y produced by PPGL cells also acts through a 
calcium-mediated pathway (5). The effect of these vasocon-
strictive peptides, thus, will be counteracted by CCB and 
not α-blockers.

In the French study using nicardipine, sustained BP ele-
vations during tumor handling were present despite con-
trolled SVR; these were associated with a high cardiac 
index (9). In our study, patients on amlodipine did not have 
severe hypertensive excursions. Thus, we hypothesize that 
amlodipine has either a better vasodilatory profile or in-
hibitory effect on tumoral catecholamine release. A  few 
initial reports suggested a decreased release of tumoral 
catecholamines by CCBs; however, subsequent studies 
showed that in vivo catecholamine levels are not decreased 
by CCBs, mainly nifedipine and nicardipine (9). This 
dihydropyridine group of CCBs mainly acts on the L-type 
calcium channel, which is present on vascular smooth 
muscles. Human pheochromocytoma cells have various 
calcium channels, namely the L-type (20%), N-type (30%), 
and P/Q-type (50%) Ca2+ channels (21). Amlodipine, des-
pite being a dihydropyridine type of CCB, has additional 
properties of inhibiting N-type calcium channels (22, 23). 
We propose that amlodipine may have an additional effect 
on decreasing tumoral catecholamines by acting on N-type 
and L-type calcium channels.

Another reason for the better control of HDI 
could be a comparison with prazosin GITS instead of 
phenoxybenzamine. Prazosin GITS is a competitive, se-
lective α-1 receptor antagonist. The very high levels of 
catecholamines attained during the surgery may displace 
prazosin from its receptor, leading to intraoperative hyper-
tension. Phenoxybenzamine, a noncompetitive, irreversible 

blocker, is not displaced from the adrenoceptor even at 
very high concentrations of catecholamines (16). The only 
randomized controlled trial, the PRESCRIPT trial, that 
compared phenoxybenzamine with a selective α-blocker 
(doxazosin) showed no difference in the duration of HDI 
(11.1% vs 12.2%), although phenoxybenzamine was more 
effective in preventing hypertensive episodes (16). The 
duration of HDI in the prazosin GITS arm of our study 
was 17.8% (6.8%-35.6%), whereas that in the doxazosin 
arm of the PRESCRIPT study was 12.2% (5.3%-20.2%). 
The duration of HDI in the amlodipine arm of our study, 
however, was only 1.32% [0%-5.0%], despite a trend for 
lower intraoperative NTG requirement. Nevertheless, a 
comparison of amlodipine with phenoxybenzamine and 
doxazosin, α-blockers recommended by the ES guidelines 
for preoperative management of PPGL, is warranted in fu-
ture studies (1).

Amlodipine has a few additional benefits as an agent 
for the preoperative blockade in PPGL. CCBs do not cause 
hypotension during the normotensive period; hence, it 
can be safely used in functional PPGL patients with par-
oxysmal hypertension or normotension (4). Amlodipine is 
inexpensive compared with phenoxybenzamine or prazosin 
GITS and is easily available. In our study, the daily cost of 
amlodipine 20 mg was 11 INR, whereas that of prazosin 
GITS 30 mg was 57 INR. As the risk of hypotension and 
orthostasis is less, the dose can be up-titrated more rapidly 
to reach the maximum dose over fewer days without the 
need for hospitalization.

The strengths of our study include its prospective na-
ture, randomization, consistent surgical and anesthesia 
protocols in all patients, minute-to-minute recording of 
intraoperative BP changes, 24h-BP monitoring of patients 
after the blockade, and use of maximal doses of alpha/cal-
cium channel blockade. The limitations of our study are a 
small sample size, open-label study design, and absence of 
invasive intraoperative hemodynamic monitoring of SVR 
or cardiac index. The wide confidence intervals due to the 
small sample size and low event rates warrant a cautious 
interpretation of data.

To conclude, preoperative blockade with amlodipine is 
an efficacious alternative to prazosin GITS in preventing 
intraoperative HDI in PPGL. However, larger studies that 
compare preoperative blockade by amlodipine with other 
α-blockers, such as phenoxybenzamine and/or doxazosin, 
in PPGL patients are warranted.
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Perceptions, Attitudes, and Barriers 
to scientific publications among 
medical college staff members – A 
cross‑sectional study
Vijaya Shankargouda Dandannavar1, Jyoti Nagamoti2, Ashwini Narasannavar3, 
Nirmala Anand4

Abstract:
BACKGROUND: In the medical profession to improve health care, there is a need to conduct valid 
and reliable research work and that doctors, nurses, and other care workers play an important role in 
health care. Attitude and perceptions have a significant impact on staff performance, which, in turn, 
decides the performance of the organization. There is a need for the provision of the requirements of 
researches, which would bolster their enthusiasm and improve the attitude and research productivity
AIM: The aim of this study is to find out the publishing practices, perceptions, attitudes, and barriers 
regarding scientific publications among pre and para clinical faculties.
MATERIALS AND METHODS:  Institutional Ethical committee (IEC) was obtained, and a prevalidated 
structure questionnaire which had four sections pertaining to sociodemographic status, perception, 
attitudes, and barriers was used to collect the required data from 57 faculty members, willing to participate 
in the study, and the questionnaire was administered after taking voluntary informed consent from them
RESULTS: About 31.60% of participants manuscript were rejected, and among them, the reasons 
for rejections were no new knowledge, not of journal interest, similar studies were published earlier 
published, inappropriate title, study was simple and plain and such studies were not published, sample 
size inadequate, no correct reasons given by the reviewers, inappropriate methodology, not well 
scripted, not as per the scope of the journal, lots of pending articles, and inappropriate statistic’s used. 
Fifty‑six percent of the total faculty were primed about the Basics of the Research Methodology and 
that 53% of participant’s felt that research Methodology and training for the research in the medical 
field will be useful and would improve the standard of research productivity. More than 50% of the study 
participants were of the opinion the Post graduates should learn more about and conduct research in 
a scientific way. Twenty-five percent of the study participants were of the opinion that getting involved 
in research will over burden them. Majority of the study participants felt that motivation to take up 
research by receiving timely incentives for publication’s would persuade them to take up research. 
Thirty‑six percent of the Participants felt that the reasons for the nonindulgence in research were 
personal and 21% were inclusive regarding the availability of resource’s for conducting the research.
CONCLUSION: Major barrier to publications was financial aspects and the unavailable resources though 
it was considered important for the promotions and future prospects. Majority of the medical faculty were 
of the opinion that Research methodology and training in the medical field will improve the standard of 
teaching. In order to increase the no of the faculty publications the barriers both at the individual and 
institutional levels can be overcome by giving suitable incentives to the faculty members and encourage 
them to publish by providing all the resources needed and free excess to the information as well.
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Attitudes, medical faculty, perceived barriers, scientific research
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Health research training has been recognized as an 
important component of medical education as rapid 

expansion and progress in medical research is expected 
to transform the current medical care.[1] Research is an 
important academic activity, an original contribution 
to the existing stock of knowledge making for its 
advancement. In health sciences research is search for 
knowledge through objective and systematic method of 
finding solution to a problem. In the recent years there 
has been a tremendous increase in scientific research all 
over the world especially in health sciences.[2]

Every doctor should strive to contribute to this generation 
of evidence by conducting research with adequate 
knowledge, practical skills and development of the right 
attitude toward research[3] as research is a neglected but 
an extremely important component among health care 
providers especially doctors.[4] In medical profession to 
improve the health care, there is a need to conduct valid 
and reliable research work[5,6] and that doctors, nurses and 
other care workers play an important role in health care[7,8] 
the results of few studies that have been conducted show 
that there are many constraints for carrying out research 
in term of various attitudes and barriers.[9‑11] Attitude and 
perceptions have significant impact on staff performance, 
which in turn decides the performance of the Organization. 
There is a need for the provision of the requirements 
of research, which would bolster their enthusiasm 
andimprove the attitude and research productivity.[12]

Need for the study
Currently MCI has made it mandatory for faculty 
for promotion to higher cadre to relook into their 
publications criteria laid down jointly by MCI and NMC 
bill. In a statement released by the Ministry of Human 
Resource development on January 6, 2018 regarding 
the National Institutional Ranking framework status, 
a compilation of all scores regarding the status quo of 
every Institution was published. The ranking compiles 
data of all Universities into five categories.
1. Teaching learning and resources
2. Research and professional practice (RPP)
3. Graduation outcomes
4. Outreach and inclusivity
5. Perception.

Considering this Categorization our Institute has been 
ranked 25th. To address the lacunae and to improve 
the overall ranking this study has been undertaken 
since we need to readdress the issues of research and 
publications where our institute has got a cumulative 
score of 13.21/100 which is a way below the averages of 
other Institutes. There was a need to carry out a survey 
among the faculty members in order to understand their 
perceptions, attitudes and barriers towards conduct of 
the research as we anticipate that the research output 

may improve if these constraints are identified and 
remedial measures are undertaken to address the same.

Aim
This study aimed to find out the publishing practices, 
perceptions, attitudes and barriers regarding scientific 
publications among pre and para clinical faculty 
members.

Objectives
1. To assess the perceptions and publishing practice 

among pre and para clinical faculty members
2. To have a feed back on the attitudes and barriers 

associated with scientific publications.

Materials and Methods

• Study design: Survey among the faculty members 
(a cross sectional study)

• Study period: April 2018 to September 2018
• Place of conduct of the study: Jawaharlal Nehru 

Medical College Belagavi
• Source of data: Faculty members of pre and para 

clinical Departments of J. N. Medical College willing 
to participate in the study were enrolled after taking 
informed consent from them.

Ethical clearance was obtained from Institutional Ethics 
Committee (Ref. MDC/DOME dated June 11, 2018).

Tool for data collection
The survey questions were be collected from previous 
studies and were modified to develop a complete version 
to fit our culture and to include all the aspects concerned 
to medical research.

A prevalidated structure questionnaire which had 
4 sections pertaining to socio demographic status 
perception, attitudes and barriers was used to collect the 
required data. All faculty members willing to participate 
in the study were enrolled and questionnaire was 
administered after taking voluntary informed consent.

Considering the objectives the questions were framed 
accordingly and had 4 sections.
1. Documentation of the socio demographic details of 

the participants
2. Questions addressed to practice in research 

(3 questions with sub questions for question no 1)
3. Questions addressing their Attitudes towards 

research (7 questions)
4. Questions addressing to the barriers that prevent 

faculty to participate or conduct research. (8 questions).

Scoring was done on a Likert scale for each component 
of the questionaries’.
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Evaluation
1. Statistical analysis of the data collected was analyzed 

by  SPSS software (16 version, IBM  manufactured)
2. Analysis of the variables (male and female comparison) 

was done by using Unpaired t‑test.

Results

1. A total of 57 study participants, participated in the 
study of which (n = 33) were from the Preclinical 
departments and (n = 24) were from the Para clinical 
department’s

2. Majority of the study participants (n = 24) were from 
the age group between 31 and 40 years, while (n = 16) 
were from 41 to 50 years, (n = 14) were between 
20 and 30 years and (n = 3) from 51 to 60 years 
[Questionnaire 1].

It was observed from Table 1 and Graph 1 that among 
the study participants 71.9% of respondents were female 
and that 28.1% were male.

Teaching experience of the participants ranged between 
1 and 30 years [Table 2].

Participants for teaching experience of 1–10 years = 33 
in no, 11–20 years = 18 in no, and for 21–30 years were 
6 in no [Graph 2].

• 31.60% of participants manuscripts were rejected, 
and among them, the reasons for rejection were 
[Graph 3]:

(1 )  No new knowledge,  (2 )  Not  of  journal 
interest, (3) Similar studies were published earlier 
published, (4) Inappropriate title, (5) Study was 
simple and plain and such studies were not published, 
(6) Sample size inadequate, (7) No Correct reasons given 
by the reviewers, (8) Inappropriate methodology, (9) Not 
well scripted, (9) not as per the scope of the journal, (10) 
Lots of pending articles and (11). Inappropriate statistic’s 
used to analyze the data [Table 3].
1. 59.6% of participant’s manuscripts were accepted for 

the publications after minor changes. Fifty‑six percent 
of the Total faculty were primed about the basics of 
the research methodology and that 53% participant’s 
felt that research methodology and training for 
the research in the form of  Faculty development 
programme (FDP) s in the medical field will be useful 

and would improve the outcome of the research 
activities

2. More than 50% of the study participants were of the 
opinion the postgraduates should learn more about 
research and conduct research more scientifically. 
What remains inconclusive is whether research 
should be introduced at the undergraduate level

3. Twenty‑five percent of the study participants were 
of the opinion that getting involved in research will 
over burden them [Table 4].

1. Majority of the study participants felt that motivation 
to take up research by receiving timely incentives for 

Graph 3: Participant 's manuscript status

Graph 2: Teaching experience of study participants
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Graph 1: Distribution of participants according to gender

Table 1: Gender wise frequency distribution of study 
participants 
Gender Frequency (%)
Females 41 (71.9)
Males 16 (28.1)
Total 57 (100)
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publication’s would persuade them to take up more 
research activities [Table 5]

2. Thirty‑six percent of the study participants felt that 
the reasons for the non‑indulgence in research were 
personal and 21% were inclusive regarding the 
availability of resource’s for conducting the research.

Discussion

Basic intention of this study was to investigate medical 
faculty members’ attitudes towards, barriers of, and 
intention to conduct research in pre and para clinical 
departments. In all 16 males and 41 females participated 
in our study among whom 24 participants were in the 
age group of 31to40 years,16of them between 41 to 50 
years,14 were in the age group of 20 to 30years while 
3 participants were in the age group of 51 to 60 years.

Fifty‑six percent of the Total faculty were primed about 
the basics of the Research Methodology and that 53% of 
participant’s felt that research methodology and training 
for the research in the medical field will be useful and 
would improve the quality of research [Questionnaire 2]. 
More than 50% of the study participants were of the 
opinion the Postgraduates should learn more about and 
conduct research in a more scientific way.

Twenty‑five percent of the study participants were of the 
opinion that getting involved in research will overburden 
them along with their routine work [Questionnaire 3]. 
Majority of the Participants felt that motivation to take up 
research by receiving timely incentives for publication’s 
would persuade them to take up research and that 36% 
of the study participants felt that the reasons for the 
nonindulgence in research were personal and 21% were 
inclusive regarding the availability of resource’s for 
conducting the research [Questionnaire 4].

The results of our study revealed that faculty members had 
positive attitudes to conduct research, high in the future 
and reported moderately perceived individual barriers 
in contrast to the study conducted by Sabzwari et al.[13] 

who assessed Pakistani junior faculty members of four 
medical universities, and reported that the participants 
who were not involved in research projects had more 
negative attitudes than those who were involved in 
research. Moreover, >83% of study participants admitted 
that research was difficult to be carried out. According 
to Siemens et al.[3] such barriers and negative attitudes 
are expected to lower research productivity in terms 
of intention to get engaged in research activities. Such 
contradiction might be explained by their positions that 
mandate them to conduct research as a requirement for 
the national accreditation that has research productivity 
as one of its items.

On the other hand, another finding of the same study 
says that the majority of the study subjects agreed 

Table 3: Participant’s manuscript rejected
Manuscripts rejected Frequency (%)
Yes 18 (31.6)
No 34 (59.6)
Not applicable 5 (8.8)
Total 57 (100.0)

Table 5: Barriers for research publications by 
participants

Yes Can’t say No
In order to conduct Research there is 
adequate time in medical college

8 40 7

Training and facilities are adequate for 
faculty in Research

17 14 26

There is easy access to all reputed 
medical journals for Reference

24 10 20

Obtaining Ethical clearance for a Research 
project is easy and in due time

17 23 16

Faculty members are motivated to take 
part in Research by giving suitable 
Incentives regularly

34 14 9

Conducting a Research work is associated 
with financial burden / non-availability of 
funding

21 24 12

Associated Personal lack of interest, skills, 
motivation, and knowledge is conducting 
Research

36 13 8

Mentors for Research are easily available 
for mentoring

12 22 23

Table 4: Attitude scores toward scientific publications
Agree Neutral Disagree

Faculty should know about Research 
Methodology

56 1 0

Continued medical research will improve 
the quality of patients healthcare

45 11 1

The MCI move on making PG training in 
research compulsory in medical college 
is good

50 7 0

Medical curriculum should include 
teaching about research to UG student 
along with their basic science subjects 
to have in positive impact on them 
regarding research

44 11 1

Under taking research projects, writing 
a research paper would be useful for a 
future career

53 4 0

Getting involving in research would 
increase the work already overburden 
faculty with various academic activities

25 21 11

Table 2: Teaching experiences of the study 
participants ranged from 1 to 40 years
No of years No of participants
1‑10 33
11‑20 18
21‑30 6
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that research is helpful, promotes critical thinking and 
improves patient care. Hence, engagement of faculty 
members in research projects and workshops helps to 
enhance the positivity of attitudes toward scientific 
research which is similar finding in our study

The lack of time can be referred due to the burden of 
the educational workload for faculty members, lack of 
encouragement was the finding in the study conducted 
by Alzahrani, 2011[14] and this finding if consistent with 
our study findings.

The lack of research mentors for the master degree 
holders due to busy schedules of higher academic 
ranking (assistant, associate, and full professors) might 
prevent them from being engaged in conducting 
research.[15] This was confirmed by Roberts and 
Turnbull[16] who concluded that faculty members 
with higher qualifications clearly had more scholarly 
productivity and output while in our study majority of 
the study participants did not feel so.

Conclusion and Recommendations

Major barrier to publications was financial aspects and 
the unavailable resources though it was considered 
important for the promotions and future prospects.

The Adage “PUBLISH Or PERISH” holds true in today’s 
Era. To increase the no of faculty publications, the 
barriers both at the individual and institutional levels 
can be overcome by giving suitable incentives to the 
faculty members and encourage them to publish by 
providing all the resources needed and free excess to 
the information as well.

To generalize the results of this study and to have a better 
picture of the research and publications, the study can 
be replicated and conducted on a larger sample size by 
involving the faculties on the clinical side as well. To 
have improved and high‑quality research productivity 
by the academicians for generating knowledge and 
promotion purposes, it is highly recommended to 
have frequent structured research programs involving 
training with limited number of the hour, regular 
mentoring and allotting suitable research funds as the 
national accreditation mandates research productivity 
by university faculty members in today’s era of research 
to improve RPP.
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Annexures

Questionnaire I. Demographic status of Respondents

1. Name in full

2. Age

3. Gender M �  F �

4. Current academic designation Tutor � Assistant �

      Associate � Professor �

5. Specialty

6. Years of teaching experience

  1‑9 years �

  10‑19 yrs �

  20‑29 yrs �

  >30 yrs �

7. Have you taught UG/PG total how to conduct research Y � N �

8. Total number of research publications

9. Have you been trained in basic MET Y � N �

10. Has your article ever been rejected Y � N �

 If yes, cite the reason for the same

Questionnaire II. Questions to assess knowledge on Research ‑Part I
1.  What kind of Research have you been involved in the past ?

  �	 Qualitative  �	 Quantitative

2.  How would you classify your Research into (Most of them)?

  �	 Descriptive  �	 Analytical

3.  Can you classify Descriptive studies

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
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4. Can you classify Analytical Studies?

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

5. Do you have knowledge regarding basic Statistical techniques?

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Questionnaire 2: Questions to Assess knowledge on Research Part II
Question 
number

Description Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

1 Why do you think it is important to conduct research and 
publish articles?

a. If enhance carrier and personal growth
b. For individual interest
c. Research is important skill and should be learnt project
d. To contributes to the academic growth of institution
e. To keep up with fellow – colleagues
f. Not important/can be kept optional

2 Do you feel that Research in important in medical field?
3 Research should be a part of medical curriculum?

Questionnaire 3: Questionnaires for Attitude
Question number Description Agree Neutral Disagree
1 How many CME’s/workshop on research methodology do you attend annually
2 Do you feel that faculty should know about research methodology
3 Continued medical research will improve the quality of patients healthcare
4 Do you feel the MCI move on making PG training compulsory in medical college is 

good
5 Do you think medical curriculum should include teaching about research to UG 

student along with their basic science subjects to have in positive impact on them 
regarding research

6 Under taking research projects, writing a research paper would be useful for a 
future career

7 Getting involving in research would increase the work already overburden faculty 
with various academic activities

Questionnaire 4: Questionnaire on Barrier
Question number Description Yes Cant Say No
1 Mentors research are easily available for mentoring
2 In order to conduct research there is adequate time in medical college
3 Training and facilities are adequate for faculty in research
4 There is easy access to all reputed medical journals for reference
5 Obtaining ethical clearance for a research project is easy and in due time
6 Faculty members are motivated to take part in research by giving suitable incentives 

regularly
7 Conducting a research work is associated with financial burden/nonavailability of funding
8 Associated personal lack of interest, skills, motivation and knowledge is conducting research
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Introduction β-Thalassemias are inherited hemoglobinopathies commonly encoun-
tered in practice. With chances of a promising cure being rare, the prevention of births 
with this disorder should assume priority, especially in low-resource countries. This can 
be achieved by the implementation of a mass screening program that is reliable and, 
at the same time, cost-effective.
Objectives This study focuses on the utility of Naked Eye Single Tube Red Cell 
Osmotic Fragility Test (NESTROFT) as a mass screening tool to detect thalassemia car-
riers. Hematological parameters that may predict carrier status were also evaluated.
Materials and Methods Hemoglobin estimation was performed on all consented 
pregnant women. If the patient was found to have hemoglobin < 11 g/dL, the blood 
sample was subjected to other routine hematological tests along with peripheral smear 
examination. NESTROFT was performed using 0.36% saline solution. Confirmation was 
done using high-performance liquid chromatography (HPLC).
Statistical Analysis Data obtained were tabulated using version 21 of the Statistical 
Package for Social Sciences. Means, standard deviations, and percentages were used 
to describe the sample. Chi-square test and Students’ t test were used to identify dif-
ferences between the groups.
Results Of 441 pregnant women enrolled, 206 were found to be anemic. Nineteen 
(9.2%) of the anemic pregnant women were detected to be carriers of hemoglobinop-
athies. Among the hematological parameters, mean red blood cell count and reticulo-
cyte count were higher, while mean corpuscular hemoglobin concentration was lower in 
carriers. Also, carriers were more likely to present with microcytic hypochromic anemia. 
NESTROFT showed a sensitivity of 84.21%, specificity of 96.25%, a positive predictive 
value of 69.56%, and a negative predictive value of 98.36%. A false-positive result was 
seen in 3.74% of the tests, while a false negative result was seen in 15.78% of the tests.
Conclusions NESTROFT (0.36%) can be used as a simple and cost-effective mass 
screening tool for the detection of carrier status. This should be followed by confirma-
tion using HPLC or hemoglobin electrophoresis.
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Introduction

Hemoglobinopathies are genetically determined mende-
lian abnormalities that result in a quantitative or qualita-
tive defect in the synthesis of globin molecules. Among the 
various hemoglobinopathies, β-thalassemias are seen most 
frequently in the Indian subcontinent (80%).1 The global 
prevalence of β-thalassemia is estimated to be around 3%, 
while in India, the prevalence varies from 3 to 17% in North 
India and 1.3% in South India.2,3 Based on genetic and clini-
cal features, thalassemias have been classified as thalassemia 
major, thalassemia intermedia, thalassemia trait, and thalas-
semia minima.4

Thalassemia major patients present with classical clini-
cal features of pallor, irritability, growth retardation, hepa-
tosplenomegaly,  jaundice, and skeletal deformities. These 
patients are dependent on blood transfusions every 3 weeks 
along with chelation therapy, failing which their lifespan 
will be sadly shortened.5 The economic implications for the 
affected individuals are tremendous. The cost of treatment 
of one thalassemic child of around 3 years of age is around 
INR 90,000 to 1,00,000 annually and with progressing age, 
the costs would only increase proportionally.6 Bone marrow 
transplantation is a potentially promising cure, but involves 
high cost in addition to compatible donor availability and suc-
cessful transplant. Thus, it is imperative that prevention must 
be sought rather than a cure.7 Screening for β-thalassemia 
trait is a major step in this direction, as such individuals are 
generally asymptomatic themselves but serve as carriers.

In this study, we evaluated the utility of Naked Eye Single 
Tube Osmotic Fragility Test (NESTROFT) as a simple and inex-
pensive screening method for the detection of β-thalassemia 
trait in anemic pregnant women. This group was chosen for 
the study since pregnant women present regularly to the 
hospital for checkups, blood investigations are routinely 
done, and the would-be parents are more receptive toward 
tests being done for the well-being of their unborn child.8

Aims and Objectives

Following are the aims and objectives of this article:

1. To estimate the utility of NESTROFT as a simple and inex-
pensive screening method to detect β-thalassemia trait in 
anemic pregnant women.

2. To compare the hematological parameters of anemic 
pregnant women who are carriers as compared with 
noncarriers.

Materials and Methods

This cross-sectional study was conducted over a period of 
1 year in a tertiary care facility after obtaining institutional 
ethics committee approval. All consented pregnant women 
who presented to the obstetrics outpatient department 
were interviewed using a specially prepared proforma that 
included demographic data along with information pertain-
ing to the present pregnancy, significant past medical history, 

and family history. Three milliliters of venous blood were 
collected in an ethylene-diamine-tetraacetic-acid vacutainer 
under strict aseptic precautions. Hemoglobin estimation was 
performed and if the woman was found to have hemoglobin 
< 11 g/dL, then the blood sample was subjected to other rou-
tine hematological tests like complete blood count, packed 
cell volume, mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC), red cell distribution width (RDW), 
and peripheral smear examination.

NESTROFT was performed using 0.36% saline solution 
as first suggested by Kattamis et al, who showed that this 
concentration was sensitive and effectively detected 96% 
of β-thalassemia carriers.9 The stock solution was prepared 
using sodium chloride (90 g), disodium hydrogen phos-
phate (13.65 g), sodium dihydrogen phosphate (2.43 g), and 
distilled water (1,000 mL). Two milliliters of 0.36% buffered 
saline were taken in a test tube labeled as “Test,” while 2 mL 
of distilled water was taken in the “Control” tube. One drop 
of the subjects’ blood was added to each tube and placed on 
a stand after mixing well. After 30 minutes, both the tubes 
were held against a black line on a white background. If the 
black line was blurred, it was considered positive; if clearly 
visible, it was interpreted as negative. This test is based on 
the reduced osmotic fragility demonstrated by microcytic 
red cells as compared with normal red cells.6 Confirmation 
of carrier status was done using high-performance liquid 
chromatography.

Data obtained were tabulated using version 21 of the 
Statistical Package for Social Sciences. Means, standard devia-
tion (SD), and percentages were used to describe the sample.

Chi-square test and Students’ t test were used in identify-
ing differences between the groups.

Observations and Results
A total of 441 pregnant women were screened for anemia, of 
which 206 were anemic (46.7%). ►Table 1 shows the socio-
demographic data of anemic pregnant women. About 53.41% 
were between the ages of 21 and 25 years; 70.88% came from 
a rural setting. Out of these 206 pregnant women, 19 women 
(9.2%) were detected to be carriers of hemoglobinopathies, 
which included 16 cases of β-thalassemia trait, and 1 case 
each of delta-β thalassemia trait, sickle cell trait, and hered-
itary persistence of fetal hemoglobin. Of the 19 women who 
were carriers of hemoglobinopathies, 1 was in the first tri-
mester while 9 each were in the second and third trimester. 
Fifty-six women of the anemic group and six of the carrier 
group (total of 30.08%) were consanguineously married. The 
obstetric history pertaining to the rates of abortion between 
carriers (mean: 0.11 ± 0.072 SD) and anemic group (mean: 
−0.8 ± 0.024 SD) were statistically insignificant. About 4.85% 
of the anemic women without hemoglobinopathies had 
received prior blood transfusions, while 0.48% of the carriers 
had received transfusions earlier.

Various hematological parameters were compared 
between anemic noncarriers and women who were carriers 
of hemoglobinopathies (►Table 2). It was observed that the 
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mean red blood cell (RBC) count in carriers (4.03 million) 
was higher, the mean MCHC (33.42%) was lower, and 
the mean reticulocyte count (2.10%) was higher as com-
pared with anemics who were noncarriers (3.75 million, 
34.28% and 0.99%, respectively). These differences were sta-
tistically significant. Other differences that were not statisti-
cally significant but were nevertheless present were that the 
RDW, MCV, and MCH were lower in the carriers as compared 
with the noncarriers. Among the patterns of anemia seen, it 
was observed that carriers were more likely to present with 
microcytic hypochromic anemia and this finding was statis-
tically significant.

NESTROFT was positive in 16 out of 19 subjects with 
hemoglobinopathies. It could accurately identify 87.38% 
of the women who did not have hemoglobinopathies and 
this finding was statistically significant. The sensitivity of 
NESTROFT was 84.21% and it had a high specificity of 96.25%. 
The predictive value of a negative test was very high 
being 98.36%, which meant that it could precisely identify 
people who were not carriers. The predictive value of a posi-
tive test was 69.56%. A false-negative test was seen in 15.78% 
of cases, while only 3.74% of cases showed a false-positive 
test (►Table 3).

Discussion
Hemoglobinopathies, especially thalassemias, constitute the 
most common fatal hereditary disorders and they are respon-
sible for a significant amount of morbidity and mortality. 
Ignorance about the disorder and lack of knowledge regard-
ing the genetics of thalassemia contributes significantly 
toward increasing the disease burden. Community educa-
tion through awareness programs along with large-scale 
carrier screening are the pillars upon which the control of 
disease burden rests. Population screening in various set-
tings is practiced to a certain extent, for example, extended 
family screening or community studies performed in cer-
tain high-risk groups. Premarital screening and screening 
of school-going children pose logistic, social, and economic 
constraints.5 Antenatal screening for hemoglobinopathies, if 
made part of routine antenatal tests, could prove to be suc-
cessful. If the pregnant lady is found to be a carrier, the part-
ner can be tested for carrier status following the results of 
which prenatal diagnosis and appropriate genetic counseling 
can be offered.

The prevalence of hemoglobinopathies varies between 
3 and 17% in different states and populations in India.10 In the 

Table  1  Sociodemographic data comparison between anemic pregnant women with and without hemoglobinopathies (n = 206)

Variable Anemia without 
hemoglobinopathy

Anemia with 
hemoglobinopathy

t-Value  / 
χ2 value

p-Value

n/mean %/SD n/mean %/SD

Age groups 15–20 57 93.44 4 6.56 1.305 0.728

21–25 98 89.10 12 10.90

26–30 28 90.32 3 9.68

31–35 4 100 0 0

Age 22.7 3.30 23.21 2.485 0.654 0.514

Residence Rural 130 89.04 16 10.96 1.803 0.179

Urban 57 95.0 3 5.0

Religion Hindu 165 90.66 17 9.34 0.112 0.945

Muslim 21 91.30 2 8.70

Christian 1 100 0 0

Marital
Status

Married 186 90.73 19 9.27 0.102 0.749

Unmarried 1 100 0 0

Occupation Homemaker 170 90.91 17 9.09 1.841 0.606

Laborer 6 100 0 0

Office work 3 75 1 25

Others 8 88.89 1 11.11

Education Illiterate 9 100 0 0 2.723 0.605

Read and write 5 83.33 1 16.67

Primary 29 85.30 5 14.70

High school 131 91.60 12 8.40

Graduate 13 92.85 1 7.15

Abbreviation: SD, standard deviation.
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present study, the percentage of carriers detected was 9.2%. 
This high prevalence could be due to the existing sociocultural 
practices unique to this part of the country where consan-
guineous marriages with maternal kindred are an accepted 

norm. The present study was undertaken to study the utility 
of NESTROFT as a screening method using a buffered saline 
solution of 0.36%, as studies have indicated that this concen-
tration could detect 97.7% of the heterozygous β-thalassemia 

Table  2  Hematological investigations in anemic pregnant women with and without hemoglobinopathies

Sl. no. Variable Anemia without 
hemoglobinopathy

Anemia with 
hemoglobinopathy

t-Value/ χ 2 
value

p-Value

n/mean %/SD n/mean %/SD

1 Hemoglobin 9.36 1.23 9.50 1.09 –0.456 0.649

2 RBC count 3.75 0.58 4.03 0.69 –1.998 0.047a

3 Hematocrit 27.37 3.34 28.23 3.32 –1.100 0.273

4 RDW 16.86 2.95 16.15 2.64 1.014 0.312

5 MCV 74.11 8.58 71.47 10.78 1.246 0.214

6 MCH 25.46 3.77 24.02 4.67 1.555 0.121

7 MCHC 34.28 1.47 33.42 1.94 2.368 0.019a

8 ESR 21.90 10.24 21.47 10.04 0.175 0.861

9 Retic count 0.99 0.29 2.10 0.46 14.965 0.000a

10 Total count 10,585.56 4,184.37 9,421.05 2,876.07 1.184 0.238

11 Neutrophils 75.98 6.49 73.84 7.29 1.352 0.178

12 Lymphocytes 20.55 5.81 22.37 6.28 1.293 0.197

13 Eosinophils 1.59 1.22 1.79 1.65 0.661 0.510

14 Monocytes 1.91 1.42 2.00 1.49 0.249 0.804

15 Abs granulocyte 8.24 3.70 7.12 2.31 1.290 0.198

16 Abs lymphocyte 2.04 0.70 1.94 0.64 0.612 0.541

17 Abs monocyte 0.35 0.22 0.36 0.24 0.206 0.837

18 Platelet count 290,395.72 89,862.64 287,684.21 87,084.28 0.126 0.900

19 MPV 8.03 0.91 8.11 1.03 0.361 0.719

20 PCT 0.40 2.29 0.23 0.07 0.325 0.746

21 PDW 12.68 2.51 12.92 2.68 0.380 0.704

22 Patterns of 
anemia

MHA 54 26.21 12 5.83 9.227 0.010a

NHA 106 51.46 7 3.39 2.742 0.98

DA 27 13.11 0 0 3.157 0.076

Abbreviations: DA, dimorphic anemia; ESR, erythrocyte sedimentation rate; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpus-
cular volume; MHA, microcytic hypochromic anemia; MPV, mean platelet volume; NHA, normocytic hypochromic anemia; PCT, platelet count; PDW, 
platelet distribution width; RBC, red blood cell; RDW, red cell distribution width; SD, standard deviation.
aStatistically significant (p < 0.05).

Table  3  NESTROFT as a screening test for the detection of hemoglobinopathies (n = 206)

Variable Anemia without 
hemoglobinopathy

Anemia with 
hemoglobinopathy

t-Value/ χ2 
value

p-Value

n/mean %/SD n/mean %/SD

NESTROFT Positive 7 30.44 16 69.56 112.596 0.000a

Negative 180 98.36 3 1.64

Sensitivity 84.21%

Specificity 96.25%

% False negative 15.78%

% False positive 3.74%

Predictive value of positive test 69.56%

Predictive value of negative test 98.36%

Abbreviations: NESTROFT, Naked Eye Single Tube Red Cell Osmotic Fragility Test; SD, standard deviation.
aStatistically significant (p < 0.05).
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patients with a specificity of 83.3%.10 ►Table 4 compares the 
sensitivity, specificity, positive predictive value, and negative 
predictive value of NESTROFT with other similar studies. The 
sensitivity in the present study was slightly less as compared 
with other studies, the probable cause being a larger sam-
ple size in the other studies. Specificity and negative pre-
dictive value in the present study is comparable to results 
obtained by Chakrabarti et al and Vijay et al.11,12 The positive 
predictive value of the test shows a wide variation ranging 
from 33.6 to 96%.12,13 Our study shows a positive predictive 
value of 69.56%. High sensitivity and specificity are desirable 
factors for judging the effectiveness of a screening test. A high 
negative predictive value almost rules out the possibility of a 
β-thalassemia trait.

Among the hematological parameters used to distin-
guish β-thalassemia carriers, the decrease in hemoglobin 
is minimal in heterozygous thalassemia cases.14 The mean 
RBC count is increased as compared with normal and the 
mean RDW is lower in β-thalassemia carriers. These two 
features are useful in differentiating thalassemia traits from 
iron deficiency anemia, both of which present with a micro-
cytic hypochromic picture. Iron deficiency anemia, how-
ever, presents with a reduced red cell count and increased 
RDW, whereas β-thalassemia carriers present with uniform 
microcytosis.4 Few studies have suggested that an MCV of 
72 femtolitres is maximally sensitive and specific for pre-
sumptive diagnosis of thalassemia cases.14,15 Thalassemia 
carriers also have a higher reticulocyte count, especially in 
hematologically stressful conditions such as pregnancy.4

A national thalassemia screening program is the need 
of the hour, especially in a country like ours that lies along 
the thalassemia belt. Mass screening programs involving 
antenatal diagnosis followed by genetic counseling and 
public education have shown huge success rates in coun-
tries such as Greece, Cyprus, and Italy that have reduced 
thalassemia incidence by 52, 96, and 62%, respectively.5 In a 
resource-poor country like ours, a viable and effective test 
can help us take huge steps along the road of thalassemia 
prevention. NESTROFT is an ideal screening test as it is sim-
ple, cheap (costs INR 1.5/test, and does not require expensive 
equipment).6

Conclusion
This study addressing screening of β-thalassemia carriers 
performed in antenatal population is rare. The results of this 

study establish NESTROFT as a cost-effective mass screening 
tool for the detection of carriers. NESTROFT has a sensitivity 
of 84.21%, specificity of 96.25%, negative predictive of 98.36%, 
and a positive predictive value of 69.56%. If the pregnant sub-
ject is detected to be a carrier, further testing of the partner is 
indicated followed by chorionic villous sampling and genetic 
counseling where indicated.

Limitations of the Study
This study is limited by the small sample size as it is a 
facility-based study conducted in a tertiary care hospital. A 
wide-scale population-based study with a larger sample size 
is desirable.
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Blood pressure thresholds in pregnancy for identifying 
maternal and infant risk: a secondary analysis of 
Community-Level Interventions for Pre-eclampsia (CLIP) 
trial data
Jeffrey N Bone*, Laura A Magee*, Joel Singer, Hannah Nathan, Rahat N Qureshi, Charfudin Sacoor, Esperança Sevene, Andrew Shennan, 
Mrutyunjaya B Bellad, Shivaprasad S Goudar, Ashalata A Mallapur, Khátia Munguambe, Marianne Vidler, Zulfiqar A Bhutta, Peter von Dadelszen, 
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Summary
Background Blood pressure measurement is a marker of antenatal care quality. In well resourced settings, lower blood 
pressure cutoffs for hypertension are associated with adverse pregnancy outcomes. We aimed to study the associations 
between blood pressure thresholds and adverse outcomes and the diagnostic test properties of these blood pressure 
cutoffs in low-resource settings.

Methods We did a secondary analysis of data from 22 intervention clusters in the Community-Level Interventions for 
Pre-eclampsia (CLIP) cluster randomised trials (NCT01911494) in India (n=6), Mozambique (n=6), and Pakistan 
(n=10). We included pregnant women aged 15–49 years (12–49 years in Mozambique), identified in their community 
by trained community health workers, who had data on blood pressure measurements and outcomes. The trial was 
unmasked. Maximum blood pressure was categorised as: normal blood pressure (systolic blood pressure [sBP] 
<120 mm Hg and diastolic blood pressure [dBP] <80 mm Hg), elevated blood pressure (sBP 120–129 mm Hg and 
dBP <80 mm Hg), stage 1 hypertension (sBP 130–139 mm Hg or dBP 80–89 mm Hg, or both), non-severe stage 2 
hypertension (sBP 140–159 mm Hg or dBP 90–109 mm Hg, or both), or severe stage 2 hypertension (sBP ≥160 mm Hg 
or dBP ≥110 mm Hg, or both). We classified women according to the maximum blood pressure category reached 
across all visits for the primary analyses. The primary outcome was a maternal, fetal, or neonatal mortality or 
morbidity composite. We estimated dose-response relationships between blood pressure category and adverse 
outcomes, as well as diagnostic test properties.

Findings Between Nov 1, 2014, and Feb 28, 2017, 21 069 women (6067 in India, 4163 in Mozambique, and 10 839 in 
Pakistan) contributed 103 679 blood pressure measurements across the three CLIP trials. Only women with non-
severe or severe stage 2 hypertension, as discrete diagnostic categories, experienced more adverse outcomes than 
women with normal blood pressure (risk ratios 1·29–5·88). Using blood pressure categories as diagnostic 
thresholds (women with blood pressure within the category or any higher category vs those with blood pressure 
in any lower category), dose-response relationships were observed between increasing thresholds and adverse 
outcomes, but likelihood ratios were informative only for severe stage 2 hypertension and maternal CNS events 
(likelihood ratio 6·36 [95% CI 3·65–11·07]) and perinatal death (5·07 [3·64–7·07]), particularly stillbirth (8·53 
[5·63–12·92]).

Interpretation In low-resource settings, neither elevated blood pressure nor stage 1 hypertension were associated 
with maternal, fetal, or neonatal mortality or morbidity adverse composite outcomes. Only the threshold for severe 
stage 2 hypertension met diagnostic test performance standards. Current diagnostic thresholds for hypertension in 
pregnancy should be retained.
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Introduction
Hypertension in pregnancy has traditionally been 
defined as a systolic blood pressure (sBP) of at least 
140 mm Hg or a diastolic blood pressure (dBP) of at least 
90 mm Hg, or both.1 Hypertension defined in this 
way identifies pregnant women at increased risk of 

pre-eclampsia and other maternal and fetal or neonatal 
complications, including death, and these women are 
recommended to receive enhanced antenatal care and 
monitoring worldwide.

In 2017, the American College of Cardiology and 
American Heart Association recommended lowering 
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the blood pressure thresholds for diagnosing hyper-
tension outside of pregnancy, classified as: elevated 
blood pressure (or elevated sBP; defined as sBP 
120–129 mm Hg and dBP <80 mm Hg), stage 1 hyper-
tension (sBP 130–139 mm Hg or dBP 80–89 mm Hg, or 
both), and stage 2 hypertension (sBP ≥140 mm Hg or 
dBP ≥90 mm Hg, or both).2 Although the American 
College of Obstetricians and Gynecologists and 
WHO have retained a definition of blood pressure 
greater than or equal to 140/90 mm Hg for hypertension 
in pregnancy, several studies have reported a dose-
response relationship between increasing blood pressure 
and adverse pregnancy outcomes, across gestational 
ages;3,4 these findings provide potential support for the 
redefinition of hypertension in pregnancy. However, 
despite use of blood pressure as an essential screening 
test in pregnancy, no studies have yet reported the 
diagnostic test properties (such as sensitivity and 
specificity) of various blood pressure thresholds for 
hypertension diagnosis.

We aimed to analyse the relationship between blood 
pressure thresholds to define hypertension in pregnancy 
and adverse maternal, fetal, or neonatal outcomes, as 
well as the diagnostic test properties of these cutoffs, in 
low-resource settings.

Methods
Study design and participants
We did a secondary analysis of data from 22 interven-
tion clusters in the Community-Level Interventions 
for Pre-eclampsia (CLIP) cluster randomised trials 
(NCT01911494) in India (n=6), Mozambique (n=6), and 
Pakistan (n=10).5–8 The unit of randomisation (cluster) 
was the local administrative unit. We included pregnant 
women aged 15–49 years (12–49 years in Mozambique), 
identified in their community by trained community 
health workers, who had data on blood pressure 
measurements and outcomes. All women provided 
written informed consent to participate. The trial was 
unmasked given the nature of the intervention, aimed at 
addressing the so-called three delays in triage, transport, 
and treatment related to mortality risk, particularly 
associated with pre-eclampsia.9

Ethics approvals were granted by the University 
of British Columbia, Canada (H12-03497) and relevant in-
country research ethics boards (Aga Khan University, 
Pakistan, 2590-Obs-ERC-13; KLE University, India, 
MDC/IECHSR/2011-12/A-4, ICMR 5/7/859/12-RHN; 
Centro de Investigação em Saúde de Manhiça, 
Mozambique, CIBS-CISM/038/14; and Mozambique 
National Bioethic Committee, 219/CNBS/14).

Research in context

Evidence before this study
We searched MEDLINE, PubMed, Embase, CINAHL, CNTRAL, 
LILACS, Web of Science, and Google Scholar databases, 
including reference lists of eligible studies, for studies 
published in English between Jan 1, 2017, and Dec 31, 2020, 
using the search terms “human” AND (“hypertension” OR 
“hypertensive disorders of pregnancy” OR “pregnancy-induced 
hypertension” OR “preeclampsia” OR “pregnancy toxemias” 
OR “gestational hypertension”) AND (“American College of 
Cardiology” OR “American Heart Association”) AND (“stage 1 
hypertension” OR “prehypertension”) AND (“Pregnancy[mh]” 
OR “Pregnan*” OR “Gestation*” OR “pregnant women[mh]” 
OR “Pregnancy Complications[mh]” OR “Postpartum 
Period”[Mesh] OR “Puerperium” OR “postpartum” OR 
“Peripartum Period”[Mesh] OR “Peripartum*” OR “Perinatal 
Care[mh]” OR “perinatal”).

In 2017, the American College of Cardiology and American 
Heart Association recommended lowering blood pressure 
thresholds for diagnosing hypertension outside of pregnancy. 
Several studies have examined the risk of adverse pregnancy 
outcomes associated with these lower blood pressure values 
in pregnancy, compared with the established cutoff of 
140/90 mm Hg or greater.

Added value of this study
Nearly all evidence for using the American College of 
Cardiology and American Heart Association thresholds to 
diagnose hypertension in pregnancy are from high-income 

settings and rely on retrospective, routinely collected clinical 
data. Furthermore, these studies have focused exclusively on 
associative measures (such as risk ratios) between blood 
pressure thresholds and adverse outcomes. By contrast, this 
study provides prospective blood pressure data from more 
than 20 000 pregnant women, in three low-income and 
middle-income countries (LMICs), using standardised 
measurement technique and a validated device, and examines 
not only associations between blood pressure thresholds and 
adverse outcomes, but also the diagnostic test properties of 
those thresholds. Associations were dependent on blood 
pressure greater than or equal to 160/110 mm Hg.

Implications of all the available evidence
Our findings suggest that there is an association between the 
American College of Cardiology and American Heart 
Association blood pressure thresholds and adverse pregnancy 
outcomes in LMIC settings, but there is no antenatal blood 
pressure threshold that is sensitive with regards to the adverse 
maternal, fetal, or neonatal outcomes studied, including data-
driven cutoffs. However, severe stage 2 hypertension (blood 
pressure ≥160/110 mm Hg) is associated with a substantially 
increased risk of adverse maternal CNS outcomes and fetal or 
neonatal death, particularly stillbirth, and should be treated as 
per international guidance. Antenatal care must aim to provide 
more than accurate blood pressure measurement to achieve the 
Countdown 2030 goals.
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Procedures
First, community engagement addressed barriers and 
facilitators to accessing care. Second, existing cadres of 
community health workers were trained to task-share 
pregnancy hypertension-oriented care at CLIP contacts 
in women’s homes, using the CLIP Pre-eclampsia 
Integrated Estimate of Risk Score (PIERS) On-the-
Move (POM) digital health app for risk stratification.10 
Community health workers responded to emergency 
conditions (if applicable); measured women’s blood 
pressure and did dipstick urinalysis for proteinuria at 
the first and any subsequent contact where hypertension 
was identified; administered oral methyldopa (750 mg) 
if blood pressure was greater than or equal to 
160/110 mm Hg and intramuscular magnesium sulphate 
(10 g) if severe pre-eclampsia (defined as at least one 
of: sBP ≥160 mm Hg, mini pre-eclampsia integrated 
estimate of risk [miniPIERS] probability ≥25%, eclamp-
sia, or stroke) was suspected; and referred women 
to a comprehensive emergency obstetric care facility 
if advised by POM. Antenatal POM-guided visits 
(including blood pressure measurement) were scheduled 
monthly from enrolment.

Blood pressure measurement for all women in the 
intervention clusters (and, therefore, in this analysis) 
was standardised and taken by trained community 
health workers, using a semi-automated pregnancy-
validated and pre-eclampsia-validated oscillometric 
device (Microlife 3AS1-2; Microlife, Taipei, Taiwan).11 
Women were instructed to rest for 5 min, then their 
blood pressure was measured at least twice, with a third 
measurement taken if the first two readings differed by 
10 mmHg or more. All readings were entered into the 
POM app, with blood pressure for the visit calculated as 
the mean of the first two readings, or of the second and 
third if three readings were taken. All readings were 
stored electronically in REDCap databases.

Trained surveillance teams did regular household 
surveys (every 3–6 months) in Mozambique and Pakistan; 
in India, a prospective population-based surveillance 
system was established. The PRE-eclampsia Eclampsia 
Monitoring, Prevention, and Treatment (PRE-EMPT) 
research group, University of British Columbia, Canada, 
was responsible for overall trial coordination and data 
management.

Outcomes
The primary CLIP composite outcome was a composite 
of maternal, fetal, and neonatal mortality and morbidity, 
and all outcomes were adjudicated by an in-country 
team of clinicians. Maternal death and morbidity were 
assessed during pregnancy or within 42 days after 
pregnancy; morbidity was defined as one or more life-
threatening pregnancy complications (a serious end-
organ compli cation of pre-eclampsia [ie, eclampsia, 
stroke, coma, antepartum haemorrhage, or disseminated 
intravascular coagulation], another major maternal 

complication [ie, obstetric sepsis, or vesicovaginal 
or rectovaginal fistula], or receipt of a life-saving inter-
vention [ie, cardiopulmonary resuscitation, mechanical 
ventilation, blood transfusion, interventions for major 
post-partum haemorrhage, or dialysis]). This analysis 
also included a maternal CNS composite outcome of 
one or more of maternal eclampsia, stroke, coma, or 
mortality. Fetal or neonatal death included stillbirth, 

Participants (n=21 069)

Country 

India 6067 (28·8%) 

Mozambique 4163 (19·8%) 

Pakistan 10 839 (51·4%) 

Maternal age, years 25·0 (22·0–30·0)

Maternal basic level of education* 8409 (39·9%) 

Gestational age at enrolment, weeks 17·1 (11·2–24·1)

Enrolment at ≥20 weeks of gestation 7832 (37·2%) 

Parous 15 099 (71·7%) 

Blood pressure, mm Hg

Mean sBP 106·0 (100·4–112·0)

Mean dBP 66·6 (62·5–71·0)

Maximum sBP 113·0 (106·0–120·0)

Maximum dBP 73·0 (67·0–79·0)

Maximal blood pressure category† 

Normal blood pressure 13 780 (65·4%) 

Elevated blood pressure 2196 (10·4%) 

Stage 1 hypertension 3751 (17·8%) 

Non-severe stage 2 hypertension 1178 (5·6%) 

Severe stage 2 hypertension 164 (0·8%) 

Gestational age at delivery, weeks 39·0 (37·0–40·4)

Preterm delivery (<37 weeks of gestation) 4651 (22·1%)

Outcomes‡ 

Primary CLIP composite 4816 (22·9%) 

Maternal mortality 43 (0·2%) 

Maternal morbidity 2006 (9·5%) 

Maternal CNS composite 282 (1·3%) 

Fetal or neonatal death 1657 (7·9%) 

Stillbirth 810 (3·8%)

Data are n (%) or median (IQR) unless otherwise stated. sBP=systolic blood 
pressure. dBP=diastolic blood pressure. CLIP=Community-Level Interventions for 
Pre-eclampsia. *Basic level of education was defined as at least 8 years of 
schooling in India, at least attainment of grade 5 in Mozambique, or at least 
5 years of schooling in Pakistan. †Blood pressure was categorised as: normal blood 
pressure (sBP <120 mm Hg and dBP <80 mm Hg), elevated blood pressure 
(sBP 120–129 mm Hg and dBP <80 mm Hg), stage 1 hypertension 
(sBP 130–139 mm Hg or dBP 80–89 mm Hg, or both), non-severe stage 2 
hypertension (sBP 140–159 mm Hg or dBP 90–109 mm Hg, or both), or severe 
stage 2 hypertension (sBP ≥160 mm Hg or dBP ≥110 mm Hg, or both). 
‡The primary CLIP composite outcome was a composite of maternal and perinatal 
mortality and morbidity. Maternal mortality or morbidity were assessed during 
pregnancy or within 42 days after pregnancy; morbidity was defined as one or 
more life-threatening pregnancy complications (ie, a serious end-organ 
complication of pre-eclampsia, another major cause of maternal mortality, or 
receipt of a life-saving intervention). The maternal CNS composite outcome was 
one or more of maternal eclampsia, stroke, coma, or mortality. Fetal or neonatal 
death included stillbirth and early or late neonatal mortality (appendix p 4).

Table 1: Baseline characteristics
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early neonatal mortality, or late neonatal mortality 
(appendix p 4).

In this analysis, we included CLIP trial participants 
who were from intervention groups and had at least one 
POM app-guided antenatal contact with blood pressure 
measurement done by community health workers at a 
clinically estimated gestation of 44 weeks or less. 
Analyses including post-partum and perinatal outcomes 
were restricted to women who had delivered and provided 
outcome information.

We classified the antenatal blood pressure readings for 
each woman at each visit, on the basis of the American 
College of Cardiology and American Heart Association 
criteria,2 as: normal blood pressure (sBP <120 mm Hg 
and dBP <80 mm Hg), elevated blood pressure (sBP 
120–129 mm Hg and dBP <80 mm Hg), stage 1 hyper-
tension (sBP 130–139 mm Hg or dBP 80–89 mm Hg, 
or both), non-severe stage 2 hypertension (sBP 
140–159 mm Hg or dBP 90–109 mm Hg, or both), and 
severe stage 2 hypertension (sBP ≥160 mm Hg or dBP 
≥110 mm Hg, or both). We classified women according to 
the maximum blood pressure category reached across all 
visits for the primary analyses. Women who were 
hypertensive before 20 weeks of gestation were regarded 
as having chronic hypertension, and those who were 

hypertensive at 20 weeks of gestation or greater were 
regarded as having gestational hypertension or pre-
eclampsia.12

Statistical analysis
Descriptive statistics were used to summarise baseline 
maternal characteristics, and maximal blood pressure 
categories overall and according to gestational age at 
measurement (<20 weeks vs ≥20 weeks).

The possible dose-response relationship between 
blood pressure category and adverse outcomes was 
assessed in two ways. First, we treated each category as 
mutually exclusive and calculated the risk ratio (RR) 
between normal blood pressure and each category, 
using generalised estimating equations with a Poisson 
link function.13 Second, we fit analogous models, but 
treated the lower limit of each category as a blood 
pressure cutoff for diagnosis of hypertension. For 
example, for stage 1 hypertension, we compared women 
with sBP 130 mm Hg or greater or dBP 80 mm Hg or 
greater (or both), with those who had sBP less than 
130 mm Hg and dBP less than 80 mm Hg. All models 
were adjusted for maternal age, maternal basic level of 
education (ie, ≥8 years of schooling in India, attainment 
of at least grade 5 in Mozambique, or ≥5 years of 

Figure 1: Maximal blood pressure measurements by gestational age
Maximal blood pressure values per woman are shown, as a median with IQR for each gestational age week.
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schooling in Pakistan), gestational age at enrolment, 
and nulliparity. SEs were based on the sandwich 
estimator to account for clustering.

The diagnostic test properties of blood pressure 
categories were assessed using sensitivity, specificity, 
and positive and negative likelihood ratios (LRs). 
Positive LR was calculated as: sensitivity / (1 – specificity). 
Negative LR was calculated as: (1 – sensitivity) / specificity. 
CIs were calculated by standard methods.14 For each 
calculation, women with blood pressure equal to or 
higher than the given blood pressure threshold were 
compared with those with blood pressure lower than the 
threshold. LRs describe the likelihood that a given test 
result would alter the probability of a diagnosis; positive 
LR values were interpreted as good if greater than or 
equal to 5·0 and negative LR values were interpreted as 
good if less than 0·2.

In a sensitivity analysis to determine if the sensitivity of 
blood pressure categories for adverse outcomes improved 
closer to term, we re-classified women according to 
the maximum blood pressure category reached within 
predefined gestational age categories (28 weeks to 
<32 weeks, 32 weeks to <37 weeks, and ≥37 weeks of 
gestation). Also, we estimated the optimal sBP and dBP 
cutoffs to maximise sensitivity of blood pressure for fixed 
false-positive rates of 5%, 10%, and 20%. All analyses 
were done using R version 4.0.2.15

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Between Nov 1, 2014, and Feb 28, 2017, 21 069 women 
(6067 in India, 4163 in Mozambique, and 10 839 in 
Pakistan) contributed 103 679 blood pressure measure-
ments across the three CLIP trials (table 1). Most women 
were aged in their mid-20s, had less than a basic level 
of education, and were parous. In general, women 
were enrolled in CLIP late in the first trimester or early 
in the second trimester, with most enrolling at less 
than 20 weeks of gestation. About two-thirds of women 
had normal blood pressure throughout pregnancy. 
Slightly more than one-quarter of women had abnormal 
blood pressure classified as elevated blood pressure 
(2196 [10·4%] of 21 069) or non-severe stage 1 hyperten-
sion (3751 [17·8%]). Stage 2 hypertension (non-severe or 
severe) occurred in 1342 (6·4%) of 21 069 women. Most 
women delivered at term, but one-quarter delivered 
preterm. Another quarter suffered a maternal, fetal, or 
neonatal complication, which were mostly morbidity 
for the mother (about one in ten women) or death of 
the fetus (42 per 1000 livebirths) or neonate (41 per 1000 
livebirths). Blood pressure was only 1–2 mmHg higher 
among women with adverse outcomes than in women 
without adverse outcomes (appendix p 5).

Blood pressure values overall were stable, without a 
clinically important mid-trimester decrease, until about 
30 weeks of gestation, after which both sBP and dBP 
increased with advancing gestational age (figure 1). 
Maximal blood pressure values classified as elevated 
blood pressure, stage 1 hypertension, and stage 2 hyper-
tension (non-severe or severe) were more common 
with advancing gestational age (figure 2). Blood 
pressure in most women remained at the same category 
or decreased after 20 weeks of gestation or longer, 
regardless of whether blood pressure at less than 
20 weeks of gestation was classified as normal blood 
pressure (5160 [63·0%] of 8194 women), elevated blood 
pressure (336 [60·8%] of 552), stage 1 hyper tension 
(527 [75·7%] of 696), or non-severe stage 2 hyper-
tension (91 [75·8%] of 120; table 2). If the stage 1 
hypertension category cutoffs were used as the new 
threshold for diagnosing hypertension in pregnancy, an 
additional 1681 (17·5%) of 9574 women would be 
diagnosed; if elevated blood pressure category cutoffs 
were used, an additional 1021 (10·7%) of women would 
be diagnosed (table 2).

There was a dose-response relationship between 
higher blood pressure category and greater RR for 
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Figure 2: Maximal blood pressure measurements as blood pressure categories by gestational age
A log-scale is used for the y-axis (number of women) for clarity. Blood pressure was categorised as: normal blood 
pressure (sBP <120 mm Hg and dBP <80 mm Hg), elevated blood pressure (sBP 120–129 mm Hg and 
dBP <80 mm Hg), stage 1 hypertension (sBP 130–139 mm Hg or dBP 80–89 mm Hg, or both), non-severe stage 2 
hypertension (sBP 140–159 mm Hg or dBP 90–109 mm Hg, or both), or severe stage 2 hypertension 
(sBP ≥160 mm Hg or dBP ≥110 mm Hg, or both).
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adverse outcomes compared with normal blood 
pressure, for most outcomes with non-severe stage 2 
hypertension and for all outcomes with severe stage 2 
hypertension, which increased risk by at least two times 
and up to six times (table 3). When the diagnostic 
criteria for each blood pressure category were used as a 
threshold for diagnosis of an abnormal blood pressure, 
the risk of all adverse outcomes, other than the maternal 
composite, increased from elevated blood pressure 
onwards; however, the point estimates for elevated 
blood pressure, stage 1 hypertension, and non-severe 
stage 2 hyper tension were consistently higher than they 
were when these blood pressure categories were each 
compared with normal blood pressure, and RRs were 

less than 2·00 for all but non-severe stage 2 hypertension 
and stillbirth.

The only blood pressure category that was useful as a 
diagnostic test for the outcomes examined was severe 
stage 2 hypertension; sensitivity was low, but the positive 
LR was good for the maternal CNS composite outcome 
and fetal or neonatal death, particularly stillbirth (table 4). 
All other blood pressure categories, including non-severe 
stage 2 hypertension, had low sensitivity (<45%) for all 
outcomes, and uninformative positive LR and negative 
LR values.

In sensitivity analyses restricted to blood pressure 
measurements in specific gestational age ranges within 
the third trimester, sensitivity remained low for all 

Normal blood 
pressure at 
≥20 weeks 
(n=13 346)

Elevated blood 
pressure at 
≥20 weeks 
(n=2024)

Stage 1 
hypertension 
at ≥20 weeks 
(n=3420)

Non-severe 
stage 2 
hypertension 
at ≥20 weeks 
(n=1095)

Severe stage 2 
hypertension 
at ≥20 weeks 
(n=154)

No blood 
pressure 
values at 
≥20 weeks 
(n=1030)

Normal blood pressure at <20 weeks (n=8194) 5160 685* 1035*† 378 48 888

Elevated blood pressure at <20 weeks (n=552) 219* 117* 119*† 49 0 48

Stage 1 hypertension at <20 weeks (n=696) 206*† 87*† 234*† 83 11 75

Non-severe stage 2 hypertension at <20 weeks (n=120) 27 7 36 21 13 16

Severe stage 2 hypertension at <20 weeks (n=12) 2 1 1 3 2 3

No blood pressure values at <20 weeks (n=11 495) 7732 1127 1995 561 80 0

Data are n. Blood pressure was categorised as: normal blood pressure (sBP <120 mm Hg and dBP <80 mm Hg), elevated blood pressure (sBP 120–129 mm Hg and 
dBP <80 mm Hg), stage 1 hypertension (sBP 130–139 mm Hg or dBP 80–89 mm Hg, or both), non-severe stage 2 hypertension (sBP 140–159 mm Hg or dBP 90–109 mm Hg, 
or both), or severe stage 2 hypertension (sBP ≥160 mm Hg or dBP ≥110 mm Hg, or both). sBP=systolic blood pressure. dBP=diastolic blood pressure. *Indicates women who 
would additionally be diagnosed with hypertension if elevated blood pressure was used as the threshold for diagnosing hypertension in pregnancy. †Indicates women 
who would additionally be diagnosed with hypertension if stage 1 hypertension was used as the threshold for diagnosing hypertension in pregnancy.

Table 2: Maximal blood pressure categorisation according to American College of Cardiology and American Heart Association criteria, by gestational age

Normal blood 
pressure

Elevated blood 
pressure

Stage 1 hypertension Non-severe stage 2 
hypertension

Severe stage 2 
hypertension

Comparison with normal blood pressure category

CLIP composite 1 (ref) 0·99 (0·94–1·03) 1·08 (1·00–1·16)*† 1·29 (1·13–1·47)† 2·48 (2·06–2·98)†

Maternal composite 1 (ref) 1·02 (0·89–1·17) 1·11 (0·93–1·33) 1·20 (0·90–1·59) 2·40 (1·60–3·59)†

Maternal CNS composite 1 (ref) 0·98 (0·63–1·51) 1·26 (0·91–1·75) 1·46 (1·00–2·13)† 6·05 (3·88–9·46)†

Fetal or neonatal death 1 (ref) 0·93 (0·79–1·09) 1·15 (0·96–1·38) 1·48 (1·10–1·97)† 4·09 (3·02–5·55)†

Stillbirth 1 (ref) 0·98 (0·74–1·29) 1·24 (0·97–1·58) 1·81 (1·30–2·54)† 5·88 (3·95–8·73)†

Comparison of blood pressure category and all higher categories, with all lower blood pressure categories‡

CLIP composite ·· 1·12 (1·05–1·19)† 1·17 (1·09–1·26)† 1·41 (1·24–1·60)† 2·40 (2·02–2·86)†

Maternal composite ·· 1·13 (0·96–1·33) 1·17 (0·98–1·40) 1·32 (1·05–1·65)† 2·32 (1·58–3·39)†

Maternal CNS composite ·· 1·32 (1·08–1·61)† 1·47 (1·13–1·90)† 1·91 (1·41–2·57)† 5·64 (3·73–8·52)†

Fetal or neonatal death ·· 1·20 (1·02–1·43)† 1·33 (1·12–1·58)† 1·75 (1·42–2·15)† 3·90 (2·96–5·13)†

Stillbirth ·· 1·36 (1·09–1·70)† 1·52 (1·24–1·87)† 2·19 (1·72–2·79)† 5·38 (3·80–7·61)†

Data are RR (95% CI). Blood pressure was categorised as: normal blood pressure (sBP <120 mm Hg and dBP <80 mm Hg), elevated blood pressure (sBP 120–129 mm Hg and 
dBP <80 mm Hg), stage 1 hypertension (sBP 130–139 mm Hg or dBP 80–89 mm Hg, or both), non-severe stage 2 hypertension (sBP 140–159 mm Hg or dBP 90–109 mm Hg, 
or both), or severe stage 2 hypertension (sBP ≥160 mm Hg or dBP ≥110 mm Hg, or both). RRs were estimated from modified Poisson and adjusted for maternal age, maternal 
basic education, gestational age at enrolment, and nulliparity. For outcome definitions, see the appendix (pp 3–4). RR=risk ratio. CLIP=Community-Level Interventions for 
Pre-eclampsia. sBP=systolic blood pressure. dBP=diastolic blood pressure. *Unrounded lower limit of 95% CI is 1·002. †95% CI does not overlap 1. ‡For example, for stage 1 
hypertension, the comparison is for all women with sBP 130 mm Hg or greater or dBP 80 mm Hg or greater, or both, versus all women with sBP <130 mm Hg and 
dBP <80 mm Hg; the exception to this approach was for the normal blood pressure category which was compared with all higher blood pressure categories.

Table 3: Adjusted RRs for blood pressure categories and adverse outcomes
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blood pressure categories, including the elevated blood 
pressure category, although sensitivity was slightly 
higher for measurements from 32 weeks to less than 
37 weeks (appendix p 8). Also, sensitivity remained 
low (<20%) for optimal sBP (123–136 mm Hg) and 
dBP (81–104 mm Hg) cutoffs, for fixed false-positive 
rates of 5%, 10%, and 20% (appendix p 6).

Discussion
In the CLIP trial clusters in low-resource settings, 
women classified as having elevated blood pressure or 
stage 1 hypertension did not have an increased risk 
of adverse maternal, fetal, or neonatal outcomes com-
pared with women with normal blood pressure 
(<120/80 mm Hg). Risk of adverse outcomes was 
increased with stage 2 hypertension, particularly with 

severe stage 2 hypertension, which was associated with a 
two to six times increased risk compared with normal 
blood pressure. When blood pressure categories higher 
than normal were used as diagnostic cutoffs for abnormal 
blood pressure (how 140/90 mm Hg is currently used), 
the risk of adverse outcomes was increased; however, this 
increase was driven by the risks associated with severe 
stage 2 hypertension. In addition, sensitivities for adverse 
outcomes were low (<45%), and no category other than 
severe stage 2 hypertension showed useful diagnostic 
test properties. Using optimal cutpoint analyses for false-
positive rates considered clinically reasonable led to poor 
sensitivity (<30%) for all outcomes.

If elevated blood pressure was used as a diagnostic 
cutoff, an additional 28% of women would be labelled 
as having an abnormal blood pressure; if stage 1 

Events, n (%)* Sensitivity (95% CI) Specificity (95% CI) Positive LR (95% CI)† Negative LR (95% CI)‡

CLIP composite

Normal blood pressure (n=13 441) 2987 (22·2%) ·· ·· ·· ··

Elevated blood pressure (n=2149) 484 (22·5%) 38·0% (36·6–39·4) 66·3% (65·5–67·0) 1·13 (1·08–1·17) 0·94 (0·91–0·96)

Stage 1 hypertension (n=3679) 937 (25·5%) 27·9% (26·7–29·2) 76·8% (76·1–77·5) 1·20 (1·14–1·27) 0·94 (0·92–0·96)

Non-severe stage 2 hypertension (n=1163) 321 (27·6%) 8·5% (7·7–9·0) 94·2% (93·8–94·6) 1·46 (1·30–1·63) 0·97 (0·96–0·98)

Severe stage 2 hypertension (n=161) 87 (54·0%) 1·8% (1·4–2·2) 99·5% (99·4–99·6) 3·85 (2·83–5·24) 0·99 (0·98–0·99)

Maternal composite

Normal blood pressure (n=13 424) 1253 (9·3%) ·· ·· ·· ··

Elevated blood pressure (n=2146) 212 (9·9%) 38·2% (36·1–40·4) 65·7% (65·0–66·3) 1·11 (1·05–1·18) 0·94 (0·91–0·97)

Stage 1 hypertension (n=3674) 409 (11·1%) 27·8% (25·9–29·8) 76·1% (75·5–76·7) 1·16 (1·08–1·25) 0·95 (0·92–0·98)

Non-severe stage 2 hypertension (n=1163) 120 (10·3%) 7·6% (6·5–8·9) 93·7% (93·3–94·0) 1·21 (1·03–1·42) 0·99 (0·97–1·00)

Severe stage 2 hypertension (n=160) 35 (21·9%) 1·7% (1·2–2·4) 99·3% (99·2–99·4) 2·56 (1·76–3·71) 0·99 (0·98–1·00)

Maternal CNS composite

Normal blood pressure (n=13 413) 161 (1·2%) ·· ·· ·· ··

Elevated blood pressure (n=2145) 29 (1·4%) 42·9% (37·1–48·9) 65·4% (64·7–66·0) 1·24 (1·08–1·42) 0·87 (0·79–0·97)

Stage 1 hypertension (n=3671) 56 (1·5%) 32·6% (27·2–38·4) 75·8% (75·2–76·4) 1·35 (1·14–1·60) 0·89 (0·82–0·96)

Non-severe stage 2 hypertension (n=1163) 23 (2·0%) 12·8% (9·1–17·2) 93·7% (93·3–94·0) 2·01 (1·48–2·74) 0·93 (0·89–0·97)

Severe stage 2 hypertension (n=160) 13 (8·1%) 4·6% (2·5–7·8) 99·3% (99·1–99·4) 6·36 (3·65–11·07) 0·96 (0·94–0·99)

Fetal or neonatal death

Normal blood pressure (n=12 902) 985 (7·6%) ·· ·· ·· ··

Elevated blood pressure (n=2126) 155 (7·3%) 40·6% (38·2–43·0) 65·0% (64·3–65·7) 1·16 (1·09–1·23) 0·91 (0·88–0·95)

Stage 1 hypertension (n=3647) 337 (9·2%) 31·2% (29·0–33·5) 75·8% (75·1–76·4) 1·29 (1·19–1·39) 0·91 (0·88–0·94)

Non-severe stage 2 hypertension (n=1155) 130 (11·3%) 10·9% (9·4–12·5) 93·8% (93·5–94·2) 1·76 (1·51–2·04) 0·95 (0·93–0·97)

Severe stage 2 hypertension (n=159) 50 (31·4%) 3·0% (2·2–4·0) 99·4% (99·3–99·5) 5·07 (3·64–7·07) 0·98 (0·97–0·98)

Stillbirth

Normal blood pressure (n=12 468) 457 (3·7%) ·· ·· ·· ··

Elevated blood pressure (n=2066) 77 (3·7%) 43·6% (40·1–47·1) 65·0% (64·3–65·7) 1·24 (1·15–1·35) 0·87 (0·82–0·92)

Stage 1 hypertension (n=3496) 167 (4·8%) 34·1% (30·8–37·5) 76·2% (75·4–76·9) 1·43 (1·29–1·58) 0·87 (0·82–0·91)

Non-severe stage 2 hypertension (n=1112) 76 (6·8%) 13·5% (11·2–16·0) 94·8% (94·4–95·2) 2·59 (2·14–3·13) 0·91 (0·89–0·94)

Severe stage 2 hypertension (n=151) 33 (21·9%) 4·1% (2·8–5·7) 99·5% (99·4–99·6) 8·53 (5·63–12·92) 0·96 (0·95–0·98)

Diagnostic test properties are calculated for women with blood pressure at each threshold or higher (compared with women with blood pressure below that threshold, based 
on cumulative rates). For outcome definitions, see the appendix (pp 3–4). Blood pressure was categorised as: normal blood pressure (sBP <120 mm Hg and dBP <80 mm Hg), 
elevated blood pressure (sBP 120–129 mm Hg and dBP <80 mm Hg), stage 1 hypertension (sBP 130–139 mm Hg or dBP 80–89 mm Hg, or both), non-severe stage 2 
hypertension (sBP 140–159 mm Hg or dBP 90–109 mm Hg, or both), or severe stage 2 hypertension (sBP ≥160 mm Hg or dBP ≥110 mm Hg, or both). LR=likelihood ratio. 
CLIP=Community-Level Interventions for Pre-eclampsia. sBP=systolic blood pressure. dBP=diastolic blood pressure. *Events only include women in the category specified; 
the denominator is women with complete outcome data. †A positive LR of 5·0 or greater was considered good. ‡A negative LR of less than 0·20 was considered good.

Table 4: Sensitivity, specificity, and LRs for adverse outcomes by American College of Cardiology and American Heart Association blood pressure categories
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hypertension was used, this would be an additional 
11% of women, in addition to women already identified 
as having hypertension by current criteria (ie, stage 2 
hypertension in this study). In our study population, the 
prevalence of hypertension was previously found to be 
14·0% in India, 16·8% in Mozambique, and 11·6% in 
Pakistan, after inclusion of hypertensive diagnoses from 
household survey and facility records.16 Therefore, an 
additional 28% or 11% of women with diagnoses of 
hypertension (depending on the cutoff used) would 
substantially increase the burden on health systems 
under stress, and could be justified only by the ability to 
identify women and babies at risk.

To our knowledge, this is the first study to report on 
the diagnostic properties of using revised blood 
pressure thresholds for the diagnosis of hypertension in 
pregnancy, and the first to report on outcomes by specific 
blood pressure thresholds for women in under-resourced 
settings.

Numerous studies have reported that women with 
antenatal elevated blood pressure or stage 1 hypertension 
by American College of Cardiology and American Heart 
Association criteria, as used in our analyses, have an 
increased risk of adverse pregnancy outcomes;3,4,17–19 
these included pre-eclampsia and other outcomes 
(eg, hospitalisation) not reported in our study. Many 
published RRs for adverse maternal and fetal or 
neonatal outcomes have been higher than in our study. 
It is possible that the relationship between blood 
pressure and adverse outcomes might be different in 
our study setting. Furthermore, we had fewer baseline 
character istics with which to adjust our RRs compared 
with other studies,4,17–20 and we studied unselected 
pregnant women, not just those who were nulliparous21,22 
or primarily nulliparous.23 Alternatively, the differences 
in RRs might have been due to methodology. Our 
data collection was prospective and blood pressure 
measurement was standardised, using a device validated 
for pregnancy and pre-eclampsia.11 By contrast, most 
published data have been retrospective and from 
large urban referral centres with blood pressure 
measurements from routine clinical care.4,17–20,23 One 
prospective study restricted blood pressure observations 
to women at less than 20 weeks of gestation,21,22 by 
contrast to our blood pressure measurements that were 
done throughout pregnancy, the majority of which were 
done after 20 weeks of gestation. One prospective study 
in South Africa reported that, among 1116 women, an 
additional 37·1% would be classified as having abnormal 
blood pressure by the American College of Cardiology 
and American Heart Association criteria; although 
pregnancy outcomes were not reported separately 
for these women compared with those with stage 2 
hypertension,24 it has been reported among pregnant 
teenagers in the same setting that eclampsia might 
follow antenatal blood pressure values of less than 
140/90 mm Hg.25

Importantly, none of the aforementioned studies have 
reported the diagnostic test properties of various blood 
pressure categories to define abnormal blood pressure 
in pregnancy. As blood pressure measurement in 
pregnancy is a screening test, it should have high 
sensitivity for the adverse outcomes of interest, 
which can then lead to the established therapeutic 
care pathways for hypertension in pregnancy. However, 
blood pressure measurement is not sensitive, whether 
American College of Cardiology and American Heart 
Association categories are used (even elevated blood 
pressure) or an optimal blood pressure cutoff is 
estimated from the data and chosen. Perhaps this poor 
sensitivity is unsurprising, as the hypertensive disorders 
of pregnancy are one of three leading causes of adverse 
maternal outcomes (along with obstetric haemorrhage 
and sepsis), including spontaneous preterm birth, fetal 
growth restriction, and intrapartum complications for 
fetal or neonatal outcomes,26 and these other conditions 
could not be predicted by abnormal blood pressure. 
Nevertheless, although blood pressure measurement is 
regarded by WHO as good clinical practice that does not 
require evidence review,27 measurement is but one part 
of quality antenatal care and when normal, might 
provide minimal reassurance that adverse outcomes are 
less likely to occur.

The one blood pressure category that was useful in 
identifying women at increased risk of adverse outcomes 
(ie, maternal CNS outcomes and fetal or neonatal death) 
was severe stage 2 hypertension. This finding endorses 
severe stage 2 hypertension as a condition that should 
be avoided, as have previous data from well resourced 
settings,28 by contrast to regarding severe hypertension as 
a condition that can be treated if it occurs.29

Our study has several strengths, including our large 
sample size, community-based recruitment of unselected 
pregnant women in south Asia and sub-Saharan Africa, 
and the standardisation of blood pressure readings 
across the sample, using a pregnancy-validated device.11 
These factors help to provide evidence for hypertension 
diagnostic thresholds that is applicable to a large set of 
pregnant women in these settings.

This study has several limitations. First, many women 
in Pakistan and Mozambique were enrolled after 
20 weeks of gestation, consistent with timing of booking 
for antenatal care in these settings; therefore, a diagnosis 
of chronic hypertension could not be evaluated when 
blood pressure was measured after 20 weeks of gestation. 
Second, only basic maternal characteristics were avail-
able for our adjusted analyses. Third, many women did 
not have weekly blood pressure measurements from 
36 weeks of gestation to delivery as specified in the CLIP 
protocol, so although the household survey and facility 
records ultimately informed diagnoses of hypertension, 
we did not have all relevant blood pressure values for this 
analysis, particularly from close to term. Women with 
stage 2 hypertension, whether severe or non-severe, were 
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referred to facilities for antihypertensive treatment 
(about which we have no further information) and facility 
care; although not the focus of our analyses, such 
management is likely to have attenuated the relationship 
between stage 2 hypertension and outcomes and 
overestimated the strength of association between lower 
levels of blood pressure and adverse outcomes. Finally, 
we did not include in our analysis the outcome of pre-
eclampsia given our community setting, and so could 
not evaluate this as an outcome with the revised 
hypertension definitions embedded in it.

Pregnant women in under-resourced settings with 
higher-than-normal blood pressure are at increased risk 
of adverse outcomes, due to the risks associated with 
blood pressure of 140/90 mm Hg or higher, particularly 
with severe stage 2 hypertension. No antenatal blood 
pressure threshold is sensitive with regards to the adverse 
maternal, fetal, or neonatal outcomes studied, including 
data-driven cutoffs. However, the occurrence of severe 
stage 2 hypertension (≥160/110 mm Hg) is associated 
with a substantially increased risk of adverse maternal 
CNS outcomes and fetal or neonatal death, particularly 
stillbirth, and should be treated as per international 
guidance.30 Antenatal care must aim to provide more than 
accurate blood pressure measurement to achieve the 
Countdown 2030 goals.
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Purpose: COVID-19-associated rhino-orbital-cerebral mucormycosis (ROCM) has reached epidemic 
proportion during India’s second wave of COVID-19 pandemic, with several risk factors being implicated 
in its pathogenesis. This study aimed to determine the patient demographics, risk factors including 
comorbidities, and medications used to treat COVID-19, presenting symptoms and signs, and the 
outcome of management. Methods: This was a retrospective, observational study of patients with 
COVID-19-associated ROCM managed or co-managed by ophthalmologists in India from January 
1, 2020 to May 26, 2021. Results: Of the 2826 patients, the states of Gujarat (22%) and Maharashtra 
(21%) reported the highest number of ROCM. The mean age of patients was 51.9 years with a male 
preponderance (71%). While 57% of the patients needed oxygen support for COVID-19 infection, 
87% of the patients were treated with corticosteroids, (21% for > 10 days). Diabetes mellitus (DM) 
was present in 78% of all patients. Most of the cases showed onset of symptoms of ROCM between 
day 10 and day 15 from the diagnosis of COVID-19, 56% developed within 14 days after COVID-19 
diagnosis, while 44% had delayed onset beyond 14 days. Orbit was involved in 72% of patients, 
with stage 3c forming the bulk (27%). Overall treatment included intravenous amphotericin B in 
73%, functional endoscopic sinus surgery (FESS)/paranasal sinus (PNS) debridement in 56%, orbital 
exenteration in 15%, and both FESS/PNS debridement and orbital exenteration in 17%. Intraorbital 
injection of amphotericin B was administered in 22%. At final follow-up, mortality was 14%. Disease 
stage >3b had poorer prognosis. Paranasal sinus debridement and orbital exenteration reduced the 
mortality rate from 52% to 39% in patients with stage 4 disease with intracranial extension (p < 0.05). 
Conclusion: Corticosteroids and DM are the most important predisposing factors in the development 
of COVID-19-associated ROCM. COVID-19 patients must be followed up beyond recovery. 
Awareness of red flag symptoms and signs, high index of clinical suspicion, prompt diagnosis, and 
early initiation of treatment with amphotericin B, aggressive surgical debridement of the PNS, and 
orbital exenteration, where indicated, are essential for successful outcome.

Key words: Corticosteroids, COVID-19, COVID-19-associated ROCM, diabetes mellitus, mucormycosis, 
orbital exenteration, paransal sinus debridement, rhino-orbital-cerebral mucormycosis, staging of rhino-
orbital-cerebral mucormycosis
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India is currently tackling a furious second wave of COVID-19. 
Only 3% of the population is fully vaccinated, and a third wave 
has been predicted.[1] Under these circumstances, the country 
has also been gripped by a formerly obscure, but notoriously 
fatal disease, rhino-orbital-cerebral mucormycosis (ROCM). 
Review of existing literature shows that India contributed to 
81% of the cases of COVID-19-associated ROCM.[2] Very few 
case reports of COVID-19-associated ROCM were published 
during the first wave of the pandemic. The first series in India 
was reported in February 2021.[3] Since then, there has been 
an exponential increase in incidence in India, along with the 
soaring second wave of COVID-19.[4,5]

No study has been undertaken to determine the 
epidemiology, disease characteristics, and outcome on a 
large scale across the nation. There exists no formal staging 
system for the disease and no evidence-based protocol for the 
management of this condition, leaving medical teams grappling 
in an unchartered territory. A collaborative effort is essential 
to obtain real-world information and baseline epidemiological 
data, to identify the patients at risk, myriad presentations, the 
investigations at various stages of the disease, and management 
outcomes.

This multicentric collaborative study was undertaken 
with the aim to determine the patient demographics and 
population at risk, presenting symptoms and signs, the role 
of comorbidities and medications used to treat COVID-19, 
and the outcomes of management. The information 
provided by such a study may help medical professionals to 
recognize the early clinical features of ROCM, have a high 
index of suspicion in the presence of typical symptoms and 
signs, appropriately triage patients with possible ROCM 
to confirm the diagnosis, establish staging, and initiate 

early protocol-based, multidisciplinary management. On 
a national level, this study could help policymakers in 
healthcare to estimate the magnitude of the problem, optimize 
COVID-19-care guidelines to minimize risk exposure, 
establish post-COVID-19 follow-up protocols, set-up regional 
multispecialty hubs and teams for ROCM-care, and augment 
the availability of antifungal drugs.

Methods
We performed a retrospective, multicentric, non-interventional, 
observational study of patients with ROCM and concurrent 
or past history of COVID-19 infection. The study was 
approved by the Ethics Committee. Ophthalmologists across 
the country were invited to participate in the study and to 
enter their patient-anonymized data of ROCM managed 
or co-managed by them between January 1, 2020 and 
May 26, 2021 in a common database (Annexure 1, online 
content). The diagnosis of COVID-19 was based on any one 
of the following: reverse transcription polymerase chain 
reaction (RT-PCR) test on nasopharyngeal or oropharyngeal 
swabs, rapid antigen test, or computed tomography (CT) 
chest scores in the absence of a positive RT-PCR test in 
a clinically symptomatic case. A patient with symptoms 
and signs of ROCM, in the clinical setting of concurrent 
or recently treated COVID-19, was considered as possible 
ROCM. If clinical features were supported by diagnostic 
nasal endoscopy findings, contrast-enhanced magnetic 
resonance imaging (MRI), or CT scan, probable ROCM was 
diagnosed. Proven ROCM was defined as clinico-radiological 
features along with microbiological confirmation on direct 
microscopy and/or culture or histopathology with special 
stains or molecular diagnostics. [Table 1][6] Patients with 
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non-COVID-19-associated ROCM or those with proven 
non-mucor fungal infections were excluded from the study. 
Patients were defined as recovered from COVID-19 if they 
were tested negative on a repeat RT-PCR or if two weeks had 
elapsed since the diagnosis.

A working staging system has been proposed to help triage 
these patients and customize their care [Fig. 1].[6] The system 
is simple and follows the general anatomical progression 
of ROCM from the point of entry (nasal mucosa) on to the 
paranasal sinus (PNS), orbit, and central nervous system (CNS), 
and severity in each of these anatomical locations. There 
is an attempt to list the symptoms, signs, and preferred 
diagnostic tools for each of these stages.[6] In this study, all 
the patients were retrospectively classified into the proposed 
staging system. The data was analyzed using SPSS (IBM 
SPSS Statistics 20, SPSS Inc., Chicago, IL, USA) and Microsoft 
Excel (Version 16.49). The Chi-square and Fisher’s exact tests 
were used to compare outcomes. For all tests, p values ≤ 0.05 
was defined as statistically significant.

Results
Demographics
Data of 2826 patients of COVID-19-associated ROCM from 
102 treatment centers, 22 states, and union territories of India 
was analyzed. The percentage and number of cases from 
each state are shown in Table 2. Gujarat, closely followed 
by Maharashtra, contributed to the bulk of cases, 22% (609) 
and 21% (603), respectively. Fig. 2 shows the distribution 
of COVID-19 and ROCM mapped by each state and union 
territory based on our data and the data on COVID-19 
assocated mucormycosis released by the Government of 
India.[7] The mean age was 51.9 (range, 12–88) years with a 
male preponderance (1993, 71%).

COVID‑19 illness and oxygen requirement
The mean cycle-threshold values on RT-PCR and 
high-resolution CT chest scores were 15.9 ± 6.5 (n = 286) and 

Table 1: Classification of COVID‑19‑associated rhino‑
orbital‑cerebral mucormycosis (ROCM) as possible, 
probable, and proven

Terminology Definition

Possible 
ROCM

Typical symptoms and signs of ROCM
Clinical setting of concurrent or recently treated 
COVID‑19

Probable 
ROCM

Clinical features suggestive of ROCM
Supportive diagnostic nasal endoscopy findings 
and/or
Supportive radiological signs on 
contrast‑enhanced magnetic resonance imaging 
or computed tomography scan

Proven 
ROCM

Clinico‑radiological features suggestive of ROCM
Microbiological confirmation on direct microscopy 
and/or  
Culture and/ or  
Histopathology with special stains and/or
Molecular diagnostics

(Modified from Honavar SG. Code Mucor: Guidelines for the Diagnosis, 
Staging and Management of Rhino‑Orbito‑Cerebral Mucormycosis in the 
Setting of COVID-19. Indian Journal of Ophthalmology. 2021;69:1361-5.)[6]

Table 2:  Rhino‑orbital‑cerebral  mucormycosis  in  2826 
patients: Patient demographics and systemic comorbidities

Features n=2826 
patients (%)

Age
Mean, years
Median (range), years

51.9
53 (12-88)

Gender
Male
Female

1993 (71)
833 (29)

State (Mucormycosis cases under treatment 
in the national registry)[7]

Gujarat (2859)
Maharashtra (2770)
Karnataka (481)
Madhya Pradesh (752)
Haryana (436)
Uttar Pradesh (701)
Telangana (744)
Rajasthan (492)
New Delhi (119)
Chhattisgarh (103)
Tamil Nadu (236)
Punjab (141)
Puducherry (2)
Jharkhand (29)
Andhra Pradesh (768)
Chandigarh (83)
Kerala (36)
Odisha (15)
Bihar (215)
Uttarakhand (124)
West Bengal (NA)
Himachal Pradesh (3)

609 (22)
603 (21)
368 (13)
278 (9.8)
252 (8.9)
130 (4.6)
118 (4.2)
71 (2.5)
69 (2.4)
68 (2.4)
63 (2.3)
58 (2.1)
41 (1.5)
31 (1.1)
27 (1.0)
10 (0.4)
7 (0.2)
7 (0.2)
5 (0.2)
5 (0.2)
4 (0.1)
2 (0.1)

Diabetes Mellitus, n=2825
Yes
No

2194 (78)
631 (22)

Control of Diabetes Mellitus, n=2192
Controlled with oral hypoglycaemics
Controlled with insulin
Uncontrolled
Diabetic ketoacidosis

593 (27)
627 (29)
893 (41)
79 (3.6)

HbA1c, n=466
Mean, %
Median (range)

9.8
9.6 (4.8-17.1)

Other comorbidities, n=859*
Hypertension
Renal diseases
Chronic sinusitis/otitis media
Bronchial asthma
Cardiovascular disorder
Cerebrovascular disease
Immunosuppressive drugs
Thyroid disorder
Human immunodeficiency virus
Organ transplant
Malignancy
Obesity
Hepatitis B/Hepatitis C virus
Rheumatoid arthritis
Liver disease
Pancreatitis
Multiple myeloma

690 (80)
88 (10)
18 (2.1)
17 (2)

16 (1.9)
8 (0.9)
4 (0.5)
4 (0.5)
4 (0.5)
4 (0.5)
2 (0.2)
2 (0.2)
2 (0.2)
2 (0.2)
2 (0.2)
2 (0.2)
1 (0.1)

*The sum of numbers in the column is greater than 859 as many individuals 
had more than one comorbidity
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Figure 1: Proposed staging system for COVID‑19 associated rhino‑orbital‑cerebral mucormycosis (Reproduced with permission from Honavar 
SG. Code Mucor: Guidelines for the Diagnosis, Staging and Management of Rhino-Orbito-Cerebral Mucormycosis in the Setting of COVID-19. 
Indian Journal of Ophthalmology. 2021;69:1361-5)[6]
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Figure 2: State-wise distribution of COVID-19-positive cases in India (as on June 2, 2021) (left) compared with state-wise hot-spots of COVID-
19-associated rhino-orbital-cerebral mucormycosis (ROCM) cases, national data on COVID-19-associated mucormycosis (centre)[7] and COSMIC 
group data (right). Gujarat, Madhya Pradesh, Haryana and Telangana seem to have disproportionately more ROCM cases, while Kerala, Tamil 
Nadu, Andhra Pradesh and West Bengal seem to have relatively less ROCM cases as compared to the cases of COVID‑19 being reported. 
(The COSMIC data includes only those cases that have been submitted for the study and may not be representative of the actual incidence).

Figure 3: Frequency of cases with onset of rhino-orbital-cerebral mucormycosis symptoms from the day of diagnosis of COVID-19 (Day 0)

12.2 ± 5 (n = 893), respectively. Table 3 shows the details of 
the severity of COVID-19 and its management. While 2% (54) 
patients were asymptomatic and home-cared and 26% (735) 
were symptomatic and home-cared, 72% (2029) needed 

hospitalization. Of those hospitalized, 79% (1602) patients 
required oxygen support. Overall, only 57% (1602) of all 
patients required oxygen support. Remdesivir was used in 
10% (285) of the patients.



July 2021  1675Sen, et al.: Rhino-orbital-cerebral-mucormycosis - COSMIC study

Figure 5: Frequency of primary signs in patients with COVID‑19‑associated rhino‑orbital‑cerebral mucormycosis

Figure 4: Frequency of primary symptoms in patients with COVID‑19‑associated rhino‑orbital‑cerebral mucormycosis

Risk factors for COVID‑19‑associated ROCM
Systemic corticosteroids (either oral or intravenous or both) 
were used in 87% (2073 of 2371) patients, while 13% (298) did 
not receive corticosteroids in any form. [Table 3] Intravenous 
corticosteroids were given to 78% (1476 of 1902) patients, 
intravenous methylprednisolone 51% (749) and dexamethasone 
48% (704) being the most common types used for a median 
duration of six days. Oral corticosteroids were used in 64% 

(1185 of 1865) for a median duration of eight days. While 
42% (426 of 1014) patients received only oral corticosteroids, 
the rest received intravenous corticosteroids as well. Table 4 
shows that use of corticosteroids was the commonest risk 
factor and their use increased in proportion to the severity 
of COVID-19. Of 789 (28%) patients who were home-cared, 
73% (361 of 492) received corticosteroids. Among 2029 who were 
hospitalized, 80% (314 of 393) of those who did not need oxygen, 
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Table 3: Rhino‑orbital‑cerebral mucormycosis in 
2826 patients: COVID‑19 and its management

Features n=2826  
patients (%)

Maximum severity of COVID‑19, n=2818
Asymptomatic
Home care (ambulatory/assistance necessary)
Hospitalised (no oxygen/oxygen/noninvasive 
ventilation/ventilator)

54 (1.9)
735 (26)

2029 (72)

Corticosteroid administration (oral or 
intravenous), n=2371

Yes
No
Oral corticosteroids, n=1865

Mean duration (median, range), days, n=968
Intravenous corticosteroids, n=1902

Mean duration (median, range), days, n=1144

2073 (87)
298 (13)

1185 (64)
9.3 (8, 1-40)

1476 (78)
7 (6, 1-43)

Remdesivir administration, n=2816
Yes
No
Mean duration (median, range), days, n=252

285 (10)
2531 (90)
5 (5, 1-11)

Tocilizumab administration, n=2817
Yes
No
Mean duration (median, range), days, n=58

58 (2.1)
2759 (98)

2.3 (2, 1-7)
Oxygen administration, n=1602

Mask/prongs
Mean duration (median, range), days, n=1027

High flow/non-invasive ventilation
Mean duration (median, range), days, n=207

Mechanical ventilation
Mean duration (median, range), days, n=103

1249 (78)
7.1 (12, 1-32)

239 (15)
6.3 (5, 1-28)

114 (7.1)
5.9 (5, 1-27)

Table 4: Rhino‑orbital‑cerebral mucormycosis in 2826 patients: Risk factors with respect to the COVID‑19 severity

COVID‑19 Severity Corticosteroids Diabetes Mellitus No risk Total

Intravenous 
corticosteroids

Oral 
corticosteroids

Any 
corticosteroid

Total Uncontrolled Diabetic 
ketoacidosis

Hospitalization, n=2029
No oxygen  
needed 

221 (60%) 
n=367

158 (44%) 
n=358

 314 (80%) 
n=393

353 (82%) 
n=427

118 (33%) 
n=353

8 (2.2%) 
n=353

10 (2.5%) 
n=393

427 
(100%)

Oxygen by prongs/
mask

826 (77%) 
n=1078

595 (56%) 
n=1058

1061 (93%) 
n=1143

995 (80%) 
n=1249

426 (43%) 
n=995

27 (2.7%) 
n=995

13 (1.1%) 
n=1143

1249 
(100%)

Non‑invasive 
ventilation

198 (92%) 
n=216

106 (52%) 
n=205

226 (99%) 
n=229

195 (82%) 
n=239

66 (34%) 
n=195

16 (8.2%) 
n=195

1 (0.4%) 
n=229

239 
(100%)

Mechanical  
ventilation

105 (96%) 
n=109

22 (24%)  
n=91

108 (97%) 
n=111

102 (89%) 
n=114

39 (38%) 
n=102

13 (13%) 
n=102

0 114 
(100%)

No hospitalization, n=789
Ambulatory 93 (26%)  

n=354
229 (51%) 

n=450
275 (71%) 

n=388
454 (67%) 

n=677
208 (46%) 

n=454
10 (2.2%) 

n=454
22 (5.7%) 

n=388
677 

(100%)

Needed assistance 32 (34%)  
n=93

73 (69.5%) 
n=105

86 (83%) 
n=104

89 (79%) 
n=112

32 (36%) 
n=89

5 (5.6%) 
n=89

1 (0.9%) 
n=104

112 
(100%)

Total 1475 (66.5%) 
n=2217

1183 (52%) 
n=2267

2070 (87%) 
n=2368

2188 (78%) 
n=2818

889 (41%) 
n=2188

79 (3.6%) 
n=2188

47 (2%) 
n=2368

2818* 

*Data from eight patients was not available for analysis

93% (1061 of 1143) of those who needed oxygen by prongs/
mask, 99% (226 of 229) of those who needed high-pressure 
non-invasive ventilation, and 97% (108 of 111) of those on 
mechanical ventilation received corticosteroids. Of 631 non-

diabetic patients, 89% (393 of 440) received corticosteroids. Of 
the 174 patients who were non-diabetics and did not receive 
oxygen, 81% (141) received corticosteroids. Tocilizumab was 
used in only 2% (58).

Among systemic comorbidities, DM status, irrespective of 
control, emerged as the risk factor. While 2194 patients (78%) 
had DM, 972 (44%) were uncontrolled or had diabetic 
ketoacidosis (DKA). Of the 859 patients with other comorbidities, 
80% (690) had hypertension and 10% (88) had acute or chronic 
renal failure [Table 2].

The proportion of patients who developed ROCM but were 
neither diabetic nor received corticosteroids was 2% (47). In the 
ambulatory, home isolation group, 6% (22) had no underlying 
risk factor.

Clinical presentation of COVID‑19‑associated ROCM
Fig. 3 shows the timeline of the onset of symptoms of ROCM 
from the diagnosis of COVID-19. The mean interval was 
14.5 ± 10 days (n = 2285, median 13, 0–90 days) with 56% of 
the patients developing within 14 days. Delayed manifestation 
after 14 days was seen in 44%. Fig. 4 shows the frequency of 
the most common primary symptoms of ROCM – orbital/facial 
pain (23%), orbital/facial edema (21%), loss of vision (19%), 
ptosis (11%), and nasal block (9%). Other symptoms included 
proptosis, nasal discharge, diplopia, headache, orbital and 
facial discoloration, toothache, loose teeth, epistaxis, and facial 
deviation. Fig. 5 shows the frequency of the most common 
primary signs of ROCM – periocular/facial edema (33%), 
loss of vision (21%), ptosis (12%), proptosis (11%), and nasal 
discharge (10%). Other signs included nasal ulcer or eschar, 
diplopia/ocular movement restriction, periocular or facial 
discoloration, periocular hypesthesia, oral/palatal ulcer/
eschar, facial palsy, and altered sensorium. Table 5 shows 
the cumulative incidence of clinical manifestations of ROCM. 
Loss of vision was the most common sign (63%) followed by 
periocular or facial edema (61%) and ptosis (54%). Proptosis 
was seen in 38%. Mean measured proptosis was 3.1 (range 1–8) 
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Figure 6: Stage 1 rhino-orbital-cerebral mucormycosis. Nasal endoscopy pictures showing (a) Stage 1a: Isolated involvement of the left middle turbinate 
(white arrow) (b) Stage 1b: Involvement of the left inferior turbinate (white arrow) (c) Stage 1c: Involvement of the left nasal septum (white arrow) (d, e) 
Stage 1d: Bilateral nasal mucosal involvement (right and left side respectively) (white arrow) (f) Stage 2c rhino‑orbital‑cerebral mucormycosis. Coronal 
MRI (Post contrast T1 image with fat saturation) orbit and paranasal sinuses showing the non-enhancing inferior and middle turbinate – the “black 
turbinate sign” (red arrow). The "black turbinate sign" is one of the earliest MRI signs of rhino-orbital-cerebral mucormycosis, and can be detected in 
stage 1. (Endoscopy images provided by Sandeep Karmarkar, MRI image provided by Ravi Varma)
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Figure 7: Stage 2a rhino-orbital-cerebral mucormycosis (a) Clinical 
photograph showing left periocular edema with mild ptosis, conjunctival 
congestion and chemosis. (b) Axial MRI (T2 with fat saturation) showing 
mucosal thickening in the left ethmoid sinus. Stage 2b rhino‑orbital‑
cerebral mucormycosis (c) Coronal MRI (T2) of the orbit and paranasal 
sinuses showing mucosal thickening in the right maxillary and ethmoid 
sinuses (d). Coronal post-contrast (T1) MRI showing enhancement of 
the mucosa limited to the ipsilateral maxillary and ethmoid sinuses 
(Clinical image provided by Chinmayee T, MRI images by Ravi Varma)
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mm in 397 patients in whom exophthalmometry measurements 
were available.

Diagnosis of COVID‑19‑associated ROCM
Diagnostic nasal endoscopy was performed for 79% 
(1921 of 2445) patients. Of the 752 patients with stage 1 and 
stage 2 disease, it was performed in 85% (569 of 672) patients. 
For diagnostic evaluation, 43% (1016 of 2362) had a deep nasal 
swab, while 48% (1131 of 2362) samples were collected at 
sinus debridement. Microbiological evidence was available for 
2175 patients – direct microscopy with KOH/calcofluor white in 
89% (1931), smear in 6% (121), and culture in 19% (432) cases. 
Rapid histopathological diagnosis was utilized in 239 cases 
for early diagnosis in the form of frozen section in 54% (130) 
and squash or imprint techniques in 46% (109) patients. At 
the time of analysis, histopathological confirmation was 
available for 39% (1090 of 2795) patients. CT scan was done 
for 27% (670 of 2533) and MRI for 58% (1472), while 15% (391) 
underwent both CT and MRI.

Anatomical and radiological involvement and staging of 
ROCM
Clinical and radiological involvement of the PNS, orbit, and 
CNS are shown in Table 5. Diffuse PNS involvement was seen 
in 58% (1413 of 2428) and bilateral PNS involvement was seen in 
40% (1050 of 2669). In the orbit, diffuse involvement predominated 
in 40% (674 of 1731) followed by involvement of the medial orbit 
in 27% (469). Orbital apex was involved in 21% (371) patients. 
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Table 5: Rhino‑orbital‑cerebral mucormycosis in 
2826 patients: Clinico‑radiological features

Features n=2826 patients (%)

Stage, n=2669
1a
1b
1c
1d
2a
2b
2c
2d
3a
3b
3c
3d
4a
4b
4c
4d

5 (0.2)
10 (0.4)
16 (0.6)
3 (0.1)

63 (2.4)
196 (7.3)
247 (9.3)
212 (7.9)
234 (8.8)
316 (12)
724 (27)
70 (2.6)

161 (6.0)
99 (3.7)

237 (8.9)
76 (2.8)

Laterality of paranasal sinus 
involvement, n=2669

No involvement
Unilateral
Bilateral

34 (1.3)
1585 (59)
1050 (40)

Predominant paranasal sinus 
involvement (radiological), n=2428*

Maxilla
Ethmoid
Sphenoid
Frontal
Diffuse

767 (32)
512 (21)
85 (3.5)
13 (0.5)

1413 (58%)

Laterality of orbital involvement, n=2669
No involvement
Unilateral
Bilateral

752 (28)
1687 (63)
230 (8.6)

Predominant orbital 
involvement (radiological), n=1731**

Medial
Superior
Inferior
Apical
Diffuse

469 (27)
86 (5)

221 (13)
371 (21)
674 (40)

Laterality of central nervous system 
involvement, n=2669

No involvement
Unilateral
Bilateral

2096 (79)
440 (16)
133 (5.0)

Predominant central nervous system 
involvement (radiological), n=539#

Cavernous sinus thrombosis/invasion
Internal carotid artery stenosis/occlusion
Temporal lobe abscess
Frontal lobe abscess
Skull base osteomyelitis

285 (53)
95 (18)
66 (12)
15 (2.8)
38 (7.1)

Route of central nervous system 
involvement (radiological), n=430##

Cavernous sinus
Cribriform plate
Pterygopalatine fossa

299 (70)
93 (22)
53 (12)

Table 5: Contd....

Features n=2826 patients (%)

Nasal ulcer/eschar, n=2826 1348 (48)

Nasal discharge, n=2826 1022 (36)

Periocular/facial edema, n=2826 1731 (61)

Periocular/facial discoloration, n=2826 526 (19)

Periocular hypaesthesia,n=2826 561 (20)

Ptosis, n=2826 1519 (54)

Ophthalmoplegia, n=2826 1459 (52)

Involvement of other cranial nerves, 
n=1720

391 (23)

Proptosis, n=2826
Mean amount of proptosis (median, 
range), mm 

1081 (38)
3.1 (3, 1-8)

Loss of vision, n=2826 1779 (63)

*The sum of numbers in the column is greater than 2428 as many 
individuals had more than one paranasal sinus involvement. **The 
sum of numbers in the column is greater than 1731 as many 
individuals had more than one quadrant involvement. #The sum 
of numbers in the column is greater than 539 as many individuals 
had more than one central nervous system structure involvement. 
##The sum of numbers in the column is greater than 430 as many 
individuals had more than one route of central nervous system 
spread

Contd...

In the CNS, cavernous sinus was most commonly involved in 
53% (285 of 539). Bilateral CNS involvement was documented 
in 5% (133 of 2669) cases with cavernous sinus being the most 
common route of spread (70%, 299 of 430).

Staging of ROCM was performed based on the available 
information in 2669 patients. It was not possible for 157 patients. 
The categorization of the patients as per the proposed staging 
system for ROCM[6] [Fig. 1] showed that 49% (1302) of the 
patients had disease severity stage 3b or less and 27% (724) 
had stage 3c disease [Figs. 6-17].

Management of COVID‑19‑associated ROCM
Fig. 18 shows the primary management performed for 
COVID-19-associated ROCM. Primary initiation of medical 
management with amphotericin B was preferred in 52% 
(1257 of 2437), primary functional endoscopic sinus 
surgery (FESS)/PNS debridement was performed in 21% (522) 
and both concurrently in 9% (217). Table 6 shows the data 
on the overall management of the patients till the date of 
analysis. Of 2066 (73%) patients who received intravenous 
amphotericin B for a mean duration of 9.1 (range, 1–60) 
days, liposomal amphotericin B was provided in 73% (1512), 
amphotericin B deoxycholate in 25% (516), and both in 2% (38). 
Combination therapy with amphotericin B and posaconazole 
or isavuconazole was provided in 23% (657). Step-down 
therapy (following cessation of intravenous amphotericin B) 
with oral posaconazole or isavuconazole was administered 
in 26% (732). In all, 67% (1585 of 2358) of patients underwent 
FESS/PNS debridement, of whom 27% (346 of 1286) underwent 
multiple sessions to clear the residual/recurrent disease, orbital 
exenteration was performed in 15% (339 of 2327), both FESS/PNS 
debridement and orbital exenteration in 17% (367 of 2186), and 
intraorbital amphotericin B injection was provided in 22% 
(511 of 2332) for a median of two (range, 1–9) injections.
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Figure 10: Stage 3a rhino-orbital-cerebral mucormycosis (a) Clinical 
picture showing left periocular edema, ptosis and proptosis (b) 
Endoscopy picture showing necrosed left periorbita (white arrow) (c, 
d) Coronal and axial T2 weighted MR images showing involvement 
of the right nasolacrimal duct (red arrows), extending into the medial 
orbit. (Endoscopy image provided by Sandeep Karmarkar, MRI images 
by Ravi Varma)
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Figure 9: Stage 2d rhino-orbital-cerebral mucormycosis (a) Axial MRI 
(T2) and Coronal post contrast T1 with fat saturation (b) of the orbit 
and paranasal sinuses showing mucosal thickening and enhancement 
in bilateral ethmoid and maxillary sinuses (c) Endoscopic picture 
showing right frontal sinus involvement with necrotic mucosa (white 
arrow) along with (d) left sided involvement of sphenoid (white arrow) 
and maxillary sinus (yellow arrow). (Endoscopy images provided by 
Sandeep Karmarkar)

dc

ba

Figure 8: Stage 2c rhino-orbital-cerebral mucormycosis (a, b) Clinical photographs showing palatal involvement with a visible black eschar (c) 
Coronal MRI (T1) and (d) Coronal MRI (T2) of the orbit and paranasal sinuses showing mucosal thickening in >2 ipsilateral sinuses along with palatal 
involvement (red arrow) (e) Endoscopy picture showing necrosed tissue in left sphenoid sinus (white arrow) and left maxillary sinus (yellow arrow). 
(Clinical images provided by Chinmayee T, MRI images by Ravi Varma, endoscopy image by Sandeep Karmarkar)
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Outcome of COVID‑19‑associated ROCM
Of 2218 patients for whom we had outcome data till 
the day of data collection with a mean follow-up of 
14.4 ± 21.3 days (n = 872, range, 1–-270), 41% (909) were 
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Table 6: Rhino‑orbital‑cerebral mucormycosis in 
2826 patients: Management

Features n=2826  
patients (%)

Intravenous Amphotericin B, n=2066
Deoxycholate
Liposomal
Both

516 (25)
1512 (73)
38 (1.8)

Number of days of intravenous amphotericin 
B, n=1920

Mean (median, range) 9.1 (7, 1-60)

Combination therapy, n=657
Intravenous amphotericin B + posaconazole
Intravenous amphotericin B + isavuconazole

633 (96)
24 (3.7)

Stepdown therapy, n=732
Oral posaconazole
Oral isavuconazole

698 (95)
34 (4.6)

FESS/Paranasal sinus debridement, n=2358
Yes
No

1585 (67)
773 (33)

Orbital exenteration, n=2327
Yes
No

339 (15)
1988 (85)

FESS/Paranasal sinus debridement+Orbital 
exenteration, n=2186

Yes
No

367 (17)
1819 (83)

Number of paranasal sinus debridement 
necessary, n=1531

Mean (median, range) 1.3 (1, 1-5)

Paranasal sinus irrigation with amphotericin 
B, n=2190

Yes
No

980 (45)
1210 (55)

Intraorbital amphotericin B, n=2332
Yes
No

511 (22)
1821 (78)

Number of intraorbital amphotericin B 
injections given, n=511

Mean (median, range) 2.4 (2, 1-9)

*The sum of numbers in the column is >2175 as some of the patients 
underwent more than one type of microbiological test

alive and well with regression of ROCM, 32% (717) were 
alive with clinico-radiologically stable ROCM, 13% (287) 
had progressive ROCM on treatment and 14% (305) had 
expired. Among the ones alive, ocular outcome was available 
for 1838 patients, 16% (289) had orbital exenteration 
and in 84% (1549), the eye could be salvaged. Of these, 
vision salvage (vision better than 20/200) was reported 
in 55% (845). [Table 7] Of 511 who received intraorbital 
amphotericin B, 88% (377 of 381 alive and for whom outcome 
was available) had eye salvage and 38% (126 of 330) had 
vision salvage. Eye salvage was achieved in 100% (50 of 50) 
in stage 3a, 98% (81 of 83) in 3b, 83% (97 of 117) in 3c, 77% 
(10 of 13) in 3d, 71% (24 of 34) in 4a, 79% (11 of 14) in 4b, 
82% (22 of 27) in 4c, and 67% (8 of 12) in 4d.

Table 8 shows the outcome of patients at the time of last 
follow up based on the stage of the disease and surgical 
intervention. For stages 1 and 2, of the 382 patients who 

underwent PNS debridement, stable residual or regression 
was seen in 366 (96%) compared to those who did not undergo 
any surgery (p < 0.05). Orbital exenteration was performed in 
25 of 375 patients with ROCM stages 3a and 3b, and of these, 
84% (21) had stable residual or regressed disease, similar 
to the 370 patients for whom orbital exenteration was not 
done (p = 0.96). PNS debridement in patients with stages 3a 
and 3b ROCM reduced disease progression and mortality 
from 35 to 11% (p < 0.05). Prognosis was poor once the disease 
advanced to stage 3c or worse with mortality and disease 
progression seen in 39% (451 of 1145) of the patients compared 
to 12% (119 of 1027) in those with stage 3b or better (p < 0.05). 
For diffuse sino-orbital disease (stages 3c, 3d), both orbital 
exenteration and PNS debridement appeared to be beneficial. 
Mortality and disease progression was seen in 47% (74 of 158) 
of the patients who did not undergo PNS debridement as 
compared to 22% (90 of 410) of those who did (p < 0.05). 
Mortality and disease progression was also significantly 
less following orbital exenteration, 22% (36 of 164) vs 33% 
(134 of 405) without orbital exenteration (p = 0.008). For stage 
4, surgical intervention improved the prognosis. Mortality 
and disease progression reduced from 67% (96 of 143) to 39% 
(115 of 297) following PNS debridement and from 52% (164 of 
314) to 39% (48 of 124) following orbital exenteration.

In all, 137 patients had a follow-up of more than 
3 weeks (mean 45.6 days, 21–270 days). Of these, 6% (8) had 
expired, besides which, disease progression was seen in 
6% (8), residual disease was stable in 24% (32), and regressed 
in 65% (88). Eye salvage was achieved in 66% (83 of 125) and 
vision > 20/200 was present in 67% (56 of 83). Table 9 shows the 
stage-based outcome of these patients. Of the 20 patients with 
stage 2 disease, 17 underwent PNS debridement and all had 
regressed or stable lesion. PNS debridement was performed for 
all 30 patients with stages 3a and 3b and orbital exenteration 
was done in two cases. Mortality and disease progression was 
seen in 17% (15 of 86) of patients with stage 3c or worse as 
compared to 2% (1 of 50) of patients with stage 3b or better (p 
= <0.05). Orbital exenteration did not significantly alter the 
outcome in patients with disease stages 3c and 3d (p = 0.24). PNS 
debridement for stages 3c and 3d reduced disease progression 
and mortality from 33% (1 of 3) to 13% (5 of 38), but the results 
were not statistically significant. All 16 patients with stage 4 

Table 7: Rhino‑orbital‑cerebral mucormycosis in 
2826 patients: Outcome

Features n=2826 patients (%)

Final systemic outcome, n=2218
Alive with regression
Alive with stable residual
Alive with progression
Death

909 (41)
717 (32)
287 (13)
305 (14)

Final ocular outcome, n=1838
Orbital exenteration
Eye salvage

289 (16)
1549 (84) 

Final visual acuity, n=1426
PL negative
PR inaccurate
≤20/200
20/100‑20/40
≥20/40

298 (21)
88 (6.2)
195 (14)
317 (22)
528 (37)
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Table 8: Rhino‑orbital‑cerebral mucormycosis in 
2826 patients: Overall stage‑based outcome

ROCM stage and surgical 
management (n)

Death or 
disease  

progression 
(%)

Stable 
residual or 
regressed 
disease (%)

p

ROCM Stage 1, n=29
Paranasal sinus 
debridement (6)
No paranasal sinus 
debridement (23)

2 (33)

1 (4.3)

4 (67)

22 (96)

p=0.18

ROCM Stage 2, n=502
Paranasal sinus 
debridement (376)
No paranasal sinus 
debridement (126)

14 (3.7)

22 (18)

362 (96)

104 (82)

p<0.05

ROCM Stage 1 and 2, n=531
Paranasal sinus 
debridement (382)
No paranasal sinus 
debridement (149)

16 (4.2)

23 (15)

366 (96)

126 (85)

p<0.05

ROCM Stage 3a, 3b, n=418
Paranasal sinus 
debridement (347)
No paranasal sinus 
debridement (71)

38 (11)

25 (35)

309 (89)

46 (65)

p<0.05

ROCM Stage 3a, 3b, n=375
Orbital Exenteration (25)
No orbital exenteration (370)

4 (16)
58 (16)

21 (84)
312 (84)

p=0.965

ROCM Stage 3c, 3d, n=568
Paranasal sinus 
debridement (410)
No paranasal sinus 
debridement (158)

90 (22)

74 (47)

320 (78)

84 (53)

p<0.05

ROCM Stage 3c, 3d, n=569
Orbital Exenteration (164)
No orbital exenteration (405)

36 (22)
134 (33)

128 (78)
271 (67)

p=0.008

ROCM Stage <4, n=1517
Paranasal sinus 
surgery (1139)
No paranasal sinus 
surgery (378)

144 (12.6)

122 (32.3)

995 (87.3)

256 (68)

p<0.05

ROCM Stage 4, n=440
Paranasal sinus 
surgery (297)
No paranasal sinus 
surgery (143)

115 (39)

96 (67)

182 (61)

47 (33)

p<0.05

ROCM Stage 4, n=438
Orbital Exenteration (124)
No orbital exenteration (314)

48 (39)
164 (52)

76 (61)
150 (48)

p=0.01

ROCM Stage, n=2172
≤3b (1027)
> 3b (1145)

119 (11.6)
451 (39)

908 (88.4)
694 (61)

p<0.05

Table 9: Rhino‑orbital‑cerebral mucormycosis in 
2826 patients: Stage‑based outcome in patients with a 
follow‑up of more than >3 weeks

ROCM stage and surgical 
management (n)

Death or 
disease  

progression 
(%)

Stable 
residual or  
regressed 
disease (%)

p

ROCM Stage 1, n=0  NA NA NA

ROCM Stage 2, n=20
Paranasal sinus 
debridement (17)
No paranasal sinus 
debridement (3)

0

0

17 (100)

3 (100)

1*

ROCM Stage 3a, 3b, n=30
Paranasal sinus 
debridement (30)
No paranasal sinus 
debridement (0)

1 (3.3) 29 (97) 1*

ROCM Stage 3a, 3b, n=29
Orbital exenteration (2)
No orbital 
exenteration (27)

0
1 (3.7)

2 (100)
26 (96.3)

1*

ROCM Stage 3c, 3d, n=41
Paranasal sinus 
debridement (38)
No paranasal sinus 
debridement (3)

5 (13)

1 (33)

33 (87)

2 (67)

p=0.34

ROCM Stage 3c, 3d, n=42
Orbital exenteration (19)
No orbital 
exenteration (23)

5 (26)
2 (8.6)

14 (74)
21 (91)

p=0.24

ROCM Stage <4, n=91
Paranasal sinus 
surgery (85)
No paranasal sinus 
surgery (6)

6 (7.1)

1 (17)

79 (93)

5 (83)

p=0.74

ROCM Stage <4 (3a‑d), n=71
Orbital exenteration (21)
No orbital 
exenteration (50)

5 (24)
3 (6.0)

16 (76)
47 (94)

p=0.03

ROCM Stage 4, n=41
Paranasal sinus 
surgery (41)
No paranasal sinus 
surgery (0)

7 (17) 34 (83) 1*

ROCM Stage 4, n=42
Orbital exenteration (16)
No orbital 
exenteration (26)

0
7 (2.7)

16 (100)
19 (97)

p=0.03

ROCM Stage, n=136
≤3b (50)
>3b (86)

1 (2.0)
15 (17.4)

49 (98)
71 (82.6)

p=0.007

*Fisher exact test statistical value. Value not significant at P<0.05

disease, who were treated with orbital exenteration, survived 
with stable or regressed lesion (p = 0.03).

Discussion
Mucormycosis is an opportunistic, potentially lethal, 
angioinvasive fungal infection predisposed by uncontrolled 
DM, corticosteroids, immunosuppressive therapy, primary or 

secondary immunodeficiency, hematological malignancies, 
hematological stem cell transplantation, solid organ 
malignancies, solid organ transplantation, and iron overload.[3] 
Other less common risk factors include intravenous drug 
use, human immunodeficiency virus infection, renal failure, 
liver diseases, and chronic alcoholism, and malnutrition 
and low birth weight in the pediatric population. Post-
pulmonary tuberculosis and chronic kidney disease have 
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Figure 13: Stage 3d rhino-orbital-cerebral mucormycosis (a) Axial 
MRI (T2) and (b) contrast enhanced (T1) of the orbit and paranasal 
sinuses showing bilateral orbital apical involvement, more extensive 
on the right side. (Images provided by Ravi Varma)
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Figure 11: Stage 3b rhino-orbital-cerebral mucormycosis (a) Clinical pictures showing the right eye proptosis with restriction of ocular movements 
in all gazes. (b) Axial contrast-enhanced MRI (T1) of the orbit, paranasal sinuses, and brain showing involvement of the medial orbit and abnormal 
intensity of the orbital fat in the posterior orbit along with involvement of the right ethmoid sinus
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Figure 12: Stage 3c rhino-orbital-cerebral mucormycosis (a) Clinical 
picture showing right eye ptosis, periocular edema and discolouration 
(b) severe conjunctival congestion and chemosis (c) Axial MRI (T2) 
and axial post contrast (T1) with fat saturation showing right ethmoid 
sinus and diffuse orbital involvement extending to the orbital apex (MRI 
images provided by Ravi Varma)
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been found to be emerging risk factors based on studies in 
the Indian population.[8,9] It can affect the nose, sinus, orbit, 
CNS, lung, gastrointestinal tract, skin, jaw bones, heart, 
kidney, and mediastinum. ROCM is the most common 
presentation, contributing to about two-thirds of all cases 
of mucormycosis.[10,11] The spores are inhaled into the 
nasopharynx and tissue invasion, thrombosis, and necrosis 
progresses from the nose, to the PNS, orbit, and CNS. The 
prevalence has been estimated to be 0.005–1.7 per million 
population worldwide before the pandemic. The prevalence 
in India has always been much higher, nearly 80 times that 
in other parts of the world, 0.14 per 1000.[2,12,13] India also 

occupies the second position in the world as far as the number 
of diabetics is concerned.[14]

With COVID-19, the incidence of secondary bacterial or 
fungal infections is 8%, with aspergillosis and candida being 
the most common fungi reported.[15,16] The current wave of 
COVID-19 has seen a surge of mucormycosis. COVID-19 
produces a hypoxic environment with high glucose levels, 
high levels of ferritin, and attenuated phagocytic activity 
of leukocytes due to immunosuppression by the virus 
itself and the corticosteroids used in the management. 
This setting is highly conducive for the fungal spores to 
germinate and proliferate.[2] Unhygienic practices, prolonged 
hospital stay with possibility of nosocomial infection, use 
of immunosuppressants like tocilizumab, and associated 
comorbidities are other risk factors attributed to the increasing 
incidence of COVID-19-associated ROCM.[2] This study was 
done with the goal of improving the knowledge about ROCM 
in COVID-19 patients in order to ultimately improve the 
management and outcome.
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Figure 14: Stage 4a rhino-orbital-cerebral mucormycosis (a) Clinical photograph showing restriction of ocular movements in all gazes in the left 
eye. (b) Axial MRI (T1) of the orbit and brain showing diffuse orbital involvement along with focal cavernous sinus involvement (red arrow) (c) 
Endoscopy picture showing eroded left cribriform plate (white arrow) with dural defect (yellow arrow) (Endoscopy image provided by Sandeep 
Karmarkar)
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Figure 15: Stage 4b rhino-orbital-cerebral mucormycosis (a) Clinical picture showing no significant ocular manifestation, however, (b) Axial and 
(c) coronal T1 MRI with fat saturation of the orbit and paranasal sinuses and brain showed involvement of the sphenoid sinus with extension into 
the cavernous sinus. (MRI images provided by Ravi Varma)
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Figure 17: Stage 4d rhino-orbital-cerebral mucormycosis (a, b, c) MRI 
(Diffusion imaging) showing multifocal hyperintense areas indicating 
diffuse cerebral parenchymal involvement. (d) Coronal post contrast T1 
MRI (T1) showing temporal lobe abscess (red arrow) (e) Endoscopic 
picture showing right sided temporal abscess cavity (yellow arrow). 
(MRI image (d) and endoscopic image provided by Sandeep Karmarkar)
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Figure 16: Stage 4c rhino-orbital-cerebral mucormycosis (a) Primary 
gaze pictures showing ptosis of the right eye along with periocular 
edema (b) MR angiogram showing left internal carotid artery occlusion 
(MR Angiography image provided by Chinmayee T)
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Epidemiology of COVID‑19‑associated ROCM
In the Indian population, the mean age of COVID-19 patients 
admitted to a hospital was 45–50.7 years and 56–93% of the 
patients were males.[17-19] The median age of affliction of 
COVID-19-associated ROCM patients has been reported to 
be 55 years (range 10–86 years) in a review of global cases 
by European Confederation of Medical Mycology and 
International Society of Human and Animal Mycoses.[20] In the 
reported cases of COVID-19-associated ROCM, there was a 
male predilection (79%).[2] The demographic profile in our series 
was consistent with these studies with a mean age of 51.9 years 
and 71% male patients. Male gender has also been found to be 
associated with greater severity of COVID-19. Greater outdoor 
exposure and, therefore, to fungal spores may be the possible 
reason for this majority.

Potential risk factors for COVID‑19‑associated ROCM
In a study from India, of 235 patients infected with SARS-CoV-2 
infection during the first wave and requiring hospitalization, 77% 
required oxygen support in any form, 22% with high flow nasal 
cannula, and 26% required invasive mechanical ventilation.[17] 
In a larger study from Mumbai, 11% required oxygen with 
mask/cannula, 0.7% required non-invasive ventilation, and 
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only 0.2% required ventilator support.[21] In this study, oxygen 
requirement was observed in 57% (1602 of 2818), and of these, 
masks/prongs were used in 78%, non-invasive ventilation in 
15%, and mechanical ventilation was necessary in 7%. Our 
data of COVID-19-associated ROCM patients shows that 
43% (1216 of 2818) did not require oxygen support during the 
treatment of COVID-19. However, most of these had DM and 
majority received corticosteroids in some form, suggesting that 
contaminated oxygen may not be the driver of infection. Of 
47 patients with COVID-19-associated ROCM who were non-
diabetics and did not receive corticosteroids, 51% (24) required 
hospitalization and 30% (14) received oxygen. Since there is no 
large, published study on the hospitalized COVID-19 patients in 
India, it is difficult to understand if patients developing ROCM 
have a greater requirement of oxygen support as compared to 
those patients who do not develop ROCM. In the absence of 
any other discernible risk factor in 2.5% (10) patients, it could be 
speculated that they may have developed a nosocomial infection.

Remdesivir and tocilizumab have specific indications for 
use. Remdesivir has been authorized for emergency use for 
COVID-19, while tocilizumab is an off-label use.[22]

Tocilizumab was administered in only six reported cases of 
mucormycosis in literature.[20] In our series, 10% of the patients 
received remdesivir and only 2.1% received tocilizumab, and 
may not have a played a role in increasing the risk of ROCM.

Corticosteroids have been maligned for their role in 
increasing the susceptibility to mucormycosis and the 
allegation is not totally ill-founded. A cumulative dose greater 
than 600 mg for prednisone and 2–7 g of methylprednisolone 
has been found to predispose immunocompromised patients 
to mucormycosis.[23] Prolonged, >3 weeks of high-dose 
systemic corticosteroid has been implicated as a risk factor for 
mucormycosis in non-COVID-19 patients.[24] Corticosteroids 
have been used for many diseases apart from COVID-19 
and have been a part of the guidelines even during the 
first wave. The RECOVERY trial has shown the benefits of 
corticosteroids in reducing mortality in patients with moderate 
to severe COVID-19.[25] The updated national guidelines 
recommend the use of intravenous methylprednisolone (or 
an equivalent of dexamethasone 0.1–0.2 mg/kg) at a dose 
of 0.5–1 mg/kg in two divided doses for moderate disease 
and 1–2 mg/kg in two divided doses (dexamethasone 0.2–
0.4 mg/kg) for severe disease for a duration of 5–10 days.[22] 
According to the published literature, 76% of the patients 
with COVID-19-associated ROCM gave history of systemic 
corticosteroids.[2] In India, this fraction is higher, 88%.[26] Our 
data revealed that systemic corticosteroids had been used 
in 87% of the patients. While the mean duration of both oral 
and intravenous corticosteroids was within the stipulated 
recommendations, 21% (373 of 1775) patients received systemic 
corticosteroids for more than ten days. Of 789 mild cases 
of COVID-19 not requiring hospital admission, 73% used 
corticosteroids. Irrational or injudicious use of corticosteroids 
can be a possible cause for ROCM.

In Indian patients with COVID-19, DM was seen in 11–23% 
of the hospitalized patients.[17,18] New onset DM was seen in 
20.6% of patients with mild to moderate COVID-19.[27] The 
virus is said to damage the pancreatic islet cells producing 
new onset DM, worsening of pre-existing DM or DKA. The 
cytokine storm indirectly fuels this by resulting in insulin 

resistance.[26,28,29] Corticosteroids also precipitate hyperglycemia 
and DKA. Hyperglycemia causes glycosylation of transferrin 
and ferrtin and reduces iron binding. By reducing the ability 
of transferrin to chelate iron, acidosis presents an additive 
effect causing an overall increase in free iron levels, allowing 
mucor to thrive. DM has been identified as an independent risk 
factor for mucormycosis.[8] In a large series of cases from India 
of mucormycosis in the pre-COVID-19 era, 74% of the patients 
were diabetics.[10] The risk of mucormycosis is 7.5 times higher 
in diabetics than the general population.[30] When we look at 
the current scenario of COVID-19-associated ROCM in India, 
in a series of 41 cases by John et al.,[26] 93% were diabetics. The 
literature review of the existing global data by Singh et al.[2] 
and Hoenigl et al.[20] showed that diabetics account for 80% of 
the cases and concomitant DKA was found in 15–41% of the 
patients. Of these, 90–97% of the cases were type 2 and 80.3% 
were uncontrolled.[2,20] Our data showed similar results, but 
we did not differentiate between type 1 and type 2. Of the 
210 patients who did not receive corticosteroids or need oxygen, 
84% (173) were diabetics.

ROCM is not known to affect healthy individuals except in 
rare cases. Hypertension has been noted in 19% of the cases, 
while no associated comorbidities were documented in only 
5% of the reported cases of COVID-19-associated ROCM.[20] 
In our series of 2826, 24% (690) had hypertension and 3% (88) 
had renal disease. Similar to prior studies on ROCM and 
ROCM in COVID-19, in our series, 18% (506 of 2826) patients 
had no systemic comorbidity except for COVID-19. This is 
important because in patients presenting with signs and 
symptoms of ROCM in the background of COVID-19, one 
should still investigate thoroughly and have a high index of 
suspicion even in the absence of an underlying comorbidity. 
Among those who were home isolated, 5% patients required 
neither corticosteroids nor were they diabetics, but still 
developed ROCM. They did not have any known risk factors. 
Though the proportion is small, the absolute number, i.e. 23 
is still alarming and mandates further study of virus – host 
interactions and search for other potential risk factors. 
Mucorales are known commensals in the gastrointestinal tract 
but are also found in the nasopharynx and PNS. A breach in 
the mucosal barrier may induce infection from endogenous 
source.[31]

The etiology of COVID-19-associated ROCM appears 
multifactorial. Pre-existing DM; new-onset COVID-19-related 
hyperglycemia; impaired mucosal immunity, mechanical 
breach in the nasal mucosa and mucosal necrosis, hypoxia, and 
increased ferritin levels all attributed to COVID-19; systemic 
corticosteroids; nosocomial infections in hospitalized patients, 
specifically those in the setting of intensive care, all seem to 
conjure up a vicious combination of risk factors. In a large 
study of 5428 hospitalized patients with COVID-19 between 
March 2020 to May 2021, of whom 1027 were in the intensive 
care unit (915 of 1027 received corticosteroids and 417 had 
DM), no case of ROCM was reported.[32] The authors attributed 
it to adherence to low dose corticosteroid protocol and strict 
glycemic control.[32] Future studies could address these issues, 
and also look at the aspect of air quality in hospitals as a 
possible contributing factor. Apart from all these predisposing 
factors, the tropical Indian climate may itself predispose 
vulnerable patients to ROCM.[17,18,26,31-34]
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Timing of occurrence of COVID‑19‑associated ROCM
ROCM occurs both concomitantly with COVID-19 as well as 
post-recovery. Of 80 cases of ROCM, 93% were hospitalized 
and undergoing active treatment for COVID-19 in the review by 
Hoenigl et al.[20] The median time for diagnosis of mucormycosis 
was ten days from the day of COVID-19 diagnosis. For those 
who developed signs of mucormycosis after the diagnosis 
of COVID-19, the duration was 14.5 days.[20] The ratio is less 
skewed in the literature review by Singh et al.[2] with 60% of the 
cases seen in active and 40% in recovered COVID-19 patients. 
Both the series included mucormycosis at all anatomical sites 
and not just ROCM. In our series, the peak was seen on day 
ten with 10% (230 of 2285) developing symptoms of ROCM, 
and 56% patients developed ROCM symptoms within 14 days 
from the diagnosis of COVID-19. Additional spikes were seen 
on day 15 and day 20 with 10% (227) and 7% (162) of patients, 
respectively. Development of ROCM while the patient is still 
under active treatment for moderate or severe COVID-19 may 
pose significant challenges in the management – specifically 
termination of corticosteroids, and surgery under general 
anesthesia. In all, 44% of patients presented with ROCM 
following recovery from COVID-19 in our series. Delayed 
ROCM, three months post-COVID-19 was noted in seven 
patients. Smaller spikes are also seen in the graph around day 
30, 45, and 60. This makes follow-up of COVID-19 patients 
necessary for a period of three months after recovery. Educating 
the patients and families with a checklist of symptoms, mucor 
helplines, and follow-up clinics for COVID-19 recovered 
patients are possible solutions.

Figure 18: Primary management of patients with COVID‑19‑associated rhino‑orbital‑cerebral mucormycosis

Symptoms and signs and the site of involvement of 
COVID‑19‑associated ROCM
ROCM has visible signs and symptoms to allow early diagnosis 
as compared to mucormycosis at other anatomical sites. The red 
flag/warning signs should be known to all ophthalmologists. The 
most common signs and symptoms reported are loss of vision, 
orbital/facial pain, periocular/facial edema, ptosis, and nasal 
discharge as determined from our study. All of these are evident 
just on inspection and requires no additional skill or instrument.

The right and left PNS, orbit, and brain were equally 
affected. It is interesting to note that bilateral PNS involvement 
was seen in 40% of the patients. This increases the imminent 
risk to both the orbits unless diagnosed and controlled. 
Diffuse involvement of the PNS and even structures within 
the orbit was seen most commonly. The medial orbit was 
predominantly affected in 27% of the cases. This can be through 
the nasolacrimal duct or the lamina papyracea. The orbital 
apex was involved in 21% of the patients. Apical involvement 
may not present with fulminant signs and symptoms. While 
the eye may be white and proptosis may be subtle, ptosis, 
other cranial nerve palsies, and regional hypaesthesia and 
diminution of vision may be the early signs of orbital apical 
involvement. Early diagnosis of orbital apical involvement may 
help minimize the risk of progression to the cavernous sinus.

CNS involvement has been documented in 37% of the 
cases of COVID-19-associated ROCM.[20] In our study, 21% 
(573 of 2669) patients had CNS involvement. The information 
about predominant site of involvement was available for 
539 patients and 53% (285) had focal or diffuse cavernous sinus 
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Figure 19: Proposed management algorithm for rhino-orbital-cerebral mucormycosis (Reproduced with permission from Honavar SG. Code 
Mucor: Guidelines for the Diagnosis, Staging and Management of Rhino-Orbito-Cerebral Mucormycosis in the Setting of COVID-19. Indian Journal 
of Ophthalmology. 2021 Jun;69:1361-5)[6]
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involvement or thrombosis. PNS and brain involvement was 
noted in three patients without the orbit being involved. The 
proposed staging system allows the patients to be assigned to 
the most severe stage based on the anatomical location and 
the severity therein and, thus, can be extended to classify cases 
with non-contiguous involvement.

Diagnosis of COVID‑19‑associated ROCM
Contrast-enhanced MRI is the imaging modality of choice. 
It allows delineation of soft tissue involvement earlier and is 
better than a CT scan, especially in the setting of orbital and 
cerebral involvement. Contrast-enhanced CT scan is relatively 
faster and can be used for patients where MRI is not feasible. 
Mucormycosis leads to tissue necrosis, and bone erosion is 
not a common finding, so a CT scan may not support an early 
diagnosis. In our series, MRI was the preferred modality in 
58%, and 27% underwent a CT scan. In patients where contrast 
cannot be given, even a plain CT is still necessary to evaluate 
the extent of the disease. PET-CT is a useful tool for detection 
and assessment of response to treatment limited by cost of 
repeated imaging.[35,36]

Diagnostic nasal endoscopy allows a quick inspection 
and sampling from the nasal cavity. It is a simple, bedside 
yet powerful tool to diagnose suspected cases in stage 1 and 
early stage 2 before the clinical and radiological signs are 
evident. It is encouraging that it was done in 78.6% of the cases. 
Nasal-endoscopy-guided swabs from the area of discharge, 
nasal mucosal inflammation, ulcer, necrosis, or eschar are likely 
to yield a better representative sample for direct microscopy 
rather than a random, blind nasal swab.

Rapid diagnosis of mucormycosis can be achieved with 
direct microscopy using KOH wet mounts, with or without 
fluorescent brighteners like blankophor and calcofluor white, 
and this was done in 88.8% of the cases that we analyzed. 
Nasal endoscopy-guided micro-biopsy from the abnormal 
nasal mucosa or the turbinates can be performed in the clinic 
or bedside and can provide a quick, representative sample 
for rapid diagnostic tests apart from the routine microbiology 
and histopathology.[37] Frozen sections, squash and imprint 
diagnosis can be done on any fresh tissue, and can also help 
in defining clear surgical margins intraoperatively. Rapid 
histopathological tests were performed in only 239 cases in 
our series, and its potential seems untapped, although further 
studies are required to determine the sensitivity and specificity 
of these tests.

Culture is required for identification of genus, species, and 
antifungal susceptibility. However, false-negative results may 
be obtained in 50% of the cases and is attributed to improper 
sampling, tissue handling, and ongoing antifungal therapy.[38,39] 
Histopathology of the biopsied tissue may be necessary for the 
definitive diagnosis of mucormycosis, to detect angioinvasion 
and to distinguish an infection from a contaminant. It can also 
reveal co-infection. Immunohistochemistry with monoclonal 
antibodies can aid, particularly in cases where cultures are 
negative. Matrix-assisted laser desorption ionization time 
of flight mass spectrometry is a newer method but requires 
further validation.[37] PCR is also a rapid test as compared 
to histopathology and culture and can be done on serum 
and paraffin-embedded tissue.[37,40] They can also be used to 
monitor treatment. In ROCM, where early diagnosis is the key 

to survival, these resources should be harnessed and made 
more widely available.

Management of COVID‑19‑associated ROCM
The management of mucormycosis essentially involves control 
of hyperglycemia or any other risk factor, optimal surgical 
debridement, and medical management with antifungal agents. 
A large review of 929 cases showed that survival was only 
3% with no intervention, 57% with surgery alone, 61% with 
amphotericin deoxycholate, and 70% when treated with both 
amphotericin and surgical debridement.[11] Fig. 19 shows the 
proposed management guideline for COVID-19-associated 
ROCM.[6]

Amphotericin B is the antifungal drug of choice for 
mucormycosis. It has been used in 88% of the patients of 
COVID-19-associated ROCM.[20] Even in our series, at the time 
of analysis, 73% of the patients had received amphotericin B. 
Induction should be in full dose (5 mg/kg body weight for stages 
1a–3d and up to 10 mg/body weight for stages 4a–4d) with 
liposomal amphotericin B. In situations with resource constraint, 
one can use amphotericin B deoxycholate or amphotericin B 
lipid complex. The liposomal form is preferred since it is less 
nephrotoxic and, therefore, higher doses may be given for a 
prolonged duration. Our data shows that 73% of the patients 
received the liposomal form. Some patients received both the 
liposomal and deoxycholate type because of the logistic reasons. 
In patients with compromised renal functions, posaconazole and 
isavuconazole have been found to be effective alternatives, but 
amphotericin B remains the treatment of choice. Some patients 
also received these drugs as primary management possibly 
because of the unavailability of amphotericin B.

Prolonged step down oral antifungal therapy is warranted 
for 3–6 months.[37,41,42] Isavuconazole has been used in 
mucormycosis either in combination with amphotericin B or 
as a salvage therapy and as monotherapy. Isavuconazole was 
approved in 2015 for the treatment of invasive aspergillosis and 
mucormycosis. The VITAL study showed that isavuconazole 
was non-inferior to amphotericin B against mucormycosis, as 
primary treatment, in refractory cases and in patients with 
toxicity to other antifungals. The safety profile is better, and it 
can be given both orally and as intravenous injections (loading 
dose 200 mg TDS day 1 and 2, followed by 200 mg daily). 
Although the hepatotoxicity is less than other azoles, liver 
functions should be monitored. It is also tolerated well for 
extended use, over six months.[43,44] Twenty-six percent of the 
patients received step-down treatment, 95% with posaconazole. 
These numbers are expected to rise with a longer follow up.

A study from India has shown posaconazole to be 
highly effective as salvage therapy for ROCM with life 
salvage and complete resolution in 67% of the patients.[45] 
However, there is no data supporting the use of combination 
therapy and has not been recommended in any of the 
major treatment guidelines.[37,41,42] Few retrospective clinical 
studies have concluded the superiority of combination 
therapy with an Echinocandin (Caspofungin) and Polyene 
(liposomal amphotericin B).[46] However, phase III randomized 
placebo-controlled trials are required to establish the benefit.[47] 
In our series, 23% of the patients received combination therapy 
with posaconazole being the preferred drug added to 
amphotericin B.
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Intraorbital injection of amphotericin B deoxycholate in a 
concentration of 3.5 mg/mL has shown to be effective for life 
and eye salvage in certain case reports.[48-50] There is paucity 
of data with regard to its safety and potential for vision 
salvage. Nevertheless, for a disease with such a high mortality 
rate, where vision is of relatively minor concern, it is being 
increasingly used as an adjunct to medical therapy and surgical 
debridement.

PNS debridement as a primary management was performed 
in 21% of the cases in our series. This serves both diagnostic 
and therapeutic purpose. PNS debridement was performed 
in 67% overall. Orbital exenteration was done in 15% patients, 
and simultaneous PNS debridement and orbital exenteration 
was performed in 17%. In a review of 80 published cases of 
ROCM in COVID-19, 37% required an orbital exenteration. 
Orbital exenteration is conventionally done in cases with no 
visual potential, with diffuse orbital involvement, but with 
the disease limited to the orbit without or minimal extension 
to the cavernous sinus. The decision lies with the treating 
physician because there is no firm consensus regarding the 
indications and timing of orbital exenteration. No significant 
difference has been found in survival with or without orbital 
exenteration.[51,52] Several case reports have illustrated the 
management of sino-orbital mucormycosis without orbital 
exenteration. Some series have even found orbital exenteration 
to be detrimental to survival and allowing further dissemination 
of the disease. A retrospective case series showed that for limited 
sino-nasal disease, surgical sino-nasal debridement achieved 
success in 94% of the cases. On the other hand, patients with 
the rhino-orbital disease treated with orbital exenteration 
along with sinus debridement had a treatment failure with 
progression/mortality in 89% of the cases albeit the worse 
systemic and more severe disease.[51-54] Analysis of our data 
showed that in patients with limited sino-orbital disease (3a, 
3b) orbital exenteration does not alter the outcome significantly. 
However, when it advances to stages 3c and worse, orbital 
exenteration seems to help in improving the outcome. Mortality 
and disease progression was less in patients with stages 3c 
and 3d ROCM treated with orbital exenteration (33%) vs those 
without orbital exenteration (22%) (p = 0.008). In patients with 
involvement of the CNS, contrary to standard understanding, 
our study found that orbital exenteration is beneficial. Mortality 
and disease progression was seen in 39% of the patients treated 
with orbital exenteration as compared to 52% in patients without 
orbital exenteration. Orbital exenteration is ideally performed 
following confirmation of diagnosis by histopathology. 
However, in the absence of prior histopathological confirmation, 
but with clinical–radiological–microbiological evidence 
supporting the diagnosis of ROCM with documented disease 
progression, the treating multispecialty medical team and 
the family could take a decision for orbital exenteration to 
prioritize life salvage. A good counselling about the necessity 
and availability of cosmetically sound rehabilitation may help 
patients in accepting this radical, but potentially life-saving 
procedure. 

Literature has shown that ROCM patients without CNS 
involvement had better outcome with surgical intervention than 
with medical management alone (mortality 14% vs 63%, p = 0.01). 
Surgery did not have an impact on the survival of patients with 
CNS involvement (mortality 71% vs 57%, p = 0.66).[20] The first 
part is supported by our data where mortality and disease 

progression decreased from 32% to 13% in patients without 
CNS involvement treated with PNS debridement. However, 
the analysis of patients with CNS involvement showed that 
PNS debridement was associated with better outcome than with 
no surgical intervention at all. Death and disease progression 
reduced from 67 to 39% with surgery. In patients with a 
follow-up of at least 3 weeks, 100% of the patients with stage 
4 ROCM who had undergone orbital exenteration had stable 
residual or regressed lesion (p = 0.03). Thus, surgery may not be 
a contraindication in patients with CNS involvement and may 
indeed improve survival. These findings suggest that orbital 
exenteration may play a significant role in advanced disease 
while a more conservative approach may be preferred in patients 
with disease stage 3b or better. Readers are cautioned that these 
are preliminary results and the follow up of patients are not 
sufficient to provide convincing evidence.

Prognosis of COVID‑19‑associated ROCM
ROCM is a rapidly progressive disease, with 30–90% mortality 
rate in cases with cerebral involvement.[20,33] For cases associated 
with COVID-19, the overall mortality has been estimated to 
be 31%.[2] The median time before succumbing to the disease 
was 75 days.[20] Results from our series show that overall, 
the mortality with COVID-19-associated ROCM is 14% and 
disease progression is seen in 13% of the cases. These results 
are likely to change over time as the patients are followed up. 
At 3 weeks follow up, 88% (120 of 136) of the patients had 
stable/regressed disease. Based on our results, it is clear that 
the proposed staging corresponds to the severity of the disease 
as well as the survival outcome. While prospective studies are 
required to validate it, this is a breakthrough for a disease that 
had no previous logical classification or the staging system 
based on the anatomical progression and disease severity in 
each anatomical location.

Limitations
The data includes only those cases that were submitted for the 
study and may not be representative of the actual incidence 
of COVID-19-associated ROCM in India. The follow up of 
patients is limited and majority are still under active treatment. 
The outcome analysis is, therefore, to be interpreted with 
caution. However, we believe that there is an imminent 
need for this data for triaging and guiding the management. 
Further study of this data over time will give a better picture 
of the true survival outcome. There is no large-scale data on 
COVID-19 patients who did not develop ROCM to serve as a 
control group, limiting the scope of determining risk factors. 
Majority of the contributors were ophthalmic institutions. 
Since this data was retrospectively collected, and most cases 
were co-managed by different departments, either in the same 
institution or separately, all information for every patient was 
not available at the time of collection. However, in future, it 
will allow the treating teams to collect information in a more 
uniform manner based on the understanding of the factors 
which are important. With information changing at a very 
rapid pace, this is the most holistic data that we have in hand 
at present. Information about vaccination, RT-PCR status at 
the time of diagnosis of mucormycosis, additional surgical 
procedures like pterygopalatine fossa clearance, maxillectomy, 
palatal resection and medial orbital wall resection, and timing 
of intervention was not collected and may be important for 
future studies.
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Conclusion
COVID-19-associated ROCM predominantly affects middle-
aged and older males with majority of the patients developing 
onset of ROCM symptoms between day 10 and day 15 from 
the diagnosis of COVID-19. Delayed presentation can occur 
up to three months. Post-COVID-19 follow-up for a period 
of three months is recommended, possibly in the setting of a 
formal post-COVID-19 follow-up clinic. DM and corticosteroids 
are consistent, important, and independent risk factors for 
COVID-19-associated ROCM. Glycemic control is of paramount 
importance in a patient with COVID-19. Corticosteroids are 
part of the armamentarium against COVID-19 but must be 
used judiciously in only patients with moderate to severe 
disease as per the dose and duration recommended. In the 
absence of DM, corticosteroids, and hospitalization, the risk 
of acquiring ROCM is rare. Future studies should address 
the issue of healthcare-associated ROCM, including breach 
in aseptic precautions during hospitalization and air quality 
control in hospitals as potential risk factors.

Periorbital and facial pain and edema, nasal discharge, 
ptosis, and loss of vision are the common symptoms and 
signs. A majority of patients are diagnosed at stage 3, when 
the orbit is already involved. The common clinical symptoms 
and signs should be recognized promptly, followed by 
an expedited diagnosis by diagnostic nasal endoscopy, 
an endoscopy-guided nasal swab for microbiological 
evaluation and nasal micro-biopsy for rapid histopathology. 
Contrast-enhanced MRI is the imaging modality of choice, in 
the absence of which a CT scan is suggested. ROCM should 
be staged, triaged, and managed by a team of intensivists, 
infectious diseases specialists, ophthalmologists/oculoplasty 
surgeons, otorhinolaryngologists, maxillofacial surgeons, 
neurosurgeons, radiologists, microbiologists, and pathologists.

Antifungal medications should be initiated empirically upon 
clinical or clinical–radiological correlation in a symptomatic 
patient in a COVID-19 setting while awaiting culture and 
histopathology confirmation. Liposomal amphotericin B is 
the drug of choice and all efforts must be made to ensure its 
availability. PNS debridement should be radical and may 
be repeated as required. In patients with limited orbital 
involvement (stages 3a and b), intraorbital injection of 
amphotericin B may be a promising option. Patients with diffuse 
orbital involvement will need orbital exenteration. Patients with 
CNS involvement seem to fare better when PNS debridement 
and orbital exenteration are included in their management. 
A longer follow-up is essential to determine the prognosis 
conclusively, but the analysis of our largest series of real-world 
data does provide some insightful information that may help 
plan the management of COVID-19-associated ROCM.

COVID-19-associated ROCM needs to be tackled as 
aggressively as the disease itself with a concerted effort 
from multidisciplinary medical teams and the government. 
Accepting the facts that Indians inherently have a higher 
prevalence of DM, the tropical climate predisposes to 
mucormycosis, and moderate to severe cases of COVID-19 will 
need corticosteroids for life salvage, we can expect to continue 
to see ROCM in the days to come. Logistical preparedness to 
ensure adequate supply of amphotericin B and creation of 
well-equipped, dedicated regional hubs of multidisciplinary 

ROCM-management centres, each connected to spokes of 
COVID-19-treatment facilities, may help salvage the life and 
eyes of these patients.
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Abstract

Background

Adenylate kinase (AK) deficiency is a rare red cell enzymopathy associated with moderate to severe
congenital nonspherocytic hemolytic anemia, along with mental and psychomotor retardation (in
exceptional cases). Only ten mutations have been detected in the AK1 gene to date. In this study, we
aimed to diagnose the unexplained issue of haemolytic anaemia and offer antenatal screening to the
family.

Methods

Genomic DNA was isolated from whole blood by a standard protocol. Targeted next-generation
sequencing (t-NGS) was performed to identify pathogenic variants in the patient and control samples.
A chronic villus sample was collected at 11 weeks of gestation from the mother, and molecular testing
was performed. Genetic confirmation was concluded by Sanger DNA sequencing. Bioinformatics tools
predicted the pathogenicity of the variant.

Results

t-NGS revealed a homozygous variant (c.301C > A, p. Gln101Lys) in the AK1 gene in the patient and
heterozygosity in the fetus and parental samples. The prediction tools SIFT, Polyphen2, Provean,
PMUT, Mutation taster, and Mutation Assessor, confirmed the damaging effect of the variant on the
AK1 protein structure

Conclusion

We have presented a novel mutation in the AK1 gene (p. Gln101Lys) associated with adenylate kinase
deficiency. It is the first prenatal diagnosis of AK deficiency in India, where heterogeneity is
exceptionally high.
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Background

Adenylate kinase (AK) deficiency (OMIM 103000) is an autosomal recessive disorder associated with
moderate to severe congenital hemolytic anemia, with psychomotor impairment observed in few cases
[1]. The enzyme involved in this disorder is adenylate kinase type I (AK1), which catalyzes the
conversion of adenine nucleotides in the presence of Mg2+ or Mn2+: Mg2++ ATP + AMP = Mg2++ 
ADP + ADP.

AK1 belongs to the cytosolic enzyme family (EC 2.7.4.3). The AK1 gene is located on chromosome 9
on location 9q34. 11 (NCBI Gene ID: 203) and is highly expressed mainly in tissues with a high
turnover rate, such as blood, brain, and muscles[2]. According to the available literature, certain
mutations in this gene resulting in a functionally inadequate enzyme; so far, only ten mutations have
been reported in the AK1 gene. [1, 3–9] (details are mentioned in Table 1).

Table 1

Mutations update in AK1 gene

S. no. Type of mutation Nucleotide change Amino acid change Origin References

1. Missense c.71A > G p. Gln24Arg Indian Dongerdiye et al. [9]

2. Missense c.118G > A p. Gly40Arg Spanish Corrons et al. [1]

3. Frameshift c.138delG p.Glu46del Italian Fermo et al. [4]

4. Missense c.190G > A p. Gly64Arg Spanish Corrons et al. [1]

5. Missense c.289C > T p. Arg97Trp* Japanese Niizuma et al. [8]

6. Missense c.301C > A p. Gln101Lys Indian This paper

7. Nonsense c.319C > T p.Arg107Stop* Italian Bianchi et al. [3]

8. Missense c.382C > T p.Arg128Trp Japan Matsuura et al. [6]

9. Missense c.413G > A p.Arg138His Indian Dongerdiye et al. [9]

10. Deletion c.418_420delGAC p.Asp140del English Corrons et al. [1]

11. Missense c.491A > G p.Tyr164Cys Italian Qualtieri et al. [7]

Open in a separate window

*Mutations associated with psychomotor retardation

This study investigated the molecular basis of erythrocyte AK deficiency in an Indian family and
provided prenatal diagnosis to them for subsequent pregnancy.
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Methods

Clinical history

A 5-year-old Indian boy presented with severe neonatal jaundice and severe anemia requiring regular
blood transfusions was referred to us for a complete hemolytic anemia workup. He had a
hepatosplenomegaly with a liver 4 cm in size and spleen up to the umbilicus. The direct and indirect
Coombs tests were negative and increased serum lactate dehydrogenase level ( 3400 U/L; reference
range 140–280 U/L). The haemoglobin concentration was in the range of 5–7 gm/dl (male reference
range 13–16 gm/dl). He has no history of fever and skin rashes. HPLC of the patient and parents
indicated the absence of haemoglobinopathies. The Peripheral blood smear suggested dimorphic
anemia with predominantly saw hypochromic, normocytic cells at the initial investigation. Bone
marrow examination showed erythroid hyperplasia with megaloblasts. The biochemical test for the
RBC membrane protein defect, i.e. Hereditary spherocytosis, was performed using eosin 5' maleimide
by flow cytometry was within the normal range (980 MCF; reference range 900–1200 MCF). The
activity of erythrocyte glucose-6-phosphate dehydrogenase, pyruvate kinase, and glucose phosphate
isomerase was normal (details are given in Table 2). Presently, no developmental delay or mental
retardation has been observed in the patient.
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Table 2

Clinical and hematological data of the proband and parents

Open in a separate window

M male, F female, ND not determine

Molecular studies

Proband Father Mother Normal
range

Age/Sex 5y/M 36y/M 30y/F –

Place of origin Kolhapur Maharashtra

Hematological

White Blood cell (× 10 /µl) 9.1 8.0 9.1 4–10

Red blood cell (× 10 /µl) 2.14 5.03 4.53
M-4.5–5.5

F-3.8–4.8

Hemoglobin (g/dl) 6.1 14.1 11.6
M-13–17

F-12–16

Hematocrit (%) 18.5 45.7 35.7
M-45–50

F-37–45

Mean corpuscular volume (fl) 86.4 91.0 78.8 80–100

Mean corpuscular hemoglobin (Pg) 28.5 28.0 25.6 27–32

Mean corpuscular hemoglobin concentration
(g/dl)

33 30.8 32.5 32–36

Platelet (× 10 /µl) 111 487 291 150–400

Red cell distribution width (%) 23.9 13.5 15.8 11.6–14

Retic count (%) 0.8 ND ND  < 2.0

Biochemical

Lactate dehydrogenase (U/L) 3400 ND ND 140–280

Total bilirubin (mg/dl) 2.3 ND ND 0.1–1.2

Direct bilirubin (mg/dl) 0.8 ND ND  < 0.3

Hemoglobin F (%) 1.3 0.0 0.0  < 2.0

Hemoglobin A  (%) 3.0 3.2 3.0 1.5–3.5

Glucose-6 phosphate dehydrogenase (IU/gHb) 5.57 6.32 5 4.0–13.0

Pyruvate kinase (IU/gHb) 9.1 10.30 8.2 8.0–14.0

Glucose phosphate isomerase (IU/gHb) 59.6 62.5 63 45–75

3

6

3

2
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We collected peripheral blood from healthy controls, patients, and parents after dually signed informed
consent. DNA was extracted using a standard protocol, and a targeted next-generation sequencing (t-
NGS) library was generated. We performed library preparation using Illumina's TruSeq Custom
Amplicon v1.5 kit (FC 130 1001) using 250 ng genomic DNA, following the manufacturer's
instructions. Samples were pooled and loaded at 20 pM on MiSeq using a v3 600 cycle reagent kit
sequencing 2 × 301 paired‐end reads (Illumina, San Diego, CA, USA). The library was sequenced to
mean > 80-100X coverage on the Illumina MiSeq sequencing platform. The gene panel includes red
cell haemoglobinopathies, enzymopathies, membrane disorders, congenital dyserythropoietic anaemias,
and bone marrow failure syndrome-related genes. Numbers of genes included in the panels with
corresponding accession numbers are obtained from the Single Nucleotide Polymorphism database
(dbSNP at www.nchi.nlm.nih.gov/SNP), and the Ensemble Genome Browser (www.ensembl.org) are
listed in Additional file 1: Table S1). The sequences obtained were aligned to the human reference
genome (GRCh37/hg19) using the BWA program and analyzed using Picard and GATK version 3.6.
The clinically relevant variants were annotated with the published literature and databases such as
ClinVar, OMIM, GWAS, HGMD, and SwissVar. When sequence changes were found, independent
PCR products were sequenced to confirm the mutations. In support that these sequence changes were
not polymorphic variations, we verified that none was reported in the 1000 Genomes,
https://www.internationalgenome.org/ and Human Gene Mutation Database
http://www.hgmd.cf.ac.uk/ac/index.php

Prenatal diagnosis and detection of the familial AK deficiency causative mutation

A gynecologist conducted chronic Villus Sampling (CVS) during the 11th week of pregnancy of the
mother. Genomic DNA was isolated using the standard protocol. We used the exon-specific primers
mentioned by Dongerdiye 2020 et al. [9] for DNA amplification and Sanger sequencing of mother,
father, and fetus samples.

Bioinformatics analysis

The effect of the variant was studied by multiple algorithms, such as MutationTaster,
https://www.mutationtaster.org Polyphen-2, https://genetics.bwh.harvard.edu/pph2 SIFT,
https://sift.jcvi.org. Mutation Assessor, https://mutationassessor.org M-CAP,
http://bejerano.stanford.edu/mcap/, Combined Annotation Dependent Depletion (CADD),
https://cadd.gs.washington.edu/. The probability of the mutation affects protein function was evaluated.
Therefore the output “low” indicates a neutral variant. For Condel, the score ranges from 0 (neutral) to
1 (damaging). The crystallographic model of recombinant human adenylate kinase (EC 2.7.4.3) was
downloaded from the Protein Data Bank (www.rcsb.org/pdb/; PDB-ID: IZ83) [6]. The impact of
substitution on the structure and function of the protein was studied using PyMol software (DeLano
Scientific, San Carlos, CA, USA) (http://www.pymol.org/) and Swiss Protein databank viewer
(https://spdbv.vital-it.ch/).

Results

The complete details of the biochemical and hematological investigation of the patient and family are
summarized in Table 2. Genetic analysis performed by the t-NGS panel revealed a single nucleotide
substitution in exon 5 (c.301C > A) of AK1 gene, which caused glutamine to lysine (CAA to AAA)
substitution at codon 101 (p. Gln101Lys). We observed a homozygous mutation in the proband. Parents
were analyzed for the c.301C > A mutation by DNA Sanger sequencing; both parents were
heterozygous for the mutation (Fig. 1). The novel variant c.301C > A, p.Gln101Lys, was submitted to
the ClinVar database and submitted raw data (Accession No.: PRJNA745516:

 

http://www.nchi.nlm.nih.gov/SNP
http://www.ensembl.org/
https://www.internationalgenome.org/
http://www.hgmd.cf.ac.uk/ac/index.php
https://www.mutationtaster.org/
https://genetics.bwh.harvard.edu/pph2
https://sift.jcvi.org/
https://mutationassessor.org/
http://bejerano.stanford.edu/mcap/
https://cadd.gs.washington.edu/
http://www.rcsb.org/pdb/
http://www.pymol.org/
https://spdbv.vital-it.ch/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/table/Tab2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/figure/Fig1/
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https://www.ncbi.nlm.nih.gov/bioproject/PRJNA745516.) We measured AK enzyme activity in 50
healthy controls to the established normal range (reference range 297–360 IU/gHb), the proband
(38.0 IU/g Hb), and parents' sample (mother 192.0 IU/gHb, father 208.0 IU/gHb). Biochemical
findings correlated with molecular results.

Fig. 1

Pedigree and electropherogram of the patient and family carrying the AK1 gene c.301C > A mutation

We counseled the family for the consequences of severe enzyme deficiency. Therefore, at the time of
the second pregnancy, they decided to undergo prenatal screening. The fetal DNA was screened for the
complete AK1 gene. DNA Sanger sequencing identified substitution c.301C > A at codon 101, causing
a heterozygous change from glutamine to lysine. The pregnancy continued, and the normal healthy
child was born after nine months and followed up for one year. There were no symptoms of anemia and
jaundice.

The AK1 protein (PDB ID-1Z83) consists of three chains, A, B, and C, spanning 194 residues. Each
chain consists of one large central "CORE" domain and two small peripheral domains, the NMP
binding and the LID domains. Upon ATP binding, the LID domain closes over the phosphoryl transfer
site. The amino acid residue position Q101 is an important AMP binding site and 39,44,138,149
residues. Any changes at these AMP binding sites possibly hamper the catalytic cycle of the enzyme.
Figure 2a shows a complete ribbon representation of the protein (PDB ID-1Z83) with chains A, B, and
C of the AK1 enzyme, along with an insight into the Q101 position helical structure (Fig. 2b) and
amino acid change from wild type (glutamine) to mutant type (lysine) (Fig. 2c, d). Multiple sequence
alignment confirmed that the amino acid glutamine at 101 positions is conserved across species (Fig. 2
e). Most bioinformatic prediction tools demonstrate the harmful effect of the amino acid change from
glutamine to lysine (Table 3 summarizes the prediction results). 

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA745516
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8317388_12920_2021_1038_Fig1_HTML.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/figure/Fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/figure/Fig2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/table/Tab3/
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Fig. 2

a Complete ribbon representation of adenylate kinase protein (PDB ID-1Z83) with chains A, B, and C. b
Secondary structure of the protein (PDB ID-1Z83) showing the amino acid residue at position 101 (Q101).
c Wild type amino acid residue glutamine 101 (Q101). d Mutant type amino acid residue Lysine101
(K101). e The residue (Q) at position 101 of AK-1 is highly conserved across species

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8317388_12920_2021_1038_Fig2_HTML.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/figure/Fig2/
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Table 3

Bioinformatical prediction data

Tool Score Prediction

Polyphen-2 1.00 Damaging

PROVEAN − 3.969 Deleterious

Mutation taster – Disease-causing

Mutation assessor 4.965 HIGH

MUTPRED2 0.882 –

SIFT 0.001 Damaging

PMUT 94% Disease

CADD 17.33 Likely benign

M-CAP 0.458 Possibly pathogenic

REVEL 0.5 Likely disease-causing

Open in a separate window

Discussion

In the present study, an Indian patient was diagnosed with rare red cell adenylate kinase deficiency. A
novel homozygous (p. Gln101Lys) mutation in the AK1 gene was detected using a disease-targeted
NGS panel. Previously, we reported the first case of AK deficiency from India, caused by compound
heterozygous (c.71A > G and c.413G > A) mutations in the AK1 gene [9]. Clinically, these patients
have incidents of chronic hemolytic anemia but no evidence of mental retardation or psychomotor
impairment. Similar to other erythrocyte enzyme deficiencies, the choice of treatment depends upon the
severity of the disease. Splenectomy may be recommended for severe transfusion-dependent AK
deficient patients [14]. During the study, we excluded all the possible causes of hemolytic anemia,
including RBC membrane defects. A recent review on red cell membrane defects mentioned that the
flow‐cytometric osmotic fragility test is a new gold standard method for diagnosing HS, HE, and DHS
in combination with eosin‐5'‐maleimide testing [13].

In India, only a few research groups have incorporated NGS-based genetic analysis for the routine
diagnosis of RBC enzymopathy [9, 10]. However, custom NGS panels or whole-genome sequencing
are widely used in various other laboratories to diagnose hemolytic anemia. The use of next-generation
sequencing allows the identification of new causative genes, and polygenic conditions, and genetic
factors that modify the disease severity of hereditary anemias. Disease-targeted gene panels often have
higher diagnostic rates than those of exome sequencing or genome sequencing and are designed to
maximize coverage, sensitivity, and specificity for the included genes [11]. The only drawback of using
a custom NGS panel is that it involves a limited number of genes. Therefore, a continuous update is
required for the best results. We have achieved an approximately 80% diagnostic yield using our
custom panel [12]. However, these results may vary depending upon the number of patients, their
clinical history, and phenotype-genotype correlations.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8317388/table/Tab3/?report=objectonly
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We identified three missense substitutions in the AK1 gene, Gln24Arg, Gln101Lys, and Arg138His, in
two unrelated Indian families. These mutations could lead to dysfunction of the enzyme molecule by
hampering AMP binding capacity. This study focuses on providing prenatal diagnosis to the family and
gives accurate genetic advice. The fetal DNA was heterozygous for the substitution c.301C > A;
p.Gln101Lys and advised to continue the pregnancy. Next-generation sequencing has many advantages,
as it is cost-effective and gives high yield and speed. In contrast, there are certain limitations of NGS
that significantly impact the accuracy of the results. The t-NGS panel has proven precise for our study,
but its application may vary from lab to lab.

Conclusion

In conclusion, the targeted NGS panel identified a novel causative mutation in the AK1 gene in a 5-
year-old male child with severe transfusion-dependent haemolytic anaemia. Identification of the
pathogenic mutation helped us to offer a prenatal diagnosis in this family. This study also re-
emphasizes the importance of NGS in diagnosing unexplained haemolytic anaemia in severe patients.

Supplementary Information

Additional file 1. Gene List for Targated NGS Panel.
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ADP Adenosine diphosphate

AK Adenylate kinase

AMP Adenosine monophosphate

ATP Adenosine triphosphate

BWA Burrows-wheeler alignment

CVS Chronic villus sample

DNA Deoxyribonucleic acid

EDTA Ethylenediaminetetraacetic acid

EMA Eosin 5 maleimide

G6PD Glucose-6-phosphate-dehydrogenase

GATK Genomeanalysistoolkit

GPI Glucose phosphate isomerase

GWA Genome wide association study

HB Haemoglobin

HCT Hematocrit

HGMD Human genome mutation database

HPLC HIGH: performance liquid chromatography

LDH Lactate dehydrogenase

MCF Mean channel fluorescence

MCH Mean corpuscular haemoglobin

MCHC Mean corpuscular haemoglobin concentration

MCV Mean corpuscular volume

NGS Next-generation sequencing

NMP Nucleoside monophosphate

OMIM Online mendelian inheritance in man

PDB Protein data bank

PDB Protein databank

PK Pyruvate kinase

PLT Platelet
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PROVEAN Protein variation effect analyzer

RBC Red blood cell

RDW Red cell distribution width

SIFT Sorting intolerant from tolerant

t-NGS Targeted-next-generation sequencing

WBC White blood cell
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Background. Birth of a fetus with no signs of life after a predefined age of viability is a nightmare for the obstetrician. Stillbirth is a
sensitive indicator of maternal care during the antepartum and intrapartum period.+ough there has been a renewed global focus
on stillbirth as a public health concern, the decline in stillbirth rate (SBR) has not been satisfactory across the nations, with a large
number of stillbirths occurring in the low- to middle-income countries (LMICs). Hence, the study was carried out to analyze
maternal and fetal risk factors and their association with stillbirths in a tertiary care center in South India. Methods. +is
observational prospective study included pregnant women with stillbirth beyond 20 weeks of gestation or fetal weight more than
500 grams. Stillbirths were classified according to the simplified causes of death and associated conditions (CODAC) classification.
Association between the risk factor and stillbirths was calculated with chi-square test and odds ratio with 95% confidence interval.
Results. +ere were 171 stillbirths (2.97%) among total 5755 births. +e SBR was 29.71/1000 births. Risk factors such as preterm
delivery (OR: 22.33, 95% CI: 15.35–32.50), anemia (OR: 21.87, 95% CI: 15.69–30.48), congenital malformation (OR: 11.24, 95% CI:
6.99–18.06), abruption (OR: 10.14, 95% CI: 6.43–15.97), oligohydramnios (OR: 4.88, 95% CI: 3.23–7.39), and hypertensive
disorder (OR: 3.01, 95% CI: 2.03–4.46) were significantly associated with stillbirths. +e proportion of intrapartum stillbirths was
found to be 5 (3%) among the study population. Conclusion. Highest prevalent risk factors associated with stillbirth are anemia
and prematurity. Intrapartum stillbirths can be reduced significantly through evidence-based clinical interventions and practices
in resource-poor settings. +ere is a need to provide and assure access to specialized quality antenatal care to pregnant women to
control the risk factors associated with stillbirths.

1. Background

Stillbirth is defined generally as delivery of a fetus, following
a predefined period of gestation and before complete ex-
pulsion from its mother, showing no signs of life and who
cannot be resuscitated following birth [1]. In India, a fetus
≥20 weeks of gestation with no signs of life is considered
stillborn [2]. Stillbirth is the most prevalent adverse outcome
of pregnancy. Death of a viable fetus is one of the most
distressing events for the parents as well as for the obste-
trician. Also, it is a sensitive marker of quality and equity of
healthcare. +e stillbirth rate (SBR) was 18.4/1000 total
births worldwide in 2015 [3]. +e low- to middle-income
countries (LMICs) contribute to 98% of stillbirths, and

yearly, 592,100 stillbirths occur in India, with a rate of 22/
1000 total births (World Health Organization (WHO))
[4, 5]. +e Every Newborn Action Plan (ENAP) in year 2014
has proposed a stillbirth rate target of 12 or fewer per 1000
births by year 2030 [6]. +e 2019 ENAP progress report has
depicted that 59% of the reporting countries will fail to
achieve the stillbirth interim target of 14/1000 or less by 2020
[6].+e annual reduction in stillbirths across the globe is 2%,
which is lesser than the decline in maternal mortality (3%)
and under-five child mortality (4.5%) [7]. +ough stillbirths
comprise a large proportion of preventable deaths, it is
challenging to determine their cause as the fetus is not
directly observed when death occurs and the events prior to
it. Furthermore, there is lag in knowledge in understanding
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the conditions and contexts before stillbirth occurs.+e 2019
ENAP progress report recommends to intensify research
into causes of stillbirth so that the results of these studies
direct policy developments to reach the global target of
stillbirth reduction.

Assigning a cause to the stillbirth and establishing its
association with different maternal and fetal factors can help
to prioritize interventions to improve birth outcomes in
resource-poor areas. +e present study attempted to identify
the possible risk factors and their association with stillbirths
in a tertiary care center in South India.

2. Materials and Methods

2.1. Study Setting. +e present prospective, observational
study was conducted from January 1, 2017, to December 31,
2017, at Karnataka Lingayat Education Academy of Higher
Education and Research’s Dr. Prabhakar Kore Charitable
Hospital, attached to Jawaharlal Nehru Medical College,
Belagavi, South India. It is a 1200-bedmultispecialty hospital
which is a referral center for the neighboring states. +e
labor ward is having total 64 beds and two operation the-
atres. Among these, 20 beds are obstetric intensive care beds.
Annually, there are approximately 6000 deliveries. +e labor
ward is managed round the clock by a team of consultants,
nurses, and postgraduates in obstetrics and gynecology
(OBG), pediatrics, and anesthesiology departments. +e
institutional evidence-based protocols are used as guidelines
for the management of high-risk cases.

2.2. Study Participants

2.2.1. Inclusion Criteria. All the women who were admitted
to the labor ward and had stillbirth and consented for en-
rollment were included in the study. Written informed
consent was obtained from all the study participants.

2.2.2. Exclusion Criteria. +e exclusion criterion was
gravidas having live births.

For the present work, ethical approval was obtained from
the Institutional Ethics Committee of Jawaharlal Nehru
Medical College of KLE Academy of Higher Education and
Research, Belagavi, which certified that the study was per-
formed in accordance with the ethical standards as laid down
in the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards.

2.3. Data Collection Procedure. +e study proforma was
discussed and verified by a group of obstetricians in a de-
partmental review meeting. +e pretesting of the study
proforma was done before starting the data collection, and
necessary changes were made and confirmed. +e stillbirth
data were recorded by a postgraduate medical student in the
Obstetrics and Gynecology department, who was trained to
get acquainted with the methodology of the research study.
+ey were verified by an assigned professor in OBG.

+e study participants were analyzed in terms of age,
gravidity, and socioeconomic status (as per the 2016

Kuppuswamy scale for the urban population and the 2016
BG Prasad scale for the rural population) [8]. In the index
pregnancy, details of antenatal checkups, medical illnesses,
presence of obstetric complications, and other significant
illnesses were evaluated. +e gestational age was assigned as
per the first trimester dating ultrasound or by Sonocare
software if the dating scan was not available. Complete
general physical examination/systemic examination and
obstetric examination were conducted. Absence of fetal
heart sound was confirmed by ultrasound examination.
Mode of delivery and birth weights of fetuses and presence
or absence of malformation were noted.

Every stillbirth was discussed in detail in perinatal death
audit in the department of OBG of the institution, and cause
of death was assigned based on history, clinical examination,
and available investigations by a multidisciplinary team,
consisting of a senior obstetrician and neonatologist. +e
cause of death was further classified as per the simplified
CODAC, system of classification for stillbirths [9].

2.4. Operational Definitions

(i) Registered gravida: a woman who had 4 or more
antenatal visits

(ii) Preterm stillbirth: stillbirth occurring before 37
completed weeks of gestation

(iii) Postterm stillbirth: stillbirth occurring after 42
weeks of gestation

(iv) Antepartum stillbirth: the intrauterine fetal demise
occurred before the onset of labor

(v) Intrapartum stillbirth: the intrauterine fetal demise
occurred during labor

(vi) Early stillbirth: stillbirths which occurred between
20 and 27 weeks and 6 days

(vii) Late stillbirth: stillbirths which occurred after 28
weeks

(viii) Stillbirth: it was defined as birth of a baby, with no
signs of life occurring after 20 weeks of pregnancy
or with >500 grams of fetal weight [9]

(ix) Extreme prematurity: birth before 28 weeks of
gestation

3. Results

3.1. 7e Stillbirth Rate (SBR). A total of 171 stillbirths
(2.97%), with the stillbirth rate of 29.71/1000 births among
5755 total births, were observed.

3.2. 7e Sociodemographic and Clinical Presentation of the
Participants. According to our results, 88 (51.46%) and 83
(48.54%) stillbirths were observed among the rural and
urban population, respectively. +e majority of stillbirths, 51
(61.45%) and 36 (40.91%) in the urban and rural population,
respectively, belonged to class 3 (lower middle class in the
Kuppuswamy scale and middle class in the modified BG
Prasad scale). Among registered gravidas, 77 stillbirths
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(45%) were noted, and 94 stillbirths (55%) were noted in
unregistered gravidas. Most of the stillbirths (n� 140)
(81.9%) were found in the women of 20–30 years age group.
Stillbirths were more common in primigravida that is 78
stillbirths (45.61%) followed by 43 stillbirths (25.15%) in
gravida-2, 32 stillbirths (18.71%) in gravida-3, and 18 still-
births (10.53%) in gravida-4 and above. It was observed that
136 stillbirths (79.53%) were delivered vaginally, and 35
stillbirths (20.47%) were delivered through cesarean section
(18 abruption, 6 eclampsia with end-organ damage, 5 pre-
vious LSCS, 3 fetal distress, 1 placenta previa, 1 rupture
uterus, and 1 obstructed labor) (Table 1).

3.3. Stillbirths at Different Gestational Ages. According to
Figure 1, a total of 45 stillbirths (26.32%) occurred in women
with the gestational age of 20–27 weeks and 6 days, 90
stillbirths (52.63%) were noted at gestational age between 28
weeks and 36 weeks and 6 days period of gestation, 34
stillbirths (19.88%) were seen at gestational age between 37
and 41 weeks and 6 days, and 2 stillbirths (1.17%) occurred at
gestational age more than 42 weeks. +e total number of
preterm (<37 weeks) stillbirths was 135 (78.94%), followed
by 34 (19.88%) in term (37–41 weeks) and 2 (1.17%) in
postterm (≥42weeks) gestation (Table 1).

3.4. Stillbirths in Antepartum and Intrapartum Period.
+e proportion of antepartum and intrapartum stillbirths is
shown in Figure 2. +ere were 5 stillbirths (2.9%) in
intrapartum period and 166 stillbirths (97.07%) in ante-
partum period.

3.5.7eDistribution of BirthWeight among Stillbirths. It was
observed to be as follows: the maximum number of still-
births, that is, 66 (38.59%), had birth weight between 500 and
999 grams, followed by 34 stillbirths (19.88%) with birth
weight between 1000 and 1499 grams.19 stillbirths (11.11%)
were observed in both 2000–2499 grams and 2500–2999
grams categories. Six stillbirths (3.51%) were reported be-
tween 3000 and 3499 grams, and 3 stillbirths (1.75%) were
present between 3500 and 4000 grams birth weight
(Figure 3).

3.6. Causes of Death and Associated Condition (CODAC).
+e common causes of death in the order of decreasing
frequency were fetal causes (50 (29.24%)), maternal con-
ditions (42 (24.56%)), placental causes (28 (16.37%)), and
congenital malformations (25 (14.62%)), whereas unknown
causes were 16 (9.36%). Extreme prematurity, hypertensive
disorders in pregnancy, abruption, and congenital malfor-
mations were present in 45 (26.32%), 33 (19.3%), 27
(15.79%), and 25 (14.62%), respectively (Table 2).

3.7. Association of Stillbirths with Maternal and Fetal Risk
Factors. Table 3 describes that preterm delivery, hyper-
tensive disorders, anemia, abruption, congenital malfor-
mations, and oligohydramnios were significantly associated

with stillbirths (p< 0.05). +rough unadjusted odds ratio, it
was noted that odds of stillbirths were 22.33 (95% CI:
15.35–32.50) times higher for the stillbirths with preterm
delivery than the stillbirths with full-term delivery. An odd
of stillbirths for the subjects with congenital anomalies was
11.24 (95% CI: 6.99–18.06) times higher than the subjects
without congenital anomalies. Also, it was observed that the
odds of stillbirths were 3.01 (95% CI: 2.03–4.46) times higher
for the subjects with hypertensive disorder than subjects
without hypertensive disorder. +e odds of stillbirth were
10.14 (95% CI: 6.43–15.97), 4.88 (95% CI: 3.23–7.39), and
21.87 (95% CI: 15.69–30.48) times higher for the subjects
with abruption, oligohydramnios, and anemia than the
subjects without abruption, oligohydramnios, and anemia,
respectively.

4. Discussion

Among 5755 total births, 171 stillbirths (2.97%) were ob-
served. +e SBR was calculated to be 29.71/1000 births.
According to a report in year 2018, the national range of SBR
in India is 22 to 66/1000 births [10]. It has decreased from
31.3/1000 births in year 2010 to 23.8/1000 births in year 2016
[11]. Given the current rate of annual decline in Indian
stillbirths of 4.5%, a higher diminution of 5.8%, in the
current rates, is vital to achieve the ENAP goal [11].

+e stillbirths were more in unregistered women as
compared to registered women, that is, 94 (54.97%) and 77
(45.03%) stillbirths, respectively, in the study setup.+is is in
concurrence to a study conducted by Rajagopal et al. (un-
registered stillbirths 54.4% vs. registered stillbirths 45.5%)
[12]. +e diagnosis and surveillance of high-risk pregnancies
by skilled health personnel and prompt effective manage-
ment of complications in registered gravidas can explain the
low stillbirths in the registered women.

A majority of the stillbirths, that is 88 (51.46%), were
found in women from the rural population. Dandona et al.
also found higher stillbirths of 62.4% in the rural pop-
ulation [13]. In India, though there is implementation of
financial incentive programs for pregnant women at-
tending health services, the quality of care in peripheral
health facilities is usually compromised, and such women
are referred late to tertiary care centers. It is observed that
20–30% of stillbirths result from suboptimal obstetric care
[14]. +e higher prevalence of stillbirths in the rural
population suggests the need for improved obstetric care as
well as availability of emergency services in the rural set-
tings. +e study revealed that most of the pregnant women
who had stillbirth were from lower middle and middle
socioeconomic status, 51 (61.45%) and 36 (40.91%), re-
spectively. +e socioeconomic status influences the preg-
nancy outcome and determines health-seeking behavior of
the women in accessing antenatal, intranatal, and emer-
gency obstetric care. +e comparable higher stillbirths in
lower and middle socioeconomic groups were noted in a
study by Asalkar et al. (43, 33) [15].

+ough advanced maternal age is a known risk factor for
both increased perinatal morbidity and mortality, the ma-
jority of the stillbirths (140 (82%)) were seen in the women

Obstetrics and Gynecology International 3



between the age group of 20 and 30 years, similar higher
rates were seen in a study conducted by Rajagopal et al.
(71.4%) [12]. In India, a higher prevalence of early marriage
and completion of family before 35 years of life in women
can explain the higher number of births and stillbirths in this

age group. Lack of awareness about pregnancy-related
complications and poor access to obstetric care facilities add
fuel to this problem.

It was observed that stillbirths were more common in the
primigravida (78 (45.61%)) among the study population.+e

Table 1: Sociodemographic and clinical characteristics of gravidas and their stillborn in Dr. Prabhakar Kore Charitable Hospital (January 1,
2017–December 31, 2017).

Variable Subvariable Number Percentage

Residence Urban 83 48.54
Rural 88 51.46

Socioeconomic status

Urban population (Kuppuswamy scale) (n� 83)∗

I 1 1.2
II 14 16.87
III 51 61.45
IV 13 15.66
V 4 4.82

Rural population (BG Prasad scale) (n� 88)#

R1 0 0
R2 22 25
R3 36 40.91
R4 26 29.55
R5 4 4.55

Antenatal care Registered 77 45.03
Unregistered 94 54.97

Age distribution of women with stillbirths
<20 years 17 9.97
>20–<30 years 140 81.9
>30 years 14 8.19

Stillbirths in different gravidity

Gravida-1 78 45.61
Gravida-2 43 25.15
Gravida-3 32 18.71
≥Gravida-4 18 10.53

Period of gestation at the time of stillbirth
Preterm (<37wk) 135 78.94
Term (37–41wk) 34 19.88
Postterm (>42wk) 2 1.16

Mode of delivery in stillbirths Vaginal delivery 136 79.53
Cesarean section 35 20.47

∗ and #indicate the percentage taken among the total number of urban and rural populations, respectively, Kuppusamy scale—I: upper class; II: upper middle
class; III: lower middle class; IV: upper lower class; V: lower class; BG Prasad scale—R1: upper class; R2: upper middle class; R3: middle class; R4: lower middle
class; R5: lower class.

2 (1.17%)

34 (19.9%)

90 (52.6%)

45 (26.3%)

0 20 40 60 80 100

≥42 weeks

37 weeks–41 weeks and 6 days

28–36 weeks and 6 days

20–27 weeks and 6 days

Number of stillbirths

Gestational age at the time of stillbirth

Figure 1: Number of stillbirths at different gestational ages.
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relationship between gravidity and prevalence of the still-
birth is comparable to previous studies conducted by
Asalkar et al. (primigravida 48.3%) and Prasanna et al.
(primigravida 49.8%) [15, 16]. A study conducted by Saleem
et al. also reported an increased risk of stillbirth in the first
and after the fifth pregnancy [11]. In this study, almost half
of stillbirths (90 (52.63%)) were late stillbirths (28 weeks–36
weeks and 6 days), whereas one-fourth of stillbirths (45
(26.31%)) were early stillbirths (20–27 weeks and 6 days).

+e proportion of preterm stillbirths was 135 (78.94%),
and it was highest among stillbirths at different gestational
ages in the study population. +e higher number of late
stillbirths is comparable to other studies such as Agbata et al.
(81%), Devi et al. (57%), and Rajagopal et al. (75%)
[10, 12, 17]. +e prevalence of low birth weight (<2.5 kg)
including very low birth weight (1000–1499 grams) and
extremely low birth weight (500–999 grams) was 143
(83.62%) collectively in the study population. Similar results
were seen by Sharma et al. (78.8%) [9]. Fetal growth re-
striction and prematurity are important causes of low-birth-
weight stillbirths.

In this study, intrapartum deaths were 5 (3%), and
antepartum deaths were 166 (97%). Lawn et al. estimated
that intrapartum stillbirth rate was about 39% in middle-
income countries [7]. Intrapartum stillbirths are quality
indicators of a health institute. Low intrapartum stillbirths in
this study reflected standard institutional protocol-based
intrapartum care, close monitoring of the pregnant women
during labor, availability of operation theatres and skilled
personnel round the clock, and conduct of perinatal death
audit for every stillbirth counted in the tertiary care center.
Goldenberg et al. declared that, with every percentage rise in
CS rate from 0 to 8%, intrapartum stillbirths drop by 1.6/
1000 births in LMIC [18].

It was found that cesarean sections were 35 (20.47%) and
vaginal deliveries were 136 (79.53%) among stillbirths in this
study. As the numbers of antepartum stillbirths were high in
this study, such stillbirths are induced and delivered by the

vaginal route unless there is a contraindication. For reducing
antepartum stillbirths, there is a need to ensure access to
quality care in terms of comprehensive interventions focusing
on social, nutritional, and healthcare needs in developing
nations as complications during the antepartum period are
often associated with poor outcome of pregnancy. +e causes
of death were categorized as per the simplified CODAC
system of classification among the study population. +e
common causes of death in the order of decreasing frequency
were fetal causes (50 (29.24%)), maternal conditions (42
(24.56%)), placental causes (28 (16.37%)), and congenital
malformations (25 (14.62%)), whereas unknown causes were
16 (9.36%). In a study conducted by Sharma et al., maternal
conditions were 39.12% and unknown causes were 19.87%
and ranked the highest in the causes of stillbirths in a tertiary
care center in North India [9].

+e prevalence of preterm delivery, hypertensive disor-
ders of pregnancy, abruption, and congenital malformations
with stillbirths was estimated to be 135 (78.94%), 33 (19.29%),
27 (15.79%), and 25 (14.62%) in the present study, and they
were statistically significant (p< 0.05), with odds of stillbirth
22.33 (95% CI: 15.35–32.50), 3.01 (95% CI: 2.03–4.46), 10.14
(95% CI: 6.43–15.97), and 11.24 (95% CI: 6.99–18.06) times
higher, respectively. Neogi et al. declared that the possibility
of mothers with preterm delivery was 4.5 times higher of
having stillbirth compared to full-term delivery [19]. +e
preterm stillbirths in this study include both spontaneous and
induced preterm for different medical and obstetric com-
plications. Significant association of the stillbirth with ma-
ternal hypertension was also noticed in many studies
conducted in India and other countries [4, 20–22]. As
abruption is commonly associated with hypertensive disor-
ders of pregnancy, there is a need to follow stringent mon-
itoring of women with preeclampsia, and timely intervention
is crucial to reduce the burden of stillbirths associated with
hypertensive disorders of pregnancy. Antepartum hemor-
rhage was reported as one of the top five causes of stillbirths in
all income setting countries (low, middle, and high) [23].
Anemia and oligohydramnios were seen in 77 (45.03%) and
30 (17.54%) stillbirths in the study population with a sta-
tistically significant association (p< 0.0001) and higher odds
of 21.87 and 4.88 compared to women without them. Altijani
et al. also observed 35% higher odds of stillbirths with anemia
compared with women who did not have anemia [4]. A
higher odd for oligohydramnios was also seen in a study
conducted by Zile et al. [24]. Congenital malformations were
present in 25 stillbirths (14.62%) (p � 0.0005) and had 11.24
times higher odds of stillbirth in the present study. It was
noted that most of the lethal anomalies were detected late in
the pregnancy. +us, timely anomaly scans at or before 20
weeks of gestation are highly recommended to detect lethal
congenital anomalies early in pregnancy so that these are
terminated within legal limits, and burden of stillbirths due to
congenital anomalies is reduced.

+ough fetal growth restriction, fetal distress, and dia-
betes mellitus in pregnancy are potential risk factors for
stillbirths, they were not significantly associated with still-
births in this study. Good intranatal care and institutional
protocol-based management of high-risk pregnancy could

97.07

Antepartum
Intrapartum

2.9

Figure 2: Proportion of stillbirths in the antepartum and intra-
partum period.
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be a reason for comparatively low stillbirths in these groups.
Universal screening of pregnant women for diabetes and
multidisciplinary management results in better compliance
and reduced complications in diabetic pregnancy.We follow
routine growth scan for all the antenatal females in the third
trimester. +is ensures early pick up of fetal growth re-
striction and low-birth-weight fetuses who further undergo
rigorous follow-up with Doppler studies and need-based
early termination.

4.1. Strengths andLimitations of theStudy. Our study data are
the first (to the best of our knowledge) to report the potential
of reducing intrapartum stillbirths in a LMIC setup, with
standard protocol-based institutional management of high-
risk pregnancies. +e real challenge in reducing overall
stillbirths is to decrease the antepartum stillbirths. Since
autopsies or other tests were not performed on stillborn
babies, it is difficult to establish any causation in the unknown
category. +ere are limitations in performing fetal autopsy in
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Figure 3: Birth weight (in grams) distribution in stillbirths.

Table 2: Causes of stillbirths as per simplified CODAC in Dr. Prabhakar Kore Hospital (January 1, 2017–December 31, 2017).

Cause of death Subvariable Number of stillbirths Total stillbirths (%)

Infections (n� 2) (1.16%) Chorioamnionitis 1 0.58
Toxoplasmosis 1 0.58

Intrapartum (n� 5) (2.92%)
Fatal distress 3 1.75

Prolonged labor/obstructed labor 1 0.58
Rupture uterus 1 0.58

Congenital anomaly (n� 25) (14.62%)

Other fetal causes (n� 50) (29.24%) Extreme prematurity 45 26.32
Hydrops of unknown origin 5 2.92

Cord accidents (n� 3) (1.75%) Loops 2 1.17
Cord prolapse 1 0.58

Placental causes (n� 28) (16.37%) Abruptio placenta 27 15.79
Placenta previa 1 0.58

Maternal conditions (n� 42) (24.56%)

Hypertensive disorder 33 19.3
Preeclampsia 26 15.2
Eclampsia 6 3.51

Chronic hypertension 1 0.58
Diabetes 7 4.09

Unknown 16 9.36
Total 171 100

Associated perinatal Small for gestational age 30 17.54
Multiple pregnancies 2 1.17

Associated maternal Anemia 77 45.03
Oligohydramnios 30 17.54
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stillbirths. Unwillingness by the parents due to financial and
social concerns was identified as the most prevalent factor.
Being a LMIC setup and due to financial constraints, certain
advanced tests such as polymerase chain reaction (PCR) for
infective pathology and cytogenetic analysis and MITS
(minimally invasive tissue sampling) could not be performed.
Future studies should focus on investigating their role in
assessing the cause of death in stillbirths.

5. Conclusion

Preterm labor, anemia, congenital malformations, abruption,
hypertensive disorder of pregnancy, and oligohydramnios were
positively associated with stillbirths in this study. All the risk
factors can be minimized by screening for early detection and
prompt effective timely intervention in resource-poor settings.
Perinatal death audit which includes thorough revision of
stillbirths is a promising and practical quality improvement
method that can be implemented in different settings and has
potential to reduce the perinatal deaths. +ere is a need to
regularize uniform protocols for antenatal and intranatal care
in both urban and rural settings for a better neonatal outcome.
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To the Editor:
The multimeric T cell receptor (TCR) complex consists of
clonotypic TCR αβ or γδ heterodimers and CD3γ, CD3δ,
CD3ε, and CD3ζ invariant chains. It plays a crucial role in
thymic selection, T cell regulation, and activation [1].

The genes encoding for the γ, δ, and ε chains are located on
chromosome 11q23 and the gene for the ζ chain is located on
1q22-q25. Homozygous mutations in these signaling subunits
impair TCR expression leading to severe combined immuno-
deficiency (SCID). These patients usually present in early
infancy with severe infections, though patients with CD3γ
deficiency have a delayed onset and may present with auto-
immunity [2].

Herein, we report two unrelated female patients with
biallelic variants inCD3Z and CD3E, presenting with features
of autoimmunity and immune dysregulation.

The first case, P1, was a 2-year-old female child born to
third-degree consanguineous parents (Figure S1a). She present-
ed with a history of recurrent fever and upper respiratory tract
infections. On examination, she had pallor, generalized lymph-
adenopathy, splenomegaly (6 cm below costal margin), and
failure to thrive. In view of a positive direct Coombs test, a
hemolytic picture on peripheral blood smear and thrombocyto-
penia, she was labeled as a case of Evan’s syndrome. Her im-
munological workup was performed to rule out autoimmune
lymphoproliferative syndrome (ALPS). She had B and NK cell

lymphocytosis with reduced intensity of CD3 on T cells, re-
duced percentages of naïve Th and Tc cells, and low T cell
receptor excision circles (TREC) copy number (Table S1).
The lower intensity T cells had expression of CD4/CD8.

She also had elevated double-negative T cells (DNTs)
(CD3low CD4−CD8−TCRab+) (25%) with markedly increased
vitamin B12 (> 2000 pg/L) and IgG levels (> 43 g/L); however,
serum FasL level was within normal ranges. Targeted next-
generation sequencing (NGS) identified a novel homozygous,
likely pathogenic missense variant (c.62C>T, p.Ala21Val) in
the exon 2 of CD3Z (CD247) gene. This variant has not been
reported in different population databases like 1000 Genomes
and gnomAD. In silico prediction of the variant was deleterious
by SIFT, Condel, ClinPred, and Mutation Taster 2, probably
damaging by Polyphen-2, and had a high CADD (Phred) score
of 26.1 (mutation significance cutoff (MSC) =31) and REVEL
score of 0.52 (Figure S2a). Additionally, Phobius was used to
predict the consequence of the mutation on the signal peptide
sequence. The variant identified in our patient resides at the C-
terminal region of signal peptide sequence [3]. Her anemia and
thrombocytopenia responded to corticosteroids and mycophe-
nolate mofetil (MMF) which was tapered gradually. She sub-
sequently succumbed to severe Klebsiella pneumonia 3 months
after diagnosis while awaiting transplantation.

The second patient, P2, was a 3-month-old female child, 5th
by order of birth, born of a third-degree consanguineous mar-
riage (Figure S1b). She presented with fever and right upper
zone consolidation, with a history of lower respiratory tract
infection at 2 months of age requiring intravenous antibiotics.
On examination, she had pallor, mild hepatosplenomegaly, and
no peripheral lymphadenopathy. She had a significant family
history with two sibling deaths due to suspected macrophage
activation syndrome and lymphoid malignancy in early infan-
cy. Her immunological workup was done to rule out inborn
errors of immunity (IEI). She had normal absolute lymphocyte
counts with absent CD3 T cells, low CD4/CD8 T cells which
were gated on total lymphocytes, low TREC copy number, and
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normal IgG and elevated IgM/IgA levels (Table S2). Her
targeted NGS identified a novel homozygous single nucleotide
variant (c.46T>C, p.Ser16Pro) in exon 2 of CD3E. This variant
has also not been reported in different population databases.
The in silico prediction of this variant was deleterious by
ClinPred and Condel, and possibly damaging by PolyPhen-2,
with a CADD (Phred) score of 17.1 (MSC = 19.5) and REVEL
score of 0.47 (Figure S2b). According to Phobius, the variant
identified in the patient resides at the H terminal region of signal
peptide sequence. The patient was started on anti-bacterial and
anti-viral prophylaxis but succumbed to respiratory distress
post pneumonia before hematopoietic stem cell transplantation
could be done.

T cell receptor immunodeficiency (TCRIDs) are deficien-
cies caused due to biallelic mutations in either of the invariant
chains of TCR-CD3 complex. The immunological severity of
these deficiencies depends on the basis of mutated transmem-
brane protein, which might explain the severe effect on T cell
development [4]. The expanding spectrum of various down-
stream effector molecules in TCR signaling machinery sug-
gests that some genetic defects may not completely abrogate
proximal TCR signaling; hence, these defects are not limited
to immunodeficiency but may also cause autoimmunity [5].
CD3ζ is reported to affect the T cell activation and down-
stream phosphorylat ion of LCK and ZAP70 [6].
Autoimmunity is reported with defects in other TCR deficien-
cies like CD3γ, partial CD3ε chain, and ZAP70 and LCK
deficiency, due to defective negative selection and survival
of self-reactive thymocytes [5].

To date, only three patients have been reported with muta-
tions in CD3Z gene (Table S3). These patients presented with
severe bacterial and viral infections, except one who also pre-
sented with immune thrombocytopenia [7]. Our patient had
severe autoimmune manifestation in the form of Evan’s phe-
notype but eventually expired secondary to bacterial pneumo-
nia [8, 9]. The immunological workup done in the background
of autoimmunity and lymphoproliferation with elevated DNT
favored the diagnosis of ALPS in P1. But she also had low
intensity of CD3 T cells with low naïve and recent thymic
emigrant helper T and cytotoxic T cells, strongly supporting
the diagnosis of combined immunodeficiency.

The second case involved defect in CD3E gene. To date,
only 8 patients are reported with different mutations in this
gene [10] (Table S4). While a majority of these patients pre-
sented with the typical SCID features including pneumonia,
oral candidiasis, acute respiratory distress (ARDS), and failure
to thrive, a patient with a splice site mutation in intron 2
affecting the signal peptide region, presented with generalized
exanthema, lymphadenopathy, hepatosplenomegaly, and ul-
ceration at BCG site [11]. The mutation in P2 is also located
in the signal peptide region, which are required for addressing
a protein at the cellular membrane. The in silico prediction
along with strong family history coinciding with the clinical

and immunological phenotype suggests its pathogenic effect.
No other variant was identified which could explain the clin-
ical phenotype of the patient.

To conclude, while targeted NGS helped us establish ge-
netic diagnosis in both the patients, analyzing the expression
of CD3+ CD4+ or CD3+CD8+ cells on lymphocytes or using
different clones of CD3 antibodies raised against a different
TCR chain, especially in a clinical setting of unexplained
combined immunodeficiency with autoimmunity, might be
beneficial to identify TCRIDs.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10875-021-01010-w.
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Background. Understanding the drivers of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) transmission is cru-
cial for control policies, but evidence of transmission rates in different settings remains limited.

Methods. We conducted a systematic review to estimate secondary attack rates (SARs) and observed reproduction numbers 
(Robs) in different settings exploring differences by age, symptom status, and duration of exposure. To account for additional study 
heterogeneity, we employed a beta-binomial model to pool SARs across studies and a negative-binomial model to estimate Robs.

Results. Households showed the highest transmission rates, with a pooled SAR of 21.1% (95% confidence interval [CI]:17.4–
24.8). SARs were significantly higher where the duration of household exposure exceeded 5 days compared with exposure of ≤5 days. 
SARs related to contacts at social events with family and friends were higher than those for low-risk casual contacts (5.9% vs 1.2%). 
Estimates of SARs and Robs for asymptomatic index cases were approximately one-seventh, and for presymptomatic two-thirds 
of those for symptomatic index cases. We found some evidence for reduced transmission potential both from and to individuals 
younger than 20 years of age in the household context, which is more limited when examining all settings.

Conclusions. Our results suggest that exposure in settings with familiar contacts increases SARS-CoV-2 transmission potential. 
Additionally, the differences observed in transmissibility by index case symptom status and duration of exposure have important 
implications for control strategies, such as contact tracing, testing, and rapid isolation of cases. There were limited data to explore 
transmission patterns in workplaces, schools, and care homes, highlighting the need for further research in such settings.

Keywords.  SARS-CoV-2; COVID-19; transmission; secondary attack rate; contact tracing.

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus that emerged in China in late 2019 has since 
spread rapidly around the world, with more than 90 million con-
firmed cases and more than 2 million deaths reported globally 
by January 2021 [1]. The severity of the infection, particularly 
in the oldest age groups [2, 3], has resulted in many countries 

implementing socially disruptive interventions to prevent on-
ward spread. Early interventions focused on case isolation 
alongside identification of close contacts. In countries where 
these measures were insufficient to contain the virus, other 
nonpharmaceutical interventions (NPIs) were introduced, in-
cluding “stay-at-home” recommendations, closing schools, 
working from home, and wearing face masks. Governments are 
continually faced with the challenge of balancing social and ec-
onomic harms caused by these NPIs against the resurgence of 
cases. It is therefore critical to improve understanding of where 
transmission is taking place so that public health interventions 
can be better targeted.

To date, there have been relatively few detailed systematic 
epidemiological studies on transmission of the SARS-CoV-2 
virus, with most published studies from the early epidemic in 
China and reviews focusing on household transmission [4, 5]. 
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These studies provide valuable information on key epidemio-
logical statistics: the secondary attack rate (SAR), defined as the 
probability of onward infection from an index case among a 
defined group of close contacts and the observed reproduction 
numbers (Robs), defined as the observed average number of sec-
ondary cases per index case. Quantifying these parameters can 
help us understand the relative role that different settings play 
in sustaining transmission through identifying the location and 
types of contacts that constitute higher transmission potential.

Here, we present a systematic review to estimate SAR and Robs 
of SARS-CoV-2 in households, schools, workplaces, healthcare 
facilities, and social settings. In addition, we examine differences 
in these parameters by age of index cases and their contacts, du-
ration of household exposure to the index case, household size, 
and symptom status of index cases.

METHODS

Systematic Review
Data Source and Search Strategy
We searched MEDLINE, Embase, MedRxiv, BioRxiv, arXiv, 
and Wellcome Open Research with no language restrictions 
up to July 6, 2020, using the search strategy: (“COVID-19” OR 
“Coronavirus” OR “SARS-CoV-2” OR “2019-nCoV”) AND 
(“attack rate*” OR “contact*” “OR “cluster*”), adapted for the 
preprint servers by removing Boolean operators and testing all 
possible search-term combinations. Studies were screened ac-
cording to titles and abstracts, and then by review of full texts 
and their bibliographies. Two reviewers (H. A.  T.  and A.  M.) 
screened the studies independently using predetermined cri-
teria. Differences were resolved through consensus and dis-
cussion with a third reviewer (A. D.). The study protocol 
can be accessed through PROSPERO (registration number: 
CRD42020200177).

Inclusion Criteria
Eligible studies for review met the following criteria: (1) pro-
vided a definition of the case-contact setting and (2) reported 
the number of index cases (defined as the first identified case), 
the number of secondary cases and the total number of contacts, 
or a SAR and total number of contacts. Studies were included 
in the meta-analysis if they met 2 additional criteria (1) tested 
all contacts for SARS-CoV-2 infection regardless of symptom 
status and (2) reported on more than 1 index case (to minimize 
publication bias in single-case studies toward reporting larger 
outbreaks).

Data Extraction
We extracted summary data on study design, contact defini-
tion, testing method (reverse transcriptase-polymerase chain 
reaction/serology), testing strategy (all contacts irrespective of 
symptoms, symptomatic contacts only, or a subset of contacts), 
and the number of index cases, contacts identified, contacts 

tested, and secondary cases. Where available, we additionally 
extracted the following: age of index case, age of contacts, house-
hold size, duration of household exposure to an index case, and 
symptom status of the index case. Data were obtained directly 
from the reports, but when not explicitly stated, we obtained 
additional data from study authors. Studies were assessed for 
risk of bias using a critical appraisal tool checklist for prevalence 
studies, adapted to this study [6]. Articles were given a quality 
score to reflect methodological rigor, clarity, and transparency 
in reporting relevant to this study’s outcomes.

Statistical Analysis

Articles eligible for meta-analysis were stratified into the fol-
lowing settings: households, schools, workplaces, healthcare, 
group living, and social contacts. Within household contacts, 
we undertook a subgroup analysis stratifying by household size 
and the duration between symptom onset/confirmation and 
isolation or hospitalization of the index case. We explored age-
dependent differences in infectivity and susceptibility across 
all contact locations and household contacts (stratified by ages 
0–19  years and 20+ years). Finally, we examined differences 
in transmissibility by symptom status of index cases across all 
exposure locations because of limited studies stratifying by 
symptom status and exposure location. Stratifications were 
chosen to maximize the available data across studies.

Because of potential within-study correlation (eg, individuals 
in the same locations experiencing the same public health inter-
ventions and country-specific home, travel, and work practices) 
and between-study heterogeneity from study and population 
differences, we employed a beta-binomial model to pool SARs 
and a Poisson-gamma mixture model to pool Robs across studies 
(Supplementary Methods) [7–9].

RESULTS

We identified 1872 published studies, 75 of which were included 
after full-text screening (Figure 1). A further 22 eligible studies 
were identified through preprint servers and bibliography 
screening. Of these 97 studies, summarized in Supplementary 
Tables 1–7, 67 tested all contacts regardless of symptom status. 
Among those, 45 reported data from >1 index case and were 
included in the meta-analysis.

Household

We identified 29 eligible studies reporting household con-
tacts [10–38], with more than one-half carried out in China 
(Supplementary Table 1). Household definitions were broadly 
consistent across studies, requiring contacts to be living in the 
same residence as the index case. One study additionally in-
cluded nonresident contacts who spent ≤24 hours in the same 
residence as the index case [22] (Supplementary Table 1), but 
its inclusion had no significant impact on the pooled SAR 
estimate.
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Study estimates of household SARs ranged from 6.1% [25] 
to 51.2% [38] with a pooled estimate of 21.1% (95% confi-
dence interval [CI]: 17.4–24.8) (Figure 2A). The relationship 
between the number of secondary cases and the number of 
index cases is shown in Supplementary Figure 1. Robs varied 
across studies from 0.05 [25] to 5.5 [38], with a pooled house-
hold Robs of 0.96 (95% CI: 0.67–1.32) (Supplementary Table 8). 
The SAR increased with longer durations of exposure (14.2% 
[95% CI: 5.8–22.5] with ≤5 days of exposure to an index case 
vs 34.9% [95% CI: 16.3–53.6] with >5 days of exposure; P = .05; 
Figure 2B). Longer durations of exposure were similarly asso-
ciated with an increased pooled Robs (0.40 [95% CI: 0.21–0.72] 
with ≤5 days to 1.91 [95% CI: 0.86–3.55] with >5 days, P < .001) 
(Supplementary Table 9). There was a trend for decreasing 
transmission with increasing household size, but this was not 
statistically significant (P = .29) (Supplementary Figure 2). 

Study-level estimates for the small subset of studies reporting 
household sizes were highly variable.

Workplaces

Seven studies reported workplace contacts (Supplementary 
Table 3) [13, 27, 28, 31, 39–41]. Three of these studies were 
cluster investigations from a single index case, including a 
boardroom meeting in Germany (SAR: 91.7% [95% CI: 61.5–
99.8], 11/12) [41], supermarket employees in China (SAR: 9.2% 
[95% CI: 4.7–15.8], 10/120) [28] and call center colleagues in 
South Korea (SAR: 43.5% [95% CI: 36.8–50.4], 94/216) [40]. 
Excluding those, the pooled SAR reduced from 12.3% (95% CI: 
1.3–22.5) (Supplementary Figure 3) to 1.9% (95% CI: 0.0–3.9) 
(Figure 3A). Workplace contacts likely represented a variety of 
sectors across studies, and only 1 study provided a detailed def-
inition [40].

Figure 1. PRISMA flow diagram of study selection.
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Healthcare Facilities

Twenty-eight studies reported healthcare-based contacts, 
10 of which met our inclusion criteria for meta-analysis 
(Supplementary Table 4) [30, 33, 39, 42–46], including index 
case populations of patients [30, 33, 39, 42, 44, 45], healthcare 

workers [43], or both [21, 46]. Study-level SARs varied from 
0.0% to 17.1%, resulting in a pooled estimate among any health-
care contacts of 3.6% (95% CI: 1.0–6.9) (Figure 3B). There was 
no significant difference in the pooled SAR between patient 
or healthcare staff contact subgroups (P = .64; Figure 3B). The 

Figure 2. (A) Pooled overall household secondary attack rates. Studies are ordered by the number of index cases reported in the study. Studies of large household contact 
tracing investigations were included regardless of whether the number of index cases was reported in the study. (B) Stratified by duration of household exposure to symp-
tomatic index case. Studies are ordered by the number of index cases reported in the study because this information was not given by exposure duration. Study-level point 
estimates and binomial confidence intervals are shown along with the pooled beta-binomial summary across studies. Exposure duration to the index case before isolation or 
hospitalization categories (≤5 days and >5 days) were selected to maximize usage of data.
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Figure 3. Secondary attack rates stratified by exposure locations. (A) Workplace-based contacts. (B) Healthcare-based contacts. Beta-binomial summary estimates are 
presented for patient and healthcare staff contacts of index cases and a combined (nondisaggregated) contacts category. This “combined contacts” summary estimate was 
pooled across all studies in the healthcare setting and includes 2 studies in which disaggregated contact groups were not reported. (C) Social contact environments. Studies 
are ordered by the number of index cases reported at the study level. Large population-level studies were included irrespective of whether the number of index cases was 
reported by the study. Abbreviation: CI, confidence interval.
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estimated Robs in healthcare settings was 1.18 (95% CI: 0.65–
2.04) but ranged between 0.0 and 4.5 (Supplementary Table 10, 
Supplementary Figure 1).

Social Settings

Twenty-two studies were identified with social contact set-
tings including travelling, religious events, fitness classes, shop-
ping, entertainment venues, and events with family and friends 
(Supplementary Table 6). Of these, 13 fulfilled the criteria for 
meta-analysis [10, 11, 13, 17, 26–28, 30, 31, 37, 39, 45, 47]. We 
estimate low SARs in low-contact events with casual contacts or 
strangers, with a pooled SAR of 1.2% (95% CI: 0.3–2.1) (Figure 
3C). In contrast, in settings with more familiar and prolonged 
contact such as events with family and friends, the pooled 
SAR was 5.9% (95% CI: 3.8–8.1) and Robs was 0.38 (95% CI: 
0.18–0.64) (Supplementary Table 11, Supplementary Figure 1). 
Travel-related contacts had an estimated SAR of 5.0% (95% CI: 
0.3–9.8), similar to that in social events with family and friends 
(Figure 3C, Supplementary Table 6). Robs could not be estimated 
for any other contact groups because of insufficient data. Several 
other social settings with high levels of transmission were iden-
tified but could not be pooled (Supplementary Results).

Exposure Location Summary

Table 1 summarizes the pooled estimates of SAR and Robs across 
different exposure locations. Although the highest SARs were 
estimated for household contacts and in familial settings, the 
highest Robs was estimated for healthcare settings. Pooled esti-
mates for schools and care homes were not possible because of 
scarcity of studies (Supplementary Results).

Age Effects

Ten studies provided age breakdowns of index cases and con-
tacts [10, 12, 16, 22, 25, 31, 33, 37, 45, 48] meeting the inclusion 
criteria. Pooling across all exposure locations, we found no sig-
nificant differences in transmissibility or susceptibility by age of 
index cases or contacts (Figure 4 and Supplementary Table 12, 
Supplementary Figures 4–5).

However, we observed weak evidence for a difference in 
transmissibility and a significant difference in susceptibility 
by age in household studies (index 0–19  years: 4.4% [95% 

CI: 0.0–10.8] vs index ≥20  years: 10.0% [95% CI: 8.2–11.8], 
P = .07 and contact 0–19  years: 6.16% [95% CI: 4.1–8.2% vs 
contact ≥20 years: 13.7% [95% CI: 8.7–18.7], P = .01) (Figure 
4A, Figure 4C). When further disaggregating age groups, the 
trend for SARs to increase with increasing age of index cases 
and contacts was maintained (Figure 4B, Figure 4D). We note 
that, across contact age groups, the SARs increased at a higher 
rate for household contacts (Figure 4D).

Symptom Status of Index Case

From 18 studies [18, 19, 22, 27, 29–31, 33, 39, 40, 44, 45, 47, 
49–53], SAR was lowest for asymptomatic index cases at 1.9% 
(95% CI: 0.5–3.1) (Figure 5) (asymptomatic definitions and fol-
low-up durations for included studies shown in Supplementary 
Table 13). SARs were significantly higher for presymptomatic 
and symptomatic index cases, estimated at 9.3% (95% CI: 4.5–
14.0, P = .01) and 13.6% (95% CI: 9.7–17.5, P < .001), respec-
tively (Figure 5), with similar patterns observed for pooled Robs 
estimates. Asymptomatic index cases resulted in the lowest Robs 
of 0.17 (95% CI: 0.04–0.45), followed by presymptomatic index 
cases (Robs = 0.78 [95% CI: 0.36–1.44], P = .004) and sympto-
matic index cases (Robs  =  1.01 [95% CI: 0.57–1.61], P < .001) 
(Supplementary Table 14, Supplementary Figure 1).

DISCUSSION

This systematic review provides an indication of the types and 
places of contacts and index case/contact characteristics that 
facilitate SARS-CoV-2 transmission. We found evidence to 
suggest that more familiar prolonged contact increases the po-
tential for transmission, as does the presence or potential for 
symptoms with moderate age-dependent effects observed at the 
household level. However, there were limited data to allow ex-
ploration of transmission patterns in workplaces, schools, and 
care homes.

Sustained daily contact within households may explain the 
high SAR (21.1%), which is comparable to the pooled esti-
mate of an earlier systematic review (18.1%) [5]. Our estimate 
hides substantial heterogeneity between studies, with reported 
SARs ranging between 0% and 51%. This is similar to influ-
enza household transmission, where SARs ranged from 1% 

Table 1. Summary Table of the Pooled SAR and Robs for the Exposure Locations Considered in this Study

Setting Pooled SAR (%) 95% CI Pooled Robs 95% CI

Households 21.1 17.4–24.8 0.96 0.67–1.32

Social gatherings with family and friends 5.9 3.8–8.1 0.38 0.18–0.64

Travel 5.0 0.3–9.8 … …

Healthcare 3.6 1.0–6.9 1.18 0.65–2.04

Workplace 1.9 0.0–3.9 … …

Casual close contacts 1.2 0.3–2.1 … …

Where values are missing, there were not enough data available to estimate a pooled value. 

Abbreviations: CI, confidence interval; Robs, observed reproduction numbers; SAR, secondary attack rate. 
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to 38% [54, 55], but higher than those for SARS-1 (6%–8%) 
[56,57]. We found evidence of reduced SARs and Robs when 
index cases were isolated within 5 days of symptom onset, sug-
gesting that household transmission characteristics are influ-
enced by contact tracing and isolation policies. Although SARs 
could not be estimated in other residential settings, it is not 
unexpected that these locations report high study-specific at-
tack rates. Elderly residents living in care homes are particu-
larly vulnerable populations, with high risk of severe outcomes 
and coronavirus disease 2019 (COVID-19)-related mortality 
[2, 3], and. Understanding dynamics of transmission in these 
environments is vital to prevent further outbreaks. With many 
countries continuing to recommend “stay-at-home” measures, 
with cases isolating inside households, it is likely that this loca-
tion will continue to be important in sustaining transmission.

We estimated a relatively low SAR (3.6%) in healthcare set-
tings, which is substantially lower than that observed during the 
early stages of the SARS-1 epidemic [58–60]. This is potentially 
driven by the large number of identified and tested contacts per 
index case and stricter measures such as mask mandates and 
austere visitor policies. Although the probability of onward in-
fection per individual contact is low in healthcare settings, the 

high number of contacts can lead to more opportunities for 
infection, which may explain the higher Robs (1.18) in this set-
ting. It is plausible that sufficient infection control and personal 
protective equipment (PPE) limited transmission potential in 
these settings but could not be explored because of insufficient 
data. Notably, all studies took place in high- and middle-income 
countries where PPE is likely more widely available which, in 
addition to the diversity of these healthcare systems, make gen-
eralizations about SARS-CoV-2 transmission rates in health-
care facilities difficult.

Despite a relatively low transmission potential in index cases 
who do not develop symptoms (SAR 1.9%), our findings sug-
gest that SAR from exposure to presymptomatic index cases is 
similar to that of symptomatic cases (9.3% vs 13.6%, P = .08). 
The difficulty in identifying presymptomatic cases, who have 
been estimated to account for 47% of onward transmission 
[61], is particularly challenging for control policies. Our results 
highlight the continued need for physical distancing policies 
and widescale testing and contact tracing to identify and iso-
late those cases not yet showing symptoms. With asympto-
matic transmission rates estimated to be significantly lower, 
this could have positive implications for vaccines that protect 

Figure 4. Pooled estimates of secondary attack rates by age of the index case and contacts stratified by contact location. (A) Index cases stratified by 0–19 and 20+ year age 
brackets and exposure location to the index case. (B) Index cases stratified by 10-, 20-, and 40-year age brackets. (C) Contacts stratified by 0–19 and 20+ year age brackets and 
(D) exposure location contacts stratified by 10-, 20-, and 40-year age brackets. Point estimates were obtained from fitting a beta-binomial model to pooled study data, with 
95% confidence intervals shown by horizontal and vertical bars. All contacts combine studies regardless of exposure locations, and household only those studies relating to 
household transmission. The pooled household secondary attack rates for ages 60+ is not shown because there were insufficient data for this age group.
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against symptomatic disease, potentially reducing the risk of 
transmission also.

Although studies reporting on the age breakdown of index 
cases and contacts were limited, we found evidence for age de-
pendence in transmissibility and susceptibility in the household 
context, which was more limited when pooling across all set-
tings. There is significant uncertainty around these estimates 
because of the sparsity of data. Therefore, understanding poten-
tial age-dependent effects in transmissibility and susceptibility 
remains challenging. Observed age differences could relate to 
behavioral, contextual, or biological factors that are not yet 
fully understood [62]. There is growing evidence to suggest that 
children tend to experience mild or asymptomatic infections 
[63–67], which may explain the potential differences observed 
in SAR from patients younger than 20 years of age. Further to 
this, symptomatic testing policies may fail to detect childhood 

infections or identify children as index cases, which could bias 
estimates.

In contrast to influenza, in which schools are clearly impor-
tant contributors to transmission [68, 69], school-based studies 
on SARS-CoV-2 are limited because of reactive school closures. 
In addition to schools closing, many countries have and con-
tinue to encourage work-from-home practices. Furthermore, 
workplace settings vary greatly not just by country, but also 
between sectors, with some more able to facilitate COVID-
19 safety measures, highlighting the difficulty in ascertaining 
a universal workplace SAR. Currently, there is insufficient in-
formation to explore SARs in different types of schools, work-
places, or sectors.

We estimate relatively low Robs across all settings, suggesting 
that the use of contact tracing and isolation activities in these 
studies is an effective measure at reducing onward transmission. 

Figure 5. Estimated secondary attack rates from asymptomatic, presymptomatic, and symptomatic index cases. Studies are ordered by the number of index cases reported 
in the study as shown in the figure. Pooled estimates combine all exposure locations listed. Combined exposure locations relate to contact tracing studies where close con-
tacts were not disaggregated by exposure location. Asymptomatic index cases were defined as those with a positive severe acute respiratory syndrome coronavirus 2 reverse 
transcriptase-polymerase chain reaction test and no reported clinical symptoms up to discharge or end of follow-up (at least 14 days). Presymptomatic index cases were 
defined as those not reporting symptoms at the time of testing or during exposure but later developed symptoms. Symptomatic index cases reported coronavirus disease 
2019–associated symptoms at the time of sampling and/or during exposure. Abbreviation: CI, confidence interval.
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However, low numbers of studies were pooled and there-
fore there was considerable uncertainty in these estimates. 
Additionally, large cluster outbreaks can occur, as evidenced in 
several studies [28, 31, 38, 40, 41, 47, 70–73] and often, these 
events have the potential to overwhelm surveillance systems. 
The aggregate nature of the data used for our Robs estimates 
likely hides substantial individual-level heterogeneity in trans-
mission potential, hindering estimation of the overdispersion 
factor relating to SARS-CoV-2 transmission. Characterizing 
this potential for “super-spreading events” will be critical for 
further informing where to direct contact tracing efforts. Early 
evidence suggests that transmission is overdispersed with 
around 19% of cases resulting in 80% of transmission in Hong 
Kong [74] and modeling studies based on reported global 
cluster sizes that suggested that as few as 10% of cases could ac-
count for 80% of all SARS-CoV-2 transmission [75]. The large 
cluster outbreaks identified in this review tend to be reported 
in indoor social or workplace settings, potentially highlighting 
these locations as facilitating super-spreading events [76].

There are several limitations to this study. As in any active 
outbreak response, data collected from multiple teams under 
different country guidelines are subject to variations in defin-
itions, follow-up time, and testing protocols, limiting interpre-
tation of pooled data. Furthermore, individual studies suffer 
from reporting and recall bias in identifying all contacts of a 
confirmed case. Across settings, index cases were commonly 
enrolled after presenting for medical attention and therefore 
can be biased toward infections that result in symptomatic or 
more serious illness, potentially distorting transmission path-
ways [54]. Without phylogenetic sequencing, it is difficult to 
confidently resolve these pathways which could bias SARs es-
timates; for example, if the index case was asymptomatic and is 
instead identified as a secondary case of the symptomatic case 
that first presented for testing or if transmission occurs out-
side the household but is attributed to a household index case. 
Globally, there is still a lack of detailed data from contact tracing 
studies to fully explore differing transmission potential by more 
precise exposure locations or individual characteristics. In this 
meta-analysis, the majority of studies came from China, where 
strict control policies were implemented, possibly limiting the 
generalizability of estimates. In addition, these studies were 
performed before the identification of new virus variants with 
potentially enhanced transmission potential [77]. It will be im-
portant to contrast our estimates with studies distinguishing be-
tween variants when available. Finally, evidence is continually 
emerging from newspaper articles, government reports, and 
press conferences that report on large outbreaks in care homes, 
schools, workplaces, and hospitals. Such sources cannot be sys-
tematically searched or reliably cited, and this information is 
not translated into published contact tracing studies because of 
limited public health resources and the prioritization of the on-
going emergency response.

In conclusion, early data suggest that SARS-CoV-2 trans-
mission is highest in locations in which sustained and pro-
longed contacts are made, including households and other 
residential locations. With many countries continuing to issue 
stay-at-home measures, ensuring sufficient and early isolation 
of cases from other household members will be crucial to pre-
vent spread. The identified similar transmission potential from 
presymptomatic and symptomatic cases is also challenging for 
control policies and highlights the importance of enhanced 
contact testing, that is not reliant on symptom status, rapid iso-
lation, and physical distancing of both symptomatic and asymp-
tomatic cases, as well as the continued use of appropriate PPE. 
Further research on transmission in different social settings, as 
well as in schools and workplaces, in which there are limited 
data to date, is required to continue to inform transmission re-
duction strategies.
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Justification: Neurocysticercosis (NCC) is a significant problem in India and other developing countries;
however, several aspects of this disease have no clear, practical guidelines. There is a need for pragmatic
guidelines, summarizing the available evidence, and filling in the gaps in evidence with expert advice to
manage children with neurocysticercosis. Process: An expert group (16 members) and a writing group (8
members) was constituted, consisting of members with varied expertise. It included pediatric neurologists
(18), neurologist (1), Neuroradiologists (4), and a parasitologist (1). The writing group divided the six topics
and reviewed the literature on the topics individually to determine the clinical questions for which no clear
guidance was available from the literature. The experts were then contacted and opinions were obtained
online. The Delphi consensus method was adopted to arrive at a general consensus regarding various
questions, with both the experts and the writing group members contributing. The final guidelines were then
drafted by the writing group. Recommendations: Diagnosis of NCC should be based on clinical history and
neuroimaging. Contrast-enhanced magnetic resonance imaging of the brain is the modality of choice. For
single enhancing lesion, albendazole therapy for 10-14 days is recommended, and it should be combined with
praziquantel for 10–14 days for more than one ring-enhancing lesions. For persistent lesion, the same dose
and duration of albendazole or concurrent administration of albendazole and praziquantel should be given.
Pulse intravenous steroids should be used to reduce the acute symptomatic edema in children with cysticercal
encephalitis. Carbamazepine or oxcarbazepine are best suited for seizure prophylaxis for those who present
with seizures; phenytoin and levetiracetam are the other alternatives. In the case of NCC presenting with
symptoms other than seizures, there appears to be no role for routine anti-seizure medication prophylaxis.
For a single ring-enhancing lesion, six months of anti-seizure medication is sufficient if the lesion resolves on
follow-up. Those with persistent lesions, calcification, or multiple lesions, require a longer treatment duration
of at least 24 months.

Keywords: Cyst, Epilepsy, Parasitic infestation, Praziquantel, Seizures.

The World Health Organization (WHO) considers neurocysticercosis (NCC) as the most common preventable cause of epilepsy in the
developing world. Neurocysticercosis accounts for an estimated 2 million people having epilepsy [1-4]. A study among people with
active epilepsy found 34% to have NCC based on computed tomography and serology [5]. Around 17.3% of individuals had
anticysticercus antibodies in a seroprevalence study conducted in Chandigarh [6]. A study conducted by the World Health
Organisation on pig farmers of Uttar Pradesh showed a prevalence of teniasis in 18.6% of individuals, and around half of them had
NCC [7]. A recent study showed a 4.5% prevalence of NCC in children attending tertiary care hospitals with acute focal neurological
deficit or first episode of seizure [8]. In the Indian subcontinent; however, the spectrum of the disease seems to involve mostly young
individuals with a single intraparenchymal cyst. The reason for this difference in clinical expression is unknown, although it could be
related to less contact with tapeworm carriers, as similar patterns of disease are seen in people infected in regions where the disease
is not endemic and in travelers [9].

Several aspects of this disease have no clear, practical guidelines. Infectious Diseases Society of America (IDSA) and the American
Society of Tropical Medicine and Hygiene (ASTMH) published a guideline intended to be applicable and feasible for developed nations
(North America) [10]. These recommendations may not be applicable or feasible for developing countries like India, due to limited
resources. Thus, there is a need for clear, pragmatic guidelines, summarizing the available evidence, and filling in the gaps in
evidence with collated expert advice to manage children with NCC. To this end, the Association of Child Neurology took the initiative
to get together experts to look at the evidence and bring forward a practice guideline to aid the management of children with
neurocysticercosis.

OBJECTIVES

The guideline aims to provide directions for daily practice for the diagnosis and treatment of neurocysticercosis in children. The
guideline not only looks at the up-to-date scientific evidence but also tempers it with expert advice to adapt to the Indian setting.

PROCESS

The writing group formulated six focus areas and several sub-questions, which aimed to cover all clinically relevant areas in
diagnosing and managing neurocysticercosis in children. Within the major topics, several questions were shortlisted by the writing
group to have further opinions and consensus among a broader range of experts. These included epidemiology, clinical features;
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Diagnosis: radiological tests, immunological tests, and other methods; antihelminthics: dose, duration, based on lesion load;
management of NCC at atypical sites; steroids and anti-seizure drug use; and, statement on follow up, outcomes, and prevention
(Web Box I). Web Fig. 1 shows the constitution of the DELPHI group and the process followed.

The expert group and the writing group consisted of twenty-four members with varied expertise. It included 18 pediatric neurologists,
four neuroradiologists, and one neurologist and parasitologist each. The 5-step Delphi process is outlined in Web Fig. 1. The writing
group members then prepared the manuscript based on the relevant review of the literature and the results of the DELPHI consensus.

Quality of evidence scoring: The literature was selected by the committee members and was graded for quality based on the
European Society for Clinical Microbiology and Infectious Diseases (ESCMID) quality-of-evidence system [11]. The quality of articles
to substantiate the conclusions by the group is provided with the concluding answer to each question.

Strength of recommendation assessment: On the basis of the selected literature and the online consensus development process, the
group reached a consensus on a recommendation. The strength of the recommendation is expressed using the ESCMID strength of
recommendation system [11], and many times does not always correlate with the quality of evidence. Hence, high quality of evidence
may result in a marginal recommendation for use, while low-quality evidence may result in a strong recommendation for use.

RECOMMENDATIONS

Screening of Contacts

In view of the long incubation period between infection with NCC and the onset of symptoms, many of the tapeworm carriers who
originally transmitted the infection may have cleared the intestinal infection or may no longer live near the patient [1,10,12]. Hence,
stool examination for ova (which is the only available diagnostic test for tapeworms) is often negative in tapeworm carriers [13]. Even
multiple examinations may not detect the tapeworm carrier. Even when ova are found, the morphology of the ova cannot distinguish
T. solium from other taenia species. Thus, the yield of microscopy for the identification of tapeworm carriers is generally low, even in
cases with apparent transmission outside of endemic areas [10]. Nevertheless, among patients who apparently acquired infection in
the United States, tapeworms were documented in close contacts of 22% of NCC cases. Thus, most authorities would recommend
screening for cases acquired outside endemic areas. Newer methods such as antigen detection in stool or detection of tapeworm-
stage specific antibodies by immunoblot might improve the usefulness of screening, but these are presently only research techniques
and not commercially available [10].

Recommendation

Routine screening of family members of children with NCC is not recommended. If at all screening is performed, fecal testing of the
family for ova/cyst can be done.

Quality of evidence: 3; Strength of recommendation: D

Serological and Molecular Studies

The serologic antibody test of choice is the enzyme-linked immunoelectrotransfer blot (EITB) using parasite glycoproteins performed
on serum. Enzyme-linked immunosorbent assay (ELISA) using crude antigens to detect antibodies are associated with frequent false-
positive and false-negative results and should generally be avoided. Although EITB has 100% specificity and a sensitivity of 98% in
patients with two or more cerebral lesions, up to 50% of patients with a single brain lesion or with only calcified parasites may test
negative [10]. The main problem related to ELISA on serum is the poor specificity, which is reported around 70% or less [14],
compared with 86% for EITB [15]. The sensitivity of EITB varies with the form of NCC and specimen. In patients with multiple
parenchymal, ventricular or subarachnoid NCC, the sensitivity of serum EITB is close to 100%. However, the sensitivity is poor in
patients with a single parenchymal lesion or with only calcifications. Testing of serum is generally more sensitive than CSF using the
EITB assay [16].

Antigen-based tests: They are also reported to be less sensitive than EITB. However, positive results correlate with the number of
viable cysticerci. Parasite antigens are commonly detected in both serum and CSF in cases with multiple cysticerci such as
subarachnoid NCC, and serial measurements may be helpful in the follow-up of complex cases [4].

Molecular tests: T. solium DNA has been detected by PCR or deep genomic sequencing using CSF of patients with subarachnoid NCC.
However, there are no reports of its use in parenchymal NCC cases and its use may be even lesser in patients with a single brain
lesion where most diagnostic problems arise. Cell-free T. solium DNA has been demonstrated in the urine and serum of patients with
NCC, and recent data suggest that monocyte gene expression and serum mass spectrometry profiles could be used to identify NCC
cases. To date; however, molecular biology assays are neither practical nor economical for routine case assessments. Techniques
promoting amplification of DNA in a simple heating block or water bath may facilitate their application in resource-poor settings and
include the loop-mediated isothermal amplification (LAMP) PCR [4].

Recommendation

The use of serological tests for diagnosis and clinical decision-making in children with NCC is not recommended.

Quality of evidence: 2; Strength of recommendation: D

Neuroimaging

Neuroimaging is established as a modality that can be used as an absolute diagnostic criterion for NCC [17]. The conclusive
demonstration of a scolex within a cystic lesion on either computed tomography (CT) or magnetic resonance imaging (MRI) confirms
the diagnosis of NCC (Table I). The scolex is seen as a hyperdense dot within a cystic lesion on CT. It appears as hyperintense on
T1-weighted images and hypointense on T2-weighted images on MRI. Sometimes other sequences of MRI are required to identify the
scolex such as fluid attenuated inversion recovery (FLAIR), diffusion-weighted imaging (DWI), susceptibility-weighted imaging (SWI),
or high-resolution heavily T2-weighted thin images including fast imaging employing steady-state acquisition (FIESTA), constructive
interference in steady-state (CISS), or driven equilibrium (DRIVE). The typical appearance of the cyst is a less than 2 cm sized lesion
with well-defined thin rounded walls located near the grey-white matter junction or basal ganglia. Other uncommon locations include
the posterior fossa, subarachnoid spaces, intraventricular space, and spinal cord.
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MRI plays a role in better characterization of the lesion by the demonstration of the scolex and internal characteristics. This further
helps in differentiating NCC from its other close differentials, tuberculomas, and metastasis. The solid caseating tuberculomas
character-istically have a T2 hypointense core which is not seen in any stage of NCC unless it is significantly calcified. It is one of the
most helpful features in differentiating the two. Other features, though not specific, favouring a tuberculoma are a larger size (>2
cm), thicker and irregular walls, marked perilesional edema with mass effect, and associated basal meningitis. The presence of two-
three conglomerate lesions may be seen in both entities and is not helpful in differentiation. On the other hand, some features
suggest NCC over tuberculoma, such as intraventricular or subarachnoid location and multiple stages present simultaneously and
pathognomonic features of individual lesions in case of multiple lesions [18].

MR spectroscopy of tuberculomas show elevated lipids and elevated choline/creatinine and choline/NAA ratios whereas these are not
seen in NCC. On the other hand, NCC may show elevated acetate/succinate. Mag-netisation transfer (MT) imaging has also been
shown to be helpful in differentiating the two. The tuberculomas show a bright cellular component on T1-weighted MT images. The
tuberculoma shows a hypointense centre with a hyperintense rim on T1-weighted MT images. The MT ratio of this hyperintense rim is
significantly lower for tuberculomas compared to NCC and is due to the high lipid content in them [19,20].

MR also scores over CT for detection of lesions in atypical locations including intraventricular, sub-arachnoid, and intraspinal space.
The high resolution heavily T2-weighted sequences are very useful in this. Even the lesions in the posterior fossa and those close to
the skull are better delineated on MRI. Conglomerate lesions, subarachnoid or intraventricular lesions, and peripheral T2 hypointense
ring with increased perfusion are the atypical neuroimaging of NCC [19].

Recommendation

MRI need not be done following CT in the following situations:

i) The CT conclusively demonstrates the presence of a scolex within the cyst; or

ii) In the absence of demonstration of scolex:

a) If a solitary cystic/ring-enhancing lesion has all other typical sizes, shape, and location characteristics of NCC.

b) Multiple lesions in different stages are present, including some cystic or ring enhancing or calcified.

Quality of evidence: 3; Strength of recommendation: D

MRI should be considered after CT in the following situations:

i) Atypical imaging features (conglomerate lesions, subarachnoid or intraventricular lesions) along with the absence of scolex;

ii) CT features create suspicion of intraventricular, subarachnoid, or intraspinal NCC; or

iii) Atypical clinical features including features of meningitis, encephalopathy, vision loss, fleeting headaches, stroke like
features and behavioral changes.

Quality of evidence: 3; Strength of recommendation: B

Recommendation

If conventional MRI sequences have not been able to conclusively differentiate NCC from its differentials, including tuberculoma, by
failing to demonstrate scolex, then additional MR sequences may be acquired like MR spectroscopy and magnetization transfer
imaging. However, the results of these may be used as supportive evidence rather than in isolation to differentiate the two.

Quality of evidence: 2; Strength of recommendation: B

Recommendation
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Demonstration of scolex either on CT or MRI is the most conclusive evidence to differentiate between the two. In the absence of that,
the features favoring NCC include a solitary well defined, thin-walled cystic or ring-enhancing lesion usually <2 cm in size with mild
perilesional edema in a typical location of grey-white matter junction or basal ganglia. The presence of a T2 hypointense central core
on MRI is strongly suggestive of tuberculoma over NCC in the absence of calcification as evidenced on CT or SWI sequences on MRI.
The multicentricity of lesions with lesions showing different stages/features strongly favors NCC. Findings of MRS and MT imaging
may be used as supportive evidence.

Quality of evidence: 2; Strength of recommendation: B

Recommendation

If the initial imaging (CT and/or MRI with recommended sequences when indicated) is not conclusive to differentiate NCC from
tuberculoma, then a repeat contrast-enhanced MRI may be performed at an interval of 6-8 weeks to look for interval change. The
imaging may be performed earlier if indicated by worsening or new clinical symptoms/signs.

Quality of evidence: 3; Strength of recommendation: C

Recommendation

The repeat imaging after treatment of NCC should be done at the interval of 6 months unless guided earlier by any worsening/new
clinical symptoms/signs. This applies to both single and multiple NCC. MRI may be the preferred modality keeping into account the
risk of radiation exposure with CT. The decision of administration of contrast may be left at the discretion of the radiologist, based on
findings on plain MRI. A plain CT scan may sometimes be required after MRI if the presence of calcification is not conclusive on the
MRI, and is required for clinical management.

Quality of evidence: 2; Strength of recommendation: B

Management of Intraparenchymal NCC

Albendazole therapy in solitary cysticercus granuloma (viable cyst, non-calcified): Cysticidal drugs hasten the resolution of NCC
and improve the natural course of the disease. Cysticidal drugs have no role in treatment of calcified cysticercal granulomas. Both
praziquantel and albendazole have cysticidal activity; however, a few studies have observed that treatment with praziquantel was
less effective than albendazole in the complete cyst resolution and seizure control [21,22]. Praziquantel has more complex drug
interactions with steroids, which are co-administered in NCC [23].

Albendazole with steroids should be considered for children with neurocysticercosis, to decrease the number of active lesions as well
as to reduce seizure frequency. A short-course of albendazole treatment is as efficacious as four weeks treatment course in solitary
cysticercus granuloma [24-27]. Monotherapy with albendazole is comparable to combination therapy of albendazole and praziquantel
in the single solitary enhancing lesion in CT (SSECTL) [28].

Recommendation

The use of 10-14 days of albendazole therapy for all patients with single viable cyst is recommended.

Quality of evidence: 1; Strength of recommendation: B

Albendazole 15　mg/kg/day (maximum 1200 mg/day) in twice-daily doses should be given with meals. The quality of evidence is
strong for use of albendazole but not for the duration of use.

Antihelminthic drugs for multiple viable cysts: Albendazole (ABZ) and praziquantel (PZQ) have different mechanisms of action, which
may be beneficial when combined together in treating multiple NCC. Praziquantel is a pyrazinoisoquinoline derivative, of which the
main pharmacological effects include muscle contractions, paralysis, and tegumentary damage, whereas albendazole is a
benzimidazole, whose main mechanism of action is through selective degeneration of cytoplasmic microtubules resulting in energy
depletion, disrupted cell division, and altered glucose intake.

Combination therapy with albendazole and praziquantel has been found to be safe and effective without any increase in adverse
events. Increased serum albendazole concentrations were observed in patients receiving combination treatment compared with those
receiving albendazole alone. Albendazole serum levels increased by 48% when given in combination with praziquantel [29]. Garcia, et
al. [29] reported that combination of albendazole and praziquantel was associated with increased albendazole sulfoxide plasma
concentrations. This along with a possible synergistic effect of two drugs may be beneficial for patients. A randomized trial of 32
pateints showed that the combination therapy was more effective in destroying viable brain cysticercosis cysts than ABZ alone [30].

Combined treatment with albendazole and praziquantel was found to be superior in a three-arm randomized double-blinded study.
One twenty-four patients (aged 16 to 65 years with 1 to 20 viable cysts) were randomly assigned to three arms (43 received standard
dose albendazole; 40 received high dose (22.5 mg/kg/day) albendazole and 41 patients received combination therapy with standard
dose albendazole and praziquantel). Complete cyst resolution in MRI brain performed 6 months after initial therapy was seen in 63%
of patients who received combination therapy vs 73% and 83% resolution in the standard dose and high dose albendazole,
respectively (P=0.141) in patients with one to two viable cysts. However, in patients with three or more then three cysts, complete
cyst resolution was seen in 94% of patients who received combination therapy vs 21% and 48% resolution in the standard dose and
high dose albendazole, respectively (P<0.001) [31]. Anti-helminthic drugs are not recommended in patients with cysticercal
encephalitis or ‘starry sky NCC’ for fear of worsening the intracranial edema.

Recommendation

Albendazole (15 mg/kg/day) combined with praziquantel (50 mg/kg/day) for 10-14 days is recommended for more than two viable
cyst.

Quality of evidence: 1; Strength of recommendation: B

Praziquantel dose at 50 mg/kg/day (upto 3600 mg/day), quality of evidence extrapolated from studies done in adult patients.

Treatment of persistent viable cysts: Response to a single course of cysticidal therapy is variable. A persistent cyst is seen in 30-40%
of patients with a single viable lesion on follow-up. The persistence of the lesion is associated with seizure recurrence [32,33].
Rajashekar, et al. [32] treated 11 patients with persistent lesions with a repeat course of albendazole for two weeks. A significant
reduction in cyst size was observed in two patients and complete resolution in two patients in follow-up CT scans. There are no
randomized controlled trials or convincing data to suggest retreatment is better than symptomatic treatment; however, experts
recommend retreatment [31]. Options for retreatment include a second course of albendazole or using the combination of
albendazole and praziquantel.

Recommendation

There are two options to treat the persistent lesion. One is retreatment with the same dose and duration of albendazole and the
second option is the concurrent administration of albendazole and praziquantel as for multiple lesion NCC.

Quality of evidence: 3; Strength of recommendation: C

Management of NCC at Atypical Sites

Cysticercal encephalitis: NCC can occur in atypical forms and at atypical sites in rare scenarios. The atypicality may be due to
lesion load or due to the site. Rarely the NCC lesions can be in hundreds (miliary NCC) and can present with raised intracranial
pressure due to edema associated with degeneration of numerous lesions simultaneously or sequentially [34]. In an even rarer
situation, the intracranial lesions may be associated with disseminated lesions in other tissues of the body, primarily the muscles
and subcutaneous tissue [35]. The literature on the management of cysticercal encephalitis is restricted to case reports. Due to
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the rarity of the presentation, there are no trials of drugs or other methods to manage these patients. There is; however, a
consensus on avoiding the use of anti-helminthic drugs in these patients for fear of worsening the intracranial edema. Most
experts and case reports suggest a beneficial effect of intravenous steroids in relieving the edema caused due to degeneration of
cysticerci in cysticercal encephalitis.

The long-term management of cysticercal ence-phalitis is challenging, and the clinical course is often punctuated by recurrent
episodes of symptomatic raised intracranial pressure and/or seizures.

Recommendation

Pulse intravenous steroids should be used to reduce the acute symptomatic edema in children with cysticercal encephalitis. The
steroids suggested are methylpre-dnisolone (10-30 mg/kg for 3-5 days; maximum 1000 mg/day) or dexamethasone (3-6 mg/kg/day
for 3-5 days; maximum 16 mg/day).

Quality of evidence: 3; Strength of recommendation: A

Recommendation

Steroids can be used for long-term management of cysticercal encephalitis to prevent episodes of acute symptomatic cerebral edema
in children with cysticercal encephalitis. Steroids in minimal doses and for the shortest possible period are suggested. Rapid tapering
to the lowest effective dose and use of intermittent dose (e.g., alternate day) and monitoring for steroid side effects is suggested.The
group does not support or recommend against the use of steroid-sparing drugs due to lack of evidence.

Quality of evidence: 3; Strength of recommendation: C

Subarachnoid, ventricular and spinal NCC: These varieties of NCC are exceedingly rare in children in the Indian sub-continent. Most of
the reports on subarachnoid and ventricular cysticerci are from South-America [36,37]. Due to the rarity of the condition in India, and
the availability of recent evidence-based guidelines published by IDSA and ASTMH [10], the group recommended that these
guidelines may be adopted for these rarer kinds of NCC.

Steroids and Anti-Seizure Drug Use

Local inflammatory reaction surrounding NCC is widely prevalent as evidenced by worsening of clinical symptoms (e.g., headache),
presence of perilesional edema and contrast enhancement on neuroimaging [38], and increased pleocytosis and elevated protein on
serial CSF studies [39]. Host immune reaction to the degenerating cysts underly the pathophysiology of neuroinflammation in NCC.
The resulting perilesional white-matter edema might occasionally produce focal neurological deficits and other devastating
consequences due to mass effect and raised intracranial pressure. This is especially true when the cysts are located in the
subarachnoid space, within the ventricles, orbit, brain stem, or the spinal cord. Thus, treatment with anti-inflammatory medications,
particularly cortico-steroids is routinely considered in children with NCC.

In most observational and randomized controlled trials of NCC, patients were routinely treated with oral corticosteroids with or
without the combination of anti-cysticercal treatment. Oral prednisolone has been used in doses ranging from 1-2 mg/kg/day for 3-10
days in most studies [40,41]. One meta-analysis, which included 13 studies with low-quality evidence, suggested that corticosteroids
reduced seizure recurrence rate and hastened lesion resolution in the medium term (6-12 months) [42]. A recent meta-analysis found
that the combination of albendazole with oral steroids provided superior seizure prevention and lesion resolution outcomes in cases of
solitary cysticercus granulomas. But another meta-analysis concluded that corticosteroid treatment did not impact any outcomes
significantly [43]. Thus, the available evidence is still conflicting about the effectiveness of a particular corticosteroid drug, dose, or
duration of treatment in different stages of NCC.

Neuroimaging showing new-onset localized inflam-mation with perilesional edema and contrast enhance-ment in calcified NCC, years
after the initial presentation, are well documented [44-46]. These cases present with seizures recurrences, headaches, or maybe
asymptomatic [45]. The role of treatment with steroids in addition to anti-seizure prophylaxis in such cases is unclear. We do not
recommend the routine use of steroids in such cases. Steroids might be considered in cases of large perilesional edema causing mass
effect, midline shift, or other manifestations of raised ICT.

Recommendation

There is no role for routine use of steroids in cases of contrast-enhancing calcified NCC presenting with recurrence of seizures. Steroid
use should be reserved for symptomatic cerebral edema.

Quality of evidence: 3; Strength of recommendation: D

Anti-Seizure Prophylaxis

As seizures are the most common presenting symptom, most patients with NCC receive anti-seizure medication (ASM) prophylaxis for
varying durations depending on lesion resolution or calcification. Patients with calcified NCC receive long-duration ASM because of
seizure recurrences after varying periods of seizure freedom, either on or off ASM. Though there is no high-quality evidence available
to indicate the choice, dose, or duration of ASM in different NCC types, monotherapy with phenytoin and carbamazepine has been
most commonly used [40], given the focal nature of epilepsy in this population. One pilot study demonstrated the safety, tolerability,
and effectiveness of clobazam in NCC, but clobazam treatment was more expensive than phenytoin [47].

Recommendation

In the case of NCC presenting with other symptoms without seizures, there appears to be no role for routine anti-seizure medication
prophylaxis.

Quality of evidence: 3; Strength of recommendation: D

Recommendation

Carbamazepine or oxcarbazepine are best suited for seizure prophylaxis in children with NCC in India. Phenytoin and Levetiracetam
are other alternatives.

Quality of evidence: 3; Strength of recommendation: B

Epilepsy Surgery

Residual perilesional gliosis surrounding calcified NCC is thought to be responsible for long-term epilepsy [48]. Though most cases of
epilepsy due to calcified NCC are controlled with ASM, a minority end up being drug-resistant. Surgical resection is one of the most
effective curative treatment options available in cases of drug-resistant epilepsy due to calcified NCC. The pre-requisites for the
surgical resection are that epilepsy should be truly drug-resistant, seizures are frequent and disabling enough, clinical and video-EEG
analysis proves that the calcified NCC is responsible for epilepsy and its removal is likely to cause seizure freedom. In endemic
countries, calcified NCC’s co-existence with hippocampal sclerosis (dual pathology) is well documented [49-53]. These patients are
amenable to surgery, but the surgical strategy should be individualized. Patients with drug-resistant epilepsy should be referred early
for consi-deration of epilepsy surgery.

Recommendation

Epilepsy surgery workup should be considered in children with NCC who failed two appropriately chosen ASM tried in optimal doses.

Quality of evidence: 3; Strength of recommendation: B

Optimal Duration of Anti-Seizure Medications
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A review published in October, 2019 in the Cochrane Database of Systematic Reviews found four studies (466 patients) which
addressed the question of duration of ASMs in patients with neurocysticercosis [54]. There was no difference in seizure recurrence in
patients receiving anti-seizure drugs for 6, 12, or 24 months. The odds of seizure recurrence in six months treatment compared with
12 to 24 months treatment was not statistically significant [OR(95% CI) 1.34 (0.73 to 2.47); three studies, 360 participants, low
certainty evidence]. When six to 12 months of therapy was compared with 24 months treatment, this too was not statistically
significant [OR (95% CI) 1.36 (0.72 to 2.57); three studies, 385 participants; low certainty evidence].

Can the results of this analysis be extrapolated to children? Of the studies included in the analysis, one analyzed children between 3-
14 years, one had only adults, one had both children and adults (age range 4-52 years), and the previous study did not clearly
mention the age range [55-58]. All studies were single-center studies conducted in India. Notably, these studies excluded patients
with persistent lesions, multiple NCC, and those needing albendazole therapy. The presence of calcified lesions was suggested to
correlate with seizure recur-rence and the need for prolonged therapy.

Two of these studies have suggested that the presence of calcification and persistence of the lesion on neuroimaging increases the
risk of seizures and may require longer ASMs. A large prospective study of 185 patients (38.4% children <14 years) evaluated factors
that predict seizure recurrence in patients with solitary cerebral cysticercosis granuloma when ASMs were withdrawn 3-12 weeks after
cyst resolution on neuroimaging. Calcific residue on CT scan, breakthrough seizures, and a history of more than two seizures were
found to be risk factors for recurrence on multivariate analysis [59].

Recommendation

For a single ring-enhancing lesion, six months of therapy anti-seizure medications is recommended if the lesion resolves on follow-up.
Those with persistent lesions, calcification, or multiple lesions require a longer treatment duration of at least 24 months.

Quality of evidence: 2; Strength of recommendation: B

Recommendation

Anti-seizure medication may be withdrawn after 6 months if there is no calcific residue, there is resolution of cyst on neuroimaging,
and the child has had less than three seizures in the past.

Children with evidence of calcification, persistent cyst, or a history of more than two seizures in the past may require a longer
duration of therapy.

Quality of evidence: 2; Strength of recommendation: B

CONCLUSIONS

These guidelines are intended for pediatricians, neurologists, and family physicians, and reflect our approach to the management of
the children with NCC based on the best available evidence in the literature and expert opinions.

Note: Additional material related to this study is available with the online version at www.indianpediatrics.net

Contributors: NS and PS: conceptualized the idea; NS, RAK, MK, LK, AK, GRP, IKS, PS: constituted the writing committee and drafted
the manuscript; NS: devised and conducted Delphi process. All authors approved the final version of manuscript, and are accountable
for all aspects of the manuscript.
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ABSTRACT

BACKGROUND Guidelines recommend nonstatin lipid-lowering agents in patients at very high risk for major adverse

cardiovascular events (MACE) if low-density lipoprotein cholesterol (LDL-C) remains $70 mg/dL on maximum tolerated

statin treatment. It is uncertain if this approach benefits patients with LDL-C near 70 mg/dL. Lipoprotein(a) levels may

influence residual risk.

OBJECTIVES In a post hoc analysis of the ODYSSEY Outcomes (Evaluation of Cardiovascular Outcomes After an Acute

Coronary Syndrome During Treatment With Alirocumab) trial, the authors evaluated the benefit of adding the proprotein

subtilisin/kexin type 9 inhibitor alirocumab to optimized statin treatment in patients with LDL-C levels near 70 mg/dL.

Effects were evaluated according to concurrent lipoprotein(a) levels.

METHODS ODYSSEY Outcomes compared alirocumab with placebo in 18,924 patients with recent acute coronary

syndromes receiving optimized statin treatment. In 4,351 patients (23.0%), screening or randomization LDL-C

was <70 mg/dL (median 69.4 mg/dL; interquartile range: 64.3-74.0 mg/dL); in 14,573 patients (77.0%), both deter-

minations were $70 mg/dL (median 94.0 mg/dL; interquartile range: 83.2-111.0 mg/dL).

RESULTS In the lower LDL-C subgroup, MACE rates were 4.2 and 3.1 per 100 patient-years among placebo-treated

patients with baseline lipoprotein(a) greater than or less than or equal to the median (13.7 mg/dL). Corresponding

adjusted treatment hazard ratios were 0.68 (95% confidence interval [CI]: 0.52-0.90) and 1.11 (95% CI: 0.83-1.49), with

treatment-lipoprotein(a) interaction on MACE (Pinteraction ¼ 0.017). In the higher LDL-C subgroup, MACE rates were 4.7

and 3.8 per 100 patient-years among placebo-treated patients with lipoprotein(a) >13.7 mg/dL or #13.7 mg/dL; cor-

responding adjusted treatment hazard ratios were 0.82 (95% CI: 0.72-0.92) and 0.89 (95% CI: 0.75-1.06), with

Pinteraction ¼ 0.43.

CONCLUSIONS In patients with recent acute coronary syndromes and LDL-C near 70 mg/dL on optimized statin

therapy, proprotein subtilisin/kexin type 9 inhibition provides incremental clinical benefit only when lipoprotein(a)

concentration is at least mildly elevated. (ODYSSEY Outcomes: Evaluation of Cardiovascular Outcomes After an

Acute Coronary Syndrome During Treatment With Alirocumab; NCT01663402) (J Am Coll Cardiol 2021;78:421–33)
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C urrent guidelines for cholesterol
lowering of the American College
of Cardiology and American Heart

Association recommend the addition of
nonstatin lipid-lowering therapies for
patients at very high risk for major adverse
cardiovascular events (MACE) when low-
density lipoprotein cholesterol (LDL-C)
levels remain $70 mg/dL on optimized statin
treatment (1). This recommendation is based
in part on the results of large clinical trials
that demonstrated the clinical benefit of
this approach (2-4).

Among patients with coronary heart dis-
ease receiving moderate to intensive statin therapy
(eg, simvastatin 40-80 mg/d or atorvastatin 80 mg/d),
approximately 50% to 60% achieve LDL-C levels
<70 mg/dL (2,5). Of these, approximately 30% have
LDL-C levels of 60 to 70 mg/dL (5). Whether patients
with LDL-C levels close to 70 mg/dL on statin treat-
ment derive incremental benefit from further lipid-
lowering therapy is therefore a question that is
frequently encountered in clinical practice.

Inhibitors of proprotein convertase subtilisin/
kexin type 9 (PCSK9) produce large reductions of
LDL-C as monotherapy or when added to statins. An
additional effect of PCSK9 inhibitors is to reduce
lipoprotein(a) concentration by 20% to 25% (3,4).
Lipoprotein(a) is a type of low-density lipoprotein
particle whose concentration is determined primarily
genetically. It is believed to have atherogenic,
proinflammatory, and prothrombotic properties (6).
Epidemiologic and genetic studies associate
lipoprotein(a) concentration with the risk for incident
coronary, peripheral artery, and cerebrovascular
disease (7-9).

The FOURIER (Further Outcomes Research With
PCSK9 Inhibition in Subjects With Elevated Risk) and
ODYSSEY Outcomes (Evaluation of Cardiovascular
Outcomes After an Acute Coronary Syndrome During
Treatment With Alirocumab) trials demonstrated

reductions in the risk for MACE with PCSK9 inhibitors
in statin-treated patients with established cardio-
vascular disease or acute coronary syndrome (ACS)
and elevated levels of LDL-C, non–high-density lipo-
protein cholesterol (non–HDL-C), or apolipoprotein B
(3,4). Secondary analyses of these trials indicated that
risks for coronary heart disease, peripheral artery
disease, and venous thromboembolic events in the
placebo groups and reductions in those risks with
PCSK9 inhibition were associated with lipoprotein(a)
concentration (10-14).

Most patients in the FOURIER and ODYSSEY Out-
comes trials had qualifying LDL-C levels $70 mg/dL.
However, some had LDL-C levels <70 mg/dL or that
fluctuated around 70 mg/dL. In FOURIER, patients
with baseline LDL-C <70 mg/dL derived similar
benefit of treatment with evolocumab to those with
baseline LDL-C $70 mg/dL, but the interaction of
lipoprotein(a) levels in each of these categories was
not ascertained (15). In this analysis of the ODYSSEY
Outcomes trial, we determined if the PCSK9 inhibitor
alirocumab influenced the risk for MACE after ACS
when LDL-C levels were less than or around 70 mg/dL
and whether any benefit of treatment was modified
by concurrent levels of lipoprotein(a).

METHODS

PATIENTS AND TREATMENTS. The ODYSSEY Out-
comes trial (NCT01663402) (4,16) compared the effects
of the PCSK9 inhibitor alirocumab with placebo in
18,924 patients with recent ACS. The protocol was
approved by the Institutional Review Board at each
site, and all patients provided informed consent. To
qualify, patients had to meet at least 1 of the following
lipoprotein criteria on intensive ormaximum tolerated
statin treatment: LDL-C $70 mg/dL, non–HDL-C
$100 mg/dL, or apolipoprotein B $80 mg/dL. An
additional measurement of lipoproteins was per-
formed at the randomization visit, which occurred 2 to
16 weeks after the qualification visit on stable back-
ground lipid-lowering therapy. Lipoprotein(a) con-
centrationwasmeasured at randomization butwas not
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considered in qualification. Qualifying patients were
randomized in a 1:1 ratio to receive alirocumab 75mg or
matching placebo, administered subcutaneously
every 2 weeks. In patients assigned to alirocumab, the
dose was blindly titrated between 75 and 150 mg to
maximize the number of patients who achieved LDL-C
levels of 25 to 50 mg/dL or blindly replaced by placebo
for LDL-C levels that remained<15 mg/dL on the lower
dose (16). The primary outcome comprised death from
coronary heart disease, nonfatal myocardial infarc-
tion, fatal or nonfatal ischemic stroke, or hospitaliza-
tion for unstable angina.

MEASUREMENT OF LIPOPROTEINS AND

CATEGORIZATION OF PATIENTS ACCORDING TO

LIPOPROTEIN LEVELS. LDL-C was calculated using
the Friedewald formula unless levels were <15 mg/dL
or the accompanying triglyceride concentration was
>400 mg/dL; in those cases, LDL-C was measured
using beta quantification. Lipoprotein(a) mass was
measured using an automated immunoturbidimetric
assay on a Siemens BNII nephelometric analyzer
(Siemens Healthcare Diagnostics) with a lower limit of
detection of 2 mg/dL and an interassay coefficient of
variation of 3.1% to 4.8% depending on the lip-
oprotein(a) concentration. Heterogeneity in apolipo-
protein(a) size has only a moderate effect on
lipoprotein(a) recovery with this assay (17).

Characteristics and outcomes of patients were
assessed in 2 LDL-C subgroups: a lower LDL-C sub-
group with qualification and/or randomization visit
LDL-C <70 mg/dL and a higher LDL-C subgroup with
both LDL-C measurements $70 mg/dL. Each
subgroup was dichotomized at the median baseline
lipoprotein(a) concentration of the low LDL-C
subgroup.

STATISTICAL ANALYSIS. The mean of qualification
and randomization LDL-C values was calculated for
each patient. Patient-level mean values were used to
calculate median (interquartile range [IQR]) baseline
LDL-C levels in each subgroup. Median (IQR) lip-
oprotein(a) was calculated from randomization visit
values. The incidence of MACE in each LDL-C sub-
group, lipoprotein(a) category, and treatment group
was estimated by the number of first events per 100
patient-years of follow-up. Within each baseline
LDL-C subgroup, the treatment effects on time to first
MACE were assessed using a Cox proportional haz-
ards model, stratified according to geographic region,
with terms for treatment, baseline lipoprotein(a)
category, and their interaction and summarized by
hazard ratio (HR) with associated Wald 95% confi-
dence interval (CI) and the P value for the interaction
term. These effects were also estimated in

multivariable Cox regression models with adjustment
for baseline demographics and clinical characteristics
(candidate variables are listed in Supplemental
Table 1) that were related to risk for MACE as deter-
mined by stepwise selection, with P < 0.05 for model
entry or exit (treatment, baseline lipoprotein[a]
category, and their interaction were included in the
adjusted models regardless of their statistical signif-
icance). Kaplan-Meier curves were constructed to
depict the cumulative incidence of MACE in each
LDL-C subgroup and lipoprotein(a) category. Ana-
lyses with restricted cubic splines were performed to
assess the risk for MACE in each LDL-C subgroup as a
function of continuous baseline lipoprotein(a) (18). A
sensitivity analysis was performed excluding patients
who had blinded, protocol-specified substitution of
placebo for alirocumab for consecutive very low
achieved LDL-C levels. For all analyses, 2-tailed P
values <0.05 were considered to indicate statistical
significance. All analyses were conducted according
to the intention-to-treat principle, including all pa-
tients and events from randomization to the common
study end date. Analyses were performed in SAS
version 9.4 (IBM).

RESULTS

PATIENT CHARACTERISTICS. A total of 18,924
patients qualified for the trial and underwent
randomization at 1,315 sites in 57 countries. Equal
numbers were assigned to alirocumab or placebo. The
lower LDL-C subgroup (LDL-C <70 mg/dL at qualifi-
cation or randomization visit) comprised 4,351
patients (23.0%). Among them, a measurement of
LDL-C <70 mg/dL was obtained at the qualification
visit only in 600 (13.8%), at the randomization visit
only in 2,731 (62.8%), and at both visits in
1,020 (23.4%). After assigning each patient the mean
value of qualification and randomization visit LDL-C
determinations, median baseline LDL-C in the
lower LDL-C subgroup was 69.4 mg/dL (IQR:
64.3-74.0 mg/dL). Median baseline lipoprotein(a)
in the lower LDL-C subgroup was 13.7 mg/dL (IQR:
4.9-40.3 mg/dL).

The higher LDL-C subgroup (LDL-C >70 mg/dL at
qualification and randomization visits) comprised
14,573 patients. Median baseline LDL-C was
94.0 mg/dL (IQR: 83.2-111.0 mg/dL), and median
baseline lipoprotein(a) was 24.3 mg/dL (IQR: 7.4-
64.7 mg/dL). For analytical purposes, both LDL-C
subgroups were dichotomized at the same lip-
oprotein(a) level, 13.7 mg/dL. Baseline and selected
postrandomization characteristics of each LDL-C
subgroup according to lipoprotein(a) # 13.7 or
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>13.7 mg/dL are shown in Table 1. Characteristics
were well balanced between the alirocumab and pla-
cebo groups in each of the subgroups and lip-
oprotein(a) categories (data not shown).

Compared with patients in the higher LDL-C sub-
group, patients in the lower LDL-C subgroup were
less likely to be female, white, European, or smokers
and to have histories of prior myocardial infarction,
percutaneous coronary intervention, coronary artery
bypass surgery, or heart failure. Patients in the lower

LDL-C subgroup were more likely to be South Amer-
ican or Asian, to have diabetes, and to be treated with
high-intensity statins and had higher triglyceride and
lower lipoprotein(a) levels. The distribution of lip-
oprotein(a) in the lower and higher LDL-C subgroups
is shown in Figure 1.

Median follow-up for MACE was 2.6 years (IQR: 2.2-
3.3 years) and 2.7 years (IQR: 2.2-3.3 years) in the
lower and higher LDL-C subgroups, respectively, and
did not differ according to lipoprotein(a) category in

TABLE 1 Baseline and Postrandomization Characteristics According to LDL-C Subgroup and Lp(a) Category

Lower LDL-C Subgroup: <70 mg/dL
at Qualification or Randomization

Higher LDL-C Subgroup: $70 mg/dL
at Qualification and Randomization

Lp(a) #13.7 mg/dL
(n ¼ 2,181)

Lp(a) >13.7 mg/dL
(n ¼ 2,170)

Lp(a) #13.7 mg/dL
(n ¼ 5,454)

Lp(a) >13.7 mg/dL
(n ¼ 9,119)

Baseline characteristics

Age, y 57 (51 to 64) 58 (51 to 65) 58 (52 to 65) 58 (52 to 65)

Femalea 438 (20.1) 453 (20.9) 1,200 (22.0) 2,671 (29.3)

Racea,b

White 1,721 (78.9) 1,576 (72.6) 4,612 (84.6) 7,115 (78.0)

Black 12 (0.6) 70 (3.2) 34 (0.6) 357 (3.9)

Asian 311 (14.3) 399 (18.4) 577 (10.6) 1,211 (13.3)

Other 137 (6.3) 125 (5.8) 231 (4.2) 436 (4.8)

Geographic regiona,b

Western Europe 397 (18.2) 445 (20.5) 1,214 (22.3) 2,119 (23.2)

Eastern Europe 654 (30.0) 460 (21.2) 1,968 (36.1) 2,355 (25.8)

North America 291 (13.3) 328 (15.1) 667 (12.2) 1,585 (17.4)

South America 404 (18.5) 346 (15.9) 669 (12.3) 1,169 (12.8)

Asia 293 (13.4) 376 (17.3) 534 (9.8) 1,090 (12.0)

Rest of world 142 (6.5) 215 (9.9) 402 (7.4) 801 (8.8)

Medical history

History of hypertensionb 1,444 (66.2) 1,362 (62.8) 3,556 (65.2) 5,887 (64.6)

History of diabetesa 778 (35.7) 732 (33.7) 1,534 (28.1) 2,400 (26.3)

Current smokinga 502 (23.0) 466 (21.5) 1,481 (27.2) 2,111 (23.1)

History of polyvascular diseasea,c 140 (6.4) 142 (6.5) 428 (7.8) 844 (9.3)

Myocardial infarction prior to index event 360 (16.5) 361 (16.6) 1,049 (19.2) 1,869 (20.5)

CABG or PCI prior to index eventa 353 (16.2) 376 (17.3) 1,049 (19.2) 1,957 (21.5)

Index CABG or PCIa 1,553 (71.2) 1,587 (73.1) 3,873 (71.0) 6,664 (73.1)

History of heart failurea 318 (14.6) 275 (12.7) 905 (16.6) 1,317 (14.4)

History of COPD 82 (3.8) 70 (3.2) 215 (3.9) 379 (4.2)

Medications

High-intensity statina,b 1,992 (91.3) 2,036 (93.8) 4,729 (86.7) 8,054 (88.3)

ACE inhibitor or ARBa 1,691 (77.5) 1,685 (77.6) 4,304 (78.9) 7,036 (77.2)

Beta-blocker 1,884 (86.4) 1,849 (85.2) 4,588 (84.1) 7,674 (84.2)

Biometric and laboratory data

Body mass index, kg/m2 a,b 28.4 (25.8 to 31.5) 27.9 (25.2 to 31.3) 28.1 (25.5 to 31.2) 27.7 (25.0 to 30.8)

Glycated hemoglobin, % 5.9 (5.6 to 6.7) 5.9 (5.6 to 6.5) 5.8 (5.5 to 6.3) 5.8 (5.5 to 6.2)

eGFR <60 mL/min/1.73 m2 a,b 267 (12.2) 313 (14.4) 684 (12.5) 1,275 (14.0)

LDL-C, mg/dLa,b 69.0 (63.5 to 73.9) 69.5 (65.0 to 74.3) 93.0 (82.5 to 110.5) 94.5 (83.5 to 111.5)

LDL-Ccorrected, mg/dLa,b 61.6 (53.9 to 66.4) 49.7 (39.7 to 57.5) 90.1 (78.9 to 108.4) 75.9 (63.6 to 94.0)

Non–HDL-C, mg/dL 95.4 (83.0 to 111.2) 91.5 (81.5 to 107.0) 121.6 (106.2 to 145.9) 120.8 (105.4 to 142.5)

Apolipoprotein B, mg/dL 68 (59 to 78) 66 (58 to 75) 83 (73 to 97) 83 (73 to 97)

HDL-C, mg/dL 39.4 (34.0 to 46.7) 39.0 (33.2 to 46.0) 43.2 (37.1 to 51.0) 43.6 (37.5 to 51.4)

Triglycerides, mg/dLa,b 159.3 (106.0 to 230.0) 134.5 (92.0 to 197.3) 133.6 (98.2 to 185.8) 121.0 (90.3 to 165.5)

Lp(a), mg/dLa,b 4.9 (2.0 to 8.4) 40.4 (23.5 to 67.5) 5.2 (2.0 to 9.0) 53.3 (28.0 to 88.1)

High-sensitivity C-reactive protein, mg/La 1.6 (0.7 to 3.6) 1.5 (0.7 to 3.8) 1.6 (0.8 to 3.7) 1.7 (0.8 to 4.1)

Continued on the next page
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either subgroup. Changes in lipoprotein levels from
baseline to month 4 are shown in Table 1. In the lower
and higher LDL-C subgroups, median changes in
LDL-C with alirocumab were �38 and �60 mg/dL,
respectively, and did not differ according to baseline
lipoprotein(a) category in either LDL-C subgroup. In
patients with baseline lipoprotein(a) $13.7 mg/dL,
median changes in lipoprotein(a) with alirocumab
were similar in both lower and higher LDL-C
subgroups (�10.3 and �11.4 mg/dL, respectively). In
patients with baseline lipoprotein(a) <13.7 mg/dL,
changes in lipoprotein(a) with alirocumab were min-
imal in both LDL-C subgroups. In patients assigned to
placebo, there were minimal changes from baseline to
month 4 in LDL-C and lipoprotein(a) in both LDL-C
subgroups and lipoprotein(a) categories.

MACE ACCORDING TO LDL-C SUBGROUP AND

LIPOPROTEIN(A) CATEGORY. The Central Illustration
shows the incidence rates for MACE and treatment
HR (95% CI) for each LDL-C subgroup and baseline
lipoprotein(a) category. The cumulative incidence of
MACE in each LDL-C subgroup and lipoprotein(a)
category is depicted in Kaplan-Meier plots in Figure 2.

In patients assigned to placebo in the lower LDL-C
subgroup, the incidence rate for MACE was higher in
those with baseline lipoprotein(a) >13.7 mg/dL (4.2
per 100 patient-years) than in those with baseline

lipoprotein(a) #13.7 mg/dL (3.1 per 100 patient-years;
unadjusted HR: 1.31; 95% CI: 0.99-1.72; P ¼ 0.057). In
an unadjusted model, alirocumab reduced the risk for
MACE in those with baseline lipoprotein(a)
>13.7 mg/dL (HR: 0.70; 95% CI: 0.53-0.93) but not in
those with baseline lipoprotein(a) #13.7 mg/dL (HR:
1.04; 95% CI: 0.78-1.39). Results were similar in the
adjusted model, with treatment HRs of 0.68 (95% CI:
0.52-0.90) in those with baseline lipoprotein(a)
>13.7 mg/dL and 1.11 (95% CI: 0.83-1.49) in those with
baseline lipoprotein(a) #13.7 mg/dL. There was
interaction of treatment and baseline lipoprotein(a)
category on risk for MACE, with unadjusted
Pinteraction ¼ 0.053 and adjusted Pinteraction ¼ 0.017.
Results were similar when examined by quartile of
baseline lipoprotein(a) in the lower LDL-C subgroup.
In quartiles 1 to 4, unadjusted treatment HRs were
1.11 (95% CI: 0.74-1.67), 0.98 (95% CI: 0.65-1.48), 0.72
(95% CI: 0.48-1.08), and 0.69 (95% CI: 0.47-1.01),
respectively, with unadjusted Ptrend ¼ 0.054 and
adjusted Ptrend ¼ 0.029.

In patients assigned to placebo in the higher
LDL-C subgroup, the incidence rate for MACE was
also higher in those with baseline lipoprotein(a)
>13.7 mg/dL (4.7 per 100 patient-years) than in those
with baseline lipoprotein(a) #13.7 mg/dL (3.8 per 100
patient-years). However, treatment HRs were favor-
able for alirocumab in both higher and lower

TABLE 1 Continued

Lower LDL-C Subgroup: <70 mg/dL
at Qualification or Randomization

Higher LDL-C Subgroup: $70 mg/dL
at Qualification and Randomization

Lp(a) #13.7 mg/dL
(n ¼ 2,181)

Lp(a) >13.7 mg/dL
(n ¼ 2,170)

Lp(a) #13.7 mg/dL
(n ¼ 5,454)

Lp(a) >13.7 mg/dL
(n ¼ 9,119)

Postrandomization characteristics

Follow-up for MACE, y 2.7 (2.2 to 3.4) 2.6 (2.2 to 3.2) 2.8 (2.2 to 3.4) 2.7 (2.2 to 3.3)

Change in LDL-C to month 4, mg/dL

Alirocumab �39.0 (�49.0 to �22.0) �37.0 (�47.0 to �23.2) �61.0 (�75.7 to �45.6) �59.5 (�75.0 to �43.6)
Placebo 7.3 (�4.2 to 19.0) 6.6 (�4.6 to 18.9) �2.0 (�16.2 to 12.0) �1.0 (�13.5 to 12.7)

Change in LDL-Ccorrected

to month 4, mg/dL

Alirocumab �38.2 (�48.5 to �22.0) �33.3 (�43.0 to �20.0) �60.3 (�74.9 to �45.2) �54.9 (�70.3 to �39.4)
Placebo 7.1 (�4.3 to 19.3) 7.5 (�3.7 to 19.6) �2.3 (�16.3 to 11.7) �0.5 (�12.7 to 13.3)

Change in Lp(a) to month 4, mg/dL

Alirocumab 0 (�3.8 to 0) �10.3 (�18.2 to �3.9) �0.9 (�3.8 to 0) �11.4 (�21.9 to �4.2)
Placebo 0 (�0.8 to 0.9) �1.9 (�9.9 to 3.9) 0 (�0.7 to 1.0) �2.3 (�9.9 to 5.5)

Protocol-specified substitution of
placebo (alirocumab group only)

234/1,059 (22.1) 164/1,125 (14.6) 197/2,726 (7.2) 135/4,552 (3.0)

Values are median (interquartile range), n (%), or n/N (%). The lower LDL-C subgroup was defined by a qualification or randomization visit LDL-C level <70 mg/dL. The higher
LDL-C subgroup was defined by qualification and randomization LDL-C levels $70 mg/dL. The median baseline Lp(a) level in the lower LDL-C subgroup (13.7 mg/dL) was used
to dichotomize both LDL-C subgroups. Postrandomization variables are presented descriptively, without statistical inference. aP < 0.05 for baseline characteristic comparison
of Lp(a) categories within the higher LDL-C subgroup. bP < 0.05 for baseline characteristic comparison of Lp(a) categories within the lower LDL-C subgroup. cHistory of
cerebrovascular or peripheral artery disease in addition to coronary heart disease.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; CABG ¼ coronary artery bypass grafting; COPD ¼ chronic obstructive pulmonary disease;
eGFR ¼ estimated glomerular filtration rate; HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ low-density lipoprotein cholesterol; LDL-Ccorrected ¼ LDL-C corrected for
the cholesterol content of lipoprotein(a) (calculated according to Kinpara et al [30] as LDL-Ccorrected ¼ LDL-C – (lipoprotein(a) � 0.3); Lp(a) ¼ lipoprotein(a);
PCI ¼ percutaneous coronary intervention.

J A C C V O L . 7 8 , N O . 5 , 2 0 2 1 Schwartz et al.
A U G U S T 3 , 2 0 2 1 : 4 2 1 – 3 3 Lp(a) and PCSK9 Inhibition With Nominally Controlled LDL-C

425



FIGURE 1 Baseline Lipoprotein(a) Distribution in Lower and Higher Baseline LDL-C Subgroups
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(A) Lower low-density lipoprotein cholesterol (LDL-C) subgroup (n ¼ 4,351) defined by a qualification or randomization LDL-C

level <70 mg/dL. In this subgroup, median LDL-C was 69.4 mg/dL (interquartile range: 64.3-74.0 mg/dL). (B) Higher LDL-C subgroup

(n ¼ 14,573) defined by qualification and randomization LDL-C levels $70 mg/dL. In this subgroup, median LDL-C was 94.0 mg/dL (inter-

quartile range: 83.2-111.0 mg/dL). The median value of lipoprotein(a) in the lower LDL-C subgroup (13.7 mg/dL) was used to dichotomize

both LDL-C subgroups.
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lipoprotein(a) categories (unadjusted HRs: 0.83
[95% CI: 0.73-0.94] and 0.88 [95% CI: 0.75–1.05],
respectively; adjusted HRs: 0.82 [95% CI: 0.72-0.92]
and 0.89 [95% CI: 0.75-1.06], respectively), without
interaction of treatment and baseline lipoprotein(a)
category (unadjusted Pinteraction ¼ 0.55; adjusted
Pinteraction ¼ 0.43). Considering both LDL-C sub-
groups, the P value for 3-factor interaction of

treatment, LDL-C subgroup, and lipoprotein(a) cate-
gory on MACE was 0.19 in the adjusted model.

Figure 3 shows the probability of MACE as a func-
tion of continuous lipoprotein(a) in the placebo and
alirocumab treatment groups, for the lower and
higher LDL-C subgroups. Findings were consistent
with the dichotomous analysis of lipoprotein(a) levels
depicted in the Central Illustration. In the lower LDL-C

CENTRAL ILLUSTRATION Effect of Alirocumab on Major Adverse Cardiovascular Events by Baseline
Low-Density Lipoprotein Cholesterol Subgroup and Lipoprotein(a) Category

1.04 (0.78-1.39)

Treatment
HR (95% CI)

1.11 (0.83-1.49)
0.053

Interaction
P Value

0.017

Unadjusted model
Lp(a) ≤13.7 mg/dL (n = 2,181)

Lp(a) >13.7 mg/dL (n = 2,170)

Lp(a) ≤13.7 mg/dL (n = 5,454)
Higher LDL-C subgroup

Lower LDL-C subgroup

Lp(a) >13.7 mg/dL (n = 9,119)

Adjusted model

0.50 0.67 1.00 1.50
Alirocumab

Better
Placebo
Better

0.70 (0.53-0.93)

0.68 (0.52-0.90)

Unadjusted model
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0.88 (0.75-1.05)
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0.55
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Schwartz, G.G. et al. J Am Coll Cardiol. 2021;78(5):421–33.

The lower low-density lipoprotein cholesterol (LDL-C) subgroup (top) was defined by a qualification or randomization LDL-C level <70 mg/dL. The higher

LDL-C subgroup (bottom) was defined by qualification and randomization LDL-C levels $70 mg/dL. Both LDL-C subgroups were dichotomized at the

median baseline lipoprotein(a) concentration in the lower LDL-C subgroup (13.7 mg/dL). Unadjusted models were stratified by geographic region. Se-

lection of variables in adjusted models is described in the text. In the lower LDL-C subgroup, adjustment variables were myocardial infarction prior to

index event, history of diabetes, estimated glomerular filtration rate <60 mL/min/1.73 m2, history of heart failure, history of hypertension, and coronary

artery bypass grafting or percutaneous coronary intervention prior to the qualifying acute coronary syndrome (ACS). In the higher LDL-C subgroup,

adjustment variables were those in the lower LDL-C model plus history of chronic obstructive pulmonary disease, revascularization for the qualifying ACS,

current smoking, and age.
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subgroup, alirocumab reduced the risk for MACE only
in patients with higher baseline lipoprotein(a),
whereas in the higher LDL-C subgroup, alirocumab
reduced the risk for MACE across the full range of
baseline lipoprotein(a) concentrations. There was a
significant interaction between treatment and base-
line lipoprotein(a) spline effect in the lower LDL-C
subgroup (Pinteraction ¼ 0.031) but not in the higher
LDL-C subgroup (Pinteraction ¼ 0.84).

SENSITIVITY ANALYSIS. A total of 730 patients had
blinded, protocol-specified substitution of placebo for
alirocumab because of consecutive very low achieved
LDL-C levels. These patients were distributed non-
uniformly across baseline LDL-C and lipoprotein(a)
categories (Table 1). To determine whether these pa-
tients influenced the results of the primary analysis

depicted in the Central Illustration, a sensitivity
analysis was performed that excluded them. The re-
sults of the sensitivity analysis, shown in
Supplemental Figure 1, are qualitatively and quanti-
tatively similar to those in the Central Illustration.
Among patients in the lower LDL-C subgroup,
adjusted treatment HR with lipoprotein(a)
>13.7 mg/dL was 0.68 (95% CI: 0.51-0.91), adjusted
treatment HR with lipoprotein(a) #13.7 mg/dL was
1.26 (95% CI: 0.93-1.70), and adjusted Pinteraction

was 0.004.

DISCUSSION

The central finding of this analysis of the ODYSSEY
Outcomes trial is that patients with recent ACS, LDL-C
near 70 mg/dL on optimized statin treatment, and

FIGURE 2 Cumulative Incidence of MACE by Baseline LDL-C Subgroup, Lipoprotein(a) Category, and Study Treatment
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(A) Lower low-density lipoprotein cholesterol (LDL-C) subgroup. (B) Higher LDL-C subgroup. Subgroups and dichotomization of baseline

lipoprotein(a) (Lp[a]) as defined in Figure 1. ALI ¼ alirocumab; MACE ¼ major adverse cardiovascular events; PBO ¼ placebo.

Continued on the next page
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lipoprotein(a) levels that were at least mildly elevated
($13.7 mg/dL) derived substantial clinical benefit
(reduced risk for MACE) from treatment with the
PCSK9 inhibitor alirocumab. In contrast, patients with
LDL-C near 70 mg/dL and lipoprotein(a) <13.7 mg/dL
had no reduction in MACE with alirocumab. Patients
with higher LDL-C levels derived consistent clinical
benefit from alirocumab treatment irrespective of the
level of lipoprotein(a). Findings were similar in a
sensitivity analysis that excluded patients with blin-
ded, protocol-specified substitution of placebo for
alirocumab. Thus, in patients with recent ACS and
LDL-C levels considered “controlled” on statin ther-
apy, levels of lipoprotein(a) that are at least mildly
elevated may identify an additional group to be
considered for PCSK9 inhibitor therapy. Notably, a
lipoprotein(a) concentration of 13.7 mg/dL is only
slightly greater than the median level observed in co-
horts without prior cardiovascular events (19,20).

Because the present findings were derived from a post
hoc analysis, a prospective evaluation of the clinical
efficacy of PCSK9 inhibitor therapy in patients with
nominally controlled LDL-C but elevated lip-
oprotein(a) is indicated.

In patients with baseline LDL-C near 70 mg/dL
and lipoprotein(a) at or higher than the median of
13.7 mg/dL, alirocumab produced moderate absolute
reductions in both LDL-C and lipoprotein(a) (median
37 and 10.3 mg/dL, respectively), accompanied by an
approximately 30% reduction in the risk for MACE. In
the Cholesterol Treatment Trialists analysis of statin
trials (21), a 1 mmol/L (38.7 mg/dL) reduction in LDL-C
with statin treatment was associated with a 21%
reduction in the incidence of major vascular events,
and a 37 mg/dL reduction in LDL-C would have been
expected to produce a 20% reduction in events.
Importantly, however, few patients in the trials that
constituted the Cholesterol Treatment Trialists

FIGURE 2 Continued
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analysis had baseline LDL-C levels as low as 70 mg/
dL. As LDL-C and lipoprotein(a) usually change in
parallel under treatment with alirocumab, it is diffi-
cult to apportion the benefit of alirocumab on MACE
to individual lipoprotein effects or their interaction.
Nonetheless, the magnitude of the clinical treatment
benefit observed in patients with lower levels of
LDL-C but elevated levels of lipoprotein(a) suggests
that lipoprotein(a) reduction contributed to the
benefit and/or that elevated levels of lipoprotein(a)
identify patients with atherosclerotic plaques
amenable to stabilization with PCSK9 inhibition. In
patients with baseline LDL-C near 70 mg/dL and
lipoprotein(a) <13.7 mg/dL, alirocumab produced a
similar reduction in LDL-C (median 39 mg/dL), but
with minimal change in lipoprotein(a) and no clinical
benefit. Moreover, in both the lower and higher
LDL-C subgroups, LDL-C levels were similar in the
higher versus lower lipoprotein(a) categories. Conse-
quently, corrected LDL-C was lower in the higher
lipoprotein(a) category and vice versa. Thus, treat-
ment HRs for alirocumab were more favorable in pa-
tients with higher lipoprotein(a) despite lower levels
of corrected or “true” LDL-C.

Together, these observations suggest that in statin-
treated patients with recent ACS and LDL-C levels
near 70 mg/dL, lipoprotein(a) levels that are at least
mildly elevated are required to achieve a clinical
benefit from PCSK9 inhibition. In these patients, the
coordinated reduction of both LDL-C and lip-
oprotein(a) levels may be necessary to reduce the risk
for MACE. Lipoprotein(a) is believed to have proin-
flammatory and prothrombotic properties (6). ACS is
associated with heightened inflammation and usually
reflects an atherothrombotic event (22). Modest re-
ductions in lipoprotein(a) concentration with PCSK9
inhibition in the ODYSSEY Outcomes and FOURIER
trials were associated with substantial reductions in
the risk for MACE (10,12). A link among these obser-
vations may be that lipoprotein(a) particles are the
principal carriers of oxidized phospholipids that are
proinflammatory and may play a central role in
atherothrombotic events (23). In this regard, the
relationship of lipoprotein(a) concentration to risk for
MACE and reduction of that risk with a PCSK9
monoclonal antibody may be stronger in a secondary
prevention population with recent ACS than would be
predicted from analyses relating lipoprotein(a) con-
centration to incident cardiovascular disease events
in healthy cohorts (24).

STUDY LIMITATIONS. First, the analysis was con-
ducted on a post hoc basis. Second, patients in OD-
YSSEY Outcomes with LDL-C levels <70 mg/dL

qualified for the trial on the basis of alternative
criteria of elevated non–HDL-C or apolipoprotein B.
The findings of the present analysis cannot neces-
sarily be extended to patients with elevated lip-
oprotein(a) but levels of LDL-C, non–HDL-C, and
apolipoprotein B less than trial thresholds.

Third, lipoprotein(a) concentration was deter-
mined using a mass assay. Overall, mass and molar
concentrations of lipoprotein(a) are highly corre-
lated, but their ratio varies according to isoform
size (25). Although atherothrombotic risk may be
more closely related to the molar concentration of
lipoprotein(a) (26), molar concentration is under-
estimated at high mass concentration and over-
estimated at low mass concentration (25). To the
extent such effects were present, they would have
biased our study to the null.

Fourth, lipoprotein(a) may be a positive acute-
phase reactant after ACS (27). However, patients in
ODYSSEY Outcomes were randomized at a minimum
of 1 and a median of 2.6 months after the qualifying
ACS, and lipoprotein(a) levels did not change signifi-
cantly between randomization and month 4 in the
placebo group (10).

Fifth, the 3-factor interaction of treatment, LDL-C
subgroup, and lipoprotein(a) category on MACE was
nonsignificant. This is because patients with higher
LDL-C levels, who constituted 77% of the study pop-
ulation, had a relatively consistent treatment benefit
irrespective of lipoprotein(a) levels.

Finally, some studies have indicated that the
relationship between lipoprotein(a) concentration
and cardiovascular risk may vary across ethnic groups
(28,29). The ODYSSEY Outcomes population was
predominantly white, and generalizability of the
findings to other populations is uncertain.

CONCLUSIONS

Many high-risk patients achieve LDL-C levels of
approximately 70 mg/dL on intensive statin treat-
ment with or without ezetimibe (2,5). These patients
lie at the cusp of guideline criteria to augment lipid-
lowering therapy, but physicians are uncertain
whether to take further therapeutic steps. In current
clinical practice, few such patients are treated with
PCSK9 inhibitors. Determining the concentration of
lipoprotein(a) might have utility in identifying a
subset of these patients who could derive substantial
benefit from PCSK9 inhibitor treatment and similarly
identifying a subset for whom benefit is unlikely and
added cost and complexity of treatment could be
avoided. In patients whose LDL-C remained
substantially >70 mg/dL (median 94.0 mg/dL),
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FIGURE 3 Spline Analysis of Probability of MACE by Baseline Lipoprotein(a) and Treatment Group
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(A) Lower LDL-C subgroup. (B) Higher LDL-C subgroup. Red indicates alirocumab group; blue indicates placebo group. Shaded areas indicate

95% confidence intervals. Dashed lines indicate the median baseline lipoprotein(a) value (13.7 mg/dL) in the lower LDL-C subgroup. In each

subgroup, the probability of MACE at the overall median follow-up of 2.7 years was estimated from a logistic regression model with a logit link

function; logarithm of follow-up time was an offset variable. Models included adjustment for the baseline characteristics indicated in

Figure 2, plus geographic region. Spline effect reflects a restricted cubic spline basis with knots at 4.9, 13.6, and 40.3 mg/dL (ie, the spline

was required to be linear for lipoprotein[a] <4.9 mg/dL and >40.3 mg/dL). Interaction of treatment and baseline lipoprotein(a) spline effect:

Pinteraction ¼ 0.031 and Pinteraction ¼ 0.84 for lower and higher LDL-C subgroups, respectively. Subgroup definitions as in Figure 1.

Abbreviations as in Figures 1 and 2.
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alirocumab treatment provided consistent benefit
irrespective of lipoprotein(a) levels, and therefore
determining lipoprotein(a) may not affect therapeutic
decision making to the same extent.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: In patients with recent ACS

and LDL-C levels near 70 mg/dL on intensive statin

treatment, the PCSK9 inhibitor alirocumab further

lowered LDL-C but reduced the risk for adverse car-

diovascular events only in those with elevated lipo-

protein(a) levels.

TRANSLATIONAL OUTLOOK: Randomized trials

are needed to evaluate the effect of PCSK9 inhibition

in patients with LDL-C levels nominally controlled

with statins who have elevated lipoprotein(a) levels.
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Abstract The primary objective is to classify acquired

cholesteatoma according to the ChOLE classification sys-

tem based on the preoperative and intraoperative findings,

and to describe prevalence of each stage. The secondary

objective is to correlate the extent of inside out approach

mastoidectomy required with the staged extent of choles-

teatoma. A non-randomized Prospective Observational

study conducted in 67 patients in a tertiary care hospital.

Each case was categorized according to the ChOLE clas-

sification system including cholesteatoma extension,

ossicular chain status, life threatening complications and

eustachian tube dysfunction. Based on the extent of dis-

ease, inside out approach mastoidectomy was done and

results analysed. Most patients presented with stage 2

disease [67%]. Canal wall was preserved for all stage I, and

in stage II cholesteatoma canal wall was either kept intact,

reconstructed or lowered based on the extent of erosion of

posterior meatal wall and cholesteatoma extension. All

stage III underwent canal wall down mastoidectomy.

Staging of cholesteatoma by ChOLE classification allows

standardization in reporting gravity of disease and surgical

outcomes. Inside out approach mastoidectomy contributes

to the successful surgical management of cholesteatoma by

eradicating the disease with the creation of a smaller

cavity.

Keywords Cholesteatoma � ChOLE classification �
Cholesteatoma staging � Inside out mastoidectomy �
Outcome

Introduction

Abramson et al. defined Cholesteatoma as ‘a three-di-

mensional epidermal and connective tissue sac, conforming

to the architecture of the middle ear, attic and mastoid with

a capacity for progressive and independent growth at the

expense of the underlying bone and tendency to recur after

removal [1]. Cholesteatoma can be classified into two

different types: congenital and acquired. It can also be

classified based on growth patterns into posterior epitym-

panic, posterior mesotympanic, and anterior epitympanic

cholesteatoma [2]. The prevalence of cholesteatoma in

patients with chronic otitis media is 24.5% and it is more

common in adults than in children [3]. Due to its aggres-

sive growth and invasive nature, cholesteatoma has a ten-

dency to cause extracranial and potentially fatal

intracranial complications [4]. Otoscopic, otomicroscopic

or otoendoscopic examination, audiometric assessment and

radiological investigations are mandatory for an accurate

diagnosis and further planning of treatment [5]. One of the

most recent cholesteatoma classiifcation is ChOLE

classification.

Currently surgery is the definitive line of management

with an aim to create a safe and dry ear by exteriorizing the

disease and improving hearing [6]. The choice for canal

wall up versus canal wall down mastoidectomy has been

extensively debated. Canal wall down techniques provide

excellent exposure, complete removal of the disease, but

are associated with cavity problems and require regular

lifetime follow-up [7, 8].

The principle of inside out mastoidectomy is to follow

the direction of spread along the natural pathways and

avoid unnecessary drilling of sclerotic bone. Drilling from

the attic to aditus, and through antrum and mastoid air cell

system, is stopped just beyond the end of the sac and is
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followed by complete removal of the sac. When disease is

not progressed beyond antrum (limited diseases), the

necessity of the canal wall down technique is eliminated.

Thus, inside out technique avoids unnecessary drilling of

sclerotic bone and creating the cavities [9, 10]. Canal wall

down mastoidectomy is done for disease extending beyond

antrum, unresectable disease, labyrinthine fistula and

unreconstructable posterior canal wall [11]. A canal wall

down mastoidectomy can be technically made canal wall

up by reconstructing scutum and posterior canal wall in

limited disease [12].

To provide a basis for meaningful exchange of infor-

mation among those treating chronic otitis media with

cholesteatoma, a classification or staging system is neces-

sary. It will allow standardization in assessment of gravity

of the disease and in reporting of surgical outcomes based

on the respective stages of cholesteatoma. Many attempts

have been made to classify cholesteatoma, most commonly

used staging systems are European academy of neurotology

and Japanese otological society(EAONO/JOS)classifica-

tion and recent ChOLE classification. Linder et al. first

described ChOLE classification in the International cho-

lesteatoma conference in Edinburgh in 2016. The ‘ChOLE’

classification is an acronym and it stages the disease based

on Ch-cholesteatoma extention, O-ossicular chain status,

L-life threatening complications and E-Eustachian tube

function [13].

Objective

To classify acquired cases of chronic otitis media with

cholesteatoma according to the ChOLE classification based

on preoperative and intraoperative findings and to describe

the prevalence of each stage.

The secondary objective is to correlate the extent of

inside out approach mastoidectomy required with the

staged extent of cholesteatoma.

Materials and Methods

A non-randomized Prospective Observational study con-

ducted in 67 patients from Jan 2019 to August 2019.

Inclusion criteria: All acquired cases of chronic otitis

media with Cholesteatoma at the initial presentation.

Exclusion criteria: Congenital cholesteatoma, Recurrent

disease, Revision surgery and Previous history of any ear

surgery except myringotomy for grommet insertion.

A detailed history taking and thorough otologic exami-

nation including a complete ENT examination, Otoen-

doscopy/Examination under microscopy was done. Pre-

operative Pure tone audiometry, Xray Mastoid Schuller’s

view, Routine blood investigations done. HRCT temporal

bone performed when complications were suspected. All

patients underwent postoperative pure tone audiometry

(3 months). Patients were explained about the procedure

and informed written consent was taken.

Each case was categorized according to the ChOLE

classification system into different classes based on peop-

erative and intratraoperative findings and further staged

[13].

1. Ch—Cholesteatoma extension: Class 1 is subdivided

into 1a and 1b. The 1b include extension into sinus

tympani. A limited extension into the protympanum

(toward the bony isthmus of the Eustachian tube) from

a predominant middle ear location is considered Ch1.

Class 2 involve the middle ear, with further extensions

into the attic and antrum (2a) up to the level of the

lateral canal within the mastoid. The 2b involve

anterior extension into the anterior epitympanum

(supratubal recess) with optional further extension

into the protympanum and/or extension into the sinus

tympani. Class 3 encompasses extensive bone erosion,

either of the external ear canal and/or the tegmen

tympani. Class 4 incoperates 4a which is tympa-

nomastoid cholesteatoma with infralabyrinthine,

supralabyrinthine, or transcochlear extensions and 4b

is apical petrous bone cholesteatoma.

2. O—Ossicular status at the end of surgery: Class 0-An

intact and mobile ossicular chain. Class 1 reflects

erosion of the long process of the incus with or

without malleus head removal. Class 2 involves

removal or erosion of the incus and stapes supras-

tructure with preservation of a mobile footplate and

malleus handle. Classes 3a and 3b refer to a mobile

stapes or mobile footplate without superstructure, and

classes 4a and 4b are a fixed stapes or fixed footplate,

respectively. The ‘‘O’’ classification is consistent with

the Austin Kartush and Fisch classifications, which

are already widely used.

3. L—Life threatening complications: L2—Mastoiditis,

Mastoid fistula, Bezold’s or Luc’s abscess, Facial

palsy, Labyrinthine fistula, Labyrinthitis or Tegmen

defect requiring surgical repair. L4—Meningitis,

Brain abscess, Seizures or Sigmoid sinus thrombosis.

4. E—Eustachian tube ventilation and mastoid pneuma-

tisation: Degree of pneumatization of the mastoid is

considered an indirect sign of Eustachian tube func-

tion. E0—[ 50% of cells aerated, E1—\ 50%

aerated, E2—Poor pneumatisation and ventilation.

Stage: Stage I is defined as 1–3 points, Stage II as 4–8

points, and Stage III as all values above 8.
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Surgical Procedure

Surgery was performed by a single surgeon who is trained

in inside out approach mastoidectomy and is practicing the

technique for more than 20 years. Most patients underwent

mastoid exploration under local anesthesia except pediatric

cases and in cases were general anesthesia was indicated.

Post aural incision is made, subcutaneous tissue dissected.

Temporalis fascia graft identified and harvested. The canal

entered by making an incision along the posterior canal

wall skin and a tympanomeatal flap elevated and middle

ear visualized.

Inside-Out Approach

Canaloplasty: Widening of external auditory canal done by

drilling. In this procedure, the bony meatus is widened

using a 3 mm diamond burr by removing bone from the

spine of henle and posterior and superior walls of the

external auditory canal, taking away the bony overhang.

Atticotomy: It is unroofing of attic spaces by removing

the outer attic wall. It is performed by curetting or drilling

the scutum using 1–2 mm diamond burr, thus unroofing the

attic space from within outwards. Ossicular status was

noted. While drilling or curreting, great care is taken not to

make contact with an intact ossicular chain to prevent

transmission of vibrations to ossicles. If the anterior extent

of cholesteatoma is not visualized, attic wall is further

drilled anteriorly to expose the anterior attic space and

supratubal recess for complete removal.

Epitympanomastoidectomy: After atticotomy the epi-

tympanic space is completely visualized. If the disease is

extending towards the antrum posteriorly, then the bone of

the posteriosuperior wall is further widened till complete

sac is visualized. If extending beyond the atticoantral

regionand in cases of unreconstructable posterior canal

wall defect, a canal wall down mastoidectomy was planned

for adequate exposure. This was done by lifting the epi-

tympanic portion of the cholesteatoma to visualize the level

of facial canal and the stapes. Once the position was

known, the posterior canal wall was lowered adequately

until the posterior extent is seen completely. Facial ridge

was lowered adequately till the level of the lateral semi-

circular canal.

Disease clearance, reconstruction and closure: The

entire cholesteatoma matrix carefully removed. All cases

were given a functioning ear by performing tympanoplasty.

Temporalis graft used for tympanic membrane recon-

struction. In all canal wall down surgeries, meatoplasty was

performed to promote self-cleasing of the cavity and

facilitate adequate postoperative care. After placing the

graft, the EAC packed with gelfoam and medicated

merocel ear wick was placed. Subcutaneous sutures with

vicryl done.

Postoperative Care

Mastoid compression bandage applied. Patient discharged

on post-operative day 2. Mastoid dressing removed on first

review after 1 week. Oral antibiotics continued for

10 days. The first cavity cleaning was done at 2nd week

postoperative visit and merocel ear wick removed at this

time.

Postoperative Evaluation

Patients were followed up weekly for the first month, then

once a month for 3 months and then once in a month for a

duration of 9 months. Cases were evaluated for healing of

the cavity, wax or collection of debris or any other post-

operative complaints. Pure tone audiometry was done after

3 months. Pre- and post-operative air–bone–gaps were

compared to analyze hearing outcomes.

Statistical Analysis

Due to non-normal distribution, analysis done using the

Wilcoxon sign rank test using Microsoft excel 2010 to

analyze pre and post-operative pure tone audiometry

results and air–bone gap values.

Results

There were 67 patients in our study. Patient’s age was

varying between 13 years and 70 years with the mean age

of 32.74 years. We had 46.3% (31) males and 53.7% (36)

females and thereby found a female preponderance

although literature gives evidence of increased male

prevalence. 36 patients had right, 27 patients had left ear

and 4 presented with bilateral disease.

Fig. 1 Cholesteatoma extension
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According to ChOLE classification, Stage 1 had 14

[21%], Stage 2 had 45 [67%] and Stage 3 had 8 [12%]

patients.

The extension of the Cholesteatoma in the study popu-

lation as shown in Fig. 1. Ch 1a i.e. Middle ear space

involvement without extension to sinus tympani was

observed in 8 [12%]. Middle ear with sinus tympani

involvement (Ch1b) was seen in 4 patients [6%]. Class 2

and 3 extensions of cholesteatoma were Ch2a—12 [18%],

Ch2b—9 [13.5%], Ch3—32 [47.5%]. Class 4 had the

lowest incidence Ch4a—2 [3%], petrous apex involvement

(Ch 4b) was not seen in our study.

Ossicular chain status at end of surgery in the study

population as shown in Fig. 2. Nine [13.43%] patients had

intact ossicular chain. O1 i.e.; Malleus and Stapes present

with eroded Incus 19 [28.35%], was the most frequently

observed. Other classes were O2—13 [19.4%], O3a—14

[20.89%], O3b—11 [16.41%], O4a—1 [1.5%]. Immobile

stapes footplate (O4b) was not seen in our study.

Life threatening complications in our study include

L2—6(8.95%) patients in the form of 2 Bezold’s abscess

cases, 1 Facial nerve palsy, 2 Labyrinthine fistulas and 1

patient with Tegmen defect with required surgical repair.

L4 seen in 1 patient in the form of brain abscess. Dehis-

cence of the horizontal segment of facial nerve canal was

seen in 12 cases but was associated with facial palsy only

in one patient.

Most patients in our study had a poor Eustachian tube

function. E2—63%. 9% patients were in E0 and 28%

patients in E1.

Operative Details

89.5% (60) patients underwent surgery under local anes-

thesia while 10.5% (7) in general anesthesia. For all 67

patients, temporalis fascia graft harvested via post-aural

incision. Mastoid cortex drilled by inside-out technique in

all 67 (100%) patients. The posterior canal wall was intact,

lowered and reconstructed in 26 (38.8%), 28 (41.8%) and

13 (19.4%) patients respectively.

Ossicular reconstruction was done in 32 (47.8%)

patients. Reconstruction material used was Autologous

incus, cartilage and PORP in 25, 4 and 3 patients respec-

tively. Ossicular reconstruction was not done in 35 (52.2%)

patients either due to an intact ossicular chain or in cases of

type III tympanoplasty where graft was placed directly

over the stapes suprastructure in view of destroyed malleus

and incus (Table 1). Meatoplasty was performed in all

cases of canal wall down mastoidectomies. We achieved

total disease clearance in all patients.

In all cases of stage I of ChOLE classification

accounting 14 [20.9%] patients, the canal was left intact. In

stage II, the decision to keep the canal wall intact or

reconstruct or lower was based on the extent of choles-

teatoma and erosion of posterosuperior bony meatal wall. If

the posterosuperior wall was eroded more than 1/3rd, then

the facial ridge was lowered as it is difficult to clear the

disease and reconstruct. All stage III patients underwent

canal wall down mastoidectomy (Table 2).

Fig. 2 Ossicular status

Table 1 Material for ossicular reconstruction

Material Number Percentage

Autologous incus 25 78.2

Cartilage 4 12.5

PORP 3 9.3

Table 2 Correlation of ChOLE classification staging with the extent

of inside out approach

Posterior canal wall Stage of cholesteatoma

Stage 1 Stage 2 Stage 3

Intact 14 13 0

Reconstructed 0 13 0

Lowered 0 19 9

Table 3 Correlation of Cholesteatoma extension with the extent of

inside out approach

Posterior canal wall Extension of cholesteatoma

1a 1b 2a 2b 3 4a 4b

Canal wall intact 8 4 8 6 0 0 0

Reconstructed 0 0 4 3 6 0 0

Lowered 0 0 0 0 26 2 0
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Based on the cholesteatoma extension, the canal was left

intact for all class 1 [17.9%] patients. For class 2 patients

canal wall was left intact or reconstructed depending on

antral extension. In class 3, the canal wall was either

reconstructed or lowered based on the spread of disease

and extent of erosion of the posterior meatal wall. All class

4 underwent canal wall down mastoidectomy (Table 3).

Post-operative Evaluation

Patients were followed up weekly for the first month, then

once in 2 weeks for 3 months and then once in 6 months.

At 3 months post-op, cavity was healed in 56 (81.7%) and

discharging cavity was noted in 11(18.3%) patients inci-

dence of post-operative superficial infection and granula-

tion tissue were 9% and 7.4% respectively (Table 4). Pure

tone audiometry was done 3 months post operatively

(Table 5).

Discussion

In order to provide a basis for meaningful exchange of

information among those treating cholesteatoma, the

ChOLE classification and staging system can be used in

clinical practice. It is relatively new for staging of cho-

lesteatoma and not many studies have been done on the

prevalence of each stage and its application in clinical

practice.

Inside-out transcanal microscopic approach was done

for all patients. This technique includes canaloplasty,

atticotomy, epitympanomastoidectomy where posterioro-

superior canal wall is either reconstructed or lowered

through inside out approach according to the magnitude

and location. In our study most cases (67%) were in stage II

disease. In 12 cases the cholesteatoma extension was

confined to middle ear space and sinus tympani (Class 1)

and in 55 cases disease progressed towards anterior epi-

tympanic recess, antrum, aditus and further beyond. In 28

patients the canal wall was lowered due to the extensive

disease and difficulty in reconstruction. The advantage of

inside out approach mastoidectomy was even though the

canal wall was lowered, the size of the cavity was signif-

icantly smaller. In 39 patients the posterior meatal wall was

either left intact or reconstructed. Attic and posterior wall

reconstruction was done using tragal cartilage in our study.

For ossicular reconstruction, refashioned incus was fre-

quently used. Other materials used were septal cartilage

and PORP. In all the cases disease was completely cleared

and reconstructed in the same setting.

According to Linder et al. the involvement of the

supratubal recess and protympanum represent difficult area

to reach while preserving the malleus head or chorda but

with current techniques proper removal of disease from

these areas is possible and it does not upgrade the staging

of ChOLE classification system. However, cholestatomas

extending beyond the lateral semicircular canal into the

mastoid and may reach the sigmoid sinus.

In our study all stage I patients underwent atticotomy

with intact canal wall. In Stage II, the decision to keep

canal wall intact/reconstruct or lower was based on intra-

operative assessment of cholesteatoma spread and extent of

erosion of posterior meatal wall. All stage III underwent

canal wall down mastoidectomy.

Linder et al. described based on cholesteatoma extent

that class 1 cholesteatoma can be easily removed via

transcanal route. Class 2 extension has a difficult angle to

access but removal is facilitated by current techniques.

Class 3 expands beyond lateral semicircular canal and

requires a route of access to mastoids in the form of inside

out mastoidectomy with or without canal reconstruction

[13]. This is consistent with intraoperative findings in our

study but most of our patients underwent canal wall down

mastoidectomy via inside out approach for class 3 cho-

lesteatoma for adequate exposure of cholesteatoma sac to

prevent residual disease. There were no cases of post-op-

erative residual disease or recurrence.

Post-operative mean air bone gap was 24.62 decibels.

The mean difference in AB gap was 3.94 decibels. This is

similar to study done by Chamoli et al. and Kuo et al.

which showed a mean difference in AB gap of 3.57 and

5.7 db respectively [6, 14]. Thus, we had a statistically

significant improvement in hearing (p =[ 0.01).

Table 4 Post-operative status after 6 months

Number Percentage

Healed cavity 56 81.7

Discharging cavity 11 18.3

Superficial infection 6 9

Granulations 5 7.4

Meatal stenosis 1 1.5

Recidivism 0 0

Table 5 Pre and post-op air conduction and air–bone gap

PTA Visit Mean SD p value

Air conduction Preoperative 45.52 18.5 p =[ 0.01

Follow up 36.72 17.63

Air–bone–gap Preoperative 32.52 17.52

Follow up 24.62 16.58
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Conclusion

In our study according to ChOLE classification stage II

cholesteatoma was the most prevalent (67%). Stage III was

least common in our study group. Canal wall was preserved

for all stage I patients. In stage II, the canal wall was either

kept intact, reconstructed or lowered based on the extent of

erosion of the posterior meatal wall and extension of

cholesteatoma. All stage III underwent canal wall down

mastoidectomy. Staging of cholesteatoma by ChOLE

classification allows standardization in assessment of

gravity of disease and in reporting surgical outcomes. In

our study, inside out mastoidectomy contributes to the

successful surgical management of cholesteatoma by

eradicating the disease with the creation of a smaller cav-

ity, by avoiding unnecessary drilling of bone beyond the

extent of cholesteatoma.
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Introducing the ‘‘ChOLE’’ classification and its comparison to the

EAONO/JOS consensus classification for cholesteatoma staging.

Otol Neurotol 40(1):63–72

14. Kuo CL, Shiao AS, Liao WH, Ho CY, Lien CF (2012) Can long-

term hearing preservation be expected in children following

cholesteatoma surgery? Results from a 14-year-long study of

atticotomy-limited mastoidectomy with cartilage reconstruction.

Audiol Neurotol 17(6):386–394

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

123

Indian J Otolaryngol Head Neck Surg

https://doi.org/10.1001/jamaoto.2015.3148
https://doi.org/10.1001/jamaoto.2015.3148
https://doi.org/10.1016/j.bjorl.2016.02.013
https://doi.org/10.1155/2015/854024
https://doi.org/10.1016/j.joto.2017.04.003
https://doi.org/10.1016/j.joto.2017.04.003
https://doi.org/10.1016/j.amjoto.2018.04.008
https://doi.org/10.1016/j.amjoto.2018.04.008
https://doi.org/10.3109/00016488709128279
https://doi.org/10.3109/00016488709128279
https://doi.org/10.1007/s12070-020-01793-1
https://doi.org/10.1007/s12070-020-01793-1
https://doi.org/10.1097/mao.0b013e31818ee0a7
https://doi.org/10.1097/mao.0b013e31818ee0a7
https://doi.org/10.5152/iao.2018.5413


Home 
EDITORIAL [Download PDF]

Year : 2021  |  Volume : 53  |  Issue : 4  |  Page : 261--263

Role of Iron Chelators in Mucormycosis

Vidya Mahalmani1, Phulen Sarma2, Ajay Prakash2, Bikash Medhi2,  
 1 Department of Pharmacology, Jawaharlal Nehru Medical College, Kaher, Belagavi, Karnataka, India

 2 Department of Pharmacology, Postgraduate Institute of Medical Education and Research, Chandigarh, India
 

Correspondence Address:
 Dr. Bikash Medhi

 Department of Pharmacology, Postgraduate Institute of Medical Education and Research, Chandigarh 
 India

 

How to cite this article:
 Mahalmani V, Sarma P, Prakash A, Medhi B. Role of Iron Chelators in Mucormycosis.Indian J Pharmacol 2021;53:261-263

How to cite this URL:
 Mahalmani V, Sarma P, Prakash A, Medhi B. Role of Iron Chelators in Mucormycosis. Indian J Pharmacol [serial online] 2021

[cited 2021 Dec 24 ];53:261-263 
 Available from: https://www.ijp-online.com/text.asp?2021/53/4/261/324054

Full Text
 

 Introduction

COVID-19 is a disease caused by novel SARS-CoV-2 virus that has played a havoc worldwide. The symptoms vary
largely ranging from mild to life-threatening pneumonia. Despite immense efforts across the globe, there is no
definitive treatment till date. Therefore, preventive measures and symptomatic therapy are the only better
options at present. Secondary infections are common, especially in critically ill and hospitalized COVID-19
patients, fungal infections being 10 times more common.[1] Mucormycosis caused by Mucorales is one of the
most life-threatening form of zygomycosis that occurs mainly in immunocompromised states, especially in
diabetes mellitus, leukemia, and lymphoma.[2] In India, the prevalence of mucormycosis is 0.14 per 1000, that is
almost 80 times greater when compared to developed countries.[3]

 
Fatality increases considerably up to 50% to 80% in case of intracranial or orbital involvement and immune
suppression.[4] Therefore, early diagnosis and initiation of therapy are a must. Postponement of treatment can
increase mortality and in spite of combining surgical and medical line of management at the initial stages, the
prognosis of mucormycosis is somewhat poor.[5]

 
Mucormycosis is a fulminant, invasive fungal infection whose fatality ranges from 32% to 57%, commonly seen in
the immunocompromised individuals and diabetics patients.[6],[7],[8],[9] India is the country with the second
highest number of diabetics after China with over 116 million diabetics estimated in 2019.[10] Corticosteroids are
used rampantly in the treatment of COVID-19 as they are held responsible for modulating inflammation-mediated
lung injury and ultimately lessen the chances of progressing to respiratory failure.[11] In India, emergence of
COVID-19 S-wave has compelled the rampant use of steroids in the management of COVID-19 thereby increasing
the incidence of mucormycosis.

 

 Regulation of Iron
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Normally, regulation of free iron in a host occurs by extremely effective iron sequesters such as transferrin,
ferritin, and lactoferrin.[12] The excessive glycosylation of transferrin and ferritin because of persistent
hyperglycemia results in reduced iron affinity of these sequesters thereby releasing it in bloodstream and cells.
[13] This mechanism might form the basis for corticosteroids-induced hyperglycemia in COVID-19 patients
increasing the susceptibility to mucormycosis. Therefore, host iron acquisition is crucial for the growth
enhancement of Mucorales.

 Pathogenesis of Mucormycosis Role of Iron

Iron is quite essential for growth and development of any cell or organism. It is crucial for the virulence of all
pathogenic microorganisms that have acquired complex approaches to obtain iron from their hosts.

In fungi, iron uptake occurs by certain transport systems that reduce ferric iron to ferrous form with the help of
particular cell surface reductases often known as ferroxidases.

 Iron in Ferrous Form later gets Internalized by Diverse Mechanisms

Iron-containing ferroxidases possess great affinity toward permeases (fungal transport proteins). The iron
permease–ferroxidase complexes (Ftr1–Fet3) effortlessly traverse cell wall as well as membrane of the fungi,
thereby providing iron intracellularly.Fungi produce iron-specific chelators possessing low molecular mass
commonly known as siderophores that are expelled out of fungi in the deferric form. Later, on binding to iron is
taken up by the fungiFungal heme oxygenase that acquires iron from heme.[14],[15]

 Role of iron Chelators in Mucormycosis

The siderophores have high affinity to iron. It is well documented from the past that hemodialysis patients during
treatment with deferoxamine (DFO) have an increased susceptibility to zygomycosis. This seemed to be a paradox
as DFO being an iron chelator should decrease the iron availability to fungi and decrease the susceptibility to
mucormycosis.[16],[17] Although DFO is an iron chelator, it also acts as a xenosiderophore that has greater
affinity for iron when compared to DFO. As a result, it is able to detach iron from it and provide it to the fungi.
[18] Deferiprone and deferasirox (DFX) are effective iron chelators in clinical practice. However, these do not
increase susceptibility to mucormycosis as compared with DFO. This might be attributable to their variation in
chemical structure and chelating affinity. Furthermore, they do not behave like xenosiderophores as the iron
uptake system of fungi might not be efficient enough to detach iron from them. The probable reasons for this
may be attributed to either inadequate molecular mass or higher affinity for iron. Evidence in support of this is an
in vivo study, where mice or guinea pigs infected with Rhizopus exhibited improvement in survival on treatment
with deferiprone.[19]

Deferasirox received USFDA approval for treating iron overload in transfusion-dependent anemia in the year
2005. This led to its off-label use as an adjunctive therapy in advanced cases of mucormycosis, particularly in
diabetic ketoacidosis (DKA) patients. A study by Ibrahim et al. showed that kidneys of mice treated with
deferasirox had no noticeable hyphae and an inflammatory reaction consisting of neutrophils was present, while
kidneys of placebo group had widespread filamentous fungi and there was a sparse or total absence of an
inflammatory reaction.[20] According to Reed et al., a diabetic aged 40 years presented with aggressive
zygomycosis who despite being started with a combination of high-dose liposomal amphotericin B and
caspofungin and surgical debridement progressed with central nervous system involvement. Later, he was treated
with 1000 mg daily with DFX that led to an improvement in new magnetic resonance imaging of the brain. This
happened to be the first reported case of zygomycosis that was effectively managed by combining antifungals and
an iron chelator.[21] Efficacy of deferasirox was confirmed in a study by Chamilos et al. in treating mucormycosis
in the Drosophila fly model.[22] A study by Ibrahim et al. showed that DFX chelated iron from Rhizopus oryzae
effectively and among 29 clinical isolates of Mucorales DFX exhibited in vitro cidal activity against 28 isolates. DFX
also showed significant improvement in survival and reduction in fungal burden in tissue on administering to
diabetic ketoacidotic or neutropenic mice with mucormycosis.[20]

A randomized, double-blind, placebo-controlled trial combined liposomal amphotericin B (LAmB) and DFX iron
chelator (DEFEAT Mucor study) revealed that patients with mucormycosis treated with iron chelator failed to
demonstrate benefit and had greater mortality rate at 90 days. Hence, the study did not substantiate the use of
initial, adjunctive DFX for mucormycosis. Major limitations were that deferasirox group included patients with
active malignancy, neutropenia, and received corticosteroids when compared to placebo group. Furthermore, the



DFX group was less likely to have received additional antifungals, making the outcomes difficult to interpret.
Thus, definitive conclusion cannot be drawn from the results of such studies.[23] Patients with DKA have greater
chance of acquiring rhinocerebral ketoacidosis because of release of iron from binding proteins. Raised serum iron
is vital for the virulence of mucormycosis.[24]

According to a study by Ibrahim et al., susceptibility testing confirmed in vitro inhibition of growth of R. oryzae
and cidal activity after 48 h of incubation. Furthermore, in the DKA mouse model, deferiprone also offered
protection against extremely lethal R. oryzae infection when compared to treatment with high-dose LAmB,
pertaining to both survival and fungal burden of the brain.[25] Therefore, from the experimental data, it can be
concluded that iron chelators can be used to treat mucormycosis provided; they are not used as xenosiderophores
by Mucorales. Till date, there is not enough scientific evidence regarding the use of iron chelators in post-COVID-
19 mucormycosis. Further exploration is necessary to assess the role of combined therapy with antifungals and
iron chelators.

 Conclusion

SARS-CoV-2infection has been challenging to mankind with the emergence of various variants. In addition to it,
there is a lack of definitive therapy for COVID-19. Different classes of drugs are being used to treat
symptomatically. Mucormycosis is one of the fulminant forms that occur mainly in immunocompromised states.
Evidence from few studies suggests some role of few iron chelators. However, there is a lack of sufficient scientific
evidence to substantiate the definitive role of iron chelators. Therefore, more evidence should be generated to
evaluate the role of iron chelators that can further help in preventing complications.
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ABSTRACT

Background

Adequate gestational weight gain (GWG) is essential for healthy fetal growth. However, in low- and
middle-income countries, where malnutrition is prevalent, little information is available about GWG
and how it might be modified by nutritional status and interventions.

Objective

We describe GWG and its associations with fetal growth and birth outcomes. We also examined the
extent to which prepregnancy BMI, and preconception and early weight gain modify GWG, and its
effects on fetal growth.

Methods

This was a secondary analysis of the Women First Trial, including 2331 women within the Democratic
Republic of Congo (DRC), Guatemala, India, and Pakistan, evaluating weight gain from enrollment to
∼12 weeks of gestation and GWG velocity (kg/wk) between ∼12 and 32 weeks of gestation. Adequacy
of GWG velocity was compared with 2009 Institute of Medicine recommendations, according to
maternal BMI. Early weight gain (EWG), GWG velocity, and adequacy of GWG were related to birth
outcomes using linear and Poisson models.

Results
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GWG velocity (mean ± SD) varied by site: 0.22 ± 0.15 kg/wk in DRC, 0.30 ± 0.23 in Pakistan,
0.31 ± 0.14 in Guatemala, and 0.39 ± 0.13 in India, (P <0.0001). An increase of 0.1 kg/wk in maternal
GWG was associated with a 0.13 cm (95% CI: 0.07, 0.18, P <0.001) increase in birth length and a
0.032 kg (0.022, 0.042, P <0.001) increase in birth weight. Compared to women with inadequate
GWG, women who had adequate GWG delivered newborns with a higher mean length and weight:
47.98 ± 2.04 cm compared with 47.40 ± 2.17 cm (P <0.001) and 2.864 ± 0.425 kg compared with
2.764 ± 0.418 kg (P <0.001). Baseline BMI, EWG, and GWG were all associated with birth length and
weight.

Conclusions

These results underscore the importance of adequate maternal nutrition both before and during
pregnancy as a potentially modifiable factor to improve fetal growth.

Keywords: gestational weight gain, developing countries, fetal development, nutrition during
pregnancy, infant nutrition disorders, malnutrition, low birth weight

Introduction

Adequate maternal nutrition is an important component of the “first 1000 days,” a critical time to
promote healthy child growth. Gestational weight gain (GWG) is one measure of maternal nutrition
status, and appropriate GWG is essential for healthy fetal growth and birth outcomes (1–3).
Inappropriate (inadequate or excessive) GWG might have a lasting impact beyond the neonatal period,
by influencing growth in the offspring throughout early childhood (4, 5). Despite the association
between GWG and healthy fetal growth, information is limited with regards to GWG and postnatal
growth in low- and middle-income countries (LMICs) where childhood malnutrition is a major cause
of mortality. In these contexts, women might not be weighed as part of routine antenatal care,
counseled about healthy GWG, nor have access to adequate food to modify nutritional intake (6).

The Women First Trial evaluated the impact of a maternal nutrition supplement initiated either before
or early in pregnancy on length at birth in 4 LMICs (7). This study showed an improvement in birth
length and weight when mothers were given the nutritional supplement compared with a control arm.
The nutritional supplement might have influenced GWG among participants and might have a
differential effect based on maternal nutritional status, as measured by maternal weight and BMI at
enrollment, prior to conception (8–11). GWG has not been widely studied in low-resource settings and
might be an important mediator of the effects nutritional supplements have on fetal growth.

In these secondary analyses of participants in the Women First Trial, we describe GWG and its
associations with fetal growth and birth outcomes in 4 LMICs. We describe GWG within each country
by baseline maternal nutritional status and the receipt of nutrition interventions. We explore the
interactions between baseline BMI status and GWG. We also evaluate how GWG might mediate the
effects of maternal nutrition interventions.

Methods

The details of the Women First Trial have been previously reported (12). Briefly, this was an
individually randomized, nonmasked, multisite, controlled efficacy trial conducted in research sites in
the Democratic Republic of Congo (DRC), Guatemala, India, and Pakistan. The primary aim of this
trial was to identify the effects of maternal nutrition supplementation at 2 different time points:
preconception (Arm 1), at the end of the first trimester (Arm 2), and no supplementation (Arm 3,
control) on birth length. Women were included if they were aged 16–35 y, parity 0–5, and expecting to
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become pregnant. We excluded nulliparous women who were unwilling to deliver in a hospital and
those who were severely anemic. Women were randomly assigned by permuted block design with
stratification by research cluster, allocating women in a 1:1:1 ratio within the 3 treatment arms (12).

Women who were randomly assigned to Arm 1 started a small quantity, lipid-based micronutrient
supplement (supplement 1) from the time of randomization until delivery. Women who received ≥3 mo
of supplement prior to conception were included. Women randomly assigned to Arm 2 received the
same lipid-based micronutrient supplement, beginning at the end of the first trimester through to
delivery. Women in Arms 1 or 2 that had a BMI <20 kg/m  or suboptimal GWG, based on the Institute
of Medicine (IOM) recommendations, received an additional protein-energy nutrition supplement
(supplement 2) when they started nutrition supplementation. Women randomly assigned to Arm 3 did
not receive nutrition supplementation from the study at any point.

Trained assessment teams measured women and newborns using standardized equipment and
procedures. Maternal height and weight were measured at enrollment. We obtained maternal weight
measurements at 2 additional times during gestation, ∼12 weeks and 32 weeks of gestation. This report
includes all women from the Women First Trial who had 2 measurements for weight and for whom
birth outcomes were available. We calculated baseline BMI based on height and weight measured at
enrollment, prior to conception. The time interval between enrollment and conception varied, therefore,
we evaluated the change in weight rather than the weight gain velocity in the preconception and early
gestation interval. We defined baseline measurements for BMI as underweight (BMI <18.5 kg/m ),
normal weight (18.5–24.9), overweight (25.0–29.9), and obese (≥30) (13). As a small percentage (4%
of the overall sample) of mothers were obese, we combined obese mothers with overweight mothers in
the analyses.

Newborn anthropometry was measured within 48 h after delivery. Newborn weight was measured in
triplicate using a seca 334 electronic scale, and newborn length was measured using a neonatal
stadiometer (Ellard Instrumentation Ltd). We defined low birth weight (LBW) as a newborn weight
<2500 g. Gestational age was determined by ultrasound when available, using crown-rump length
measurements within the first trimester. Ultrasound dating was not available for all participants,
therefore, we excluded data from women without ultrasound dating from outcome analyses that
depended upon precise assignment of gestational age. No ultrasounds were performed in the DRC.

We defined GWG velocity as the change in weight (kg) between the 2 gestational weight
measurements, divided by the number of weeks between the 2 measurements. We chose this method
because it was not dependent on the precise assessment of gestational age at the time of the
measurements. Secondarily, we repeated the analyses on a subset of women for whom gestational
dating by ultrasound was performed, using alternate definitions for GWG. For this subset, we assigned
each woman a Z-score based on her GWG and number of weeks gestation using INTERGROWTH-
21st standards (14). For these analyses, we defined anthropometry at birth by length-for-age Z-score
(LAZ) and weight-for-age Z-score (WAZ), based on INTERGROWTH-21  standards (15). We
examined distributions of the variables and conducted diagnostic tests to assess model assumptions
(e.g., normal distribution).

We evaluated the “adequacy” of GWG velocity based on the 2009 IOM recommendations for GWG
velocity in the second and third trimesters (4). We chose the IOM recommendations since there are no
consensus recommendations for adequate weight gain during pregnancy for populations in LMICs. We
categorized a woman as having inadequate GWG velocity if her GWG velocity was below the lower
limits of the IOM recommendations, or <0.51 kg/wk for an underweight woman (baseline BMI <18.5);
<0.42 kg/wk for a normal weight woman (baseline BMI 18.5–24.9); <0.28 kg/wk for an overweight
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woman (baseline BMI 25.0–29.9); and <0.22 kg/wk for an obese woman (baseline BMI ≥30). We
categorized a woman as having “excess” GWG velocity if her GWG velocity was above the upper
limits of the IOM recommendations, or >0.58 kg/wk for an underweight woman; >0.50 kg/wk for a
normal weight woman; >0.33 kg/wk for an overweight woman; and >0.27 kg/wk for an obese woman.

For the statistical analyses, we began by conducting ANOVA to compare mean GWG velocity by
treatment arm and demographic characteristics (site, baseline BMI, age, and parity). We conducted chi-
square tests of treatment arm and demographic characteristics by adequacy of GWG. We then fitted
mixed effect regression models of the outcomes by GWG velocity, using linear models to estimate
adjusted mean differences for continuous outcomes (newborn weight and length) and Poisson models
to estimate adjusted relative risks for categorical outcomes (LBW and preterm birth). Each model
controlled for treatment arm, demographic characteristics, and weight gain from baseline to 12 weeks
of gestation, and accounted for clustering of participants by sampling clusters within sites. We
performed sensitivity analyses by including and excluding adolescent mothers in the models.

We evaluated the effect of weight gain from baseline (prior to conception) to 12 wk (termed
“preconception and early weight gain, or EWG”) and conducted bivariable analyses to determine if
EWG was associated with GWG or birth outcomes [length, weight, preterm birth, LBW, or small-for-
gestational age (SGA)]. A conditional linear regression model was used to examine the independent
association for the different weight gain intervals and birth outcomes (16).

Next, the associations between adequate GWG and birth outcomes were examined, and whether these
associations varied by baseline BMI category (underweight, normal weight, and overweight/obese). We
compared outcomes for women with adequate, inadequate, or excessive weight gain, using t-tests for
continuous outcomes and chi-square tests for categorical outcomes. Then, we fitted mixed effect
regression models to compare outcomes by adequacy of weight gain controlling for treatment arm and
demographics and accounting for sampling clusters. These analyses were conducted for all participants
and separately by BMI category. The descriptive analyses and regression models were conducted using
SAS version 9.4 (SAS Institute).

Finally, we conducted mediation analyses to test whether GWG served as a mediator between treatment
arm and outcomes. As treatment arm is a multicategory nominal variable, we used the approach
described by Hayes and Preacher for mediation analyses with multicategorical independent variables
(17). The mediation analyses were conducted in the structural equation modeling framework with
Mplus version 8.3 (Muthén & Muthén), using bootstrapping to determine CIs.

The Women First Trial was approved by the Colorado Multiple Institutional Review Board, University
of Colorado, the local and/or national ethics committees at each research site, and the data coordinating
center. All participants provided verbal and written consent to be included in the trial. The Women First
Trial was registered at clinicaltrials.gov as NCT01883193 and the study protocol is published online
(18).

Results

We report 2331 women from the Women First Trial (95% of women with the primary outcome) from
research sites in DRC, Guatemala, India, and Pakistan (Figure 1). Roughly equal numbers of women
within each site were randomly assigned to each study arm (Table 1). Mean (± SD) baseline BMI for
the sample was 21.5 ± 4.1, however, the mean varied from 19.7 ± 2.9 in the Pakistani site to 25.5 ± 4.2
in the Guatemalan site (Table 1). Overall, 23% of the sample was underweight based on baseline BMI.
However, this percentage also varied by site, with only 1% underweight in the Guatemalan site and
35% and 37% underweight in the Pakistani and Indian sites, respectively. Only 4% of the overall

http://clinicaltrials.gov/
https://clinicaltrials.gov/ct2/show/NCT01883193
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/figure/fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/table/tbl1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/table/tbl1/
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sample was obese, based on baseline BMI, but this percentage also varied by site, with 1% obese in the
DRC, Indian, and Pakistani sites, and 14% obese in the Guatemalan site. Maternal age distribution was
similar in all sites and 21% of the sample were nulliparous (Table 1).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/table/tbl1/


1/19/22, 12:30 PM Gestational weight gain in 4 low- and middle-income countries and associations with birth outcomes: a secondary analysis of the…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/ 6/20

Open in a separate window
FIGURE 1

Consolidated Standards of Reporting Trials (CONSORT) diagram of participant flow. Overall screening,
randomization, and obtainment of primary outcome. DRC, Democratic Republic of Congo; MTP, medical
termination of pregnancy.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/figure/fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/figure/fig1/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/figure/fig1/
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TABLE 1

Baseline maternal demographics combined and by site

Characteristic All sites
(n = 2331)

DRC
(n = 444)

Guatemala
(n = 611)

India
(n = 590)

Pakistan
(n = 686)

Treatment Arm

 Arm 1 756 (32) 143 (32) 179 (29) 192 (33) 242 (35)

 Arm 2 825 (35) 162 (36) 225 (37) 201 (34) 237 (35)

 Arm 3 750 (32) 139 (31) 207 (34) 197 (33) 207 (30)

Maternal weight, kg 48.8 ± 9.0 50.2 ± 7.8 54.0 ± 9.8 45.9 ± 8.4 45.7 ± 7.1

Baseline BMI, kg/m
(mean ± SD)

21.5 ± 4.1 20.6 ± 2.6 25.5 ± 4.2 20.0 ± 3.4 19.7 ± 2.9

Baseline BMI categories

 Underweight (<18.5) 542 (23) 81 (18) 6 (1) 217 (37) 238 (35)

 Normal (18.5–24.9) 1394 (60) 344 (77) 310 (51) 325 (55) 415 (61)

 Overweight (25.0–29.9) 293 (13) 15 (3) 210 (34) 40 (7) 28 (4)

 Obese (≥30) 101 (4) 4 (1) 84 (14) 8 (1) 5 (1)

Age, y (mean ± SD) 23.3 ± 4.2 22.8 ± 4.5 24.3 ± 4.4 21.9 ± 3.4 23.7 ± 4.1

Age, y

 <20 475 (20) 114 (26) 91 (15) 146 (25) 124 (18)

 20–24 962 (41) 167 (38) 242 (40) 323 (55) 230 (34)

 25+ 894 (38) 163 (37) 278 (46) 121 (21) 332 (48)

Parity

 Nulliparous 486 (21) 92 (21) 42 (7) 148 (25) 204 (30)

 Primi/multiparous 1845 (79) 352 (79) 569 (93) 442 (75) 482 (70)

Open in a separate window

Data presented as n (%) unless otherwise noted.

Maternal participants in Arm 1 started the intervention ≥3 mo prior to conception; Arm 2 started the same
intervention at ∼12 weeks of gestation; and Arm 3 (control) received no study intervention.

DRC, Democratic Republic of Congo.

GWG velocity varied by site, P <0.001 (Table 2). The DRC site had the lowest mean (± SD) GWG
velocity at 0.22 ± 0.15 kg/wk and the Indian site had the highest GWG velocity at 0.39 ± 0.13 kg/wk.
There was no significant difference noted in GWG velocity by treatment arm (P = 0.10). We noted
differences in GWG velocity by baseline BMI category, age, and parity. Women with lower baseline
BMIs had higher GWG velocities: 0.33 ± 0.17 kg/wk for underweight women; 0.31 ± 0.18 kg/wk for
normal weight women; and 0.28 ± 0.18 kg/wk for overweight/obese (P <0.001). GWG velocity also

1
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/table/tbl1/?report=objectonly
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differed by maternal age: 0.29 ± 0.19 kg/wk for women aged<20 y; 0.33 ± 0.17 kg/wk for women aged
20–24 y, and 0.30 ± 0.18 kg/wk for women aged 25 y or older (P <0.001). Nulliparous women had
lower GWG velocity (0.29 ± 0.20 kg/wk) than multiparous women (0.31 ± 0.18 kg/wk) (P <0.05).
Results were similar when repeated without adolescent mothers included in the model.
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TABLE 2

Gestational weight gain velocity and adequacy by maternal demographics

Gestational weight gain
velocity  (kg/wk)

Adequacy of gestational weight gain (n [%])

Variable n Mean ± SD P value Inadequate
(n = 1731)

Adequate
(n = 242)

Excessive
(n = 345)

P
value

Site

 DRC 440 0.216 ± 0.154 <0.001 410 (93) 13 (3) 17 (4) <0.001

 Guatemala 610 0.307 ± 0.144 386 (63) 77 (13) 146 (24)

 India 589 0.392 ± 0.125 396 (67) 79 (13) 114 (19)

 Pakistan 680 0.298 ± 0.228 539 (79) 73 (11) 68 (10)

Treatment Arm

 Arm 1 753 0.307 ± 0.178 0.10 584 (78) 65 (9) 104 (14) 0.086

 Arm 2 822 0.319 ± 0.180 588 (72) 99 (12) 134 (16)

 Arm 3 744 0.299 ± 0.182 559 (75) 78 (10) 107 (14)

Baseline BMI
categories

 Underweight 541 0.328 ± 0.172 <0.001 483 (89) 22 (4) 36 (7) <0.001

 Normal weight 1384 0.310 ± 0.184 1058 (76) 176 (13) 150 (11)

 
Overweight/obese

393 0.277 ± 0.175 190 (48) 44 (11) 159 (40)

Age, y

 <20 474 0.292 ± 0.195 <0.001 366 (77) 44 (9) 64 (14) 0.62

 20–24 955 0.326 ± 0.172 700 (73) 107 (11) 147 (15)

 25+ 890 0.300 ± 0.180 665 (75) 91 (10) 134 (15)

Parity

 Nulliparous 482 0.294 ± 0.196 0.038 376 (78) 40 (8) 66 (14) 0.13

 
Primi/multiparous

1837 0.313 ± 0.176 1355 (74) 202 (11) 279 (15)

Open in a separate window

Data presented as mean ± SD or n (%). ANOVA were used for weight gain comparisons and chi-square tests for
adequacy of weight gain comparisons.

Gestational weight gain velocity was defined as the change in weight (kg) between 2 maternal weight
measurements, divided by the number of weeks between the 2 measurements. Maternal weight measurements
were recorded at ∼12 and 32 weeks of gestation.
Maternal participants in Arm 1 started the intervention ≥3 mo prior to conception; Arm 2 started the same

intervention at ∼12 weeks of gestation; and Arm 3 (control) received no study intervention.
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Baseline BMI categories were defined based on the maternal weight at enrollment in the study, prior to
conception: Underweight (<18.5), Normal Weight (18.5–24.9), and Overweight/Obese (≥25).

DRC, Democratic Republic of Congo.

The interval of EWG varied from 8 to 116 wk (1 participant had a pregnancy that occurred before 12
wk, which was a protocol violation) based on the timing of conception after baseline measurements
were obtained. After adjusting for baseline demographic features (maternal age, parity, and baseline
BMI), women gained a mean (95% CI) of 0.86 kg (0.54, 1.19 kg) in Arm 1, 0.08 (−0.24, 0.40) in Arm
2, and 0.31 (−0.02, 0.65) in Arm 3, (control). Women in Arm 1 had more EWG than women in Arm 2
(P <0.001) and Arm 3 (P = 0.003).

EWG was associated with GWG velocity [regression coefficient 0.01 (95% CI: −0.02, −0.01),
P <0.001]. The independent associations of interval weight gain and birth length and weight are shown
in Table 3. Higher maternal weight at baseline and larger maternal weight gain in the EWG period
were associated with longer birth lengths and larger birth weights. This association pattern was
demonstrated among underweight, normal weight, overweight, and obese mothers. EWG was
associated with birth length [RR 0.04 (95% CI: 0.02, 0.07), P <0.001], weight [RR 0.01 (95% CI: 0.01,
0.02), P <0.001], LBW [RR 0.97 (95% CI: 0.95, 0.99), P = 0.003], and SGA [RR 0.97 (95% CI: 0.95,
0.99), P = 0.006], after controlling for baseline demographics.

3

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/table/tbl3/
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TABLE 3

Newborn length and weight by baseline maternal weight status, early weight gain (EWG,
baseline to 12 wk), and gestational weight gain (GWG, 12–32 wk)

BMI category Length, cm Weight, kg

Maternal weight B (95% CI) P B (95% CI) P

All participants

 Baseline weight 0.06 (0.05, 0.07) <0.001 0.014 (0.012, 0.016) <0.001

 EWG 0.09 (0.06, 0.12) <0.001 0.021 (0.016, 0.025) <0.001

 GWG 0.09 (0.07, 0.12) <0.001 0.021 (0.016, 0.026) <0.001

Underweight

 Baseline weight 0.12 (0.07, 0.17) <0.001 0.021 (0.013, 0.030) <0.001

 EWG 0.13 (0.07, 0.19) <0.001 0.027 (0.016, 0.038) <0.001

 GWG 0.15 (0.09, 0.21) <0.001 0.030 (0.020, 0.041) <0.001

Normal weight

 Baseline weight 0.09 (0.07, 0.11) <0.001 0.019 (0.015, 0.023) <0.001

 EWG 0.08 (0.05, 0.11) <0.001 0.020 (0.014, 0.026) <0.001

 GWG 0.08 (0.05, 0.12) <0.001 0.020 (0.013, 0.026) <0.001

Overweight/Obese

 Baseline weight 0.04 (0.01, 0.06) 0.002 0.006 (0.000, 0.011) 0.019

 EWG 0.08 (0.03, 0.13) 0.002 0.016 (0.005, 0.026) 0.004

 GWG 0.06 (0.01, 0.12) 0.020 0.013 (0.001, 0.024) 0.032

Open in a separate window

Note: Regression coefficients (B) are based on a linear mixed effects regression model accounting for site, study
arm, maternal age, and parity.

Baseline BMI categories were defined based on the maternal weight at enrollment into the study, prior to
conception. Categories were defined as: Underweight (<18.5 kg/m ), Normal Weight (18.5–24.9), and
Overweight/Obese (≥25).
Baseline weight is the maternal weight at enrollment into the study. Early weight gain (EWG) is the change in

maternal weight (kg) between the interval of baseline and 12 wk. Gestational weight gain (GWG) is the change in
maternal weight (kg) between 12 and 32 weeks of gestation.

We identified 74% of women as having inadequate GWG, 10% with adequate weight gain, and 15% of
women with excessive weight gain. Inadequate weight gain was common in all sites, ranging from 63%
of women in Guatemala to 93% of women in the DRC (Table 2). Excessive weight gain was
uncommon in the DRC site (4% of women), but more common in the Indian (19%) and Guatemalan
(24%) sites. There was no significant difference in adequacy of GWG by treatment arm (P = 0.086)
and no differences in adequacy of GWG based on maternal age or parity.
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The theoretical framework describing GWG as the exposure in a series of models controlling for
pertinent confounders is displayed in Figure 2. After controlling for treatment arm, age, parity, and
EWG, an increase in GWG was positively associated with increases in newborn length and weight
across all sites. Based on our regression model, an increase of 0.10 kg/wk of maternal GWG was
associated with a 0.13 cm (95% CI: 0.07, 0.18, P <0.001) increase in birth length and a 0.032 kg (95%
CI: 0.02, 0.04, P <0.001) increase in birth weight. We report an 8% reduction in LBW with an increase
of 0.1 kg/wk GWG velocity [RR 0.92 (95% CI: 0.88, 0.96), P <0.001].

FIGURE 2

Theoretical framework. Framework used to incorporate interventions and variables into statistical models
to determine relations between exposures and outcomes. This framework is limited to the variables
included in this analysis and does not include other potentially important confounders. GA, gestational
age.

When women without ultrasound-based gestational age assignment were excluded from analyses (
Figure 1) and INTERGROWTH-21  standards were used to evaluate GWG (using INTERGROWTH-
21  Z-scores for maternal weight gain) and newborn anthropometry (using LAZ and WAZ based on
INTERGROWTH-21  Z-scores), we observed similar associations (Supplemental Table 1). Using
INTERGROWTH-21  standards, we noted differences in GWG velocity by site, treatment arm,
baseline BMI category, and age but not parity (Supplemental Table 2). An increase of 1 SD in
maternal weight gain Z-score was associated with an increase of 0.06 SD in newborn LAZ (P <0.01)
and an increase of 0.05 SD in newborn WAZ (P <0.01). Whereas no significant difference in SGA [adj.
RR 0.96 (95% CI: 0.92, 1.00)] was observed, we found a reduced risk of preterm birth [adj. RR 0.87
(95% CI: 0.79, 0.86)] with increasing gestational weight Z-scores (Supplemental Tables 1 and 2).

Newborn length differed among women with inadequate, adequate, and excessive GWG velocity (
Figure 3). Women who had adequate and excessive GWG delivered newborns with higher mean
newborn lengths (47.98 cm and 48.06 cm, respectively) than women with inadequate GWG (47.40 cm,
P <0.001). The positive association between adequate and excessive GWG and newborn length was
most notable among normal weight women. Women who had adequate and excessive GWG delivered
newborns with higher mean newborn weights (2.864 kg and 2.901 kg, respectively) than women with
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inadequate GWG (2.764 kg, P <0.001) (Figure 4). The positive association between adequate GWG
and newborn weight was observed for underweight women, but not normal weight or overweight/obese
women.

FIGURE 3

Adjusted mean differences of infant length by adequacy of gestational weight gain (GWG). Values are
mean differences in infant weight (kg) between those with adequate or excessive compared with
inadequate GWG after accounting for site, study arm, maternal age, parity, and weight gain from baseline
to 12 weeks of gestation using a generalized linear mixed effects model. Weight categories are defined
based on BMI: underweight (BMI <18.5), normal weight (BMI 18.5–24.9), and overweight/obese
(BMI ≥25). Numbers of women with inadequate GWG by baseline BMI are: underweight (n = 471),
normal weight (n = 1020), and overweight (n = 181).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/figure/fig4/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8326045_nqab086fig3.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/figure/fig3/
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FIGURE 4

Adjusted mean differences of infant weight by adequacy of gestational weight gain (GWG). Values are
mean differences in infant length (cm) between those with adequate or excessive compared with
inadequate GWG after accounting for site, study arm, maternal age, parity, and weight gain from baseline
to 12 weeks of gestation using a linear mixed effects model. Weight categories are defined based on BMI:
underweight (BMI <18.5), normal weight (BMI 18.5–24.9), and overweight/obese (BMI ≥25). Numbers of
women with inadequate GWG by baseline BMI are: underweight (n = 471), normal weight (n = 1020), and
overweight (n = 181).

We did not find a significant mediation effect between treatment arm and length or weight outcomes by
GWG velocity between Arm 1 and the controls, Arm 3 (data not shown). We observed statistically
significant mediation effects between Arms 2 and 3 with regards to length [coefficient 0.021 (95% CI:
0.003, 0.047)] and weight [coefficient 0.006 (95% CI: 0.001, 0.012)] by GWG velocity. However, we
repeated these analyses using the subset of participants for which gestational age was known and using
INTERGROWTH-21  standards for LAZ and WAZ, and observed no significant mediating effect on
LAZ [coefficient 0.009 (95% CI: −0.001, 0.027)] or WAZ [coefficient 0.011 (95% CI: 0.000, 0.027)].

Discussion

We report significant associations between baseline BMI, EWG, and GWG velocity with the outcomes
of newborn length and weight. These associations varied by baseline maternal BMI status. For all
maternal weight categories, adequate GWG, according to the IOM recommendations, was associated
with an 8% reduction in LBW, significant differences in newborn birth length, and for underweight
women, birth weight. Although these effects are small, the positive association between GWG velocity
and fetal growth underscores the importance of optimal maternal nutrition to support weight gain
during pregnancy to optimize birth size, especially noting the apparent benefit of preconception weight
status and EWG.
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In our low-resource settings where many women are undernourished, their preconception nutritional
status might affect the development and growth of the placenta and fetus through alterations in
placental blood flow, alterations in the epigenetic state, or fetal programming (8, 10, 19). Low maternal
BMI may also limit the effectiveness of nutrition supplementation (8). These outcomes of fetal growth
might be influenced and improved with adequate GWG during pregnancy. In our study, underweight
women or women with low GWG were offered additional protein-energy supplementation (supplement
2), which started prior to conception for women in Arm 1, and not before ∼11 weeks of gestation for
Arm 2. However, only 11% of underweight women had adequate GWG despite the availability of this
additional supplementation, emphasizing the challenge of alleviating chronic malnutrition during
pregnancy using a relatively acute dietary intervention, especially in settings with food insecurity. In
addition, the majority of the women in this study consumed diets with marginal intakes of energy and
protein for pregnancy, and the additional study supplements may not have achieved optimal intakes
(20).

We observed similar GWG velocity by treatment arm. This finding differs from the findings of the
parent trial that showed modestly higher weight gain among women in Arm 1 than in the other 2 arms
(7). We assume the differences in our report are related to our definition of GWG velocity for these
analyses. In the parent trial, GWG was reported as absolute weight gain (kg) during pregnancy. In this
study, we describe GWG as a function of time between measurements, thereby describing GWG
velocity (kg/wk). This finding could have also been influenced by the manner in which we provided
nutritional supplementation during the course of the Women First Trial, in which participating women
were closely monitored with monthly weight checks to assess gestational weight gain. If women
receiving the primary micronutrient fortified supplement (supplement 1) experienced suboptimal
weight gain during the study, they were given additional supplementation (supplement 2) to improve
GWG, which could have led to similar GWG among women in Arms 1 and 2. We also recognize that
GWG is on the causal pathway between the nutrition supplementation and fetal growth and could
mediate the relation; however, our mediation analysis did not show a significant effect.

We observed an association among preconception and EWG, treatment arm, GWG velocity, and birth
outcomes. Women in Arm 1 had greater weight gain in the EWG period, coinciding with the timing of
initiation of nutrition supplementation immediately after enrollment and randomization. During the
preconception interval, women in Arm 1 were provided the nutritional intervention (micronutrients and
modest calorie/protein supplementation) and an additional protein-energy supplement (supplement 2) if
their weight was suboptimal (7). The mean weight gain in the EWG period was small (mean 0.86 kg)
among women in Arm 1, controlling for other factors, but higher than for women in Arms 2 and 3 who
did not receive nutrition supplementation.

Our study benefitted from the multicountry design within LMICs and from the careful measurement of
newborn anthropometry and the inclusion of newborn length as a primary outcome; however, we
recognize some limitations. We are limited by the timing of our assessment of GWG. Our last
measurement was at ∼32 weeks of gestation, and therefore did not include potential influences of
GWG during the final weeks of gestation. We used GWG velocity as the measure of GWG. Although
GWG velocity is not consistent across the entire pregnancy, we evaluated 2 time points that
encompassed the second trimester and the beginning of the third trimester, a period of rapidly
increasing GWG. Although this measure of GWG velocity could have bias when evaluating preterm
birth, we conclude that our endpoint at 32 wk reduces but does not eliminate that bias (20).

We were also limited by our inability to determine gestational age among many participants. Although
we used ultrasound to confirm gestational dating in 3 sites when available, ultrasound dating was
unavailable in the DRC. Therefore, we are limited in our ability to evaluate gestational-age-dependent
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growth variables among those women. However, when we limited our sample to the participants with
known gestational age and repeated the analyses (Supplemental Tables 1 and 2), associations between
markers of GWG and newborn length and weight were similar. For these supplemental analyses, we
compared the observed GWG among our participants to the INTERGROWTH-21  GWG standard.
Although the INTERGROWTH-21  standard was created using normal weight women with initial
weights measured between 9 and 14 weeks of pregnancy, we applied it to our cohort that included
underweight, overweight, and obese women. Similarly, references to evaluate adequacy of weight gain
in more austere settings in LMICs are not available. We used the 2009 IOM recommendations for
adequacy of GWG, but we recognize that these recommendations might not be applicable in low-
resource settings.

In conclusion, maternal preconception BMI, maternal weight gain between randomization ≥3 mo prior
to conception and 12 weeks of gestation, and GWG velocity between ∼12 and 32 weeks of gestation
were all independently associated with birth length and weight. These findings underscore the
importance of adequate maternal weight status prior to conception and weight gain during pregnancy.
They also confirm the value of maternal nutrition supplements initiated ≥3 mo prior to conception in
resource-poor populations in LMICs.
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ACKNOWLEDGEMENTS

The authors’ contributions were as follows—MSB, CMB, KMH, VRT, EMM, NFK, and CLB:
designed the research (project conception, development of overall research plan, and study oversight);
MSB, JKP, KMH, ALG, JLW, SS, RLG, RJD, VH, MS, ALL, AKT, NFK, and CLB: conducted
research (hands-on conduct of the experiments and data collection); CMB, VRT, MSB, and EMM:
analyzed data or performed statistical analysis; MSB, KMH, CMB, NFK, and CLB: wrote the
manuscript; and all authors: read and approved the final manuscript. MSB, NFK, KMH, and CLB: had
primary responsibility for final content. The authors report no conflicts of interest.

Women First Preconception Trial Group: Shivaprasad Goudar, Sangappa Dhaded, and Bhalchandra
Kodkany (KLE Academy of Higher Education and Research's Jawaharlal Nehru Medical College,
Belagavi, India); Omrana Pasha (Aga Khan University, Pakistan); Abhik Das (RTI International, North
Carolina, USA); Menachem Miodovnik and Tonse NK Raju (Pregnancy and Perinatology Branch,
National Institute of Child Health and Human Development/NIH, USA).

Notes

Supported by the Bill & Melinda Gates Foundation (BMGF) Grant Number OPP1055867 and The
Eunice Kennedy Shriver NICHD and the Office of Dietary Supplements, NIH U10 HD 076474. BMGF
did not have a role in the design, implementation, analyses, or interpretation of the data.

Supplemental Tables 1 and 2 are available from the “Supplementary data” link in the online posting of
the article and from the same link in the online table of contents at https://academic.oup.com/ajcn/.

NFK and CLB share senior authorship.

st

st

(199K, pdf)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/bin/nqab086_supplemental_file.pdf
https://academic.oup.com/ajcn/


1/19/22, 12:30 PM Gestational weight gain in 4 low- and middle-income countries and associations with birth outcomes: a secondary analysis of the…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/ 17/20

Abbreviations used: DRC, Democratic Republic of Congo; EWG, early weight gain; GWG, gestational
weight gain; IOM, Institute of Medicine; LAZ, length-for-age Z-score; LBW, low birth weight; LMIC,
low- and middle-income country; SGA, small-for-gestational age; WAZ, weight-for-age Z-score.

Contributor Information

Melissa S Bauserman, Department of Pediatrics, University of North Carolina at Chapel Hill, Chapel
Hill, NC, USA.

Carla M Bann, RTI International, Durham, NC, USA.

K Michael Hambidge, Section of Nutrition, Department of Pediatrics, University of Colorado School
of Medicine, Aurora, CO, USA.

Ana L Garces, INCAP (Institute of Nutrition of Central America and Panama), Guatemala City,
Guatemala.

Lester Figueroa, INCAP (Institute of Nutrition of Central America and Panama), Guatemala City,
Guatemala.

Jamie L Westcott, Section of Nutrition, Department of Pediatrics, University of Colorado School of
Medicine, Aurora, CO, USA.

Jackie K Patterson, Department of Pediatrics, University of North Carolina at Chapel Hill, Chapel Hill,
NC, USA.

Elizabeth M McClure, RTI International, Durham, NC, USA.

Vanessa R Thorsten, RTI International, Durham, NC, USA.

Sumera Ali Aziz, Department of Community Health Sciences, Aga Khan University, Karachi, Pakistan.

Sarah Saleem, Department of Community Health Sciences, Aga Khan University, Karachi, Pakistan.

Robert L Goldenberg, Department of Obstetrics and Gynecology, Columbia University, New York, NY,
USA.

Richard J Derman, Department of Global Affairs, Thomas Jefferson University, Philadelphia, PA,
USA.

Veena Herekar, KLE Academy of Higher Education and Research's Jawaharlal Nehru Medical College,
Belagavi, Karnataka, India.

Manjunath Somannavar, KLE Academy of Higher Education and Research's Jawaharlal Nehru Medical
College, Belagavi, Karnataka, India.

Marion W Koso-Thomas, National Institute of Child Health and Human Development/NIH, Bethesda,
MD, USA.

Adrien L Lokangaka, Kinshasa School of Public Health, Kinshasa, Democratic Republic of the Congo.

Antoinette K Tshefu, Kinshasa School of Public Health, Kinshasa, Democratic Republic of the Congo.

Nancy F Krebs, Section of Nutrition, Department of Pediatrics, University of Colorado School of
Medicine, Aurora, CO, USA.

Carl L Bose, Department of Pediatrics, University of North Carolina at Chapel Hill, Chapel Hill, NC,
USA.



1/19/22, 12:30 PM Gestational weight gain in 4 low- and middle-income countries and associations with birth outcomes: a secondary analysis of the…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/ 18/20

The Women First Preconception Trial Study Group :

Shivaprasad Goudar, Sangappa Dhaded, Bhalchandra Kodkany, Omrana Pasha, Abhik Das,
Menachem Miodovnik, and N K Raju Tonse

Bhalchandra Kodkany, KLE Academy of Higher Education and Research's Jawaharlal Nehru Medical
College, Belagavi, India.

Omrana Pasha, Aga Khan University, Pakistan.

Abhik Das, RTI International, North Carolina, USA.

Menachem Miodovnik, Pregnancy and Perinatology Branch, National Institute of Child Health and
Human Development/NIH, USA.

N K Raju Tonse, Pregnancy and Perinatology Branch, National Institute of Child Health and Human
Development/NIH, USA.

Data Availability

Data described in the manuscript, codebook, and analytic code are publicly and freely available without
restriction at NICHD's Data and Specimen Hub (DASH): https://dash.nichd.nih.gov/study/228833.

References

1. Rasmussen KM, Catalano PM, Yaktine AL. New guidelines for weight gain during pregnancy: what
obstetrician/gynecologists should know. Curr Opin Obstet Gynecol. 2009;21(6):521–6.
[PMC free article] [PubMed] [Google Scholar]

2. Gondwe A, Ashorn P, Ashorn U, Dewey KG, Maleta K, Nkhoma M, Mbotwa J, Jorgensen JM. Pre-
pregnancy body mass index (BMI) and maternal gestational weight gain are positively associated with
birth outcomes in rural Malawi. PLoS One. 2018;13(10):e0206035. [PMC free article] [PubMed]
[Google Scholar]

3. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, Mathers C, Rivera J, Maternal
Child Undernutrition Study Group . Maternal and child undernutrition: global and regional exposures
and health consequences. Lancet North Am Ed. 2008;371(9608):243–60. [PubMed] [Google Scholar]

4. Institute of Medicine (US) and National Research Council (US) Committee to Reexamine IOM
Pregnancy Weight Guidelines. In: Rasmussen KM, Yaktine ALeds. Weight Gain During Pregnancy:
Reexamining the Guidelines. Washington, DC: The National Academies Press; 2009. [Google Scholar]

5. Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black MH, Li N, Hu G, Corrado F, Rode
Let al. . Association of gestational weight gain with maternal and infant outcomes: a systematic review
and meta-analysis. JAMA. 2017;317(21):2207–25. [PMC free article] [PubMed] [Google Scholar]

6. Kavle JA, Landry M. Addressing barriers to maternal nutrition in low- and middle-income countries:
a review of the evidence and programme implications. Matern Child Nutr. 2018;14(1):1–13.
[PMC free article] [PubMed] [Google Scholar]

7. Hambidge KM, Westcott JE, Garces A, Figueroa L, Goudar SS, Dhaded SM, Pasha O, Ali SA,
Tshefu A, Lokangaka Aet al. . A multicountry randomized controlled trial of comprehensive maternal
nutrition supplementation initiated before conception: the Women First trial. Am J Clin Nutr.
2019;109(2):457–69. [PMC free article] [PubMed] [Google Scholar]

https://www.ncbi.nlm.nih.gov/pubmed/?term=Goudar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=33876178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhaded%20S%5BAuthor%5D&cauthor=true&cauthor_uid=33876178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kodkany%20B%5BAuthor%5D&cauthor=true&cauthor_uid=33876178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pasha%20O%5BAuthor%5D&cauthor=true&cauthor_uid=33876178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20A%5BAuthor%5D&cauthor=true&cauthor_uid=33876178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miodovnik%20M%5BAuthor%5D&cauthor=true&cauthor_uid=33876178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tonse%20NK%5BAuthor%5D&cauthor=true&cauthor_uid=33876178
https://dash.nichd.nih.gov/study/228833
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2847829/
https://www.ncbi.nlm.nih.gov/pubmed/19809317
https://scholar.google.com/scholar_lookup?journal=Curr+Opin+Obstet+Gynecol&title=New+guidelines+for+weight+gain+during+pregnancy:+what+obstetrician/gynecologists+should+know&volume=21&issue=6&publication_year=2009&pages=521-6&pmid=19809317&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6198955/
https://www.ncbi.nlm.nih.gov/pubmed/30352100
https://scholar.google.com/scholar_lookup?journal=PLoS+One&title=Pre-pregnancy+body+mass+index+(BMI)+and+maternal+gestational+weight+gain+are+positively+associated+with+birth+outcomes+in+rural+Malawi&volume=13&issue=10&publication_year=2018&pages=e0206035&pmid=30352100&
https://www.ncbi.nlm.nih.gov/pubmed/18207566
https://scholar.google.com/scholar_lookup?journal=Lancet+North+Am+Ed&title=Maternal+and+child+undernutrition:+global+and+regional+exposures+and+health+consequences&volume=371&issue=9608&publication_year=2008&pages=243-60&
https://scholar.google.com/scholar_lookup?title=Weight+Gain+During+Pregnancy:+Reexamining+the+Guidelines&publication_year=2009&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5815056/
https://www.ncbi.nlm.nih.gov/pubmed/28586887
https://scholar.google.com/scholar_lookup?journal=JAMA&title=Association+of+gestational+weight+gain+with+maternal+and+infant+outcomes:+a+systematic+review+and+meta-analysis&volume=317&issue=21&publication_year=2017&pages=2207-25&pmid=28586887&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5763330/
https://www.ncbi.nlm.nih.gov/pubmed/28836343
https://scholar.google.com/scholar_lookup?journal=Matern+Child+Nutr&title=Addressing+barriers+to+maternal+nutrition+in+low-+and+middle-income+countries:+a+review+of+the+evidence+and+programme+implications&volume=14&issue=1&publication_year=2018&pages=1-13&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6367966/
https://www.ncbi.nlm.nih.gov/pubmed/30721941
https://scholar.google.com/scholar_lookup?journal=Am+J+Clin+Nutr&title=A+multicountry+randomized+controlled+trial+of+comprehensive+maternal+nutrition+supplementation+initiated+before+conception:+the+Women+First+trial&volume=109&issue=2&publication_year=2019&pages=457-69&pmid=30721941&


1/19/22, 12:30 PM Gestational weight gain in 4 low- and middle-income countries and associations with birth outcomes: a secondary analysis of the…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/ 19/20

8. Potdar RD, Sahariah SA, Gandhi M, Kehoe SH, Brown N, Sane H, Dayama M, Jha S, Lawande A,
Coakley PJet al. . Improving women's diet quality preconceptionally and during gestation: effects on
birth weight and prevalence of low birth weight – a randomized controlled efficacy trial in India
(Mumbai Maternal Nutrition Project). Am J Clin Nutr. 2014;100(5):1257–68. [PMC free article]
[PubMed] [Google Scholar]

9. Huybregts LF, Roberfroid DA, Kolsteren PW, Van Camp JH. Dietary behaviour, food and nutrient
intake of pregnant women in a rural community in Burkina Faso. Matern Child Nutr. 2009;5(3):211–
22. [PMC free article] [PubMed] [Google Scholar]

10. Young MF, Nguyen PH, Addo OY, Hao W, Nguyen H, Pham H, Martorell R, Ramakrishnan U. The
relative influence of maternal nutritional status before and during pregnancy on birth outcomes in
Vietnam. European Journal of Obstetrics & Gynecology and Reproductive Biology. 2015;194:223–7.
[PubMed] [Google Scholar]

11. Ceesay SM, Prentice AM, Cole TJ, Foord F, Weaver LT, Poskitt EM, Whitehead RG. Effects on
birth weight and perinatal mortality of maternal dietary supplements in rural Gambia: 5 year
randomised controlled trial. BMJ. 1997;315(7111):786–90. [PMC free article] [PubMed]
[Google Scholar]

12. Hambidge KM, Krebs NF, Westcott JE, Garces A, Goudar SS, Kodkany BS, Pasha O, Tshefu A,
Bose CL, Figueroa Let al. . Preconception maternal nutrition: a multi-site randomized controlled trial.
BMC Pregnancy Childbirth. 2014;14:111. [PMC free article] [PubMed] [Google Scholar]

13. World Health Organization . Obesity: preventing and managing the global epidemic. Report of a
WHO consultation. World Health Organ Tech Rep Ser. 2000;894:i-xii, 1–253. [PubMed]
[Google Scholar]

14. Cheikh Ismail L, Bishop DC, Pang R, Ohuma EO, Kac G, Abrams B, Rasmussen K, Barros FC,
Hirst JE, Lambert Aet al. . Gestational weight gain standards based on women enrolled in the Fetal
Growth Longitudinal Study of the INTERGROWTH-21  Project: a prospective longitudinal cohort
study. BMJ. 2016;352:i555. [PMC free article] [PubMed] [Google Scholar]

15. Papageorghiou AT, Ohuma EO, Altman DG, Todros T, Cheikh Ismail L, Lambert A, Jaffer YA,
Bertino E, Gravett MG, Purwar Met al. . International standards for fetal growth based on serial
ultrasound measurements: the Fetal Growth Longitudinal Study of the INTERGROWTH-21  Project.
Lancet North Am Ed. 2014;384(9946):869–79. [PubMed] [Google Scholar]

16. Gernand AD, Christian P, Paul RR, Shaikh S, Labrique AB, Schulze KJ, Shamim AA, West KP Jr.
Maternal weight and body composition during pregnancy are associated with placental and birth weight
in rural Bangladesh. J Nutr. 2012;142(11):2010–16. [PMC free article] [PubMed] [Google Scholar]

17. Hayes AF, Preacher KJ. Statistical mediation analysis with a multicategorical independent variable.
Br J Math Stat Psychol. 2014;67(3):451–70. [PubMed] [Google Scholar]

18. ClinicalTrials.gov . Version current 20 November 2019. [Internet]. Available at:
https://clinicaltrials.gov/ct2/show/NCT01883193 (accessed 20 January, 2020).

19. Wu S, Gennings C, Wright RJ, Wilson A, Burris HH, Just AC, Braun JM, Svensson K, Zhong J,
Brennan KJMet al. . Prenatal stress, methylation in inflammation-related genes, and adiposity measures
in early childhood: the Programming Research in Obesity, Growth Environment and Social Stress
Cohort Study. Psychosom Med. 2018;80(1):34–41. [PMC free article] [PubMed] [Google Scholar]

st

st

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4196482/
https://www.ncbi.nlm.nih.gov/pubmed/25332324
https://scholar.google.com/scholar_lookup?journal=Am+J+Clin+Nutr&title=Improving+women%27s+diet+quality+preconceptionally+and+during+gestation:+effects+on+birth+weight+and+prevalence+of+low+birth+weight+%E2%80%93+a+randomized+controlled+efficacy+trial+in+India+(Mumbai+Maternal+Nutrition+Project)&volume=100&issue=5&publication_year=2014&pages=1257-68&pmid=25332324&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6860675/
https://www.ncbi.nlm.nih.gov/pubmed/20572925
https://scholar.google.com/scholar_lookup?journal=Matern+Child+Nutr&title=Dietary+behaviour,+food+and+nutrient+intake+of+pregnant+women+in+a+rural+community+in+Burkina+Faso&volume=5&issue=3&publication_year=2009&pages=211-22&pmid=20572925&
https://www.ncbi.nlm.nih.gov/pubmed/26454228
https://scholar.google.com/scholar_lookup?journal=European+Journal+of+Obstetrics+&+Gynecology+and+Reproductive+Biology&title=The+relative+influence+of+maternal+nutritional+status+before+and+during+pregnancy+on+birth+outcomes+in+Vietnam&volume=194&publication_year=2015&pages=223-7&pmid=26454228&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127544/
https://www.ncbi.nlm.nih.gov/pubmed/9345173
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Effects+on+birth+weight+and+perinatal+mortality+of+maternal+dietary+supplements+in+rural+Gambia:+5+year+randomised+controlled+trial&volume=315&issue=7111&publication_year=1997&pages=786-90&pmid=9345173&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4000057/
https://www.ncbi.nlm.nih.gov/pubmed/24650219
https://scholar.google.com/scholar_lookup?journal=BMC+Pregnancy+Childbirth&title=Preconception+maternal+nutrition:+a+multi-site+randomized+controlled+trial&volume=14&publication_year=2014&pages=111&pmid=24650219&
https://www.ncbi.nlm.nih.gov/pubmed/11234459
https://scholar.google.com/scholar_lookup?journal=Obesity:+preventing+and+managing+the+global+epidemic.+Report+of+a+WHO+consultation&journal=World+Health+Organ+Tech+Rep+Ser&volume=894&publication_year=2000&pages=1-253&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4770850/
https://www.ncbi.nlm.nih.gov/pubmed/26926301
https://scholar.google.com/scholar_lookup?journal=BMJ&title=Gestational+weight+gain+standards+based+on+women+enrolled+in+the+Fetal+Growth+Longitudinal+Study+of+the+INTERGROWTH-21st+Project:+a+prospective+longitudinal+cohort+study&volume=352&publication_year=2016&pages=i555&pmid=26926301&
https://www.ncbi.nlm.nih.gov/pubmed/25209488
https://scholar.google.com/scholar_lookup?journal=Lancet+North+Am+Ed&title=International+standards+for+fetal+growth+based+on+serial+ultrasound+measurements:+the+Fetal+Growth+Longitudinal+Study+of+the+INTERGROWTH-21st+Project&volume=384&issue=9946&publication_year=2014&pages=869-79&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3498974/
https://www.ncbi.nlm.nih.gov/pubmed/22990469
https://scholar.google.com/scholar_lookup?journal=J+Nutr&title=Maternal+weight+and+body+composition+during+pregnancy+are+associated+with+placental+and+birth+weight+in+rural+Bangladesh&volume=142&issue=11&publication_year=2012&pages=2010-16&pmid=22990469&
https://www.ncbi.nlm.nih.gov/pubmed/24188158
https://scholar.google.com/scholar_lookup?journal=Br+J+Math+Stat+Psychol&title=Statistical+mediation+analysis+with+a+multicategorical+independent+variable&volume=67&issue=3&publication_year=2014&pages=451-70&pmid=24188158&
https://clinicaltrials.gov/ct2/show/NCT01883193
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5741481/
https://www.ncbi.nlm.nih.gov/pubmed/28787364
https://scholar.google.com/scholar_lookup?journal=Psychosom+Med&title=Prenatal+stress,+methylation+in+inflammation-related+genes,+and+adiposity+measures+in+early+childhood:+the+Programming+Research+in+Obesity,+Growth+Environment+and+Social+Stress+Cohort+Study&volume=80&issue=1&publication_year=2018&pages=34-41&pmid=28787364&


1/19/22, 12:30 PM Gestational weight gain in 4 low- and middle-income countries and associations with birth outcomes: a secondary analysis of the…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8326045/ 20/20

20. Lander RL, Hambidge KM, Westcott JE, Tejeda G, Diba TS, Mastiholi SC, Khan US, Garces A,
Figueroa L, Tshefu Aet al. . Pregnant women in four low-middle income countries have a high
prevalence of inadequate dietary intakes that are improved by dietary diversity. Nutrients.
2019;11(7):1–15. [PMC free article] [PubMed] [Google Scholar]

Articles from The American Journal of Clinical Nutrition are provided here courtesy of American Society for
Nutrition

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6682861/
https://www.ncbi.nlm.nih.gov/pubmed/31295916
https://scholar.google.com/scholar_lookup?journal=Nutrients&title=Pregnant+women+in+four+low-middle+income+countries+have+a+high+prevalence+of+inadequate+dietary+intakes+that+are+improved+by+dietary+diversity&volume=11&issue=7&publication_year=2019&pages=1-15&


ORIGINAL RESEARCH
published: 01 September 2021

doi: 10.3389/fgwh.2021.645690

Frontiers in Global Women’s Health | www.frontiersin.org 1 September 2021 | Volume 2 | Article 645690

Edited by:

Jane Elizabeth Hirst,

University of Oxford, United Kingdom

Reviewed by:

Triphonie Nkurunziza,

World Health Organization - Regional

Office for Africa, Republic of Congo

Shuchita Ramesh Mundle,

All India Institute of Medical Sciences

Nagpur, India

*Correspondence:

Beth A. Payne

bpayne@cw.bc.ca

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Maternal Health,

a section of the journal

Frontiers in Global Women’s Health

Received: 23 December 2020

Accepted: 27 July 2021

Published: 01 September 2021

Citation:

Charanthimath U, Katageri G,

Kinshella M-LW, Mallapur A,

Goudar S, Ramadurg U, Vidler M,

Sharma S, Derman R, Magee LA,

Dadelszen Pv, Bellad M and Payne BA

(2021) Community Health Worker

Evaluation of Implementing an

mHealth Application to Support

Maternal Health Care in Rural India.

Front. Glob. Womens Health

2:645690.

doi: 10.3389/fgwh.2021.645690

Community Health Worker Evaluation
of Implementing an mHealth
Application to Support Maternal
Health Care in Rural India
Umesh Charanthimath 1†, Geetanjali Katageri 2†, Mai-Lei Woo Kinshella 3,

Ashalata Mallapur 2, Shivaprasad Goudar 1, Umesh Ramadurg 2, Marianne Vidler 3,

Sumedha Sharma 3, Richard Derman 4, Laura A. Magee 5, Peter von Dadelszen 5,

Mrutyunjaya Bellad 1 and Beth A. Payne 3* on behalf of the CLIP Working Group

1Department of Obstetrics and Gynecology, KLE Academy of Higher Education & Research J.N. Medical College, Belagavi,

India, 2Department of Obstetrics and Gynecology, S Nijalingappa Medical College, Bagalkot, India, 3Department of

Obstetrics and Gynecology, University of British Columbia, Vancouver, BC, Canada, 4Department of Obstetrics and

Gynecology, Thomas Jefferson University, Philadelphia, PA, United States, 5Department of Obstetrics and Gynecology,

King’s College London, London, United Kingdom

Introduction: PIERS on the Move (POM) is a mobile health (mHealth) application

developed for a smartphone to support community health workers (CHWs) for

identification and management of women at risk of adverse outcomes from

pre-eclampsia. POM was implemented as an addition to routine antenatal care by

accredited social health activists (ASHAs) and auxiliary nurse midwives (ANMs) during

the community level intervention for pre-eclampsia (CLIP) Trial in Karnataka state, India

(NCT01911494). The objective of this study was to evaluate the experiences of CHWs

of using POM in rural India and their perceptions of acceptability and feasibility of this

mHealth intervention.

Methods: A posttrial mixed-methods evaluation was designed to measure CHW

knowledge and self-efficacy regarding the care of women with pre-eclampsia and

perceptions of CHWs on the ease of use and usefulness of POM. A structured survey

with open-ended questions was conducted between October and November 2017. The

median values on a 5-point Likert scale for knowledge and self-efficacy questions were

compared between trial arms by Mann–Whitney U test (p < 0.05 significant). Qualitative

analysis was undertaken on NVivo 12 (QSR International, Melbourne, Australia).

Results: A total of 48 ASHAs and ANMs were interviewed, including 24 who used

POM (intervention arm) and 24 who did not (control arm). Self-reported knowledge and

self-efficacy for the care of women with pre-eclampsia did not differ between groups. The

qualitative analysis highlighted that health workers who used POM reported improved

interactions with women and families in their communities. POM strengthened the role

of ASHA as a CHW beyond a “link-worker” accompanying women to health services.

With training, the mHealth application was easy to use even for CHWs who did not have

much experience with smartphones.

Conclusions: Community health workers found the POM app easy to use, useful,

and well-received by women and their families. POM did not improve care through

increased knowledge but built capacity by increasing the recognition of the ASHA
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and ANM as critical members of the continuum of antenatal healthcare within their

communities. These findings support the important role that mHealth technologies can

play in strengthening health systems to reach rural, remote, andmarginalized populations

to reduce disparities in health.

Keywords: PIERS on the Move, mHealth, community health workers, accredited social health activists, auxiliary

nurse midwives, India

INTRODUCTION

There is increasing recognition of the important role that digital
health technologies can play in strengthening health systems to
increase access for rural, remote, and marginalized populations
(1). In May 2018, the World Health Assembly Resolution
on Digital Health (WHA/71 A71) acknowledged the potential
for digital technologies to support health promotion and
disease prevention activities and also improve the accessibility,
quality, and affordability of health services (2). Mobile devices
are widely used in many settings, including in low- and
middle-income countries, where they offer unique opportunities
for service delivery at the point of care (3, 4). Mobile
technologies for health, mHealth, have the potential to fill
gaps in care that result from geographic inaccessibility,
low demand for services, delayed provision of care, low
adherence to clinical guidelines and protocols, and financial
costs for families to seek care that undermine health system
performance (1).

However, underlying the optimism of mHealth solutions is

an awareness that digital health innovations are not sufficient on

their own (5, 6). Digital health innovations need to complement
and enhance existing health systems, be appropriate for local
contexts, acknowledge the involvement of the health workers

who utilize the devices and evaluate implementation factors
(4, 5). The WHO guidelines on digital health interventions

emphasize the importance of providing supportive environments
for health workers to adapt to digital platforms and to be
able to use the technology easily (5). Health worker decision

support tools, defined by the WHO as “digital job aids that
combine the health information of an individual with the
knowledge and clinical protocols of a health worker to assist
health workers in making diagnosis and treatment decisions” (5),
are one area to explore issues of acceptability and feasibility of
mHealth innovations.

Conducted in India from February 2014–October 2016,
the “Community Level Intervention for Pre-eclampsia (CLIP)”
Trial (NCT01911494) sought to reduce maternal, perinatal,
and neonatal mortality and morbidity through improving
community awareness and CHW capacity to identify pregnant
women at risk of pre-eclampsia-related complications during
home visits (7). Pre-eclampsia is a pregnancy condition
characterized by the new development of hypertension after 20
weeks of gestation alongside signs of maternal organ damage (8),
and it is the second leading cause of maternal deaths globally (9).
One in ten pregnancies (10.3%) is complicated by hypertension
in northwest Karnataka, India, including 3.8% that meets the
criteria for pre-eclampsia (10).

The CHW trained to provide the CLIP intervention included
accredited Social Health Activists (ASHA) and Auxiliary Nurse
Midwives (ANM). As part of the CLIP intervention in India,
the CHW training sought to (1) increase their awareness and
understanding of pre-eclampsia as a pregnancy complication,
(2) make them capable of recording blood pressure (BP) and
proteinuria, and (3) make them capable of entering the data
on the POM mHealth application and following the advice
generated on the application. The POM is a health worker
decision support tool that guided the measurement of BP
and proteinuria and used this information to provide support
regarding decisions to administer drugs to pregnant women or
refer them for follow-up care, when the risk of adverse outcomes
related to pre-eclampsia was indicated (11). In addition, the
ANMs were trained to administer intramuscular magnesium
sulfate and oral methyldopa when required to do so. This training
was carried out via multiple interactions both in groups and
one-on-one. Monitoring of activities and refresher trainings were
conducted throughout the trial, and any errors or deficiencies
were addressed promptly. Contact numbers of the local PHC
team and the study personnel were available with the CHWs if
support was needed at any time.

To enhance beneficiary awareness and acceptability of the
interventions, community engagement sessions were carried out
at a minimum frequency of one time in 3 months in each
village. Here, pregnant women and stakeholders were advised
about birth preparedness and complication readiness and were
also specifically educated about the symptoms and signs of the
hypertensive disorders of pregnancy, the trial activities in their
communities, and the benefits of acceptance and compliance with
the trial interventions. These sessions were led by the Medical
Officers of the PHC, the staff nurses, and ANMs.

In the control clusters, only data collection activities were
added as part of the trial. CHWs were not given any additional
training with regard to the intervention activities of the CLIP
trial. No community-based activities were undertaken.

The objective of this study, with interviews carried out in
October and November 2017, was to evaluate the impact of using
the POM app on the knowledge and self-efficacy related to caring
for pregnant women, and their perceptions of its usefulness, ease
of use, and community reception of ASHAs and ANMs. As part
of this, we evaluated the perception of acceptability and feasibility
of the current design of the tool by ASHA and ANM and
documented recommendations for application improvements.
Control cluster CHWs were invited to participate in this exercise
to enable a comparison between knowledge and self-efficacy
related to caring for pregnant women in those not exposed to the
POM application.
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METHODOLOGY

Details on the Intervention Being Studied
PIERS on the Move is a mHealth application that integrates
the miniPIERS clinical risk prediction model to calculate
the maternal risk of developing a complication of pre-
eclampsia (12). POM was developed to support CHWs capacity
to identify women at risk of adverse outcomes from pre-
eclampsia and guide management, including treatment with oral
antihypertensive medication, magnesium sulfate intramuscular
injection (MgSO4), and recommendation for transport to the
hospital within 4 h or 24 h depending on the calculated risk. As a
part of the CLIP trial, CHWs in six intervention clusters in rural
India used POM during their home visits to pregnant women as
an addition to routine antenatal care.

Healthcare Worker Evaluation Participants
This is a mixed-methods evaluation study involving healthcare
workers who participated in the CLIP India Trial that aims
to understand the perspectives of the health workers on
community-level pregnancy care and experiences using the POM
app. ASHAs are female CHWs who connect rural communities
with public health systems (13). Launched in 2005 by the
Government of India, ASHAs are recruited from the village
they work in, promote good health practices, especially around
maternal and child health, and also facilitate access to healthcare
services (13). ANMs supervise ASHAs and work at the local
health subcenter facilities in the villages. A total of 146 health
workers were trained to provide the CLIP intervention; this
included 102 ASHAs, seven Anganwadi Workers, 21 ANMS,
and 18 staff nurses. There were six intervention clusters and six
control clusters. We drew a purposive sample of two ASHAs and
two ANMs from each cluster. The ASHAs and ANMs from the
intervention clusters were graded according to their compliance
with study procedures (e.g., ability to reach women for study
visits every 4 weeks) in the CLIP trial to ensure representation of
one CHW who performed well and one who performed poorly
from each cluster. The ASHAs and ANMs who were chosen in
this manner were approached and consented to participation in
this evaluation, there being no refusals.

The interviewers who conducted this evaluation were medical
doctors who were attached to the research units in India and
who were aware of the CLIP study but not a part of it. They
had not interacted with these particular CHWs and did not
have any administrative authority in the course of their work.
For this evaluation, the interviewers were briefed about the trial
activities and trainings and the objectives of these interviews. The
interviews were carried out one-on-one, with no monetary or
other incentives to the interviewers. At the end of the interview,
the interviewers went through the completed data form with the
CHW and made sure that the options chosen for close-ended
questions were indeed what the participant wanted to document.

Data Collection and Analysis
Data collection with a structured survey including open-
ended questions was conducted between October and
November 2017 after the CLIP Trial. The questionnaire

TABLE 1 | Characteristics of the respondents.

Control cluster Intervention cluster

Total number

ASHA

ANM

24 12 (50%)

12 (50%)

24

12(50%)

12 (50%)

Age (yrs) 38.0 [31.5−50.0] 38.5 [32.5–46.0]

Worked as ASHA/ANM

(yrs)

9.8 [8.2–20.3] 9.6 [7.7–18.1]

was translated into the local language, Kannada, and
explained to the participants before they answered it.
Knowledge and self-efficacy responses were summarized
for each question as median [interquartile range] value per
group on a 5-point Likert scale. Control and intervention
cluster health worker responses were compared, and a p-
value was estimated using Mann–Whitney U test (p <

0.05 significant).
Qualitative analysis was conducted following grounded

theory, which inductively explores themes that emerge
from participant open-text responses (14, 15). Four open-
text questions were included in the surveys to ASHAs
and ANMs:

1) What aspects of work did you find most enjoyable?
2) What problems did you encounter with the POM app?
3) What features of the POM app did you find most useful?
4) Any changes recommended for the POM app?

The first question (question 1 shown above) was asked to ASHAs
and ANMs in both the intervention and control clusters, while
the remaining three questions (questions 2–4) were asked to
health workers in intervention clusters only since POM was
part of the clinical intervention and not used in the control
clusters. A preliminary analysis was conducted by the primary
qualitative coder (MWK) to develop codes for full analysis on
NVivo 12 (QSR International, Melbourne, Australia). Findings
at each stage from preliminary to full analysis were discussed,
clarified, and refined collaboratively between a team of social
scientists, clinicians, and epidemiologists in India and Canada
who oversaw the CLIP India Trial (UC, GK, AM, SG, UR,MV, SS,
LM, PvD, MB, and BP). Lastly, emergent themes were considered
in the context of quantitative results to triangulate key findings
from the mixed-methods study.

RESULTS

Participant Characteristics
A total of 48 ASHAs and ANMs were interviewed in the study,
with 24 each in control and intervention clusters. Median age and
years of work experience were similar between groups, around
38 years old and almost 10 years of experience in their current
positions, respectively (as shown in Table 1).
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Health Worker Knowledge and
Self-Efficacy in Pregnancy Care
All healthcare workers, whether in the intervention or control
groups, self-reported high levels of confidence in their knowledge
and skill to provide care to pregnant women. The majority of
the women reported scores of four or five, indicating agree or
strongly agree to knowledge and self-efficacy statements around
pregnancy care, identification of maternal complications, and
basic clinical care (as shown in Table 2). Differences were not
significant between intervention and control clusters, with the
exception of two statements around the perceptions of client
trust of healthcare workers in their medical knowledge. ANMs
agreed or strongly agreed that they could confidently administer
injectable vaccines to mothers and intramuscular injections
to pregnant women at risk of seizure without a significant
difference between intervention and control arms. Though scores
ranged between four and five for both control and intervention
clusters, ASHAs and ANMs in the control clusters tended to
agree stronger than those in intervention clusters with the two
statements, “If a woman needs medical attention, she takes my
counseling seriously” and “Families trust the health care advise I
provide to pregnant women in their community” (p < 0.05).

Healthcare workers from intervention clusters reflected on
positive professional interactions with clients and their families
as what they most enjoyed about their work. For example, in
the quotes below, healthcare workers from intervention clusters
spontaneously shared how they appreciated that their health
advice was valued by pregnant women and their community
members, which was not discussed in responses by participants
from control clusters.

“When an expected woman delivers a healthy baby and when she

listen to my advice seriously.” 41-year-old ASHA from Kanagala

“By taking care of mother and baby, by helping a poor pregnant

woman and by responding to all their problems, I feel very happy.

As I helped them, they would also appreciate me and I feel happy.”

37-year-old ASHA from Amingad

“When I work in my community. . .when a woman seeks treatment

before some mishap occurs by identifying danger signs based on my

health education, I feel very happy. I feel that the health education I

gave has reached them.” 28-year-old ANM from Pattadakall

Health Worker Experiences of Using POM
Training
Relatively few health workers owned a smartphone prior to
the CLIP trial (n = 4, 16.7%), but respondents shared that
they felt the training to use the mHealth application and skills
required to care for pregnant women were effective (as shown in
Table 3). Health workers largely found the POM app easy to use,
especially after the training was conducted in their local language
of Kannada, and training both the ASHAs, as frontline users of
the POM app and their supervisors and ANMs, who staffed the
local health facility in the village.

“If I entered wrong data in the app it was difficult for me to correct

it, but later they trained me and I got information about it.” 37-

year-old ASHA from Amingad

“Initially I was not able to use smart phones. But they explained

(trained) me very well in it’s use.” 60-year-old ANM from Amingad

“They explained me in my language so that I should not face any

difficulties. Hence, it was easy for me to work.” 51-year-old ANM

from Amingad

Useful Knowledge and Skills
Health workers shared that they felt confident using the POM
app, helping them identify and advise women about pregnancy
complications and guiding the management of conditions (as
shown in Table 3). While ASHAs utilized the POM app during
home visits, ANMs working at the village subcenter health
post shared their appreciation for clinical indicators. ASHAs
and ANMs described the usefulness of clinical indicators,
risk predictions, and referral recommendations to strengthen
their health counseling and care for pregnant women in
their communities.

“The POM app used to show signs and symptoms of high blood

pressure that aspect helped me a lot” 43-year-old ASHA fromHosur

“POM app was very helpful to me for taking care of pregnant

woman. . . Entering the pregnant woman’s LMP, EDD, Weight,

Height, BP... overall all information... [made] it easy to detect

whether she is in danger.” 60-year-old ANM from Amingad

“If the blood pressure was high, POM app used to guide us, how to

manage further.” 41-year-old ASHA from Kanagala

“Entering BP value, urine [protein value] and popping up of

ambulance and lady’s pictures were very helpful.” 27-year-old

ASHA from Sutagundar

Positive Reception From Pregnant Women
Participants strongly agreed that the POM app was well received
by the pregnant women they cared for, that the pictures made it
easier to explain maternal health conditions, and that the POM
app helped them advise women about pregnancy complications
(as shown in Table 3).

“In the community, the POM app was very useful because it had

the pictures of all the symptoms of high blood pressure. . . By seeing

the pictures of the symptoms, it was easy for them to understand

what problems they will have when the BP is high. This was very

helpful for them.” 37-year-old ASHA from Amingad

“Explaining about eclampsia via charts was helpful. Otherwise,

people could not have understood.” 52-year-old ANM

from Sutagundar

Recommendation for Scaling Up POM
Health workers in the study supported scaling up the use of the
POM health to other health workers and in their own use after
the intervention concluded (as shown in Table 3).

“POM should have been given to all ASHA’s and it should be

permanent work (wants to continue the use of it)” 27-year-old

ASHA from Sutagundar

“This service should be available everywhere.” 27-year-old ASHA

from Sutagundar

“Giving the POM to all ASHAs and ANMs after more training and

asking them all to use it for all pregnant women will be helpful in

preventing complications in pregnant women. We will be able to
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TABLE 2 | Knowledge and self-efficacy responses.

Control cluster (N = 24) Intervention cluster (N = 24) p

I can confidently provide care to pregnant women 5 [5–5] 5 [4.5–5] 0.272

I can confidently provide basic knowledge about pregnancy to the pregnant women I care for 5 [5–5] 5 [5–5] 0.225

I can confidently recognize pregnancy related complications 5 [4.5–5] 5 [4–5] 0.355

I can confidently recognize danger signs / symptoms related to pre-eclampsia and eclampsia 5 [4–5] 5 [5–5] 0.140

I am confident that I can recognize signs and symptoms of labor 5 [5–5] 5 [5–5] 0.670

I am confident that I can accurately check blood pressure 5 [5–5] 5 [5–5] 0.066

Women/families in my community seek my advice on pregnancy and maternal health 5 [5–5] 5 [4–5] 0.126

I feel comfortable accompanying a pregnant woman who needs medical attention to the hospital 5 [5–5] 5 [4.5–5] 0.746

If a woman needs medical attention, she takes my counseling seriously 5 [4–5] 4 [4–5] 0.018

Families trust the health care advise I provide to pregnant women in their community 5 [4–5] 4 [4–5] 0.045

The doctors and nurses in my community view my role as a community health worker as important 5 [5–5] 5 [4.5–5] 0.447

get a healthy mother and baby by doing this.” 60-year-old ANM

from Amingad

However, it is of note that a number of health workers shared
that they often had trouble completing study visits (as shown in
Table 3).

Challenges Using POM
Challenges using the POM mHealth app included both device
and app issues (as shown in Table 4). Key application-related
challenges included the complexity of editing data (n = 11,
45.8%) and the length of the application with many app fields
to fill in (n = 10, 41.7%). A key device issue that the health
workers reported was that the phone date often reset, which was
shared by half of the respondents (n= 12, 50.0%). This issue was
discovered during the pilot trial, and consequently, a different
brand of smartphone was sourced for the main trial. The second
leading device challenge was that the battery life of the phone was
insufficient (n = 6, 25.0%). Respondents shared that these two
device issues were potentially linked.

“Dates shown in POM app used to change [to the wrong date]

frequently that caused me inconvenience.” 43-year-old ASHA

from Amingad

“The battery used to get discharged. Needed to charge again

and again. Had to keep correcting the date.” 27-year-old ASHA

from Sutagundar

Additional issues that were reported included trouble with
synchronization, a request to add more local languages, the size
of the phone being small, and the difficulty understanding how
to ID women at first. Challenges in correcting dates, entering
information, and overall using the app were frequently resolved
with training, refreshers, and support from ANM for ASHAs
using POM in the communities.

“Initially I had great difficulty in correcting the date on the mobile.

This was later corrected by my higher ups.” 37-year-old ASHA

from Amingad

POM app opening code entry was not correct. Some ASHA’s were

not able to enter in POM app; they used to do so with the help of the

ANMs” 27-year-old ANM from Pattadakall

Health Worker Recommendations to
Improve POM
Many ASHAs and ANMs (n= 10, 41.7%) shared that no changes
were needed. The leading change to the POM app to make it
more useful to health workers was adding anemia indicators (n
= 9, 37.5%).

“Can add HB testing to make POM app more useful.” 43-year-old

ASHA from Amingad

“If you can add Hemoglobin [to the] application, it will be useful for

quality ANC care” 32-year-old ANM from Sangolli

Speeding up the application, more local languages, and audio aids
in addition to the visual aids and incorporating mobile number
and address for follow-up were also suggested by health workers
to improve the system.

DISCUSSION

Main Findings
The findings demonstrate that the use of the POM mHealth
application was feasible with appropriate training and support
systems for rural health workers in India that previously did not
have much experience with smartphones. There were technical
challenges with the battery life of the device, entering and
editing data, and data synchronization, but many issues were
resolved with training in the local language and conducted with
both ASHAs and their supervisors, ANMs. Overall, rural health
workers in our study found the POM app easy to use and useful
in their work with pregnant mothers in their communities and
well-received by women and their families. Though self-reported
knowledge and self-efficacy did not differ between intervention
and control clusters, health workers who used POM reported that
pictograms describing the symptoms were especially helpful to
explain maternal conditions. The app was an effective platform
for distilling obstetric knowledge of a panel of experts into
an accessible, pictogram-based, and algorithm-driven format
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TABLE 3 | Summary of survey responses related to experience with the POM app

in the CLIP trial.

Intervention cluster

respondents (N = 24)

Currently owns a smart phone (n(%)) 18 (75.0%)

Owned smart phone prior to CLIP trial (n(%)) 4 (16.7%)

Features regularly used on mobile phone

Voice calls

Text/ SMS messaging

Games

Other*

23 (95.8%) 16 (66.7%)

7 (29.2%) 13 (54.2%)

The POM app was easy to use 4 [4–5]

I was effectively trained to use the POM mobile

application in the CLIP Trial

5 [5–5]

The training I received from the CLIP team

provided the skills I needed to care for

pregnant women in the CLIP Trial

5 [5–5]

I could rely on the support of the CLIP team to

solve problems encountered when using the

POM app

5 [4.5–5]

The pregnant women I cared for always

reacted positively to my use of the POM app

5 [5–5]

I felt good about using the POM app 5 [5–5]

I felt confident caring for pregnant women in

the CLIP trial

5 [4.5–5]

I often had trouble completing study visits using

the POM app

4 [2.5–4]

The RA/ARA I work with during the CLIP trial

actively supported my use of the POM app

5 [4–5]

The pictograms in the application were useful in

helping me counsel women

5 [5–5]

The pictograms adequately conveyed the

symptoms they were supposed to represent

5 [5–5]

The refresher trainings helped me overcome

obstacles

4.5 [4–5]

The POM app helped me advise women about

pregnancy complications

5 [5–5]

Women took my counseling more seriously

because of the POM app

5 [4–5]

I would recommend use of the POM app to

other health workers

5 [4–5]

If offered, I would choose to continue using the

POM app to care for pregnant women

5 [5–5]

* 6=calculator; 9=calendar; 3=maternal and child health tracking app as part of

government initiative; 5=movies or music.

that was readily usable by lay cadres of health workers in
community settings.

What Is Already Known on This Topic
A national longitudinal study in India found a positive impact
of ASHAs on utilization of maternity services, including a 28%
increase in facility births and a 17% increase in at least one
antenatal visit associated with ASHA services between 2004
and 2012 (16). However, while ASHAs are valued for their
contribution toward maternal health education, studies in rural
Manipur (17) and Karnataka state (18) find that ASHAs are
largely understood as a link-worker that connects community

TABLE 4 | Issues reported with POM app during the trial.

Respondents reporting

issue (N = 24)

a. Device issues–battery life of phone

insufficient

6 (25.0%)

b. Device issues–screen was too

small

5 (20.8%)

c. Device issues–the phone date

often reset

12 (50.0%)

d. Device issues–the app ran slowly 3 (12.5%)

e. App issues–updates/changes to

the app occurred too frequently

4 (16.7%)

f. App issues–too many fields to fill in 10 (41.7%)

g. App issues–correcting mistakes

and editing data was too complex

11 (45.8%)

h. App issues–the language was

inaccurate and hard to understand

2 (8.3%)

i. App issues–hard to navigate

through the screens to complete the

tasks

4 (16.7%)

j. App issues–previous visit data could

not always be found

3 (12.5%)

members with health services but not as a CHW or a social
activist as they are intended. The study in Karnataka, the same
state as this study, found that ASHAs were predominately
involved in-home visits, antenatal counseling, delivery escort
services, breastfeeding, and immunization advice, but the
performance was low for contraceptive use, obstetric danger
sign assessment, and newborn care (18). Poor identification of
obstetric complications was also found in another study in rural
Karnataka where researchers found that less than 8% of ASHAs
were aware of the pregnancy, labor, and postpartum danger signs
(19). Regarding pre-eclampsia, in particular, a qualitative study
found that ASHAs and ANMs in rural Karnataka had limited
knowledge of the condition and treatment (20). Additionally,
poor reception and quality of care at primary health centers that
ASHAs referred to had negative consequences in community
trust in the credibility of their health knowledge and skills (17).

Poor fulfillment of CHW and social activist roles may
be related to health system constraints, poor capacity to
provide support, oversight,and inadequate training (21). While
ASHAs are ideally literate and have completed secondary school
(standard 10), standards are flexible to the availability of women
interested in the position in each community (13). Training to
ASHAs is provided in a series of modules over the course of
a year (13, 16). However, a study in Maharashtra, India, found
that nearly half of the ASHAs in their study did not have any
secondary education, and knowledge gaps existed even after
the training modules (22). The authors recommended that a
platform for continual capacity building and reinforcement of
health information would be helpful (22).

An exploration of the potential for mHealth for cardiovascular
disease management in Kerala, India, found that a mHealth
platform could function as an educational tool to improve
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health education counseling, help improve ASHA job efficacy in
reaching rural and marginalized populations, and improve the
use of healthcare services through appointment and treatment
reminders (23). Health workers in the study highlighted the
need for mHealth designs to integrate activities with local
health systems and complement existing clinical practices instead
of developing a parallel system (23). Observations (24) and
randomized controlled trials (25, 26) have shown that adoption of
mHealth technologies by ASHAs can positively impact coverage
and quality of maternal and child health services by increasing
the number of home visits, and provisioning of supportive
supervision and greater job confidence among frontline health
workers. Supportive supervision, training, ongoing technological
support, health system preparedness, and some individual
characteristics such as literacy and age were identified as factors
that influence mHealth adoption among ASHAs (24, 26).

More broadly, a review for the WHO guidelines on digital
health found that the health worker acceptability was supported
by expanding their range of tasks, increased speed and efficiency
of their work, the ability to connect with different people
and health service levels to coordinate care delivery, and
increased respect received from health professionals and from
the community (5). Acceptability of mHealth tools was hindered
when it increased health worker workload, especially if it is
not appreciated or used by their supervisors, and when they
did not perceive the intervention as useful for their work
in the communities (5). Health workers who struggle to use
digital health technologies are likely to have negative perceptions
about their usefulness, and the acceptability of digital health
interventions may be shaped by pre-existing digital literacy of
the health workers. Feasibility barriers include infrastructural
challenges such as poor network connectivity, access to electricity
for charging, and challenges in the program design or device,
such as not in the local language, small screens, devices being
ill-suited for note-taking, and SMS character limitations (5).
Adequate training and familiarity may help overcome some of
these difficulties (5).

What This Study Adds
Building on previous research studies with ASHAs in Karnataka
and other areas in India that identified a gap in the recognition
of maternal and neonatal complications (18–20, 22), this study
demonstrated that the mHealth platform guided practice in the
presence of obstetric danger signs. The use of clinical indicators
of POM strengthened the referral process and communication of
maternal risk across different service levels and complemented
existing health systems and clinical practices instead of creating
parallel systems.With the expansion of their knowledge and skills
into clinical indicators of maternal danger signs, the POM app
may have strengthened the role of ASHAs as CHWs beyond
common perceptions of their role as link-workers that escort
women to health services (17, 18). However, it is of note that
intervention cluster ASHA and ANM reported slightly lower
scores than their counterparts in control clusters on community
trust in their health counseling. Though these may not be
meaningfully different, the responses may indicate heightened
awareness of their role as advice-givers and counselors providing

healthcare information through the app. Additionally, regular
feedback during monthly monitoring reports may be associated
with a higher degree of awareness of their performance among
health workers in the intervention arm compared with those in
the control arm. Furthermore, changing the role of ASHA from
link-worker to care provider may have been initially met with
some resistance in some areas.

The study adds to the evidence that expanding the range
of tasks, increased respect received from the community, and
perceptions that the mHealth tool was easy to use and was
useful for their work of caring for pregnant women supported
health worker acceptability. Feasibility challenges such as battery
issues, data entry, editing, synchronization, and long length of
forms to complete were highlighted, but they did not seem to
prevent health workers from recommending scale-up of the tool
or request the addition of anemia indicators to the tool.

While others have suggested that health workers with low
preexisting digital literacy may have difficulties transitioning to
mHealth technologies and be associated with lower acceptability
and perceptions of its usefulness (5), our study demonstrated
the ability to introduce a mHealth app to a population of health
workers with low previous experience with smartphones. One
potential reason may be the use of pictograms to illustrate
symptoms, which were reported to be well-received by health
workers and community members alike. Though presented on a
digital platform, the use of pictograms may have been well suited
to local rural contexts where there may be high rates of overall
illiteracy, especially among women. A second reason may be the
provision of training in the local language and training both
community outreach workers (ASHAs) and the staff at the village
level health subcenters who supervised them (ANMs). A previous
study has suggested that the use and value of a new technological
system of supervisors support acceptability by workers through
conformity to social norms (27). Additionally, the knowledge
and value of the supervisors on the new system were a support
system for health workers when challenges occurred. In addition
to ANM support, the ASHAs in our study were also supported
by the research project team when there were technological
difficulties. A third reason may be the increasing use of mobile
technologies in the communities outside of the intervention that
led to more familiarity with digital systems.

Strengths and Limitations of the Study
Strengths of the study were interviewing both ASHAs and
ANMs for their perspectives on the mHealth intervention, a
mixed-method design that incorporated both quantitative and
qualitative methodologies, and strong collaboration between
Indian and Canadian researchers in the CLIP Trial and in the
analysis and interpretation of health worker evaluation results.
Additionally, physicians outside of the CLIP study facilitated data
collection to reduce the potential for bias.

The use of a Likert scale was a limitation of the study. While
Likert scales allow for degrees of opinion rather than only a yes or
no response, research study has shown that there can be cultural
differences in response to Likert scales, as some cultures were
more biased to reporting positive emotions (28). Consequently,
there may be a possibility that the overall positive responses
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in our quantitative research study may be related to cultural
tendencies to report positivity or social desirability to respond
positively to the research staff. Based on the positive knowledge
scores in both control and intervention clusters, we suspect
that some reporting bias remained due to the power imbalance
between CHW and physician data collectors.

There may also be a positive bias to the findings, particularly
the recommendation to scale-up the use of the app, due to
its integration within an intervention study and the incentives
health workers received from the research project. ASHAs are
considered honorary volunteers who receive some performance-
based monetary incentives upon escorting women to health
services (16) but may receive more regular stipends in an
intervention study. A review found that studies with ASHAs
within special interventions had largely positive results in
contrast to more negative findings in studies with routine ASHA
work, suggesting the importance of health system constraints
(21). A limitation of this study was that it focused on perceptions
of ASHAs and their immediate supervisors but did not examine
beyond the community level or fully investigate health system
constraints. A number of health workers shared that they often
had trouble completing study visits, suggesting that there may
have been larger constraints at play that could be further explored
in future studies.

CONCLUSIONS

The health worker evaluation into perceptions and experiences
of ASHA of using the POM app acknowledges the involvement
of health workers who utilize the mHealth technology and seeks
to understand the challenges and enablers to their use. Though
many of the health workers involved in the CLIP India Trial
did not previously own a smartphone, they reported that the
POM app was both acceptable and feasible for strengthening
their care of pregnant women in the communities they work in.
Utilization of the POM app to support maternal healthcare at the
community level built capacity by increasing the recognition of
the ASHA and ANM as critical members of the continuum of
antenatal health care within their communities. These findings
support the important role digital health technologies can play
in strengthening health systems to reach rural, remote, and
marginalized populations to reduce disparities in health.
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Abstract  

Objective 

To describe clinical presentation and longterm outcomes in a large cohort of children diagnosed with 

thiamine-responsive megaloblastic anemia (TRMA) related diabetes. 

Methods  

Data from DPV and SWEET registries were used to identify cases. Complimentary information was 

collected through a chart review of each case. Descriptive analyses with median and interquartile 

ranges and numbers (proportions) were tabulated. 

Results 

We identified 23 cases (52% male) in the 2 registries. 18 (78%) had genetic confirmation of TRMA. 

Median age at diabetes onset was 1.4 yrs [quartiles 0.8;3.6] and median age at initiation of thiamine 

treatment was 5.9 yrs [2.4;12.4]. At their most recent visit, the median age was 14.3 yrs [8.1;17.5], 

Hemoglobine A1C (A1C) level was 6.9 % [6.1;7.9], insulin dose was 0.9 units/kg/day [0.4;1.2], and 

thiamine dose was 200 mg/day [100;300]. 3 patients were not treated with insulin or antidiabetic 

drugs. There was no difference in diabetes outcomes in those with initiation of thiamine before or 

within 1 year after diabetes onset compared with those with initiation of thiamine more than 1 year 

after the onset of diabetes. 

Conclusions 

This is the longest case series of pediatric TRMA related diabetes reported to date. Diabetes onset is 

often several years prior to initiation of thiamine supplementation. Early initiation of thiamine (within 

1 year of diabetes onset) was not linked to improved diabetes outcome. However, the role of thiamine 

on pancreatic function needs further assessment. Patients with TRMA related diabetes remain in good 

glycemic control even after 9 years (median) of follow-up.  
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Introduction 

Thiamine, or vitamin B1, is an essential nutrient required as a cofactor in many cellular metabolic 

processes including maintenance of carbohydrate metabolism. Currently, there are 4 known genetic 

defects affecting thiamine transport or metabolism: SLC19A3, SLC25A19 and TPK1-related disorders 

mainly present as severe neurological impairments often leading to early death while SLC19A2 

dysfunction presents with a triad of diabetes mellitus, megaloblastic anemia, and sensory-neural 

hearing loss. This triad is also known as thiamine-responsive megaloblastic anemia or Rogers 

Syndrome (TRMA, OMIM # 249270) [1]. The disease is inherited as an autosomal recessive disorder 

and occurs more frequently in consanguineous families. Currently, just over 100 cases of SLC19A2 

dysfunction are described [2-7]. TRMA usually becomes symptomatic in infancy, childhood or 

adolescence and generally begins with 1 of the 3 cardinal symptoms. Some patients have other 

manifestations, such as neurological symptoms (including stroke like episodes), cardiac abnormalities 

(usually arrhythmias), visual disturbances (optic nerve atrophy), or short stature [8-10]. Thiamine 

supplementation may have a positive impact on pancreatic beta cell function. As early as 1998, 

thiamine was initiated in early childhood in 2 cases and both were able to remain insulin free until 

puberty (11). Another case report of 3 siblings with TRMA suggests that initiation of thiamine 

supplementation prior to the onset of diabetes may prevent or delay the onset of diabetes (12). Further, 

a recent study examined 32 patients (aged 3 months to 28 years at the time of genetic testing) and 

showed that diabetes could be the first manifestation. In 15 patients with follow-up information, 

thiamine improved glycemic control [13]. The aim of this paper was to better characterize the clinical 

presentation and outcomes in a large cohort of children diagnosed with TRMA related diabetes 

identified through the DPV( (“Diabetes Patienten Verlaufsdokumentation”) diabetes registry and the 

SWEET  (Better control in Pediatric and Adolescent diabeteS: Working to crEate CEnTers of 

Reference) registries. We hypothesised that children with early initiation of thiamine supplementation 

would have better glycemic control than those with later initiation of thiamine supplementation. 

 

Research Design and Methods 

Study Design  
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This observational study was based on data from the German-Austrian-Luxembourgian and Swiss 

DPV registry and from the international SWEETregistry.  

 

DPV registry 

Anonymous, standardized, prospective data from routine diabetes care are transmitted by diabetes 

centers from Germany, Austria, Switzerland, and Luxembourg for central validation and analysis 

twice a year. For optimal data validity, inconsistent data are reported back to participating centers, 

corrected if necessary, and reentered into the database as previously described [14]. 11 centers 

contributed data to this analysis. Analysis of anonymized data within the DPV initiative was approved 

by the Ethics Committee of the Medical Faculty of the University of Ulm, Germany, and the 

institutional review boards at the participating centers. 

 

SWEET registry 

The SWEET registry incorporates data from heterogeneous sources: Centers may use DPV software 

(“Diabetes-Patienten-Verlaufskodumentation”, https://sweet.zibmt.uni-ulm.de/software.php), 

DIAMAX software, or download data of existing registries or use own local databases to collect data. 

Since 2006, twice per year, prospective data extracted from the clinical visit documentation are 

transferred from individual centers to the SWEET data management unit at the Institute of 

Epidemiology and Medical Biometry, University of Ulm, Ulm, Germany. Data are examined for 

inconsistency or improbability and reported back to centers for verification. Moreover, benchmarking 

reports are generated comparing outcomes between participating centers. Individual centers obtained 

local ethics approval. Individual informed consent from patient or parents in the case of minors were 

obtained when required by local regulations. Centers, who participate in both initiatives, were listed as 

SWEET centers. For this analysis, 6 centers contributed data. 

 

Data collection and inclusion criteria 

Data from DPV and SWEET registries were used to identify cases. In both databases, type of diabetes  

is reported by the responsible physician based on the ISPAD classification [15]. A case was only 
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included in the analysis if at least the date of birth, date of diabetes diagnosis, gender and type of 

diabetes were known. In the case of insulin treatment, the amount of insulin was given as units per kg 

body weight and day in order to take into account both the basal and the prandial insulin requirement. 

For each case, a chart review was completed using a standardized spreadsheet for further data 

extraction of hemoglobin, thiamine initiation, timing and dosages, and presence of hearing, visual and 

neurological conditions as reported by the treating physicians.  

 

Statistical analysis 

Data were analyzed using SAS 9.4 (SAS Institute, Cary, NC). If data for a specific variable were not 

available in individual cases, the case was not considered for the analysis of that variable. Descriptive 

analyses with median and interquartile ranges (IQR) and numbers (proportions) are presented for age 

at onset for diabetes and thiamine supplementation, current anthropometric characteristics, insulin and 

thiamine doses, A1C, hemoglobin levels, treatment (insulin dosage, oral antidiabetic drugs) and 

associated complications (diabetic ketoacidosis “DKA”, severe hypoglycemia, hearing, vision, or 

neurological impairments). Severe hypoglycemia was defined as a hypoglycemic event with the 

necessity of external help to administer carbohydrates or glucagon [16]. A1C was used as an indicator 

of glycemic control. Levels were mathematically standardized to the Diabetes Control and 

Complications Trial (DCCT) reference range of 4.05–6.05% with the MOM (multiple of mean) 

transformation to correct for different laboratory methods among the study centers [17]. To test our 

hypothesis, subjects were divided in 2 groups: (1) early thiamine supplementation defined as initiation 

of thiamine prior to or within 1 year of diabetes onset and (2) later thiamine supplementation as 

thiamine initiation more than 1 year after diabetes onset. This cut-off was arbitrarily chosen as we felt 

that a remission would be possible mostly if thiamine was initiated at an earlier stage when a 

significant beta cell mass is still present (typical honeymoon phase). We also analysed the impact of 

thiamin dose on diabetes outcomes by dividing the cohort into those receiving 150 mg or less/day and 

those receiving more than 150 mg/day based on a similar comparison done by Habeb et al [13]. For 

unpaired group comparisons of continuous variables, non-parametrical statistical tests (Kruskal-
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Wallis) were used. Categorical variables were compared by the chi-squared test. For all statistical 

analyses, two-sided p-values < 0.05 were considered statistically significant.  

Using the assumptions of  a two-tailed t-test, alpha=0.05, and power = 80% on sample size of 8 in 

group 1 and 12 in group 2, we calculated an effect size of 1.4. Hence, our current sample was 

sufficient to allow us to detect only a large effect size on differences on A1C between groups.  

 

Results  

We identified 23 patients in the 2 registries (12 from DPV and 11 from SWEET). Twelve (52%) were 

male. Patients for this analysis were treated by diabetes centers in Germany, Austria, Bulgaria, 

Canada, Denmark, India or the US. An overview of demographics is displayed in table 1. Eighteen 

(78%) had genetic confirmation of the TRMA diagnosis. This information was provided by the 

reporting diabetologist. The exact genotype was not available for all patients due to different country 

regulations regarding sharing of genetic information with registries. One patient was diagnosed with 

diabetes before the age of 6 months, 6 between the age of 6 and 12 months, while the majority (n=16) 

developed diabetes at the age of 1 year or later. Four out of this 16 patients were 5 years or older at 

diabetes diagnosis. Of those who had the information available (n=7) for initial presentation, none 

presented in DKA. None (n=23) had reported DKA in follow-up and there were only 2 patients with 

reported severe hypoglycemic events.  

To analyze the effect of thiamine on diabetes, we divided the group into patients who were treated 

with thiamine before diabetes onset or within the first year after onset (n=8) and patients who received 

this medication more than 1 year after diabetes onset ( n=15), table 2. As expected, these groups were 

different in terms of age at thiamine initiation (1.0 yrs [0.7-9.0] vs. 7.1 yrs [4.3-13.4]; p<0.05), but 

there was no significant effect on glycemic control or complications of TRMA (hearing, vision and 

neurological impairment). The median A1C level was slightly lower in patients with early treatment 

with thiamine, but not significantly different between both groups. Further, the dose of thiamine (< 

150 mg or ≥ 150 mg daily) was not related to any parameters reflecting glycemic control. Spearman 

correlations between current thiamine dose and current hemoglobin level, or current hemoglobin and 

A1C were both not significant. 
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The majority of TRMA patients (87%) were treated with insulin only or in combination with oral 

antidiabetic drugs (OAD)/Glucagon-like-peptide (GLP-1; n=5). Of note, 3 patients were not treated 

with insulin and/or OAD/GLP-1. Patients without anti-hyperglycemic therapy had lower A1C levels 

(5.0 % [4.6-5.6] vs. 7.2 % [6.2-7.9] ; p<0.05) than treated patients. 

The majority of patients had TRMA associated complications: 21 with hearing impairments, 12 with 

vision impairments and 10 with neurological impairment. The number of patients with 3, 2 or 1 

impairment aside from diabetes is displayed in figure 1. All patients with only one impairment had 

hearing impairment. For 4 patients, exact information was not available. However, there was no 

patient without an additional impairment. We compared patients with and without TRMA associated 

neurological and visual impairments. For each complication, there were no significant differences with 

respect to age, age at thiamine initiation or dosage, diabetes onset, A1C and diabetes therapy between 

those with or without that specific complication. However, there was a trend (p=0.06) that patients 

with neurological impairment also had visual impairment and vice-versa. This analysis could not be 

done with those with or without hearing impairments as 21 out of 23 had hearing abnormalities at the 

last visit.  

 

Discussion 

TRMA is a rare condition associated with non-autoimmune diabetes. With 23 cases and a median 

duration of over 9 years, this is the longest and one of the largest case series of pediatric TRMA 

related diabetes reported to date. Although another publication contains more patients (n=32) than 

ours, the follow-up time is shorter than in our study [13]. In our cohort, we confirmed that diabetes 

onset is often several years prior to initiation of thiamine supplementation. It remains unknown 

whether this is due to a later onset of anemia or a delay in diagnosis of TRMA syndrome. Patients with 

TRMA related diabetes remain in good glycemic control even after 9 years of follow-up. A1C was 

significantly lower as compared to usual patient cohorts with type 1 diabetes, despite the young age of 

diagnosis and even after 9 years of follow-up. The diagnosis “TRMA-related diabetes” is usually 

considered by the physician if T1D-related autoantibodies are negative and another condition – in 

most cases megaloblastic anemia – is present. Based on our data, this diagnosis should be taken in 
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consideration in all children with diabetes onset at a young age and persistent excellent diabetes 

control and without a diagnosis of type 1 diabetes or MODY-diabetes. On the other side, a diagnosis 

of TRMA-related diabetes can easily be ruled out with a complete blood count to assess for the 

presence of anemia. We assume that in cases without genetic testing TRMA-related diabetes was 

diagnosed in our study when a patient had diabetes without evidence of ß-cell autoantibodies, but 

megaloblastic anemia was present. This is in line with current international ISPAD guidelines, where 

rare forms of diabetes should be considered in children without ß-cell autoantibodies, low insulin 

requirements and associated conditions or syndromic features [15]. With respect to diabetes outcomes, 

we did not observe a difference related to the timing of thiamine initiation or doses. Finally, other 

TRMA-related complications are frequent.  

Our original hypothesis was that earlier thiamine supplementation would lead to better diabetes 

control. This was based on previous case reports and case series available to date [11-13] and on 

pathophysiology [1]. Mutations in the SLC19A2 gene which encodes thiamine transporter 1 (ThTR1) 

are known to cause TRMA syndrome. Cellular thiamine uptake is done through 2 transporters ThTR1 

and thiamine transporter 2 (ThTR2) and through passive transfer when free thiamine levels are high 

enough. Although both transporters are ubiquitous in most tissues, the pancreas, bone marrow and 

cochlear cells only express ThTR1. Hence these specific organs are the most affected in TRMA 

syndrome. Apart from this, ophthalmic features like optic atropy and retinitis pigmentosa have been 

reported [18]. One could speculate that there is a possible genotype-phenotype association. While we 

did not have the information on genotype, it was available to Habeb and their group [13] who were not 

able to find any association between genotype and phenotype to explain the differences in response to 

thiamine supplementation. Further, description of diabetes remission after initiation of thiamine and 

previous findings associating earlier thiamine supplementation with better diabetes control would 

suggest that the lack of ThTR1 can be overcome by passive transport with higher thiamine levels. 

However, in our cohort, we did not observe any association with timing of initiation or dosage of 

thiamine supplementation and diabetes control. Moreover, the 3 children not on insulin were part of 

the group who started thiamine supplementation more than 1 year after the onset of diabetes. Valerio 
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et al. [11] observed 2 cases diagnosed in early childhood who remained insulin free until puberty. This 

would suggest that the progression to diabetes is only in part, dependent on the thiamine status.  

To this day, most reported cases of TRMA related diabetes were isolated case reports or small case 

series with the exception of Habeb et al. who described the presenting phenotype and genotype of 32 

patients with TRMA related diabetes [13]. The main findings of Habeb´s paper were firstly that 

diabetes was diagnosed at an early age, which was similar in our cohort (10 months vs. 1.4 years in 

our cohort). Secondly, Habeb et al. report that 11 of 15 patients with thiamine were able to stop insulin 

or reached improved glycemic control. This improvement was primarily seen in patients who were 

young at diabetes onset and initiation of thiamine. The median age of thiamine initiation (2.0 yrs [IQR 

1.0 to 7.4] versus 5.9 yrs [2.4 to 12.4]) and of diabetes onset (10 months [IQR 5 to 27] versus 17 

months [10 to 43]) was earlier in Habeb´s cohort than in ours. Early diagnosis and thiamine treatment 

might be essential factors for glycemic control in the future. Another possible explanation could also 

be that during phases of anemia, the A1C is artificially low as a consequence of low total hemoglobin 

and possible increased turnover. However, in cases of TRMA, the anemia is secondary to a decreased 

formation of hemoglobin rather than decreased half-life of hemoglobin as seen in some 

hemoglobinopathies [19]. Hence, like Habeb [13], we do not believe that the ability of the A1C levels 

to reflect diabetes control is affected by the hemoglobin level in our population. The difference in 

observations on the impact of timing of thiamine initiation between their cohort and ours could be 

explained by differences in baseline characteristics not otherwise apparent. Alternatively, these 

differences could also be due to the rarity of the syndrome and relatively small sample size of both 

cohorts.  

Although the exact dose for thiamin replacement in TRMA remains unknown, our findings, further  

support the third important statement by Habeb et al [13] that “there seem to be no additional benefit 

for a thiamin dose >150 mg/day”. 

In contrast to previous publications [11, 13, 19, 20], none of the patients in our cohort developed 

diabetic ketoacidosis. Severe hypoglycemia was also rare. Nevertheless, since both complications are 

still possible and preventable, patients with TRMA should still be counselled on preventive measures 

for these acute complications. Specifically for DKA, this includes monitoring of glucose levels and 
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education on the presenting symptoms for those diagnosed with TRMA syndrome prior to the onset of 

diabetes and ongoing education on the need to monitor blood glucose and symptoms even if patients 

are able to be taken off insulin after initiation of thiamine supplementation.    

Although TRMA is associated with short stature in some individuals (TRMA, OMIM # 249270, [13]), 

growth was within the normal range in this cohort. However, visual and neurologic complications 

were even more frequent than in the cohort by Habeb et al. [13]. These differences further highlight 

the differences between the 2 cohorts and support the possibilities of variable penetrance of the 

syndrome with more significant mutations leading to more severe deficiency of the ThTR1 and/or 

variable degree of passive diffusion of thiamine within each affected organ. 

Although the DPV Study accounts for about 80% of the patients with diabetes in Germany, Austria 

and Luxembourg [21], this information is currently not available for the SWEET registry. 

Furthermore, without a systematic approach, patients with TRMA-related diabetes may not all be  

diagnosed and identified in both registries. It is therefore not possible to estimate the prevalence of the 

disease with our data. 

 

Limitations and strengths 

Our study has many strengths. First, the population surveyed to identify cases is very large with 17 

centers from several countries included. This allowed us to be able to access a relatively high number 

of pediatric cases with a duration of diabetes close to a decade at the last observation. Both registries 

have standardized data collection for clinical parameters related to diabetes diagnosis, management 

and outcomes.  However, this also is limited by being based on clinical diabetes registries, with the 

contribution of data from many diabetes centers. There may be recall bias from patients and missed 

documentation by clinicians for some data such as DKA and severe hypoglycemia. In addition, it is 

not possible to guarantee that all patients with the phenotype “TRMA-diabetes” have a confirmed 

molecular genetic diagnosis of TRMA. However, in 78% of cases the diabetes center retrospectively 

confirmed that the diagnosis had been based on a molecular genetic testing. Furthermore, all clinicians 

who contribute data are qualified according to national/international standards. As we did not collect 

information on the specific mutations of each case, correlation between genotype and phenotype was 
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not possible. We were also only able to look at frequency of associated conditions based on physician 

report of the presence or absence without details on the presentation or severity of these conditions. 

Lastly, the rarity of the disease allowed to detect only large effects on A1C and limited our ability to 

make meaningful clinical comparisons between subgroups.  

Conclusions 

In this cohort, we confirmed that diabetes onset is often several years prior to initiation of thiamine 

supplementation. It remains unknown whether this is due to a later onset of anemia or a delay in 

diagnosis of TRMA syndrome. Early initiation of thiamine (within 1 year of diabetes onset) was not 

linked to improved diabetes outcome. However, the role of thiamine on pancreatic function needs 

further assessment. Patients with TRMA in our cohort were in good glycemic control even after 9 

years of follow-up but showed other severe complications associated to TRMA. 
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Table 1. Clinical and laboratory data, and treatment modalities at most recent visit.  

 available n % or median (IQR) 

Current age, years 23 14.3 (8.1-17.5) 

Age at diabetes onset, years 23 1.4 (0.8-3.6) 

Male sex 23 52 

Height-SDS† 23 -0.30 (-1.36-0.45)       

BMI-SDS† 23 0.7 (-0.1-1.1) 

Treatment 

Insulin therapy 23 87 

Insulin dosage (units/kg/d)§ 20 0.9 (0.4-1.2) 

Age at thiamine initiation (yrs) 23 5.9 (2.4-12.4) 

Initial thiamine dosage (mg/d) 23 100 (80-200) 

Current thiamine dosage (mg/d) 23 200 (100-300) 

Glycemic control 

A1C (%) 23 6.9 (6.1-7.9) 

A1C (mmol/mol) 23 51.9 (43.2-62.8) 

Hemoglobin at initiation of thiamine 

supplementation (mg/dl) 

17 9.2 (7.1-10.4) 

Hemoglobin at most recent visit (mg/dl)& 20 12.6 (11.2-14.0) 

Associated conditions 

Hearing impairment (%) 22 95 

Visual impairment (%) 22 55 

Neurological impairment (%) 19 53 
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Values are expressed as medians with interquartile ranges [25th–75th percentile] or as percentage of cases. A1C, 

hemoglobin A1C.  

†SDS calculated using the WHO growth charts adjusting for age and gender  

§3 patients were not on insulin and/or OAD/GLP-1. 

&data were not available for all patients 
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Table 2. Differences between patients with thiamine treatment prior or within the first year of diabetes 
diagnosis and more than 1 year after the onset of diabetes mellitus. 

Values are expressed as medians with interquartile ranges [25th–75th percentile] or as percentage of cases.  

*significant difference between groups, p=0.01 

  

 Patients with thiamine treatment prior 

to or soon after diabetes onset (n=8) 

Patients with thiamine treatment > 1 yr 

after diabetes onset (n=15) 

 available n  available n  

Age at diabetes onset 

(yrs) 

8 1.0 (0.7-9.0) 15 1.5 (1.1-3.4) 

% males 8 50 15 53 

Age at initiation of 

thiamine (yrs) 

8 1.1 (0.8-4.8)* 15 7.1 (4.2-13.5) 

Initial thiamine dosage 

(mg/day) 

8 150 (65-200) 15 100 (100-200) 

Current thiamine 

dosage (mg/day) 

8 300 (150-300) 15 150 (100-200) 

% with insulin therapy 8 100 15 80 

A1C (%) 8 6.5 (5.7-7.4) 15 6.9 (6.1-8.0) 

A1C (mmol/mol) 8 47.5 (38.8-57.4) 15 51.9 (43.2-64.0) 

Insulin dosage 

(units/kg/d) 

8 1.0 (0.2-1.2) 12 0.9 (0.5-1.2) 

% with hearing 

impairment 

8 87 14 100 

% with visual 

impairment 

8 75 14 43 

% with neurological 

impairment 

8 62 11 45 
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Figure Legend 

Figure 1. Overview of the existing comorbidities in the patients with TRMA-related diabetes: 8 patients had 3 

impairments aside from diabetes (black bar), 4 had two impairments aside from diabetes (white bar), 7 had one 

impairment (hearing loss) aside from diabetes (grey bar); exact information was not available in 4 patients (striped 

bar). 
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Key messages. 

• The effect of early thiamine administration on the course of  thiamine-responsive 

megaloblastic anemia (TRMA) related diabetes is scarcley explored. 

• We report the clinical course of  23 pediatric patients with TRMA related diabetes from 2 

large diabetes registries. 

• Early initiation of thiamine was not linked to improved diabetes outcome. Patients remain in 

good glycemic control even after 9 years of follow-up.  
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Abstract  

Objective 

To describe clinical presentation and longterm outcomes in a large cohort of children diagnosed with 

thiamine-responsive megaloblastic anemia (TRMA) related diabetes. 

Methods  

Data from DPV and SWEET registries were used to identify cases. Complimentary information was 

collected through a chart review of each case. Descriptive analyses with median and interquartile 

ranges and numbers (proportions) were tabulated. 

Results 

We identified 23 cases (52% male) in the 2 registries. 18 (78%) had genetic confirmation of TRMA. 

Median age at diabetes onset was 1.4 yrs [quartiles 0.8;3.6] and median age at initiation of thiamine 

treatment was 5.9 yrs [2.4;12.4]. At their most recent visit, the median age was 14.3 yrs [8.1;17.5], 

Hemoglobine A1C (A1C) level was 6.9 % [6.1;7.9], insulin dose was 0.9 units/kg/day [0.4;1.2], and 

thiamine dose was 200 mg/day [100;300]. 3 patients were not treated with insulin or antidiabetic 

drugs. There was no difference in diabetes outcomes in those with initiation of thiamine before or 

within 1 year after diabetes onset compared with those with initiation of thiamine more than 1 year 

after the onset of diabetes. 

Conclusions 

This is the longest case series of pediatric TRMA related diabetes reported to date. Diabetes onset is 

often several years prior to initiation of thiamine supplementation. Early initiation of thiamine (within 

1 year of diabetes onset) was not linked to improved diabetes outcome. However, the role of thiamine 

on pancreatic function needs further assessment. Patients with TRMA related diabetes remain in good 

glycemic control even after 9 years (median) of follow-up.  
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Introduction 

Thiamine, or vitamin B1, is an essential nutrient required as a cofactor in many cellular metabolic 

processes including maintenance of carbohydrate metabolism. Currently, there are 4 known genetic 

defects affecting thiamine transport or metabolism: SLC19A3, SLC25A19 and TPK1-related disorders 

mainly present as severe neurological impairments often leading to early death while SLC19A2 

dysfunction presents with a triad of diabetes mellitus, megaloblastic anemia, and sensory-neural 

hearing loss. This triad is also known as thiamine-responsive megaloblastic anemia or Rogers 

Syndrome (TRMA, OMIM # 249270) [1]. The disease is inherited as an autosomal recessive disorder 

and occurs more frequently in consanguineous families. Currently, just over 100 cases of SLC19A2 

dysfunction are described [2-7]. TRMA usually becomes symptomatic in infancy, childhood or 

adolescence and generally begins with 1 of the 3 cardinal symptoms. Some patients have other 

manifestations, such as neurological symptoms (including stroke like episodes), cardiac abnormalities 

(usually arrhythmias), visual disturbances (optic nerve atrophy), or short stature [8-10]. Thiamine 

supplementation may have a positive impact on pancreatic beta cell function. As early as 1998, 

thiamine was initiated in early childhood in 2 cases and both were able to remain insulin free until 

puberty (11). Another case report of 3 siblings with TRMA suggests that initiation of thiamine 

supplementation prior to the onset of diabetes may prevent or delay the onset of diabetes (12). Further, 

a recent study examined 32 patients (aged 3 months to 28 years at the time of genetic testing) and 

showed that diabetes could be the first manifestation. In 15 patients with follow-up information, 

thiamine improved glycemic control [13]. The aim of this paper was to better characterize the clinical 

presentation and outcomes in a large cohort of children diagnosed with TRMA related diabetes 

identified through the DPV( (“Diabetes Patienten Verlaufsdokumentation”) diabetes registry and the 

SWEET  (Better control in Pediatric and Adolescent diabeteS: Working to crEate CEnTers of 

Reference) registries. We hypothesised that children with early initiation of thiamine supplementation 

would have better glycemic control than those with later initiation of thiamine supplementation. 

 

Research Design and Methods 

Study Design  
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This observational study was based on data from the German-Austrian-Luxembourgian and Swiss 

DPV registry and from the international SWEETregistry.  

 

DPV registry 

Anonymous, standardized, prospective data from routine diabetes care are transmitted by diabetes 

centers from Germany, Austria, Switzerland, and Luxembourg for central validation and analysis 

twice a year. For optimal data validity, inconsistent data are reported back to participating centers, 

corrected if necessary, and reentered into the database as previously described [14]. 11 centers 

contributed data to this analysis. Analysis of anonymized data within the DPV initiative was approved 

by the Ethics Committee of the Medical Faculty of the University of Ulm, Germany, and the 

institutional review boards at the participating centers. 

 

SWEET registry 

The SWEET registry incorporates data from heterogeneous sources: Centers may use DPV software 

(“Diabetes-Patienten-Verlaufskodumentation”, https://sweet.zibmt.uni-ulm.de/software.php), 

DIAMAX software, or download data of existing registries or use own local databases to collect data. 

Since 2006, twice per year, prospective data extracted from the clinical visit documentation are 

transferred from individual centers to the SWEET data management unit at the Institute of 

Epidemiology and Medical Biometry, University of Ulm, Ulm, Germany. Data are examined for 

inconsistency or improbability and reported back to centers for verification. Moreover, benchmarking 

reports are generated comparing outcomes between participating centers. Individual centers obtained 

local ethics approval. Individual informed consent from patient or parents in the case of minors were 

obtained when required by local regulations. Centers, who participate in both initiatives, were listed as 

SWEET centers. For this analysis, 6 centers contributed data. 

 

Data collection and inclusion criteria 

Data from DPV and SWEET registries were used to identify cases. In both databases, type of diabetes  

is reported by the responsible physician based on the ISPAD classification [15]. A case was only 
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included in the analysis if at least the date of birth, date of diabetes diagnosis, gender and type of 

diabetes were known. In the case of insulin treatment, the amount of insulin was given as units per kg 

body weight and day in order to take into account both the basal and the prandial insulin requirement. 

For each case, a chart review was completed using a standardized spreadsheet for further data 

extraction of hemoglobin, thiamine initiation, timing and dosages, and presence of hearing, visual and 

neurological conditions as reported by the treating physicians.  

 

Statistical analysis 

Data were analyzed using SAS 9.4 (SAS Institute, Cary, NC). If data for a specific variable were not 

available in individual cases, the case was not considered for the analysis of that variable. Descriptive 

analyses with median and interquartile ranges (IQR) and numbers (proportions) are presented for age 

at onset for diabetes and thiamine supplementation, current anthropometric characteristics, insulin and 

thiamine doses, A1C, hemoglobin levels, treatment (insulin dosage, oral antidiabetic drugs) and 

associated complications (diabetic ketoacidosis “DKA”, severe hypoglycemia, hearing, vision, or 

neurological impairments). Severe hypoglycemia was defined as a hypoglycemic event with the 

necessity of external help to administer carbohydrates or glucagon [16]. A1C was used as an indicator 

of glycemic control. Levels were mathematically standardized to the Diabetes Control and 

Complications Trial (DCCT) reference range of 4.05–6.05% with the MOM (multiple of mean) 

transformation to correct for different laboratory methods among the study centers [17]. To test our 

hypothesis, subjects were divided in 2 groups: (1) early thiamine supplementation defined as initiation 

of thiamine prior to or within 1 year of diabetes onset and (2) later thiamine supplementation as 

thiamine initiation more than 1 year after diabetes onset. This cut-off was arbitrarily chosen as we felt 

that a remission would be possible mostly if thiamine was initiated at an earlier stage when a 

significant beta cell mass is still present (typical honeymoon phase). We also analysed the impact of 

thiamin dose on diabetes outcomes by dividing the cohort into those receiving 150 mg or less/day and 

those receiving more than 150 mg/day based on a similar comparison done by Habeb et al [13]. For 

unpaired group comparisons of continuous variables, non-parametrical statistical tests (Kruskal-
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Wallis) were used. Categorical variables were compared by the chi-squared test. For all statistical 

analyses, two-sided p-values < 0.05 were considered statistically significant.  

Using the assumptions of  a two-tailed t-test, alpha=0.05, and power = 80% on sample size of 8 in 

group 1 and 12 in group 2, we calculated an effect size of 1.4. Hence, our current sample was 

sufficient to allow us to detect only a large effect size on differences on A1C between groups.  

 

Results  

We identified 23 patients in the 2 registries (12 from DPV and 11 from SWEET). Twelve (52%) were 

male. Patients for this analysis were treated by diabetes centers in Germany, Austria, Bulgaria, 

Canada, Denmark, India or the US. An overview of demographics is displayed in table 1. Eighteen 

(78%) had genetic confirmation of the TRMA diagnosis. This information was provided by the 

reporting diabetologist. The exact genotype was not available for all patients due to different country 

regulations regarding sharing of genetic information with registries. One patient was diagnosed with 

diabetes before the age of 6 months, 6 between the age of 6 and 12 months, while the majority (n=16) 

developed diabetes at the age of 1 year or later. Four out of this 16 patients were 5 years or older at 

diabetes diagnosis. Of those who had the information available (n=7) for initial presentation, none 

presented in DKA. None (n=23) had reported DKA in follow-up and there were only 2 patients with 

reported severe hypoglycemic events.  

To analyze the effect of thiamine on diabetes, we divided the group into patients who were treated 

with thiamine before diabetes onset or within the first year after onset (n=8) and patients who received 

this medication more than 1 year after diabetes onset ( n=15), table 2. As expected, these groups were 

different in terms of age at thiamine initiation (1.0 yrs [0.7-9.0] vs. 7.1 yrs [4.3-13.4]; p<0.05), but 

there was no significant effect on glycemic control or complications of TRMA (hearing, vision and 

neurological impairment). The median A1C level was slightly lower in patients with early treatment 

with thiamine, but not significantly different between both groups. Further, the dose of thiamine (< 

150 mg or ≥ 150 mg daily) was not related to any parameters reflecting glycemic control. Spearman 

correlations between current thiamine dose and current hemoglobin level, or current hemoglobin and 

A1C were both not significant. 
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The majority of TRMA patients (87%) were treated with insulin only or in combination with oral 

antidiabetic drugs (OAD)/Glucagon-like-peptide (GLP-1; n=5). Of note, 3 patients were not treated 

with insulin and/or OAD/GLP-1. Patients without anti-hyperglycemic therapy had lower A1C levels 

(5.0 % [4.6-5.6] vs. 7.2 % [6.2-7.9] ; p<0.05) than treated patients. 

The majority of patients had TRMA associated complications: 21 with hearing impairments, 12 with 

vision impairments and 10 with neurological impairment. The number of patients with 3, 2 or 1 

impairment aside from diabetes is displayed in figure 1. All patients with only one impairment had 

hearing impairment. For 4 patients, exact information was not available. However, there was no 

patient without an additional impairment. We compared patients with and without TRMA associated 

neurological and visual impairments. For each complication, there were no significant differences with 

respect to age, age at thiamine initiation or dosage, diabetes onset, A1C and diabetes therapy between 

those with or without that specific complication. However, there was a trend (p=0.06) that patients 

with neurological impairment also had visual impairment and vice-versa. This analysis could not be 

done with those with or without hearing impairments as 21 out of 23 had hearing abnormalities at the 

last visit.  

 

Discussion 

TRMA is a rare condition associated with non-autoimmune diabetes. With 23 cases and a median 

duration of over 9 years, this is the longest and one of the largest case series of pediatric TRMA 

related diabetes reported to date. Although another publication contains more patients (n=32) than 

ours, the follow-up time is shorter than in our study [13]. In our cohort, we confirmed that diabetes 

onset is often several years prior to initiation of thiamine supplementation. It remains unknown 

whether this is due to a later onset of anemia or a delay in diagnosis of TRMA syndrome. Patients with 

TRMA related diabetes remain in good glycemic control even after 9 years of follow-up. A1C was 

significantly lower as compared to usual patient cohorts with type 1 diabetes, despite the young age of 

diagnosis and even after 9 years of follow-up. The diagnosis “TRMA-related diabetes” is usually 

considered by the physician if T1D-related autoantibodies are negative and another condition – in 

most cases megaloblastic anemia – is present. Based on our data, this diagnosis should be taken in 
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consideration in all children with diabetes onset at a young age and persistent excellent diabetes 

control and without a diagnosis of type 1 diabetes or MODY-diabetes. On the other side, a diagnosis 

of TRMA-related diabetes can easily be ruled out with a complete blood count to assess for the 

presence of anemia. We assume that in cases without genetic testing TRMA-related diabetes was 

diagnosed in our study when a patient had diabetes without evidence of ß-cell autoantibodies, but 

megaloblastic anemia was present. This is in line with current international ISPAD guidelines, where 

rare forms of diabetes should be considered in children without ß-cell autoantibodies, low insulin 

requirements and associated conditions or syndromic features [15]. With respect to diabetes outcomes, 

we did not observe a difference related to the timing of thiamine initiation or doses. Finally, other 

TRMA-related complications are frequent.  

Our original hypothesis was that earlier thiamine supplementation would lead to better diabetes 

control. This was based on previous case reports and case series available to date [11-13] and on 

pathophysiology [1]. Mutations in the SLC19A2 gene which encodes thiamine transporter 1 (ThTR1) 

are known to cause TRMA syndrome. Cellular thiamine uptake is done through 2 transporters ThTR1 

and thiamine transporter 2 (ThTR2) and through passive transfer when free thiamine levels are high 

enough. Although both transporters are ubiquitous in most tissues, the pancreas, bone marrow and 

cochlear cells only express ThTR1. Hence these specific organs are the most affected in TRMA 

syndrome. Apart from this, ophthalmic features like optic atropy and retinitis pigmentosa have been 

reported [18]. One could speculate that there is a possible genotype-phenotype association. While we 

did not have the information on genotype, it was available to Habeb and their group [13] who were not 

able to find any association between genotype and phenotype to explain the differences in response to 

thiamine supplementation. Further, description of diabetes remission after initiation of thiamine and 

previous findings associating earlier thiamine supplementation with better diabetes control would 

suggest that the lack of ThTR1 can be overcome by passive transport with higher thiamine levels. 

However, in our cohort, we did not observe any association with timing of initiation or dosage of 

thiamine supplementation and diabetes control. Moreover, the 3 children not on insulin were part of 

the group who started thiamine supplementation more than 1 year after the onset of diabetes. Valerio 
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et al. [11] observed 2 cases diagnosed in early childhood who remained insulin free until puberty. This 

would suggest that the progression to diabetes is only in part, dependent on the thiamine status.  

To this day, most reported cases of TRMA related diabetes were isolated case reports or small case 

series with the exception of Habeb et al. who described the presenting phenotype and genotype of 32 

patients with TRMA related diabetes [13]. The main findings of Habeb´s paper were firstly that 

diabetes was diagnosed at an early age, which was similar in our cohort (10 months vs. 1.4 years in 

our cohort). Secondly, Habeb et al. report that 11 of 15 patients with thiamine were able to stop insulin 

or reached improved glycemic control. This improvement was primarily seen in patients who were 

young at diabetes onset and initiation of thiamine. The median age of thiamine initiation (2.0 yrs [IQR 

1.0 to 7.4] versus 5.9 yrs [2.4 to 12.4]) and of diabetes onset (10 months [IQR 5 to 27] versus 17 

months [10 to 43]) was earlier in Habeb´s cohort than in ours. Early diagnosis and thiamine treatment 

might be essential factors for glycemic control in the future. Another possible explanation could also 

be that during phases of anemia, the A1C is artificially low as a consequence of low total hemoglobin 

and possible increased turnover. However, in cases of TRMA, the anemia is secondary to a decreased 

formation of hemoglobin rather than decreased half-life of hemoglobin as seen in some 

hemoglobinopathies [19]. Hence, like Habeb [13], we do not believe that the ability of the A1C levels 

to reflect diabetes control is affected by the hemoglobin level in our population. The difference in 

observations on the impact of timing of thiamine initiation between their cohort and ours could be 

explained by differences in baseline characteristics not otherwise apparent. Alternatively, these 

differences could also be due to the rarity of the syndrome and relatively small sample size of both 

cohorts.  

Although the exact dose for thiamin replacement in TRMA remains unknown, our findings, further  

support the third important statement by Habeb et al [13] that “there seem to be no additional benefit 

for a thiamin dose >150 mg/day”. 

In contrast to previous publications [11, 13, 19, 20], none of the patients in our cohort developed 

diabetic ketoacidosis. Severe hypoglycemia was also rare. Nevertheless, since both complications are 

still possible and preventable, patients with TRMA should still be counselled on preventive measures 

for these acute complications. Specifically for DKA, this includes monitoring of glucose levels and 
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education on the presenting symptoms for those diagnosed with TRMA syndrome prior to the onset of 

diabetes and ongoing education on the need to monitor blood glucose and symptoms even if patients 

are able to be taken off insulin after initiation of thiamine supplementation.    

Although TRMA is associated with short stature in some individuals (TRMA, OMIM # 249270, [13]), 

growth was within the normal range in this cohort. However, visual and neurologic complications 

were even more frequent than in the cohort by Habeb et al. [13]. These differences further highlight 

the differences between the 2 cohorts and support the possibilities of variable penetrance of the 

syndrome with more significant mutations leading to more severe deficiency of the ThTR1 and/or 

variable degree of passive diffusion of thiamine within each affected organ. 

Although the DPV Study accounts for about 80% of the patients with diabetes in Germany, Austria 

and Luxembourg [21], this information is currently not available for the SWEET registry. 

Furthermore, without a systematic approach, patients with TRMA-related diabetes may not all be  

diagnosed and identified in both registries. It is therefore not possible to estimate the prevalence of the 

disease with our data. 

 

Limitations and strengths 

Our study has many strengths. First, the population surveyed to identify cases is very large with 17 

centers from several countries included. This allowed us to be able to access a relatively high number 

of pediatric cases with a duration of diabetes close to a decade at the last observation. Both registries 

have standardized data collection for clinical parameters related to diabetes diagnosis, management 

and outcomes.  However, this also is limited by being based on clinical diabetes registries, with the 

contribution of data from many diabetes centers. There may be recall bias from patients and missed 

documentation by clinicians for some data such as DKA and severe hypoglycemia. In addition, it is 

not possible to guarantee that all patients with the phenotype “TRMA-diabetes” have a confirmed 

molecular genetic diagnosis of TRMA. However, in 78% of cases the diabetes center retrospectively 

confirmed that the diagnosis had been based on a molecular genetic testing. Furthermore, all clinicians 

who contribute data are qualified according to national/international standards. As we did not collect 

information on the specific mutations of each case, correlation between genotype and phenotype was 
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not possible. We were also only able to look at frequency of associated conditions based on physician 

report of the presence or absence without details on the presentation or severity of these conditions. 

Lastly, the rarity of the disease allowed to detect only large effects on A1C and limited our ability to 

make meaningful clinical comparisons between subgroups.  

Conclusions 

In this cohort, we confirmed that diabetes onset is often several years prior to initiation of thiamine 

supplementation. It remains unknown whether this is due to a later onset of anemia or a delay in 

diagnosis of TRMA syndrome. Early initiation of thiamine (within 1 year of diabetes onset) was not 

linked to improved diabetes outcome. However, the role of thiamine on pancreatic function needs 

further assessment. Patients with TRMA in our cohort were in good glycemic control even after 9 

years of follow-up but showed other severe complications associated to TRMA. 
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Table 1. Clinical and laboratory data, and treatment modalities at most recent visit.  

 available n % or median (IQR) 

Current age, years 23 14.3 (8.1-17.5) 

Age at diabetes onset, years 23 1.4 (0.8-3.6) 

Male sex 23 52 

Height-SDS† 23 -0.30 (-1.36-0.45)       

BMI-SDS† 23 0.7 (-0.1-1.1) 

Treatment 

Insulin therapy 23 87 

Insulin dosage (units/kg/d)§ 20 0.9 (0.4-1.2) 

Age at thiamine initiation (yrs) 23 5.9 (2.4-12.4) 

Initial thiamine dosage (mg/d) 23 100 (80-200) 

Current thiamine dosage (mg/d) 23 200 (100-300) 

Glycemic control 

A1C (%) 23 6.9 (6.1-7.9) 

A1C (mmol/mol) 23 51.9 (43.2-62.8) 

Hemoglobin at initiation of thiamine 

supplementation (mg/dl) 

17 9.2 (7.1-10.4) 

Hemoglobin at most recent visit (mg/dl)& 20 12.6 (11.2-14.0) 

Associated conditions 

Hearing impairment (%) 22 95 

Visual impairment (%) 22 55 

Neurological impairment (%) 19 53 
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Values are expressed as medians with interquartile ranges [25th–75th percentile] or as percentage of cases. A1C, 

hemoglobin A1C.  

†SDS calculated using the WHO growth charts adjusting for age and gender  

§3 patients were not on insulin and/or OAD/GLP-1. 

&data were not available for all patients 
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Table 2. Differences between patients with thiamine treatment prior or within the first year of diabetes 
diagnosis and more than 1 year after the onset of diabetes mellitus. 

Values are expressed as medians with interquartile ranges [25th–75th percentile] or as percentage of cases.  

*significant difference between groups, p=0.01 

  

 Patients with thiamine treatment prior 

to or soon after diabetes onset (n=8) 

Patients with thiamine treatment > 1 yr 

after diabetes onset (n=15) 

 available n  available n  

Age at diabetes onset 

(yrs) 

8 1.0 (0.7-9.0) 15 1.5 (1.1-3.4) 

% males 8 50 15 53 

Age at initiation of 

thiamine (yrs) 

8 1.1 (0.8-4.8)* 15 7.1 (4.2-13.5) 

Initial thiamine dosage 

(mg/day) 

8 150 (65-200) 15 100 (100-200) 

Current thiamine 

dosage (mg/day) 

8 300 (150-300) 15 150 (100-200) 

% with insulin therapy 8 100 15 80 

A1C (%) 8 6.5 (5.7-7.4) 15 6.9 (6.1-8.0) 

A1C (mmol/mol) 8 47.5 (38.8-57.4) 15 51.9 (43.2-64.0) 

Insulin dosage 

(units/kg/d) 

8 1.0 (0.2-1.2) 12 0.9 (0.5-1.2) 

% with hearing 

impairment 

8 87 14 100 

% with visual 

impairment 

8 75 14 43 

% with neurological 

impairment 

8 62 11 45 
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Figure Legend 

Figure 1. Overview of the existing comorbidities in the patients with TRMA-related diabetes: 8 patients had 3 

impairments aside from diabetes (black bar), 4 had two impairments aside from diabetes (white bar), 7 had one 

impairment (hearing loss) aside from diabetes (grey bar); exact information was not available in 4 patients (striped 

bar). 
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Abstract

Objective: Type 2 diabetes mellitus (T2DM) and hypertension commonly coexist; how-

ever, underlying primary aldosteronism (PA) can lead to worsening of hypertension, gly-

cemia and cardiovascular risk. We aim to screen patients withT2DM and hypertension for

PA by conducting a prospective monocentric study from Western India, which included

adults with T2DM and hypertension from the outpatient diabetes clinic.

Design: Prospective study.

Patients and Measurements: Patients with an aldosterone renin ratio of ≥1.6 ng/dl/

µIU/ml with plasma aldosterone concentration (PAC) ≥ 10 ng/dl were considered to

be positive on a screening test. A PAC ≥ 6 ng/dl on seated saline suppression test

(SST) was used to confirm the diagnosis of PA.

Results: Four hundred and eighty‐six patients were included in this study. Seventy‐six

(15.6%, 95% confidence interval [CI]: 12.7%–19.1%) patients had a positive screening

test with positive confirmatory test in 20 of the 36 (55.5%, 95% CI: 39.3%–71.7%)

screen‐positive patients who underwent SST. Patients with positive screening test had

a higher proportion of females (65.8% vs. 50%; p = .011), frequent history of hy-

pertensive crises (21.1% vs. 8%; p = .001), uncontrolled blood pressure (51.3% vs.

34.6%; p = .006), diagnosis of hypertension before diabetes (32.9% vs. 21.7%;

p = .035) and higher systolic (137.6 ± 6.9 vs. 131.2 ± 17.8mmHg; p = .004) and dia-

stolic (85.3 ± 11.1 vs. 81.7 ± 10.7mmHg; p = .007) blood pressures. Patients with

positive confirmatory test had longer duration of diabetes (108 [60–162] vs. 42

[24–87] months; p = .012), hypertension (84 [42–153] vs. 36 [15–81] months;

p = .038) and higher creatinine (1.16 [1.02–1.42] vs. 0.95 [0.84–1.12]mg/dl; p = .021).

Conclusions: PA is prevalent (at least 4.1%) in Asian Indian patients with T2DM and

hypertension. Further studies are needed to assess the cost‐effectiveness of routine

screening.
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1 | INTRODUCTION

Primary aldosteronism (PA) is characterized by excessive and auton-

omous aldosterone production, which classically manifests as hy-

pertension and hypokalemia.1 Excess level of aldosterone with sodium

excess is associated with worse cardiovascular outcomes than essen-

tial hypertension at comparable blood pressure levels.1 A recent meta‐

analysis suggests that PA is associated with an increased risk of cor-

onary artery disease, stroke, atrial fibrillation, heart failure, diabetes

mellitus, metabolic syndrome and left ventricular hypertrophy.2

The prevalence rates of PA in the routine hypertensive popula-

tion in the two large series are 7.2%–19.5% and 3.9%–11.8%, using

aldosterone renin ratio (ARR) as the screening test followed by

confirmatory testing.3,4 A recent study using oral sodium suppression

test regardless of baseline aldosterone and renin levels showed the

prevalence of 11.3%–22% across the spectrum from normotensives

to resistant hypertension.5

Type 2 diabetes mellitus (T2DM) frequently coexists with hy-

pertension. Patients with type 1 diabetes mellitus usually develop

hypertension after nephropathy sets in, whereas hypertension in

T2DM is due to associated obesity, higher risk of atherosclerosis,

nephropathy and higher sympathetic drive due to insulin resistance.6

The development of hypertension in T2DM increases cardiovascular

risk, retinopathy, renal failure and other target organ damage. Un-

derlying PA can lead to a worsening of hypertension and glycemia

and may escalate cardiovascular risk.7

While screening for PA in severe hypertension is advised by the

Endocrine Society, there are no recommendations for screening patients

with T2DM and hypertension. Studies in T2DM patients with resistant

or difficult to control hypertension have shown a higher prevalence of

PA (13%–14%). The studies on the prevalence of PA in T2DM patients

without resistant hypertension are a few with conflicting results; studies

from Japan (n = 124) and China (n = 256) reported the disease burden of

11.3% and 19%, respectively, while other studies (n = 61, n = 551) have

reported a very low prevalence (0%–0.93%).8–13

Thus, there are a few studies with varying evidence on PA in patients

with T2DM and hypertension. A couple of studies from the Indian sub-

continent show high PA prevalence in hypertensives, but none specifi-

cally investigated patients with T2DM and hypertension.14,15 In addition,

Asian Indians have a different phenotype with higher abdominal fat, in-

sulin resistance and dyslipidemia, which predisposes them to an increased

risk of T2DM and coronary artery disease.16 Therefore, to elucidate the

prevalence and contribution of possible underlying PA, we aimed to

screen patients with T2DM and hypertension for PA.

2 | METHODS

This prospective single centre study was conducted at a tertiary care

hospital inWestern India (Seth G S Medical College and KEM Hospital,

Mumbai, India) after approval from the institutional ethics committee

(EC/OA‐102/2018) and registration in the clinical trial registry of India

(CTRI/2018/12/016785) with patient enrolment from June 2019 to

December 2019. Adult patients (18–75 years) with T2DM and hy-

pertension following up in the outpatient diabetes clinic were con-

sidered for inclusion in the study. Diabetes mellitus and hypertension

were defined according to ADA and ACC/AHA guidelines, respec-

tively.17,18 Patients with type 1 diabetes mellitus, secondary causes of

diabetes mellitus, T2DM with acute diabetic complications (diabetic

ketoacidosis, hyperosmolar nonketotic hyperglycaemia), severe un-

derlying systemic diseases, chronic kidney disease stage 5 (estimated

glomerular filtration rate [eGFR]<15ml/min/1.73m2), pregnancy,

lactation, on oral contraceptives or hormone replacement therapy,

spironolactone, eplerenone, amiloride, triamterene and diagnosed

secondary cause of hypertension (renovascular hypertension, pheo-

chromocytoma, Cushing's syndrome, acromegaly etc.) were excluded.

After obtaining informed consent from eligible patients, relevant

clinical history and examination findings were recorded. The duration

of T2DM and hypertension, comorbidities, family history, anthro-

pometry, blood pressure and medications were noted. Past history of

hypertensive crises (systolic blood pressure ≥ 180 and/or diastolic

blood pressure ≥ 120mmHg), requiring either visits to the emergency

department or hospitalisation was noted. Blood pressure more than

140/90mmHg was considered as uncontrolled hypertension. Venous

blood samples for plasma aldosterone concentration (PAC) and direct

renin concentration (DRC) were collected midmorning, that is, after

the patient has been up (sitting, standing or walking) for at least 2 h

and seated for 5–15min. In addition, venous blood samples were

collected for serum potassium and creatinine levels (eGFR was cal-

culated using Chronic Kidney Disease Epidemiology Collaboration

equation). Spot urine sample was collected for urine creatinine and

microalbumin levels.

PAC and DRC were measured by solid‐phase competitive che-

miluminescent enzyme immunoassay (LIASON; DiaSorin Inc). The

analytical sensitivity for PAC was 0.97 ng/dl, intra‐assay coefficients

of variation (CVs) of 3.5%, 1.8% (Level 1 and Level 2) and interassay

CVs of 9.5%, 5.6% (Level 1 and Level 2). The analytical sensitivity for

DRC was 0.52 µIU/ml. The conversion factor for plasma renin activity

(PRA; ng/ml/h) to DRC (µIU/ml) in the assay used is 12.

Patients were considered to have suppressed renin if they had

DRC < 12 µIU/ml (corresponds to PRA of <1 ng/ml/h).1 Using a

conversion factor of 12, ARR for our study was derived as ARR

(ng/dl/ng/ml/h)/12 = ARR (ng/dl/μIU/ml); that is, for an ARR cutoff

of 20 ng/dl/ng/ml/h, the correlate with DRC was 20/12 = 1.6 ng/dl/

μIU/ml. Patients with an ARR of ≥1.6 ng/dl per µIU/ml (corresponds

to ARR of 20 ng/dl per ng/ml/h) with PAC of ≥10 ng/dl were con-

sidered to be positive on the screening test. These screen‐positive

cases were recalled and antihypertensive medications were changed

to verapamil and/or prazosin for at least 2 weeks and then subjected

to seated saline suppression test (SST) as per the Endocrine Society

guidelines.1 Two litres of 0.9% normal saline were infused over 4 h

while the patients were in the seated position. A cut‐off of postsaline

PAC ≥ 6 ng/dl was considered as confirmatory test positive.1 Patients

with the positive confirmatory test were advised computed tomo-

gram (CT) and adrenal venous sampling (AVS) as per the standard

of care.

2 | MEMON ET AL.



2.1 | Sample size

The sample size was calculated assuming a prevalence of PA as 2% in

patients with T2DM and hypertension, and a precision of 1%; the

calculated sample size to reach the level of significance would be 753.

However, during the study, the prevalence was found to be greater

than assumed; hence, the recruitment was stopped prematurely.

2.2 | Statistical methods

All categorical variables were expressed in actual numbers and per-

centages and continuous variables as mean ± standard deviation or

median and interquartile range as applicable. The overall prevalence of

PA in the study population was calculated by assuming the prevalence

of confirmed PA in the total screening‐positive patients to be the same

as that in those who successfully underwent the confirmatory testing.

The categorical variables were compared using the χ2 test, whereas

continuous variables were compared using independent t‐test or

Mann–Whitney U test in normally and nonnormally distributed data,

respectively. A p value of less than .05 was taken as significant. All

statistical analyses were done with SPSS version 25.0 (IBM).

3 | RESULTS

A total of 486 patients (females: 255, 52.5%) with T2DM and hy-

pertension with a mean age of 57.9 ± 9.5 years were included in the

study. The median (interquartile range) duration of T2DM and hy-

pertension in the study cohort was 84 (36–135) and 72 (28.5–120)

months. The mean systolic blood pressure, diastolic blood pressure and

glycated haemoglobin (HbA1c) of the group were 132.2 ± 17.8mmHg,

82.3 ± 10.9mmHg and 7.8 ± 1.7%, respectively. Among these, 76 pa-

tients (15.6%, 95% confidence interval: 12.7%–19.1%) had positive

screening tests (ARR ≥ 1.6 ng/dl/µIU/ml and PAC ≥ 10 ng/dl) on

existing antihypertensive medications. Most of these (92%) had sup-

pressed renin concentration. Seated SST was performed after chan-

ging antihypertensives in 37 patients, of which 20 patients had

postsuppression PAC ≥ 6 ng/dl (Figure 1). One patient had a saline

infusion‐related reaction (chills, shivering), hence SST had to be

abandoned in her. The prevalence of confirmed PA in the screen‐

positive patients who successfully underwent SST was 55.5% (20/36).

If the same proportion of the confirmed PA is assumed among the total

screening‐positive patients (n = 76), a total of 42 (8.7% of the total

study population) patients are estimated to have confirmed PA.

In the comparison of patients with positive versus negative screening

tests (Table 1), the former had a female preponderance (65.8% vs. 50%;

p= .011), higher past history of hypertensive crises (21.1% vs. 8%;

p= .001), higher proportion of patients with uncontrolled (>140/90) blood

pressure (51.3% vs. 34.6%; p= .006), higher systolic blood pressure

(137.6 ±16.9 vs. 131.2 ± 17.8mmHg; p= .004) and higher diastolic blood

pressure (85.3 ± 11.1 vs. 81.7 ± 10.7mmHg; p= .007). In addition, a larger

proportion of patients with positive screening tests had a preceding

history of hypertension before T2DM (32.9% vs. 21.7%; p= .035). The

yield of screen positive was higher in patients with preceding history of

hypertension than those without prior history (21.9% vs. 13.7%; p= .03).

The mean age, duration of T2DM and hypertension, past history of

coronary artery disease or stroke, family history of hypertension, creati-

nine, albuminuria, hypokalemia and number of antihypertensives were

equally distributed in both groups.

Among the patients with positive result on seated SST (Table 2),

the duration of hypertension (84 [42–153] vs. 36 [15–81] months;

p = .038) and duration of T2DM (108 [60–162] vs. 42 [24–87] months;

p = .012) were greater as compared to those with negative results. In

addition, patients with positive confirmatory test had higher serum

creatinine (1.16 [1.02–1.42] vs. 0.95 [0.84–1.12] mg/dl; p = .021), and

lower eGFR (56.8 ± 14.27 vs. 68.81 ± 20.84ml/min/1.73m2; p = .048).

Patients with a confirmed diagnosis of PA had a frequent past

history of hypertensive crises (25% vs. 8.2%; p = .025) and a trend

towards higher systolic blood pressure as compared to patients in

whom PA was ruled out (those with negative screening test and those

with positive screening but negative confirmatory test; Table 2).

Among the 20 patients with a positive confirmatory test, 11

underwent CT scan, 1 of whom showed unilateral adenoma and the

rest had either normal or hyperplastic adrenals. Three patients

eventually underwent AVS (including the patient with adenoma on

CT), and all three had bilateral pathology on AVS.

4 | DISCUSSION

This prospective single centre study in Asian Indian patients with

T2DM and hypertension showed a 15.6% (76/486) prevalence of a

positive screening test for PA based on ARR correlate of 20 ng/dl/

ng/ml/h and PAC ≥ 10 ng/dl, which is similar (15.7% and 13.7%) to

the existing literature (Table 3).13,19 This was in variance with other

F IGURE 1 Flow of patients in the study. *Confirmatory test—
seated saline suppression with a cutoff of PAC ≥ 6 ng/dl. ARR,
aldosterone renin ratio; DRC, direct renin concentration; eGFR,
estimated glomerular filtration rate by CKD‐EPI equation; HT,
hypertension; PA, primary aldosteronism; PAC, plasma aldosterone
concentration; T2DM, type 2 diabetes mellitus
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TABLE 1 Characteristics of patients
with positive and negative screening tests

Positive screening
test (n = 76)

Negative screening
test (n = 410) p Value

Age (years) 59.5 ± 9.1 57.7 ± 9.5 .131

Female sex 50 (65.8%) 205 (50%) .011*

Hypertension duration (months) 72 (36–144) 72 (24–120) .193

Diabetes duration (months) 78 (36–144) 84 (36–132) .888

Preceding history of DM
before HT

25 (32.9%) 134 (32.7%) .971

Preceding history of HT
before DM

25 (32.9%) 89 (21.7%) .035*

Diagnosis of HT and DM at
same time

26 (34.2%) 187 (45.6%) .066

Hypertensive crisisa 16 (21.1%) 33 (8%) .001*

Hypertension family history 16 (21.1%) 79 (19.3%) .719

CVA family history 3 (3.9%) 28 (6.8%) .450

Coronary artery disease 12 (15.8%) 63 (15.4%) .925

CVA 6 (7.9%) 37 (9%) .75

Systolic blood pressure (mmHg) 137.6 ± 16.9 131.2 ± 17.8 .004*

Diastolic blood pressure (mmHg) 85.3 ± 11.1 81.7 ± 10.7 .007*

Uncontrolled blood pressureb 39 (51.3%) 142 (34.6%) .006*

BMI (kg/m2) 26.3 ± 3.5; n = 76 27.4 ± 4.9; n = 408 .067

Fasting plasma glucose (mg/dl) 125.8
(107.3–142.6); n = 63

123
(103.5–153.3);
n = 369

.603

Postmeal plasma glucose (mg/dl) 173 (145–228); n = 43 177
(136.3–235.5);
n = 220

.695

HbA1c (%) 7.2 (6.4–8.5); n = 74 7.3 (6.7–8.5); n = 391 .246

Serum creatinine (mg/dl) 1.1 (0.99–1.44); n = 75 1.09 (0.92–1.26); n = 408 .121

eGFR > 90ml/min/1.73m2 3/75 (4%) 42/408 (10.3%) .277

eGFR: 60–89ml/min/1.73m2 34/75 (45.3%) 199/408 (48.8%)

eGFR: 45–59ml/min/1.73m2 21/75 (28%) 108/408 (26.5%)

eGFR: 30–44ml/min/1.73m2 14/75 (18.6%) 48/408 (11.8%)

eGFR: 15–29ml/min/1.73m2 3/75 (4%) 11/408 (2.7%)

eGFR < 60ml/min/1.73m2 38 (50.7%); n = 75 167 (40.9%); n = 391 .117

Serum sodium (mEq/L) 137.7

(136–139.4); n = 54

137

(135.3–138.7);
n = 300

.178

Serum potassium (mEq/L) 4 (3.6–4.4); n = 55 3.9 (3.6–4.3); n = 299 .471

Hypokalemia 4/55 (7.3%) 14/299 (4.7%) .499

Spot urine albumin–creatinine
ratio (mg/g)

25 (8.4–60.8); n = 74 23.8 (6.4–51.9); n = 388 .329

No albuminuria 42/74 (56.8%) 226/388 (58.2%) .418

Moderately increased

albuminuria

32/74 (43.2%) 154/388 (39.7%)
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studies; higher (39%) in China, which was attributed to younger age

and shorter duration of T2DM and lower in Sweden (6.9%) and the

United States (0%) due to more stringent cut‐offs of ARR (>30 ng/dl/

ng/ml/h).10–12

The estimates of the prevalence of PA in T2DM based on con-

firmatory testing are varied in literature, ranging from 0.93% to

19%.10,12,13,19 This variability is due to varying cut‐offs and tests,

further confounded by the proportion of screen‐positive patients

who underwent confirmatory testing. The proportion of patients who

were tested positive among those who could be confirmed was 55%

(20/36) in our cohort, which is comparable to the studies by Li et al.19

(50%, 49/99) and Hu et al.12 (59%, 25/42). Thus, the prevalence of

confirmed PA in our cohort was at least 4.1% whereas the estimated

prevalence was 8.7%.

Recently, there is a shift from ARR to absolute values of renin

and aldosterone for screening for PA. Many authors now suggest

that suppressed renin should be considered as requisite for further

confirmation with or without plasma aldosterone cutoff of 6 or

10 ng/dl.20–22 Even considering screen positive as suppressed renin

with aldosterone >10 ng/dl, the prevalence of screen positive in our

cohort is 14.4% (70/486). The variability of aldosterone con-

centrations and posture‐dependent changes have prompted the use

of 24‐h urinary aldosterone as a more comprehensive measure of

aldosterone secretion as a confirmatory test in all patients with

suppressed renin.23,24 However, we used seated SST as a con-

firmatory test for convenience only in those with elevated ARR. This

could have led to the missing of milder PA cases in our study.

Nonetheless, seated SST has been shown to have high sensitivity

among various confirmatory tests.25,26

The profile of severe hypertension in patients with positive

screening/confirmed PA is similar to previous studies.3,4 PA can lead

to sodium retention, volume expansion and increased vascular re-

activity; direct effects of aldosterone on increasing collagen deposi-

tion and fibroblast proliferation lead to worsening of blood

pressure.27 There was a female preponderance among the group with

a positive screening test. It is similar to that seen in another study,

where at age more than 62 years, the bilateral disease was more

frequent in women than men.28

Hypertension was diagnosed before T2DM in a greater propor-

tion of patients with a positive screening test. This is in line with the

Positive screening
test (n = 76)

Negative screening
test (n = 410) p Value

Severely increased albuminuria 0 8/388 (2.1%)

Number of antihypertensives

0 1/75 (1.3%) 13/409 (3.2%) .149

1 43/75 (57.3%) 200/409 (48.9%)

2 20/75 (26.7%) 154/409 (37.7%)

3 7/5 (9.3%) 34/409 (8.3%)

4 4/75 (5.3%) 8/409 (2.0%)

Resistant hypertension 5/75 (6.7%) 19/409 (4.6%) .398

ACEI 10/75 (13.3%) 98/409 (24%) .042

ARB 23/75 (30.7%) 175/409 (42.8%) .050

Beta blockers 20/75 (26.7%) 81/409 (19.8%) .179

Calcium channel blockers 57/75 (76%) 243/409 (59.4%) .007

Diuretics 7/75 (9.3%) 41/409 (10%) .849

Plasma aldosterone (ng/dl) 17.4 (13.2–21.1) 11.5 (7.9–17.8)

Direct renin concentration
(µIU/ml)

5.8 (3.3–9.9) 37 (17.4–96.2)

Aldosterone renin ratio (ng/dl/
µIU/ml)

2.8 (1.9–4.9) 0.3 (0.1–0.7)

Note: Data are expressed as n (%), median (interquartile range) or mean ± SD.

Abbreviations: ACEI, angiotensin‐converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BMI, body mass index; CVA, cerebrovascular accident, DM, diabetes mellitus; eGFR, estimated
glomerular filtration rate; HbA1c, glycosylated haemoglobin; HT, hypertension.
aHypertensive crises refer to past history of systolic blood pressure ≥ 180 and/or diastolic blood
pressure ≥ 120mmHg, requiring either visits to the emergency department or hospitalisation.
bUncontrolled blood pressure refers to blood pressure > 140/90 on existing medications.

*p < .05.
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pathophysiology where PA can lead to dysglycemia and T2DM due to

hypokalemia‐induced decreased insulin secretion, insulin resistance

or cortisol cosecretion.29,30 The prevalence of new‐onset T2DM in

patients with PA was 15.2% in a meta‐analysis.31 Whereas, in pa-

tients with hypertension secondary to diabetes‐related athero-

sclerosis or nephropathy, the detection of diabetes should antedate

hypertension. These findings have been reiterated in a study in 124

hospitalized Japanese T2DM patients.13 This could also explain the

high prevalence of PA detected in the study of 256 Chinese patients

with hypertension and newly diagnosed T2DM.12

The prevalence of hypokalemia was similar between the groups

with positive and negative screening tests. This could be due to mild

PA and possibly predominantly bilateral disease in the mild and

asymptomatic cohort. Among the patients who underwent con-

firmatory testing, serum creatinine was higher and eGFR was lower in

the patients who were confirmed to have PA. They also had a longer

duration of T2DM and hypertension, which could have contributed to

the worse renal function in addition to excessive aldosterone levels.

To the best of our knowledge, this is the first study fromWestern

India reporting the prevalence of PA in a cohort of patients with

T2DM and hypertension. Our diabetes clinic drains a large area of the

local population with uncomplicated diabetes needing routine care,

hence the study participants were representative of the general po-

pulation and included milder and unselected hypertensives. None-

theless, being a tertiary care centre, our diabetes clinic also caters to

patients with complications or those requiring specialized care, in-

troducing a possibility of selection bias. In addition, the screening test

was performed on existing antihypertensives that were optimized

before confirmatory testing, thus reflecting real‐world scenarios and

challenges in diagnosis. Further, the less stringent inclusion criteria

lead to a higher prevalence. Only 136 patients included in the study

would fall under the current ES recommendation for screening. This

would translate into missing 47 patients with screen positive and 10

confirmed positive cases.

The data on the prevalence of PA in the hypertensive cohort in India

is restricted to young hypertensive, hence cannot be compared with the

current cohort.14,15 The prevalence of PA in hypertension cohorts varies

from 3.9% to 22% depending upon the severity of hypertension, cut‐offs

and tests used.3–5 In our study, even if we assume that the presence of

T2DM may not confer additional risk of PA, the presence of T2DM

should not preclude screening for PA in hypertensive patients.

The implication of the study may suggest that the addition of al-

dosterone antagonists may help in better control of blood pressure,

which would further contribute to improving cardiovascular risk

status.32 Further control of PA may also improve glycemic status by

reducing aldosterone‐mediated components of insulin secretion and

resistance.33 Further studies assessing the cost‐effectiveness and fea-

sibility of screening all patients in resource‐constrained settings are

needed.

Strengths of our study include prospective nature, large sample

size, guideline‐based protocolized screening and use of sensitive

criteria. The main limitation of our study is that a smaller fraction of

patients completed the diagnostic evaluation (confirmatory testing,T
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CT abdomen and AVS). This was due to difficulty in changing anti-

hypertensives in patients on 3–4 antihypertensives, those with

heart failure and attrition of follow‐up. Further, as the cohort

comprised of mild hypertensives in the sixth decade of life and most

of the patients were not willing for surgery, AVS could not be

performed in all. This represents the real‐world situation in the

management of T2DM. Additionally, aldosterone levels were ana-

lysed using immunoassay instead of mass spectrometry, which could

have overestimated aldosterone levels and led to false positives.

Another limitation was the assessment of comorbidities and com-

plications at the time of inclusion based on history and testing for

microalbuminuria in only one urine sample. Echocardiographic

findings were not available for patients. Lastly, the estimated pre-

valence of PA in the study population might have been slightly

overestimated as it was based on the prevalence in patients who

successfully underwent the confirmatory SST.

To conclude, PA is prevalent (at least 4.1%) in Asian Indian pa-

tients with T2DM and hypertension. Further studies are needed to

assess the cost‐effectiveness of routine screening.
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Sir,

Urbach-Weithe disease or lipoid proteinosis is a rare 
autosomal recessive genodermatosis reported with higher 
prevalence in South Africa and Europe.[1] Genotypicially, a 
loss of function mutation in extracellular matrix protein 
1 (ECM1) gene mapped to Chromosome 1q21 correlates 
clinically with widespread disease associated with variable 
degree of scarring and infiltration of skin, involving the 
oral cavity, larynx, and mucosae.[2] In this case series, we 
describe the various phenotypic variations in four brothers 
out of the six siblings affected by this condition.

Case Series
Case 1
A 42-year-old man, oldest of the six siblings, born to 
parents of a third-degree consanguineous marriage, who 
was asymptomatic at birth, developed hoarseness of 
voice in his infancy followed by spontaneous vesiculation 
over his face, arms, shoulders, back, and over buttocks 
in childhood up till the age of 16 years, which healed 
with atrophic scarring. Further, he developed progressive 
thickening of his skin with the development of yellowish 
tiny lesions along the margins of his eyelids, neck and 
both hands, and warty lesions over the sites of trauma. 
He gave history of increased discomfort during summer 
and multiple episodes of seizures over the past 16 years. 
There was history of dysphagia and episodes of dyspnea 
that exacerbated with concurrent upper respiratory 
tract infections. Patient also gave a peculiar history of 
observing spontaneous and incomplete resolution of his 
skin lesions.

Examination revealed short stature (height 152.52 cm) with 
moniliform blepharosis [Figure 1a] along with confluent 
yellowish-brown waxy papules over the face, neck, upper 
trunk, arms, forearms, legs, scrotum, and dorsum of 
hands. Hyperpigmented verrucous lesions [Figure 1b] were 
seen over bilateral elbows, knees, in axillae, intergluteal 
cleft, and over lateral malleous. Scarring alopecia was 
noticed over the scalp along with lateral one-third of 
supraciliary madarosis. Thickened waxy skin over the face 
along with multiple variable sized pox-like scars gave an 
appearance of leonine-like facies [Figure 1c]. Oral mucosal 
examination showed induration of both lips, angular 
chelitis, thickened infiltrated fissured tongue [Figure 1d], 

and frenulum with an inability to protrude along with 
multiple dental caries and loss of teeth.

On slit-lamp examination, features of dry eye were 
documented. Video-laryngoscopy showed thickened 
epiglottis and vocal cords with narrowed airway opening. 
X-ray skull showed presence of a radio-opacity in the 
pituitary region.

Case 2
A 40-year-old man, sibling of case 1, developed 
hoarseness of voice around the age of 6, followed 
by a similar progression of clinical events such as 
the formation of vesicles until the age of 14 years 
that ultimately healed with atrophic scarring. He, 
however, gave no history of dysphagia, dyspnoea, 
seizures, or photosensitivity. He too had a short 
stature (height 146.436 cm) with diffusely thickened 
nonpinch-able skin, numerous confluent yellowish waxy 
papules, and atrophic scars present over face, back, 
shoulders, back, and buttocks along with moniliform 
blepharosis. Thick verruocus hyperpigmented plaques 
were seen in axillae, elbows, buttocks, knees, lateral 
malleoli, and over knuckles of both hands along with 
infiltrated lips, angular chelitis [Figure 2a], thickened 
tongue and frenulum with inability to protrude and 
fissuring and dental anomalies were also seen.

The nails showed presence of ragged cuticles and 
onychoschizia [Figure 2b]. On dermoscopy, ragged 
cuticles over third and fourth fingers of the right hand 
were observed [Figure 3a]. Scarring alopecia along with 
grouped infiltrated papules over the scalp was noticed 
along with supraciliary madarosis [Figure 2c].

Slit-lamp examination revealed dry eye in him too. 
Video-laryngoscopy showed uniformly thickened vocal 
cords and X-ray skull features were normal.

Figure 1: Common findings in lipoid proteinosis as seen in our cases. (a) Moniliform 
blepharosis. (b) Infiltrated tongue (c) Verrucous plaques over the knees. (d) Pox-like 
scars over the face
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Case 3
A 36-year-old man, fourth of the six siblings, presented 
with hoarseness of voice since birth and vesicular lesions 
over body since the age of 2 years until 16 years of age, 
followed by the formation of thick waxy lesions over 
the joints. There is no history of dysphagia, dyspnea, 
seizures, or discomfort in summers.

On examination, height was 170.314 cm, with scarring 
alopecia, moniliform blepharosis, thickened facial skin 
along with confluent yellowish papules, and atrophic 
scars on the face giving an appearance of leonine facies. 
There was infiltration of the lips, thickened tongue along 
with presence of angular cheilitis. He too had infiltrated 
skin over the body and hyperkeratotic hyperpigmented 
plaques over his joints.

On dermoscopy, multiple tiny papules and pits were 
observed on the tips of the finger pulps of the second, 
third, and fourth fingers of both hands [Figure 3b]. 
On slit-lamp examination, dry eye was observed. 
Video-laryngoscopy showed presence of thickening 
over the posterior one-third of vocal cords including 
inter-arytenoid areas. X-ray findings of the skull were 
suggestive of a radio-opacity in the hippocampus region.

Case 4
A 32-year-old man, sixth of the six siblings, was 
asymptomatic at birth but started noticing hoarseness of 
voice by the age of 5 years followed by a similar history 
of vesicles that healed with scarring, appearance of small 
numerous yellowish lesions over the face and body and 
thick warty lesions over the sites of friction. He gave 
history of seizures since the past 2 years. There were no 
dysphagia, dyspnea, and discomfort in summers.

He too had short stature (height 150 cm) with 
moniliform blepharosis, grouped waxy papules on his 
scalp over the right parieto-occipital area and on the 

scrotum, and minimally verrucous plaques the knees. 
Oral cavity showed the presence of infiltrated lips, 
angular chelitis, dental anomalies, fissured tongue with 
gross infiltration and an obvious inability to protrude 
and prominent dental marking along its lateral borders.

On dermoscopic examination, few small papules and pits 
were seen on the pulps of bilateral third and fourth 
fingers and dry eyes were seen on slit-lamp and thickened 
epiglottis and vocal cords on video-larynscopy. X-ray of 
the skull showed radio-opacity in the pituitary region.

To summarize, Table 1 shows the phenotypic variability 
in cutaneous features previously described in the 
literature in these four brothers. Table 2 shows the new 
features we came across.

Cases 5 and 6
The remaining two sisters out of the six siblings were 
also screened and found to be clinically clear of any 
cutaneous or systemic manifestations.

Histopathology of skin biopsy taken from verrucous 
lesions in all four brothers showed the presence of 
amorphous eosinophilic hyaline material in the dermis, 
accentuated around the capillaries, sweat coils in an 
“onion skin arrangement” [Figure 4a and b on H and E]. 
These deposits stained positive on PAS [Figure 5a and b] 
and negative for Congo red stain.

Lipoid proteinosis is diagnosed based on its characteristic 
clinical findings confirmed by histopathology. It is known 
to display considerable interfamilial and intrafamilial 
variation.[2]

Hoarseness of voice, which is usually the first presenting 
symptom, was seen in all our patients. Along with all the 
classical cutaneous features,[3] some other new interesting 
features observed in our patients were stunted growth, 
lateral one-third supraciliary madarosis, waxy papules 
over the scrotum and scalp, papular deposits on the 
fingertips with ragged cuticles of nails were seen in ours 
which have not been mentioned in the literature before 
which have been highlighted in Table 2.

Mucosal involvement manifesting as immobility of tongue, 
speech impediment, xerostomia, and dental anomalies, 

Figure 2: New cutaneous findings observed. (a) Angular chelitis. (b) Ragged cuticles 
of nails with onychoschizia. (c) Waxy infiltrated papules over scalp

c

b

a

Figure 3: Dermoscopy features (Dinolite, polarized, 150×). (a) Ragged nail 
cuticles. (b) Pits and papules seen on finger tips

ba
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Table 1: Summary of clinical features in patients with lipoid proteinosis
Clinical features Brother 1 (42y) Brother 2 (40y) Brother 4 (36y) Brother 6 (32y)
Hoarseness of voice Since infancy 6 years of age Since birth 5 years of age 
Vesicular eruptions healed with scarring +++ ++ + ++
Waxy papules ++ + + ++
Verrucous plaques + ++ ++ ++
Moniliform blepharosis + ++ +++ ++
Thickened tongue +++ ++ + ++
Inability to protrude tongue +++ ++ - +++
Dysphagia ++ - - +
Scarring Alopecia + + + +
Respiratory manifestations Dyspnea - - -
Neurological manifestations Epilepsy, Memory loss - - Epilepsy, Memory loss
Severity of C/F Severe Milder Milder Severe

Table 2: Whats new!
Clinical Features Brother 1 (42y) Brother 2 (40y) Brother 4 (36y) Brother 6 (32y)
Stunted growth +++ +++ - +++
Supraciliary madarosis +++ +++ +++ +++
Leonine-like Facies +++ +++ +++ +++
Fissure tongue ++ ++ ++ ++
Angular chelitis ++ ++ ++ ++
Waxy scalp papules - ++ - ++
Waxy scrotal papules - +++ - -
Fingertip pits and papules - - ++ ++
Ragged cuticles, onychoschizia - ++ - -
Dry Eyes ++ ++ ++ ++
Key: ‘-‘Absent, ‘+’ Weakly present, ‘++’ Moderately present, ‘+++’ Strongly present

etc.,[1,3] previously mentioned in the literature were seen 
in all of our four patients. Infiltration of the pharynx, 
soft palate, tonsils, and lips lead to recurrent episodes 
of upper respiratory tract infections, parotitis, and poor 
dental hygiene. However, clinical features such as angular 
cheilitis and fissured tongue not described previously 
were consistently present in all the four brothers.

Extramucocutaneous involvement although uncommon 
can manifest with ocular, psychiatric, or neurological 
symptoms. According to literature almost any part of the 
eye can be affected, usually infiltration of Zeiss, Moll, 
and Meibomian glands clinically present as madarosis, 

trichiasis, and distichiasis. Other commonly seen features 
are focal degeneration of macula and drusen formation in 
Bruch’s membrane. Rare manifestations include glaucoma, 
lens-related and retinal complications such as cataract, 
subluxation, impaired color vision, corneal ulcerations, 
uveitis, epiphora, transient blindness, etc.[4] However, in all 
our four patients, dry eyes were the consistent eye finding.

Neurological manifestations include long-standing 
memory impairment, paranoia, rage attacks, mental 
retardation, and temporal lobe epilepsy.[4,5] Two out 
of our four patients reported memory impairment and 

Figure 4: (a) Amorphous eosinophilic hyaline material in the dermis on H and E 
scanner view. (b) Hyaline material accentuated around the capillaries, sweat coils in 
an “onion skin arrangement” on H and E at 100×

ba

Figure 5: (a and b): PAS positive deposits in the dermis, highlighted along the 
capillaries and ducts
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epilepsy. CT brain with bean-shaped calcifications in the 
hippocampus, which is pathognomic for this condition. 
Nevertheless, studies have reported no geno-phenotypic 
co-relation in severity.

The ECM1 gene encodes for a secretory glycoprotein and 
plays an important role in the structural and biological 
function of skin.[6,7] Mutations in this gene result in 
a disruption of collagen metabolism with decreased 
production of fibrous collagen and overproduction of 
basal membrane collagen. This presents clinically as the 
deposition of PAS-positive hyaline material in dermis 
and submucosa.[1]

Hamada et al.[3] in their study have reported a number 
of mutations in ECM1 gene, however, majority of the 
mutations reported occur on exon 7 and to a lesser extent 
on exon 6. This results in variation of clinical severity 
with exon 7 mutations resulting in milder mucocutaneous 
phenotype and less severe respiratory symptoms.

Skin lesions in lipoid proteinosis occur in two overlapping 
stages: Cell-poor subepidermal blisters with secondary 
acantholysis histopathologically which manifests 
clinically as spontaneous vesiculation that heals with 
scarring during early childhood followed by progressive 
PAS-positive amorphous hyaline material deposition 
in the dermis, vessel wall, and around eccrine glands 
presenting clinically as generalized thickened skin.[7,8]

Lipoid proteinosis is known to run a chronic and 
benign course with a normal life span but the patient 
suffers from various functional and cosmetic problems. 
Treatment options available are limited. Studies have 
reported the use of drugs that dissolve collagen and 
scavenge hydroxyl radicals like dimethyl sulfoxide, 
or help prevent the cross-linking seen in mature 
collagen by inhibiting key enzyme lysyl oxidase such 
as d-penicillamine. Retinoids like acitretin modulate 
the metabolism of basement membrane and reduce the 
deposition of hyaline material in dermis. Facial lesions 
can be treated with dermabrasion or chemical peeling 
with CO2 laser surgery for vocal cords that help in the 
improvement of hoarseness.[8-10]

To conclude, the unique features of stunted growth, 
waxy scalp papules with scarring alopecia of scalp, 
angular chelitis, fingertip pits, and papules with ragged 
cuticles, onychoschizia along with findings of dry eyes in 
the male siblings, with sparing of the female siblings are 
highlighted through this case series to provide a greater 
insight into this uncommon genodermatoses. 
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Abstract

Background

Carpal tunnel syndrome (CTS) is the most frequent and well-known form of median nerve entrapment and
accounts for 90% of all entrapment neuropathies. The outcomes of CTS release surgery are usually evaluated
with patient-reported outcome measures. To compare the accuracy of Quick-DASH versus CTS-6 evaluation
tools in assessing the outcome of surgical treatment for carpal tunnel syndrome.

Methods

We conducted a study involving 60 cases undergoing carpal tunnel release at our institute to consider the
accuracy of QUICK-DASH and CTS-6 evaluation tools. The results were assessed by self-administering
questionnaires filled by patients on 3 different occasions: pre-operatively, 1 month, and 6 months post-
operatively. The accuracy of QUICK-DASH and CTS-6 assessment tools was analyzed independently using
the dependent t-test and Wilcoxon matched pairs test.

Results

A positive correlation was found between the mean change in both Quick-DASH and CTS-6 scoring
systems. However, CTS-6 showed higher responsiveness to changes from baseline to 1 month and 6 months
respectively compared to Quick-DASH.

Conclusions

Quick-DASH and the CTS-6 evaluation tools both are highly responsive to change after surgery for carpal
tunnel syndrome and reflect the clinical improvement in terms of disabilities and symptoms respectively. The
higher responsiveness to CTS-6 could be attributed to the fact that the CTS-6 is a disease-specific measure of
symptoms, whereas the Quick-DASH is a region-specific measure of function. Our study provides additional
support for CTS-6 given accessing treatment outcomes, as it is easier and less time-consuming to adapt.
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a b s t r a c t

Background and aims: To compute reliable estimates of stunting, wasting and underweight along with
their determinants in under 5 children from Developing Countries.
Methods: Out of 190 studies on under-nutrition, accessed from PubMed and Google database, 24 studies
meeting the selection criteria were considered for meta-analysis.
Results: Overall estimate of prevalence of stunting, wasting and underweight were 43.4%, 17.8% and
35.5% respectively. Mother's education, BMI, height, wealth index, child birth-weight and sex were
factors significantly associated with stunting, wasting and underweight.
Conclusions: Prevalence of stunting, wasting and underweight in Developing Countries were quite high.
To carry-out differentials of under-nutrition between countries and ways of its reduction, more such
studies are required.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Malnutrition is a major underlying cause of the child morbidity
andmortality in India and also inmany other Developing Countries.
It refers to inadequate dietary intake, presence of any infectious
disease, or combination of the two. It can exacerbate the impact of a
disease also. Nearly one-half of all child deaths globally are attrib-
utable to this cause. Child malnutrition also draws parallel links
with their demographic features, environmental & socioeconomic
conditions, parental characteristics and household possession as
well as their geographical location [1]. It is caused by various
interlinked factors and has both - short as well as long term harmful
health effects. Under-nutrition accounts for at least half of all the
deaths annually in children under-5 years of age worldwide. Even
today, it is a serious public health problem amongst children below
5 years of age in India and also in several other Developing Coun-
tries [2]. Stunting, wasting and underweight are three broadly
known indicators of child nutritional status.

Globally, prevalence of stunting, underweight, and wasting in
children less than 5 years of age have been reported to be 26%, 16%
and 8% respectively [3]. WHO has estimated that approximately

150e200 million children, aged below 5 years of age in Developing
Countries were underweight and stunted [3]. It has also been
estimated that nearly one out of every eight of the under 5 children
dies due to malnutrition in Sub-Saharan Africa [3]. Stunting - a
measure of chronic undernutrition, is the most prevalent form of
child under-nutrition in Developing Countries. The worldwide
prevalence of stunting amongst under 5 children, by & large, has
decreased in past recent years. In 2012, WHO had set a global target
to reduce the number of stunted children by 40% from the baseline
of 171 million in 2010 to 100 million by 2025 [4].

In SEA Region too,malnutrition has been seen as a serious public
health problem, particularly for under 5 children. For example,
almost 50% of total deaths among children under 5 were attribut-
able to under-nutrition in Myanmar [5]. Similarly, in 2007 in
Bangladesh [6], 43% of under-five children were stunted and the
proportion was about 24% higher in rural areas than in the urban
areas. Bangladesh had achieved a lower stunting rate of 41% in 2011
and this further improved to 36% in 2014, compared to higher
average income countries such as Pakistan (45% stunting in 2012)
and India (38.4% stunting in 2017). In fact, nutrition in children,
compared to other population-groups, becomes a serious concern
because childhood is an intense period of mental, physical, and
cognitive growth and that, it is highly predictive of future health
[7]. Macronutrient and micronutrient deficiencies are common
during childhood with stunting, wasting, and underweight being
the most common nutritional problems affecting millions of
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children worldwide. Stunting is a global nutritional challenge that
disproportionately affects Developing Nations [7].

In recent years, prevalence of childhood stunting and under-
weight in India also remained persistently high [8]. In 1992e93,
amongst children aged 0e47 months, 57% and 49% children were
stunted and underweight respectively, declining to 47% and 42%
respectively in 2005e2006, and further, to 39% and 29% respec-
tively in 2013e14. In 2011, India accounted for 38% of the global
burden of stunting (nearly 62 million children) under-scoring
importance of reducing undernutrition in India [8]. Our country
bears more than one third of the global burden of child stunting.
Within the country, the National Nutrition Strategy (NNS), released
by the NITI Aayog in 2017, specifically aimed to prevent and reduce
prevalence of underweight in children (0e3 years) by 3% points per
annum by the year 2022.

A NFHS study in India [9] reported that prevalence rates of
underweight, stunting, and wasting were 43%, 48%, and 20%,
respectively among children younger than 5 years in rural areas.
Prevalence of under-nutrition among under5 children, according to
some other similar studies in India [10,11] showed that 35.7% under
five children were underweight, 38.4% were stunted and 21% were
wasted. The Government of India is strongly committed to
achieving by 2030 Sustainable Development Goals (SDGs) [12]. In
India, despite a declining trend observed in prevalence of under-
nutrition, more than 30% of children under5 years of age are still
stunted and underweight [13].We conducted a study of systematic
review on above 3 indicators of under-nutrition to obtain a reliable
pooled estimates of prevalence of stunting, wasting and under-
weight for selected Developing Countries including India.

2. Material & methods

2.1. Literature review

A literature search was carried out, using Pub Med and the
Google data-base, to identify articles, published during a period of

12 years (2009e2020) from Developed Countries including India,
on stunting, wasting and underweight. The key-words used for
searching these articles were ‘stunting’, ‘wasting’ and ‘under-
weight’, ‘under 5 children’ and ‘Developing Countries’. Number of
studies, initially considered for this purpose, process of their se-
lection, and studies finally selected for the meta-analysis, are
explained in the Flow Chart (Fig. 1).

2.2. Inclusion and exclusion criteria

In the present study, only those published studies, which had
similar methodology and criteria for inclusion & exclusion of chil-
dren, were considered for the purpose of meta-analysis. An addi-
tional condition was also considered in the literature search that
study's full published paper in English language was available. The
cross - references of the enlisted articles, used if any, were also
accessed through Google data-base, for the purpose of the present
study.

2.3. Data extraction

Data extraction from each selected study included authors’ last
name, year of publication, its place and sample size (n), prevalence
rate along with standard error of stunting, wasting & underweight
and factors e found to be significantly associated with them. The
extracted data were then analysed for calculating estimates of
prevalence of above 3 indicators of under-nutrition with their 95%
confidence intervals.

2.4. Statistical analysis

Studies conducted in different parts of the globe and finally
selected for the purpose of present study, as shown in Fig. 1,
constituted the material of the present study. The 24 studies
selected for the meta-analysis, were finally reviewed and their
Forest as well as Funnel Plots were drawn. STATA 16 Statistical

Fig. 1. Flow Chart of the selection process of published studies on stunting, wasting & under-weight in under 5 children for the meta-analysis.

P. Verma and J.B. Prasad Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102243

2



Software was used for describing the pooled estimates of preva-
lence of stunting, wasting& underweight, obtained from individual
studies. Spread was measured around the weighted pooled esti-
mates of prevalence of the above 3 indicators of under-nutrition.
The heterogeneity in stunting, wasting as well as in underweight
in the given study was described by I2 statistics (I2<50% indicated
low heterogeneity and I2 �50% indicated high heterogeneity).

I2¼Q � d:f :
Q

X 100

where Q statistic has k-1 d. f.

Q ¼
PN
i¼1

�bbi � bbi
�

cs2i
Here bbi ¼ Estimated effects; which vary from study to study

si¼ Standard Error of estimated effect

bbi ¼ Precision�weighted average of the estimated effects

bbi ¼
PN

i¼1bs�2i
bbiPN

i¼1bs�2i

Table 1
Prevalence of stunting (%) in under 5 children, found in selected studies from India and some other Developing Countries.

Authors
Region Sample

Size (n)
Stunting Factors found significantly associated with the prevalence rate

Prevalence
(%)

S.E.

Studies from India:
Corsi et al.,

2015
India 51,555 51.1 0.22 Household wealth quintile, mother's education, mother's BMI, dietary diversity score, short maternal stature

Kim et al., 2019 India 1,40,444 38.62 0.13 Maternal height, maternal educational, maternal BMI, household wealth quintile, sanitary facility, ante-natal
care visits, skilled birth attendant at delivery, stool disposal & breastfeeding initiation

Ghosh &
Varerkar
2019

Maharashtra
(India)

718 59 1.84 Age group, weaning age, household size

Meshram et al.,
2012

India 14,587 51 0.41 Age, gender, family size, literacy status of parent, household wealth index, history of morbidity

Meshram et al.,
2014

Odisha (India) 1951 65 1.08 Age, religion, literacy status of parents and household index

Rajaram et al.,
2016

India 51,555 44 0.22 Healthcare, movement, Money

Akhade et al.,
2019

India 400 36.5 2.41 Age, birth-weight, sought medical opinion

Huey et al.,
2019

Mumbai
(India)

323 31.2 2.58 Sex, birth-weight, haemoglobin, income, maternal height, maternal education

Murarkar et al.,
2020

Maharashtra
(India)

3671 45.9 0.82 Sex, birth order, type of family

Meshram et al.,
2012

Maharashtra
(India)

1751 61 1.17 Age, gender, household's wealth index

Jeyakumar
et al., 2019

Pune (India) 400 34 2.37 Age, birth weight

Studies from Some Other Developing Countries:
Khan et al.,

2019
Pakistan 3071 44.4 0.90 Residence, mother's education level, consanguineous marriage, wealth index, mother's height, age of child,

child size at birth
Sulaiman et al.,

2018
North Sudan 1447 42.5 1.30 Age, gender

Hagos et al.,
2017

Ethiopia 1,99,771 43.7 0.11 Age of the child, sex of the child, place of delivery, mother's education, household food insecurity

Khaing et al.,
2019

Myanmar 4286 29.1 0.69 Child's age, child's gender, preceding birth interval, mother's BMI, parent's education, birth-weight, socio-
demographic status

Bhowmik&Das
2018

Bangladesh 6931 36 0.58 Child-level factors: age, birth interval and incidence of diarrhoea. Mother-level factors: age, education and
nutrition status. Household-level factors: economic status. Community-level factors: place of residence, and
regional factors

Upadhyay &
Bhusal 2017

Nepal 2334 41 1.02 Wealth index, size of child at birth, mother's smoking habit, ANC check-up, mother's height, mother's BMI

Sapkota &
Gurung 2009

Nepal 150 37 3.94 Sex of the child, ethnicity, socio-economic status,

Mengesha et al.,
2020

Ethiopia 7909 39.2 0.55 Maternal height, age of the child, weight of child

Chowdhury
et al., 2016

Bangladesh 7568 41.3 0.57 Children's age group, mother's BMI, father's educational status, place of residence, socio-economic status,
religion and food security

Mengistu et al.,
2013

Hidabu Abote
(Ethiopia)

820 47.6 1.74 Child age, family monthly income, pre-lactation foods/fluids

Tiwari et al.,
2014

Nepal 2380 40.6 1.01 Currently breastfeeding, duration of breastfeeding, perceived size of baby at birth, wealth index, child's age
in month, ecological zone

Das & Gulshan
2017

Bangladesh 17,989 36.2 0.36 Age of child, place of residence, division, father's education, mother's education, father's occupation,
mother's occupation, mother's BMI, wealth index, toilet facility, number of living children & birth order.
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I2- tells the percentage of the variability in effect estimates, i.e.,
due to heterogeneity rather than chance (or sampling error).

The weighted estimates of prevalence of stunting, wasting &
underweight with 95% confidence intervals were computed, in
addition to the Funnel Plot and Egger's Test, to study the publication
preferences.

3. Results

Out of available 190 studies, published from Developing Coun-
tries including India, as filtered from PubMed and the Google
database, only 24 confirmed to our selection criteria and hence,
were included for meta-analysis in the present study (Fig. 1). The
pooled prevalence rates of stunting, wasting as well as underweight
- the 3 indicators of under-nutrition, were estimated from datasets,
retrieved from the above 24 studies [1e24].

i) Pooled Estimate of Prevalence for Stunting in Under Five
Children: Data for meta-analysis (Table 1) showed that preva-
lence (%) of stunting varied with geographical region. In India,
prevalence of stunting was highest in Odisha (65%), followed by
Maharashtra (59%). Prevalence of stunting was lowest in
Mumbai (31.2%). In other Developing Countries, prevalence of
stunting was highest in Hidabu Abote District, Ethiopia (47.6%),

followed by Pakistan (44.4%) and Ethiopia (43.7%) and it was
lowest in Myanmar (29.1%).

Fig. 2a showed the Forest Plot of stunting in fewer than 5 chil-
dren from India and some other Developing Countries, giving dis-
tribution of prevalence rates - based on 11 studies and 12 studies
respectively. Within India, highest prevalence estimate for stunting
was 65% (95% CI: 62.88, 67.12) and lowest was 31.2% (95% CI: 26.15,
36.25). Overall pooled estimate of prevalence rate for stunting was
47.14% (95% CI: 40.44, 53.84), with heterogeneity in prevalence
rates amongst 11 studies being high (I2 ¼ 99:89% and p ¼ 0:00Þ. For
other Developing Countries, highest estimate of prevalence rate for
stunting was 47.60% (95% CI: 44.18, 51.02) in Hidabu Abote
(Ethiopia) and lowest was 29.10% (95% CI: 27.74, 30.46) inMyanmar.
However, overall pooled prevalence estimate for stunting was
39.90% (95% CI: 37.11, 42.68), with heterogeneity of prevalence
estimate amongst 12 studies being high again (I2 ¼ 98:82% and p ¼
0:00Þ. Fig. 2b showed evidence of publication bias in above studies
on stunting. As can be seen, the Funnel Plot doesn't exhibit the
expected normality in the estimates of stunting. Furthermore, there
are fluctuations in the spread of the prevalence rates of stunting
which is more on the upper side of the estimates.

Table 2
Prevalence of wasting (%) in under 5 children, found in selected studies from India and some other Developing Countries.

Authors
Region Sample

Size (n)
Wasting Factors found significantly associated with the prevalence rate

Prevalence
(%)

S.E.

Studies from India:
Kim et al., 2019 India 1,40,444 19.56 0.11 Maternal BMI, maternal height, household wealth quintile, dietary diversity score
Ghosh &

Varerkar
2019

Maharashtra
(India)

718 20.00 1.49 Age group

Meshram et al.,
2012

India 14,587 22 0.34 Family size, literacy status of parent, household's wealth index, history of morbidity

Meshram et al.,
2014

India 1951 20 0.91 Age, literacy status of father, household wealth index, and morbidities during the preceding fortnight

Rajaram et al.,
2016

India 51,555 18 0.17 Autonomy

Akhade et al.,
2019

India 400 24.8 2.16 % of RDA consumed, primary immunization, maternal education, maternal employment, maternal
nutrition status

Huey et al.,
2019

Mumbai (India) 323 9 1.59 Sex, birthweight, cough, fever, maternal age, maternal height

Murarkar et al.,
2020

Maharashtra
(India)

3671 17.1 0.62 Breastfeeding, diarrhoea

Meshram et al.,
2012

Maharashtra
(India)

1751 29 1.08 Gender, morbidity

Jeyakumar
et al., 2019

Pune (India) 400 15.3 1.80 Age, birth-weight, colostrum feeding, time of introduction of complementary feeds

Studies from Some Other Developing Countries:
Khan et al.,

2019
Pakistan 3071 10.7 0.56 Mother's education level, mother's BMI

Sulaiman et al.,
2018

North Sudan 1447 21 1.07 Age, gender

Khaing et al.,
2019

Myanmar 4286 6.8 0.38 Child's age, mother's BMI, father's education, sociodemographic status

Upadhyay &
Bhusal 2017

Nepal 2334 29 0.94 size of child at birth, child's sex, mother's BMI

Sapkota &
Gurung 2009

Nepal 150 11 2.55 None

Chowdhury
et al., 2016

Bangladesh 7568 15.5 0.42 Mother's BMI, region of residence

Mengistu et al.,
2013

Hidabu Abote
(North Shewa)

820 16.7 1.30 Treatment of drinking water by any means

Das & Gulshan
2017

Bangladesh 17,989 15 0.27 Age of child, sex of child, place of residence, division, mother's BMI, and wealth index

Akombi et al.,
2017

Nigeria 24,529 18 0.25 Type of residence, geo-political zones,/mode of delivery, perceived birth size, father's & mother's
education, mother's BMI, type of delivery assistance & size of child
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ii) Pooled Estimate of Prevalence for Wasting in Under Five
Children: Table 2 similarly showed prevalence (%) of wasting in
under 5 children from India& some other Developing Countries.
As it can be seen, wasting also differed with geographical re-
gions. In India, prevalence of wasting was highest in Mahara-
shtra (29%) and lowest in Mumbai (9%). In some other
Developing Countries, prevalence of wasting was highest in
Nepal (29%) and lowest in Myanmar (6.8%).

Fig. 3a showed the Forest Plot of wasting for India and some
other Developing Countries, giving distribution of prevalence rates
in 10 studies and 9 studies respectively. As regards India, highest
prevalence estimate of wasting was 29% (95% CI: 26.87, 31.13) and
the lowest was 9% (95% CI: 5.88, 12.12). Overall pooled prevalence
estimate for wasting was 19.49% (95% CI: 16.24, 22.75), with high
heterogeneity of prevalence estimates for wasting amongst 10
studies (I2 ¼ 99:52% and p ¼ 0:00Þ. For some other Developing
Countries, highest prevalence estimate for wasting was 29% (95%
CI: 27.16, 30.84) and lowest was 6.80% (95% CI: 6.05, 7.55). Overall
pooled prevalence estimate for wasting was 16.00% (95% CI: 11.74,
20.64), with high heterogeneity of prevalence estimates of wasting
amongst 9 studies ðI2 ¼ 99:49% and p ¼ 0:00Þ. Fig. 3b showed

evidence of publication bias in above studies on wasting. As can be
seen, the Funnel Plot doesn't exhibit the expected normality in the
estimates of wasting. Furthermore, there are fluctuations in the
spread of these prevalence rates which are more on the upper side
of the estimates.

iii) Pooled Estimate of Prevalence for Under-Weight: Table 3
showed prevalence rates of underweight in under 5 chil-
dren too differed with geographical regions. Within India,
prevalence of underweight was highest inMaharashtra (64%)
and lowest in Pune (21.8%). In Developing Countries, it was
highest for Bangladesh (36.3%) and lowest for Nepal (11%).

Fig. 4a showed the Forest Plot of underweight in children below
5 years of age for India and some other countries, giving distribu-
tion of such prevalence rates, based on 11 studies and 9 studies,
respectively. For India, highest prevalence estimate of underweight
was 58% (95% CI: 55.81, 60.19) and lowest was 21% (95% CI: 17.75,
25.85). Overall pooled prevalence estimate of underweight was
42.08% (95% CI: 34.30, 49.85), with high heterogeneity of these
prevalence estimates among 11 studies (I2 ¼ 99:92% and p ¼ 0:00Þ.
For some other Developing Countries, the highest pooled

Table 3
Prevalence of under-weight (%) in under 5 children, found in selected studies from India and some other Developing Countries.

Authors
Country Sample

Size (n)
Underweight Factors found significantly associated with prevalence rate

Prevalence
(%)

S.E.

Studies from India:
Corsi et al.,

2015
India 51,555 44.9 0.22 Household wealth quintile, mother's education, dietary diversity score, short maternal status

Kim et al., 2019 India 1,40,444 34.19 0.13 Household wealth quintile, maternal education, maternal BMI, household air quality, antenatal care visits,
dietary diversity score, stool disposal, skilled birth attendant at delivery

Ghosh &
Varerkar.
2019

Maharashtra
(India)

718 53 1.86 Age group, household size, health status

Meshram et al.,
2012

India 14,587 49 0.41 Age, gender, family size, literacy status of parent, household wealth index, history of morbidity

Meshram et al.,
2014

Odisha (India) 1951 58 1.12 Religion, household wealth index, literacy status of parents and history of morbidities during preceding
fortnight

Rajaram et al.,
2016

India 51,555 37 0.21 Healthcare, movement, money

Akhade et al.,
2019

India 400 39.8 2.45 Family size, type of delivery, initiation of breastfeeding, medical education, maternal nutritional status,
maternal dietary intake (% of RDA)

Huey et al.,
2019

Mumbai (India) 323 25.1 2.41 Sex, birthweight, cough, fever, maternal height, maternal education

Murarkar et al.,
2020

Maharashtra
(India)

3671 35.4 0.79 Breastfeeding, income of family, maternal education

Meshram et al.,
2012

Maharashtra
(India)

1751 64 1.15 Gender, education of mother, acute respiratory infections

Jeyakumar
et al., 2019

Pune (India) 400 21.8 2.06 Birth-weight, immunization status

Studies from Some Other Developing Countries:
Khan et al.,

2019
Pakistan 3071 29.4 0.82 Residence, wealth index, mother's employment status, consanguineous marriage, sex of the child,

mother's education level, child size at birth, mother's nutritional status, mother's height, mother's BMI
Sulaiman et al.,

2018
North Sudan 1447 32.7 1.23 Age, Gender

Khaing et al.,
2019

Myanmar 4286 18.3 0.59 Child, age, child's gender, preceding birth interval, mother's BMI, father's education, birth weight

Upadhyay &
Bhusal. 2017

Nepal 2334 11 0.65 Wealth index, smoking habit, size of child at birth, mother's BMI, mother's height

Sapkota &
Gurung 2009

Nepal 150 27 3.62 Socio-economic status, illness within last 1 month, mother's age when child was born

Chowdhury
et al., 2019

Bangladesh 7568 36.3 0.55 Sex of child, mother's BMI, food security, religion, region of residence

Mengistu et al.,
2013

Hidabu Abote
(North Shewa)

820 30.9 1.61 Total under 5 children in the household, kind of foods/fluids as pre-lacteal

Das & Gulshan.
2017 Bangladesh

17,989 33 0.35 Age of child, place of residence, father's education, mother's education, father's occupation, mother's
occupation, mother's BMI, wealth index, toilet facility, number of living children and birth order

Akombi et al.,
2017

Nigeria 24,529 29 0.29 Geo-political zone, combined place,/mode of delivery, mother's moderation of breastfeeding, preceding
birth interval, sex of child, perceived birth size, child had diarrhoea recently, child had fever in last 2 weeks
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prevalence estimates of underweight was 36% (95% CI: 35.22, 37.38)
and the lowest was 11% (95% CI: 9.73, 12.27). Overall pooled prev-
alence estimates of underweight was 27% (95% CI: 22.17, 32.83),
with heterogeneity of prevalence estimates among these 9 studies
being quite high again ðI2 ¼ 99:48% and p ¼ 0:00Þ. Further, the

Funnel Plot (Fig. 4b showed evidence of publication bias, as it
doesn't exhibit the expected normality in the estimates of the un-
derweights. Furthermore, there are fluctuations in the spread of
these prevalence estimates, which are more on the upper side.

Fig. 2a. Forest Plot of stunting in under 5 children, based on selected studies from India & some other Developing Countries (viz. Pakistan, Bangladesh. North Sudan, Ethiopia,
Myanmar, Nepal & Nigeria).

Fig. 2b. Funnel Plot of stunting in under 5 children, based on selected studies from India and some other selected countries (viz. Pakistan, Bangladesh. North Sudan, Ethiopia,
Myanmar, Nepal & Nigeria).
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Fig. 3a. Forest Plot of wasting in under 5 children, based on selected studies from India And some other selected countries (viz. Pakistan, Bangladesh. North Sudan, Ethiopia,
Myanmar, Nepal & Nigeria).

Fig. 3b. Funnel Plot of wasting in under 5 children, based on selected studies from India And some other selected countries (viz. Pakistan, Bangladesh. North Sudan Ethiopia,
Myanmar, Nepal &Nigeria).
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4. Discussion

Child-malnutrition is a serious public health problem in several
Developing Countries including India. Under-nutrition is often
measured by stunting, wasting and underweight. Stunting mea-
sures chronic under-nutrition whereas under-weight is a compos-
ite measure of both acute as well as chronic forms of under-
nutrition. Wasting is defined as low weight for height. It often

indicates recent and severe weight-loss, although it can also persist
for a long time. These are most prevalent forms of child under-
nutrition amongst children across the globe.

In Developing Countries like India, almost 50% of total deaths
among children under 5 are attributed to the under-nutrition.
Many studies on this subject have been carried out with varying
prevalence rates and determinants by region [1e24]. Hence, to
come out with reliable summary estimates, i.e., to arrive at overall

Fig. 4a. Forest Plot of under-weight in under 5 children, based on selected studies from India and some other selected countries (viz. Pakistan, Bangladesh. North Sudan, Ethiopia,
Myanmar, Nepal & Nigeria).

Fig. 4b. Funnel Plot of under-weight in under-5 children, based on selected studies from India and some other selected countries (viz., Pakistan, Bangladesh, North Sudan, Ethiopia,
Myanmar, Nepal & Nigeria).
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accurate estimate of stunting, wasting and underweight, a study
was undertaken, using meta-analysis. Out of 190 available studies,
published on the subject from India and other Developing Coun-
tries in a period of 12 years (2009e2020), as filtered from PubMed
and Google data base, only 24 studies met our inclusion and
exclusion criteria for final selection of studies, to be used in the
meta-analysis.

In our systematic review, a random effect model was consid-
ered, based on the assumption that data used for meta-analysis
were obtained from randomly selected sample of studies. Nomi-
nal heterogeneity observed in these studies was due to variations in
the study populations in which studies were carried out. Similarly,
our study also used random effect model for meta-analysis,
considering the likelihood of significance of heterogeneity
amongst studies and tested with Q-test [25e27].

The prevalence of stunting varied with geographical regions. In
India, overall pooled prevalence estimate for stunting was 47.1%,
with mother's education, age, household wealth, as significant
factors in around 50% or more of the reviewed studies
[8e13,20e24]. Moreover, prevalence of stunting was variable,
highest in Odisha (65%) [10] with age, religion, literacy status of
parents and household wealth as significant factors, and lowest in
Mumbai (31.2%) [24] with sex, birth weight, haemoglobin, income,
maternal height, maternal education as significant determinants.
However, for Developing Countries other than India, the pooled
prevalence rate for stunting was 39.9%, with age, mother's educa-
tion, household wealth and mother's BMI as significant factors in
50% or more of the reviewed studies [1e7,14e19]. The prevalence of
stunting was quite high in Hidabu Abote District (North Shewa) in
Ethiopia (47.6%) with child age, family income and pre-lactation
foods/fluids as significant factors [16]. It was lowest for Myanmar
(29.1%) with significant factors - child's age, child's gender, pre-
ceding birth interval, mother's BMI, parent's education, birth-
weight, socio-economic status [5].

Prevalence of wasting in under 5 children within India & some
other Developing Countries also differedwith geographical regions.
In India, overall pooled prevalence estimate for wastingwas 19.49%,
with age, and household-wealth being the significant factors in
around 30% of the reviewed studies [8e13,20e24]. Moreover,
prevalence of wasting was highest in Maharashtra (29%) [11] with
gender, fever and diarrhoea being the significant determinants. In
some other Developing Countries, pooled prevalence estimate for
wasting was 16.00%, with mother's BMI as significant factors in
around 60% or more of the reviewed studies [1e7,14e19]. Preva-
lence rate of wasting was highest in Nepal (29%) [14] with size of
child at birth, child's sex and mother's BMI as being significant
factors. It was lowest in Myanmar (6.8%) [5] with significant factors
being child's age, mother's BMI, father's education and socio-
demographic status.

Prevalence of underweight in under 5 children too differed from
region to region. Within India, the pooled prevalence estimate of
underweight was 42.08%, with maternal education as the signifi-
cant risk factor in around 50% or more of the reviewed studies
[8e13,20e24]. Prevalence of underweight was highest in Mahara-
shtra (64%) [11] with gender, mother's education, acute respiratory
infections as the significant factors. However, in other Developing
Countries, pooled prevalence estimate of underweight was 27%,
with mother's BMI as significant risk factor in around 50% or more
of the reviewed studies [1e7,14e19]. Prevalence rate of under-
weight was highest for Bangladesh (36.3%)1 with significant de-
terminants - child's sex, mother's BMI, food security, religion and
region of residence. It was lowest in Nepal (11%) [14] with wealth
index, smoking habit, size of child at birth, mother's BMI and
mother's height as its significant factors.

5. Conclusions

Our meta-analysis results gave estimates of prevalence of
stunting, wasting and underweight for under 5 children in India to
be 47.14%, 19.49% and 42.08% respectively as against 39.90%, 16.00%
and 27.50% respectively in these children in other Developing
Countries. As regards over-all (for under-5 children from all
Developing Countries e considered here, taken together), preva-
lence of these indicators of under-nutrition, these estimates e in
the same order, were 43.38%, 17.83% and 35.52% respectively.
Further, these estimates e in each case, varied with geographical
regions. Also, the Funnel Plots gave evidence of publication bias in
each case. Some major factors, found to be significantly associated
with under-nutrition includedechild's age & gender, birth-weight,
family income, maternal education and mothers' BMI, etc. It ap-
pears that, to carry out differentials in the estimates of under-
nutrition and ways to reduce in under-5 children from Devel-
oping Countries, more studies on this subject, are required are
required.
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a b s t r a c t

Background and aims: The growth in prevalence of diabetes and hypertension has become a major health
issue for women in Karnataka. In India, for the first time, the National Family Health Survey has collected
information on diabetes and hypertension across the states within India (NFHS-4, 2015e16). Hence there
is the need to estimate the prevalence of diabetes and hypertension among women and the associated
risk factors using the national represented data.
Methods: This study has used data from the fourth round of the National Family Health Survey, which
was conducted in 2015e16. Furthermore, the present study included 26,291 women of Karnataka aged
15e49 years. And data analysis was carried out by univariate, bivariate and Binary Logistic Regression
techniques.
Results: This study revealed a high prevalence of diabetes (6.3%) and hypertension (10.5%) among
women in Karnataka. Overweight women were more likely to have diabetes (11.7%) and hypertension
(20.6%) than normal and underweight women. The detailed analysis indicated demographic and socio-
economic diversity in the burden of diabetes and hypertension. The factors responsible for co-
morbidities were the changes in the demographic situation and socio-economic status, overweight
and substance use.
Conclusions: The findings point to the need for raising awareness about the prevention and management
of diabetes and hypertension through health education and community-based disease management
programs with the help of trained peers and community health workers.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

In Southeast Asia, about 9% of women are diabetic. Globally,
diabetes is the 9th leading cause of deaths among women. It is
responsible for the death of 2.1 million women and about 1.8
million men every year in South Asia.[1] India is in the middle of an
epidemiological transition due to the increase in the proportion of
the disability-adjusted life years (DALY) attribute to the increasing
prevalence of diabetes and hypertension [2]. According to recent
estimates of the global burden of diabetes in India, 77 million
people aged 20e79 years were living with diabetes in 2019 and
expected to 134.2 million by the year 2045.[3] These projections
show a threatening challenge for India achieving the global targets
of diabetes control and management. Within the country, the south
India region has a high prevalence of diabetes.

Although non-communicable diseases affect people of all races,
ages, gender, and income levels, it needs to be noted women and
men are affected differently.[4] Research findings from various
countries indicate significant differences betweenmen and women
in health status and prevalence of non-communicable diseases
(NCDs). The differences can be attributed to different levels of
exposure that men and women have and their vulnerability to
NCDs.[5]

The risk factors of NCDs are shaped by race, cultural practice,
economic status, educational attainment, lifestyle transition, which
influence morbidity and mortality. More body fat and high lipid
levels are associated with a high prevalence of diabetes among
women in developed and developing countries.[1] Diabetes in-
creases the risk of mortality due to coronary heart disease (CHD)
mortality. It is also one of the leading causes of blindness. As
compare to men, women with diabetes are at a 50% higher risk of
fatal CHD.[6] The incidence of blindness is higher among women
with diabetes.[7] Women diabetics also have higher rates of hos-
pitalization due to diabetes-related complication. But they also lack
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access to health care, face discrimination because of their social
status, and are rejected by family and society.[8] The reduction of
life expectancy due to diabetes is 8.2 years for women and 7.5 years
for men.[1] For women with hypertension, life expectancy de-
creases by five years compared with normotensive women at 50
years of age.[9].

A study conducted in 11 Indian cities found that the age-
adjusted prevalence of diabetes is higher in females than
males.[10] The age of onset of diabetes and hypertension has shif-
ted towards younger age groups over the past two decades. Both
diseases are more prevalent in children and adolescents.[11,12] This
means that, besides those with gestational diabetes, more and
morewomen are developing diabetes before pregnancy.[7]Women
are affected by diabetes and hypertension in all stages of their lives.
Diabetes during pregnancy affects both the mother and her unborn
child. The risk of an offspring developing Type 2 diabetes is
considerably higher if the mother has type 2 diabetes than if the
father has it.[7] Preconception chronic hypertension increases the
risk of low birth weight, preterm birth, admission to a neonatal care
unit, perinatal mortality, and preeclampsia.[13]

Lack of decision-making powers and the seclusion practices
followed by Hindus, Muslims, and other communal groups put
Indian women at a greater risk of developing hypertension. Their
seclusion increases the risk by impeding physical activity and
limiting freedom of movement within and outside the home,
inhibiting social interactions, which increase stress and fear.
Women low decision-making powers aggravate these risks with
adverse effects on health and the capacity to engage in physical
activity.[14] The higher proportion of the ageing population in the
southern parts of India, and heightened risks, greater prevalence of
hypertension and diabetes among women than men.[15] There is a
need for an independent study of diabetes and hypertension and
their related risk factors among women in Karnataka.

2. Methodology

2.1. Data and methods

The present study used data of women file of NFHS-4 (National
Family Health Survey, Round 4). The survey was conducted in
2015e16 by the Ministry of Health and family welfare, Government
of India, with the International Institute for Population Sciences
(IIPS), being the nodal agency. The survey was carried out in 27
States and 7 Union territories.

NFHS-4 followed a two-stage sampling design and covered both
the urban and rural parts of every district. The primary sampling
units (PSUs) in rural areas were the villages. In urban places, census
enumeration blocks were the PSUs. A census enumeration block
with fewer than 40 households was linkedwith the nearest block to
form one PSU.

Within each rural stratum, villages were selected from the
sampling frame using a probability proportional to size (PPS)
approach. In each stratum, six approximately equal sub-strata were
formed by crossing three sub-strata, each based on the estimated
number of households in a village, including two sub-strata which
were based on the percentage of the population belonging to
scheduled castes and scheduled tribes (SC/ST).

For the first time, NFHS-4 collected information on non-
communicable diseases, including hypertension and diabetics, in
the sample. The present study included 26,291 women aged 15e49
who were living in Karnataka.

2.2. Measurement of diabetes

Biomarkers and tests were used to determine diabetes and

hypertension among the women in the sample. The presence of
diabetes in individuals was confirmed from a random blood glucose
test using the finger-stick method. An individual was considered
diabetic if the random blood glucose level exceeded 140. Blood
pressure over 140 mm Hg (average) systolic and 90 mm Hg
(average) diastolic were taken to indicate that the individual was
hypertensive. Haemoglobin levels of less than a haemoglobin level
below 9 g/dL (g/dl) of women stated anemia. Height and weight for
calculating the Body Mass Index (BMI) were measured using,
respectively, seca 874 digital scale and seca 213 stadiometer.

2.3. Data analysis

Women file of NFHS-4 has been used. For analysis, bivariate and
multivariate methods were used for estimating percentage distri-
bution, binary logistic regression, and performing chi-square tests.

2.4. Outcome variables

Diabetes: blood glucose level (>140 mg/dl)
Hypertension: Average systolic blood pressure (SBP) > 140 mm

Hg, or average diastolic blood pressure (DBP) > 90mmHg indicated
hypertension.

Table 1
Characteristics of sample enrolled in the study, Karnataka, 2015-16.

Characteristics % n

Age
15e25 35.1 8403
26e35 31.9 7626
36e49 33.0 7894
Marital status
Unmarried 20.9 4994
Married 72.8 17,412
Widowed 5.3 1276
Divorced/Separated 1.0 241
Education Status
No education 26.5 6329
Primary 11.3 2709
Secondary 51.6 12,343
Higher 10.6 2542
Caste
SC 22.0 5267
ST 9.6 2305
OBC 48.9 11,707
General 9.2 2207
Religion
Hindu 84.2 20,132
Muslim 14.1 3379
Others 1.7 412
Wealth quintile
Poorest 6.5 1562
Poorer 22.3 5341
Middle 31.1 7450
Richer 26.7 6376
Richest 13.4 3194
Anemia Level
Severe 1.0 241
Moderate 11.0 2630
Mild 33.2 7954
Not anaemic 54.1 12,946
BMI
Underweight 22.1 5284
Normal 56.6 13,529
Overweight 21.4 5108
Substance use
No 98.5 23,555
Yes 1.5 368
Total 100 23,923

Note: Sample size in in each individual characteristic may not be same due to
missing case.
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Anemia: An individual was considered mildly anemic if hae-
moglobin was 10.0e11.9 g/dl, moderately anemic for haemoglobin
values of 7.0e9.9 g/dl), and severely anemic if haemoglobin levels
were below 7.0 g/dl.

Body Mass Index (BMI): Weight (kg)/(height (m) * height (m).
The reference values were <18.5 for underweight, 18.5e25 for
normal, and >25 for an individual to be considered as overweight.

3. Results

Table 1 shows the socio-demographic characteristics of the
sample. The sample consisted of 23,923 women aged 15e49 years.
Women aged 15e25 years comprised 35.1% of the sample, and
those aged 36e49 years formed 33%. Most of the subjects (72.8%)
were married, 20.9% were unmarried, and 5.3% were widowed. The
socio-economic status of the subjects was assessed by wealth

index. It was seen that 31.1% belonged to the middle quintile of the
wealth index, 26.7% in the richer quintile, and 6.5% belonged to the
poorest quintile (Table 1).

The health status of the women determined based on the BMI of
the women, and the presence of anemia. One percent of the sample
was found to be severely anaemic and 11% moderately anemia. The
majority (54.1%) was not anemic. A little over one-fifth (21.4%) of
the women were overweight, and more than half had normal BMI.
Most women in the sample had good lifestyle behaviour; only 1.5%
reported substance use.

The overall prevalence of diabetes and hypertension in the
sample was 6.3% and 10.5%, respectively (Table 2). Diabetes and
hypertension in women showed a significant association based on
the chi-square test with age, marital status, educational status,
caste, religion, wealth quintile, and BMI. A higher proportion of
older women in the study had diabetes (12.4%) or hypertension
(22.2%) as compared to women who were less than 36 years of age
(Fig. 1a). Also, 18.7% of widowed women reported having hyper-
tension, which is higher than the prevalence in married (11.9%) and
unmarried women (3.4%) (Table 2).

The prevalence of diabetes is higher among richest family, fol-
lowed by richer and middle family. However, the prevalence of
hypertension is higher among richer and middle family (Fig. 1b and
Table 2). Furthermore, an increase in education level is seen to
reduce the risk of hypertension: 7.3% of women with higher edu-
cation levels had hypertension than 14% of women who had no
formal education. Among women with diabetes, 22.8% had hyper-
tension; and 15.4% of women with hypertension had diabetes.

Binary logistics regression (Table 3) shows that in comparison
with women between the ages of 15 and 25 years, the odds of
women over 35 years of age having diabetes and hypertension
among 5 (95% CI: 4e6.2) and 4.9 (95% CI: 4.1e5.8) respectively.
Women were having a secondary school education (OR ¼ 1.2, 95%
CI: 1e1.4), and thosewho are overweight (OR¼ 2.1, 95% CI: 1.7e2.6)
had increased odds of having diabetes than women who are illit-
erate and underweight. Widowed women (OR¼ 1.3, 95% CI: 1e1.7),
non-anaemic (OR ¼ 3.1, 95% CI: 1.6e6.2), and those who were
overweight (OR ¼ 2.8, 95% CI: 2.4e3.3) were found to have
increased odds of having hypertension as compared towomenwho
were unmarried, severely anaemic, and underweight (Table 3).

4. Discussion

The increasing prevalence of diabetes and hypertension is
increasing throughout the country and states, which become a
significant health issue for women. In India, for the first time, the
fourth round of the National Family Health Survey has collected
information on diabetes and hypertension across the states within
India (NFHS-4, 2015e16). Hence, the study has taken into account
to estimate the prevalence of diabetes and hypertension among
women and the associated risk factors by using the recent available
national represented data. In addition, the study results clearly
showed a higher prevalence of diabetics and hypertension among
women in Karnataka. In this study, we found that a higher pro-
portion of women aged 36e49 years had diabetes and hyperten-
sion, indicating that the prevalence of diabetes and hypertension
increases with age.[16] Women who are widowed and divorced or
separated are more likely to have diabetes and hypertension than
unmarried and married.

The results also revealed a positive association of education
level with diabetes and hypertension. Illiterate women were found
to be at higher risk of diabetes and hypertension. It indicates in-
crease awareness at both individual and community level about the
symptoms of diabetes and hypertension and their risk factors, in-
dividual or community level.[17]

Table 2
Prevalence of diabetes and hypertension among women (15e49 years) according to
demographic, socio-economic, and health risk factors, Karnataka, 2015-16.

Background Characteristics Diabetes Hypertension
% n c2 % n c2

Age (years)
15e25 2.2 186 150.9*** 3.3 297 1400***
26e35 4.7 371 8.4 687
36e49 12.4 968 20.2 1701

Marital status
Unmarried 2.3 138 150.9*** 3.4 185 422.5***
Married 7.2 1246 11.9 2213
Widowed 9.8 114 18.7 243
Divorced/Separated 8.2 27 13.3 44

Education Status
No education 6.8 461 21.5*** 14.0 947 220.8***
Primary 6.8 194 14.3 415
Secondary 6.4 739 8.5 1121
Higher 4.7 131 7.3 202

Caste
SC 4.8 278 27.5*** 9.9 554 14.4***
ST 4.8 112 9.3 231
OBC 6.8 821 11.1 1401
General 8.4 150 9.3 218

Religion
Hindu 6.1 1251 6.5** 10.2 2194 16.2***
Muslim 7.3 244 11.9 427
Othersb 6.6 30 14.2 64

Wealth quintile
Poorest 4.5 80 136.1*** 8.2 137 34.1***
Poorer 3.9 232 9.2 528
Middle 5 401 10.4 825
Richer 7.5 504 11.7 804
Richest 9.2 308 11.4 391

Anemia Level
Severe 6.7 17 3.6 3.5 9 62.2***
Moderate 6.1 180 9.3 262
Mild 5.6 479 9.0 769
Not anemic 6.8 845 11.8 1627

BMI
Underweight 2.7 169 475.9*** 5.0 280 813.1***
Normal 5.4 706 8.9 1290
Overweight 11.7 650 20.6 1115

Hypertension
No hypertension 5.3 1078 302.0*** e e e

With hypertension 15.4 387 e e e

Diabetes
No diabetes e e e 9.7 2322 263.8***
With diabetes e e e 22.8 348

Substance use
No 6.3 1494 2.2 10.5 2653 0.0
Yes 6.6 31 10.5 32

Total 6.3 1525 10.5 2685

Note: ***: P value < 0.01, **: P value < 0.05, *: P value < 0.10, bOthers include
persons of Christian, Sikh, Buddhist/neo-Buddhist, Jain, Jewish, Parsi/Zoroastrian
faiths, -: variable is not included in analysis.
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The study findings highlight the higher prevalence of diabetes
and hypertension among women from the Muslim community and
the general castes than SC, ST and OBC. The difference in prevalence
may be attributed to the differences in the lifestyle behaviours of
the women in these groups. Muslim and general caste women tend
to be less physically active for social and cultural reasons, resulting
in a higher proportion of them being overweight or even obese.
Earlier research had arrived at similar results.[18, 19]

Diabetes, anemia and hypertension are interdependent co-
morbidities. In Karnataka, it was seen that the prevalence of di-
abetics and hypertensionwas higher inwomenwith severe anemia.
Womenwithmulti-morbidities are at higher risk of dying early.[20]
Women with hypertension have higher chances of being affected
with diabetes. The converse also holds. It is widely accepted that
obesity, high-fat, high-sodium diet and physical inactivity may lead
to diabetes and hypertension.[16]

5. Conclusion

A higher proportion of overweight (20.6%) women as compared

to normal (8.9%) and underweight (5.0%) suffer from hypertension.
Higher dietary intake of calories, fibre and fat increase risks of
overweight or obese women and those with diabetes and hyper-
tension. The prevalence of diabetes and hypertension is increasing
due to the sedentary lifestyles of the population, substance use, and
lack of awareness about health management. Awareness about
diabetes and hypertension, and their prevention and management,
should be increased through health education and disease man-
agement programmes. Such programmes must be community-
based and be delivered by trained peers and community health
workers with a regular screening of diabetes and hypertension in
Karnataka.

6. Limitations

The limitations of the study are worth mentioning as follows:

⁃ This study has focused on diabetes and hypertension ailments
among women of reproductive age group, and did not covered
aging population due limitations of data.

Fig. 1a. Prevalence of diabetes and hypertension by age group in Karnataka, 2015-16.

Fig. 1b. Prevalence of diabetes and hypertension by wealth status in Karnataka, 2015-16.
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⁃ Blood glucose levels were randomly collected, and considered
diabetes as random blood glucose level >140 mg/dl. Further-
more, this study does not focus on types of diabetes like Type 1
and type-2 diabetes.
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Result of binary logistic regression models: effect of background characteristics on
diabetes and hypertension among women in Karnataka, 2015e16.

Background Characteristics Diabetes Hypertension

OR 95% CI OR 95% CI

Age
15-25®
26e35 2.0*** (1.6, 2.5) 2.0*** (1.7,2.4)
36 and above 5.0*** (4.0, 6.2) 4.9*** (4.1,5.8)
Marital status
Unmarried®
Married 0.9 (0.7, 1.1) 1.1 (0.9,1.4)
Widowed 0.8 (0.6, 1.1) 1.3** (1.0,1.7)
Divorced living 1.0 (0.6, 1.7) 1.1 (0.8,1.7)
Education status
Illiterate®
Primary 1.0 (0.8, 1.2) 1.0 (0.9,1.2)
Secondary 1.2** (1.0, 1.4) 0.9*** (0.8,1.0)
Higher 0.9 (0.7, 1.2) 0.8*** (0.6,0.9)
Caste
SC®
ST 0.9 (0.7, 1.1) 0.9 (0.8,1.1)
OBC 1.0 (0.9, 1.2) 0.9 (0.8,1.1)
General 1.0 (0.8, 1.3) 0.8*** (0.7,0.9)
Religion
Hindu®
Muslim 1.1 (0.9, 1.3) 1.2*** (1.0,1.4)
Others 0.8 (0.5, 1.3) 1.4** (1.0,1.9)
Wealth Quintile
Poorest®
Poorer 0.8* (0.6, 1.0) 1.1 (0.9,1.3)
Middle 0.9 (0.7, 1.2) 1.2 (0.9,1.4)
Richer 1.1 (0.8, 1.5) 1.2 (0.9,1.4)
Richest 1.2 (0.9, 1.7) 1.0 (0.8,1.3)
Anemia level
Sever®
Moderate 1.0 (0.5, 1.9) 2.3*** (1.2,4.6)
Mild 0.9 (0.5, 1.6) 2.4*** (1.2,4.8)
Not anaemic 0.9 (0.5, 1.7) 3.1*** (1.6,6.2)
BMI
Underweight®
Normal 1.2 (1.0, 1.4) 1.3*** (1.2,1.6)
Over weight 2.1*** (1.7, 2.6) 2.8*** (2.4,3.3)
Hypertension
Not with Hypertension® e e

With Hypertension 1.6*** (1.4, 1.9) e e

Diabetes
No® e e

Yes e e 1.5*** (1.3,1.8)
Substance use
No ®
Yes 1.0 (0.7, 1.6) 0.7 (0.5,1.1)

Note: ***: p < 0.01, **: p < 0.05, *: p < 0.10, ® is the reference category, OR: Odds
Ratio.
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Abstract 

Background: Empowering female sex workers (FSWs) through women controlled HIV prevention option has been in 
focus globally. FSWs are important target for oral pre exposure prophylaxis (PrEP). A multi-centric qualitative study was 
conducted to explore the FSWs’ willingness to use oral PrEP in India.

Methods: Seventy three  interviews and 02 focus group discussions were conducted at 3 high HIV prevalent states 
in India during 2013–14. Study explored issues around willingness to use oral PrEP. The study was approved by the 
respective institutional ethics committee of the study sites. Thematic analysis using grounded theory approach was 
used to analyze the data in N-VIVO version 8.0.

Results: Thematic analysis showed events of forced condom-less sex. FSWs believed that oral PrEP could provide 
independence, financial gains, and privacy and therefore hoped to use it as an alternative to male condom. However, 
any impact on physical/ aesthetic attributes and reproductive system were not acceptable and could become a bar-
rier. Provider initiated oral PrEP was not preferred. Providers voiced safety monitoring concerns. Adherence emerged 
as a challenge because of: (1) alcohol use; (2) taking PrEP tablet each day being boring; (3) Stigma because Oral PrEP is 
ARV based. Alcohol use and dread of repetitive dose brings forth the need for long acting oral PrEP.

Conclusion: Oral PrEP is acceptable among FSWs; it should be rolled out alongside strong messages on STI protec-
tion and PrEP as compliment to condoms. PrEP roll out requires educating communities about HIV treatment versus 
prevention. Long-acting oral PrEP could address both ‘boredom’ and alcoholism and sustain adherence.

Keywords: FSW, Oral PrEP, India, Qualitative research, Violence, Stigma, Fear of side-effects, Alcohol use, Adherence, 
Reproductive health
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Background
The Indian epidemic is concentrated among vulner-
able populations at high risk for HIV [1]. The concen-
trated epidemics are driven by unprotected sex between 
sex workers and their clients, men having sex with men 

and by injecting drug use with contaminated injec-
tions [2].  National AIDS Control Programme Phase-IV 
(2012–17) in India aimed to strengthen the response to 
the epidemic with key strategies of intensifying and con-
solidating prevention services with a focus on high-risk 
groups (HRGs) and vulnerable populations [3]. Female 
sex workers (FSWs) is the population that has shown 
response to the ’Combination HIV prevention program’ 
that included behavioral change communication, barrier 
strategies (condom promotion), and structural programs 
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[4] as evident from the declining trend in HIV preva-
lence between the year 2007 (5.06%) and 2011 [5]. Hence, 
FSWs might respond well to new HIV prevention options 
also. Therefore, empowering FSWs through women 
controlled HIV prevention options to reduce their risk 
of HIV infection has been a major focus of prevention 
efforts globally. Several clinical trials reported protective 
effects of biomedical interventions in the form of gel and 
oral formulations of pre-exposure prophylaxis (PrEP) but 
some trials were also stopped because they lacked effi-
cacy [6–8]. Subsequent studies showed that lower effi-
cacy was related to suboptimal adherence to the PrEP [9, 
10]. Therefore, the dose–response relationship between 
efficacy and adherence to PrEP has received critical focus 
among researchers because of the subjective world view 
of adherence taking precedence over objective world 
view. An enhanced understanding of social and behavio-
ral influences on PrEP use has been recommended [11, 
12].

UNAIDS and the World Health Organization recom-
mend PrEP as an additional prevention choice for peo-
ple at substantial risk of HIV exposure and those  who 
are ready to have regular HIV testing. However, a gap 
between efficacy and effectiveness is foreseen especially 
as clinical trial researchers observed adherence as a 
major challenge.

Adherence to preventive strategies is challenging 
because there is often no direct effect such as the reduc-
tion in any kind of ‘symptoms’ or getting a feeling of well-
ness. Acceptance and adherence are shaped within the 
socio-cultural, psychological and programmatic context 
in any geographical setting. Despite the strong biologi-
cal effectiveness of oral PrEP owing to strong adherence, 
FSWs face many structural challenges to PrEP uptake and 
use [13]. Social scientists have raised the need to assess 
the subjective world view and social meanings of PrEP. 
They have warned to take cognizance of the perception 
of safety, trust, and empowerment [14]. A PrEP demon-
stration project was conducted among FSWs in Kolkata, 
India which has shown that there is a demand for PrEP 
among FSWs but socio-structural barriers influence 
PrEP uptake [15]. Studies on needs and perception of 
FSWs about PrEP uptake and its delivery is a gap in India. 
According to Bandura (1986), the human function is 
influenced by one’s characteristics; environment or con-
text and behavior [16]. To understand the basic human 
function of decision making to use a preventive prod-
uct in environmental, behavioral and personal context; 
a qualitative study was undertaken to get an emic per-
spective for oral PrEP uptake among the FSWs in India. 
Parkin’s theory of decision making process of problem 
definition; thought; judgment; decision; and action [17] 
was utilized to interpret the data.

Methods
Study setting
Based on the NACO’s categorization of districts as per 
HIV prevalence, two districts in each state which were 
identified as ‘category A’ (> 1% ANC prevalence in the 
district in any of the sites in the last 3  years) and ‘cate-
gory B’ (< 1% ANC prevalence in all the sites during last 
3  years with > 5% prevalence in any HRG site) [3] were 
selected as study sites. Using this criterion, Pune (urban) 
and Satara (rural) districts in the state of Maharashtra; 
Belagavi (urban) and Hubli-Dharwad (rural) districts in 
the state of Karnataka; and Chennai (urban) and Vellore 
(rural) districts in the state of Tamil Nadu were selected 
as study sites. The participants were categorized into 
3 components: (1) Potential PrEP Users: FSWs, (2) Key 
informants: Brothel owners/ keepers, and (3) PrEP Pro-
viders: Health care providers.

Sampling and study population
Purposive and convenience sampling techniques were 
used to recruit the participants and face to face interviews 
or group discussions were conducted. The participants 
were identified and recruited through Non-Governmen-
tal Organizations (NGOs), Community Based Organiza-
tions (CBOs) and key community gatekeepers such as tea 
stall owner/ worker, paan waala (the betel shop owner), 
small shop keepers and pimps. A total of 39 in-depth 
interviews (IDIs) were conducted with FSWs as follows: 
(1) Brothel Based Sex Workers (BBSWs) (n = 20), and (2) 
Street Based Sex Workers (SBSWs) (n = 19). Thirty-four 
key informant interviews (KIIs) were also conducted 
with six brothel keepers (BKs), one bisexual man and 
27 health care providers/program personnel. Two focus 
group discussions (FGDs) were conducted with a total of 
14 FSWs at two urban sites of Pune and Chennai respec-
tively. BBSWs and BKs were approached through NGOs/ 
CBOs only. Recruiting SBSWs was a challenge. SBSWs 
were approached either through NGOs or an additional 
strategy of snowball technique was used. In qualita-
tive research, sampling can occur at several stages, both 
while collecting data and while interpreting and report-
ing on it.  The key is purposive or strategic sampling. 
Each SBSW whom we interviewed was requested to refer 
participant/s who would have information of our interest. 
The participants were self-identified as BBSWs, SBSWs, 
and BKs. The HIV status of the participants was not 
explored in the study because we exclusively wanted to 
gain community’s insights into HIV prevention methods. 
This was done to avoid any confusions in the commu-
nity between ART based oral PrEP and treatment using 
Anti-retrovirals. Therefore, we did not explore the expe-
rience of being HIV positive which would have included 
treatment, stigma, access etc. The health care providers 
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included physicians, obstetric gynecologists who were 
identified from government and private health centers, 
counselors from ICTC and NGO/CBO, and representa-
tives from District AIDS Prevention and Control Society 
(DAPCU). Interviews were conducted at a confidential 
and convenient place agreed on by the participant. Each 
interview took 40–90 min. Four FSWs refused to partici-
pate in the study.

To provide a background understanding of the subject, 
the participants received information on recent research 
findings of oral PrEP before conducting the interviews/ 
FGDs. A description of oral PrEP was used as a preamble 
before the interview section about oral PrEP.

Study tools and data collection
The interview guides for IDI and FGD focused on the 
perceived need for HIV prevention, attitudes and prac-
tices about family planning methods; knowledge and 
experiences of condom use for family planning and/ or 
prevention; knowledge, perception about STI and HIV/ 
AIDS, prevention methods, and usage modalities for oral 
PrEP. The study explored the opinion and expectations of 
the FSWs from oral PrEP, barriers and facilitators in using 
oral PrEP, and willingness to use oral PrEP. The guides 
were translated into local vernacular languages (Hindi, 
Marathi, Kannada, Tamil, and Telugu) by the study sites. 
The guides were pilot tested at all study sites and refined 
based on pilot findings.

All the interviews were conducted by trained master’s 
level female social workers in the local language in Maha-
rashtra and Tamil Nadu. Data from Karnataka was col-
lected by a trained female social worker and MPH female 
students. Field notes were taken during the IDIs and 
FGDs. The data were audio-recorded and data collection 
was continued until theoretical saturation was reached. 
As fieldwork progressed, data was continuously analyzed 
using constant comparison and iterative thematic coding 
approach [18]. The reimbursement of Rs. 150 was given 
to all study participants.

Data analysis
The audio data was transcribed verbatim, translated into 
English and typed in Microsoft Word at the study sites. 
The processed translated electronic data were repeatedly 
reviewed by two researchers and the PI. Repeat inter-
views were requested from the sites in case of missing 
information or if there was a need for new information. 
The repeated sections underwent a similar process of 
data processing and finalized data was entered in qualita-
tive software N-VIVO version 8.0. Attributes were tabu-
lated in the software to quantify demographic variables 
of location, typology, age, and marital status. Data were 
coded to recognize similarities and differences using the 

constant comparison method [19]. Firstly, the themes 
were identified deductively from the interview guide and 
subsequently inductively from the data. Following the 
iterative process of reading, final themes emerged using 
the grounded theory approach [20]. Data were coded 
by two researchers SS and AV, first independently and 
then discussed together. The codes and the descriptors 
were shared with the site PIs for confirmation and their 
interpretations were included to preserve the local mean-
ings. The coded data were analyzed which informed the 
next iteration of data collection until a strong theoretical 
understanding was attained and these are described as 
emerging themes.

Ethics
The study was approved by the Institutional Ethics 
Committees of all the 3 sites: the ICMR-National AIDS 
Research Institute (Pune, Maharashtra), the ICMR-
National Institute of Epidemiology (Chennai, Tamil 
Nadu) and the Jawaharlal Nehru Medical College (Bela-
gavi, Karnataka). Written informed consent was obtained 
from all the study participants for participation in the 
study and audio recording of their responses before con-
ducting the IDIs, KIIs, and FGDs.

Results
Of the total 59 FSW participants, 42 belonged to the 
urban setting while the rest belonged to the rural set-
ting. The mean age of the FSWs in both urban and rural 
settings was similar (35.7 years, SD = 8.8) (Table 1). The 
qualitative  data was analyzed thematically to capture 
willingness to use oral PrEP and understand the dynam-
ics of the various factors that affect the usage, acceptance, 
and adherence of PrEP among a high-risk HIV group, the 
FSWs, in various parts of India.

All the FSWs from both the settings reported experi-
encing coercive sex which involuntarily brought out the 
risk of condom-less sex. Several other situations also led 
to condom-less sex. The main emerging theme in this 
study was ‘condom-less sex’ which led to the theme of 
‘oral PrEP is a felt need’. The latter encompassed issues 
such as female-controlled options, an alternative to male 
condom, long-term protection, easy to use, and economi-
cally viable option. As PrEP is not rolled out in India, 
respondents expressed the testing of PrEP products for 
safety and feasibility before their actual usage. Therefore, 
’building confidence in product’ was another emerging 
theme for acceptance. Influencers for PrEP acceptance 
and usage such as ease of use, and privacy emerged from 
the data while stigma and fear of side-effects emerged 
as barriers for PrEP usage among the FSW popula-
tion. However, the reiterative readings helped in iden-
tifying the characteristics and issues that would lead to 
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acceptance of oral PrEP under the theme ’desired prod-
uct characteristics’ (Fig.  1). This theme covered the 
issues of ease of use, ensuring privacy and positioning 
PrEP in a way to maintain confidentiality. Experiences of 
antiretroviral therapy and their job profile threw light on 
both acceptance and adherence issues. ‘Adherence’ was 
another theme in the study.

The major themes that emerged from the study were: 
(1) condom-less sex, (2) oral PrEP is a felt need, (3) build-
ing confidence in the product, (4) desired product char-
acteristics, (5) barriers to acceptance, and (6) opinions 
about adherence to oral PrEP.

Context of condom‑less sex
While explaining their work, FSWs shared about their 
vulnerabilities. Commenting on the lack of protection 
policy for their population, they narrated incidences 
of coercive sex and situations where they would end up 
having condom-less sex. FGD participants unanimously 
reported that like any other woman who have not been 
in sex work, they too faced resistance to condom use in 
regular partner settings. This is important to understand 
that condom is male oriented prevention method and 
women either FSW or Non FSW, face similar resistance 

from their regular partners for its use for various reasons. 
Since, this resistance is similar in women who are at low 
and high risk of HIV acquisition, there is need for women 
oriented prevention options. ‘Suspicion’ because of con-
dom use; an emphatic ‘no’ to condom use by the partner; 
‘confidence on fidelity’—were the phrases used by FSWs 
to explain condom-less sex in certain types of relation-
ships. FSWs stressed that livelihood needs itself brought 
vulnerability. An SBSW from Pune narrated the situation 
where being aware of the risk did not necessarily result in 
the practice of using a condom:

“Now I came to you for work [/maid work-FSWs 
reported various occupations also/] but that owner 
likes me. If the female owner went outside, then, he 
takes that maid servant to the bed [for sex]. Is there 
a condom [available at that time]?” [Urban SBSW, 
01-10-13, Pune, MH]

The universal nature of the risk was apparent at all the 
settings. Violence and getting caught in the exploiting 
situations where FSWs were forced to provide services 
to multiple people, were reported at all the sites in both 
rural and urban areas. An FGD participant from the 
another city reported:

“Some person [/client/] will call us and ask us to 
have sex in the nearby bushes. When we go, we see 
there, then there will be 6 to 7 people. It is very much 
difficult to handle the situation, and cannot use a 
condom with all of them!” [Urban FGD, FSW-4, 
Chennai, TN].

In rural Karnataka (Hubli district), FSWs talked of fear 
of getting killed if they resisted:

“What to do? We don’t have any options. They [/
clients/] come and tell that there is only one person, 
but they will be four and they will take [us] to the 
jungle and will do [sex] forcefully. If we go against 
them, they will kill us and will throw [us] there only” 
[Rural BBSW, 03-10-35, Hubli-Dharwad, KT].

Instead of didactic education, practical need for protec-
tion emerged. Need for protection was urgent because of 
fear even from law enforcers. A lodge-based FSW from 
Belagavi explained as follows:

“Government should give us more facility [/safe 
space/] that also in free. We are poor. So some-
times police and ‘don’ [/local goons/] people come 
and take [us] forcefully [ for sex] and put us in jail, 
and then they are asking for money and doing non-
sense things [/having sex/] with us. Then madam 
[/ Brothel Keeper/] goes from here to bring us out 
from jail. We are in serious trouble in Belagavi”. 

Table 1 Demographic profile of study participants (female sex 
workers)

Brothel‑based 
sex workers 
(n = 20)

Street‑based sex 
workers (n = 19)Characteristics

Age range (mean age) 22–50 (35.2) 25–63 (36.8)

Education

 Illiterate 42% (08/19) 22% (04/18)

 Up to primary 21% (04/19) 28% (05/18)

 Up to 10th 37% (07/19) 50% (09/18)

 Missing 01 01

Occupation

 Sex work only 13 (65%) 11 (58%)

 Sex work and working with 
NGO

04 (20%) 06 (32%)

 Sex work and housewife 02 (10%) 01 (5%)

 Sex work and other work 01 (5%) 01 (5%)

Marital status

 Unmarried 02 (10%) 03 (16%)

 Married 08 (40%) 09 (47%)

 Separated/ divorced 04 (20%) 02 (11%)

 Widowed 04 (20%) 03 (16%)

 Live-in 02 (10%) 01 (5%)

Type of family

 Nuclear 10 (50%) 08 (42%)

 Joint 03 (15%) 03 (16%)

 Living alone 07 (35%) 08 (42%)
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[Urban BBSW, 03-10-35, Belagavi, KT]

FSWs did not use condom with their regular partner 
for fear of suspicion and violence when condom use 
was suggested:

“We cannot insist upon all [/types of partners/] to 
use condom. If we insist on a husband or partner 
to use a condom, then they will suspect us and vio-
lence might happen” [Urban FGD, FSW-2, Chen-
nai, TN].

The emotional need of getting accepted by the regular 
partner led to condom-less sex even among the empow-
ered peers. ‘Trust’ in a relationship turned out to be a 
barrier to condom use:

“My partner has seen my report. I don’t have HIV 
[infection]. [He] has seen my report, and he sits [/

has sex/] with me without a condom. What to do?” 
[Urban SBSW, 01-10-13, Pune, MH]

In the setting of stigma and societal facelessness, trust 
shown by her partner is a valued reflection of respect 
given by the partner which she would not want to lose at 
any cost. To reciprocate, she does away with condom use. 
An FSW in Chennai stated:

“I don’t have a husband but I have one regular part-
ner. And he has a lot of confidence in me. So due to 
this high confidence in me, I never use a condom 
with him” [Urban FGD, FSW-4, Chennai, TN]

Oral PrEP is a felt need
Despite being aware of risks and working in the fear of 
situations of coercive sex, FSWs did not refuse to go ‘out-
side’ with clients. Condom-less sex events seemed to be 

“Oral PrEP is a felt 
need” by FSWs

Adherence to use 
PrEP among FSW

Expected product 
characteristics: Ease

of use, ensuring 
privacy, positioned to 

maintain confidentiality

Barriers: 
ART stigma, fear of 

side-effects, 
alcoholism, 'boring' 
daily routine, FSW 

typologies 

Facilitators:
Long acting (‘quarterly 
doses’, ‘injectable’ and 
‘vaccine’), monitoring 

adherence, affordable, 
economically viable for 

FSW profession

Need for 
“Demonstration study”

Condom-less sex: 
situations of condom-
less sex (coercive sex, 

violence, trust, 
‘Suspicion’, ‘confidence 

on fidelity’), different 
levels of high risks

Willingness 
to use oral 

PrEP among 
FSWs

Need female-
controlled protection

Need to build 
confidence in PrEP 

Fig. 1 Analytical framework for emerging needs for oral PrEP use among FSWs. The need for PrEP emerged because FSWs were constantly at risk 
even if they were aware of condom and wanted to use condom. Vulnerability narrated by FSWs brought forth the ’need’ for oral PrEP. Demand for 
demonstration study emerged as influencer of usage but there were other facilitators that could influence usage independent of demonstration 
studies. Long action products would help in future adherence. The dotted lines indicate desire for demonstration project or need for contextual 
evidence
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a common occurrence. Varying levels of risk brought out 
the need for FSW controlled prevention option. An FSW 
shared her need for oral PrEP as follows:

“Sometimes if we get caught in the custody of row-
dies, they threaten us and ask us to have sex with-
out using a condom. So because of fear, we have sex 
without a condom with them. To prevent HIV trans-
mission, it [/oral PrEP/] is needed, like earlier sister 
said that, at the time of alcohol consumption they do 
sex without a condom” [Urban FGD, FSW-1, Chen-
nai, TN].

In the context of condom-less sex, oral PrEP as an 
alternative to male condom was a felt need of both rural 
and urban FSWs:

“Definitely, the new prevention product is very much 
necessary because the gents [/men/] refuse to use 
the condom during sex. This new prevention prod-
uct will be very much necessary for people like us [/
FSWs/]” [Rural BBSW, 06-10-44, Vellore, KN].

Oral PrEP was thought as addressing following issues: 
Pleasure to the clients; protection and financially benefi-
cial at individual level of FSW’s profession.

Pleasure for clients: Need for oral PrEP, especially as 
a female-controlled option, was acceptable to both the 
brothel (42.7%) and street-based (57%) sex workers. They 
reported facing challenges around male condom usage 
such as ‘interference with pleasure’ and ‘client satisfac-
tion’. A female key informant from an NGO emphasized 
upon the client’s expectation of pleasure and how oral 
PrEP would satisfy that criteria:

“It [/oral PrEP/] is convenient to take! There is no 
question. People feel that there is no skin to skin 
touch in condom use. That issue doesn’t come in that 
[/when one uses oral PrEP/]” [Urban Social worker, 
01-60-16, Pune, MH].

FSWs in the FGD agreed as follows:

“Some people say that they feel dissatisfaction dur-
ing sex [/with condom/]” [Urban FGD, FSW-5, 
Chennai, TN].

More controlled protection: Violence and forced sex 
were the social conditions in which an FSW lived. Within 
this social context, an FSW who is aware of the threats 
but her livelihood needs make her take a risk, depicts 
the multi-layered nature of her vulnerabilities. Transac-
tional sex is ‘hurried’ which leads to condom tear. These 
situations give rise to the need for other prevention 
technologies:

“Some customers [/client/] will tear the condom 

and do [sex]. In such times, we should be careful. So 
this tablet [/PrEP/] will be useful in that condition” 
[Urban SBSW, 05-10-19, Chennai, TN].

Since client satisfaction is the major goal in the sex 
work profession, a health care provider (HCP) from a 
rural site emphasized PrEP as an empowerment option 
for FSWs. 

“If it [/PrEP/] is to be taken regularly, target inter-
vention people especially female sex worker can take 
it. Because they can use it when the male condom 
is not used. A female condom is not there [/availa-
ble/]” [Rural DAPCU representative, 06-50-41, Vel-
lore, KN].

Perceived as profitable: Condom-less sex being more 
in demand, FSWs participating in FGD had hoped for an 
alternative for the male condom. They examined its eco-
nomic benefit along with its long term protection value:

“Some people are there if the clients give more money 
then, they have sex without using a condom” [Urban 
FGD, FSW-2, Chennai, TN].

She emphasized her need for long term protection 
which a tablet formulation would be able to give her 
along with non negotiable sex work with clients who do 
not want condom. The empowerment due to PrEP tablet 
reflected as follows:

“...It [/Prevention option/] must come in the form 
of a tablet so that it will be in our body and we can 
do sex work without any problem. Eventually, we 
can earn more money and also we can live safely” 
[Urban FGD, FSW-2, Chennai, TN].

Although no one talked about pregnancy prevention or 
STI prevention they were aware about use of condom for 
prevention from STIs.

##FC## CAN WE USE CONDOM AFTER DOING 
FAMILY PLANNING OPERATION?
##FSW 1–8## Yes, it is must. [/Chorus answered by 
the respondent /]
##FC## WHAT THEY WILL THINK OF USING 
CONDOM BY THE RISK AND WITHOUT RISK 
PEOPLE?
##FSW-2## Those who are at risk and without risk, 
they use different and easy method, they must use 
condom regularly if they attend one or ten clients for 
their safety, at the same time they must use one con-
dom for each client.
##FSW-5## It is a safety and good thing.
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Building FSWs confidence in the product
A high level of acceptance for hypothetical oral PrEP was 
expressed among FSWs belonging to the urban areas of 
Chennai (10/ 13) and Pune (03/ 05). However, the need to 
be confident about the actual product prevailed:

“Now, without seeing how we can tell [about] those 
things? [/she laughs/] Without seeing, how can the 
things be known? As we saw [/used/] the condom 
and accepted… so will check the thing [/oral PrEP/] 
after it comes and then only will prefer” [Urban 
SBSW, 01-10-13, Pune, MH].
“It is very much difficult to take the tablet regularly. 
Before taking this tablet [/PrEP/] regularly, we must 
‘know’ about the tablet [/PrEP/]” [Urban SBSW, 
05-10-77, Chennai, TN].

Participants felt they need to use a product to know the 
range of side effects it may cause and it might influence 
the sustained use of this prevention product:

“Only after using it, we can tell whether it has any 
problem. But it should not have side effects.” [Urban 
SBSW, 05-10-19, Chennai, TN].

In Chennai, participants were conscious of the need for 
the product to be tested first:

“Before launching the tablet, the tablet must be pre-
tested. Then only people will come forward to buy 
and use” [Urban FGD, FSW-3, Chennai, TN].

Desired product characteristics
If FSWs were confident about the product and wanted to 
use it, they had suggestions for certain characteristics of 
the product which would facilitate optimal usage of the 
product. Following three facilitators emerged from the 
study: (1) easy to   use, (2) ensuring privacy-formulation, 
(3) positioning to maintain confidentiality.

Ease of use: Among many of the challenges with con-
dom usage, making men wear a male condom was 
reported to be the major challenge for FSWs. They found 
the process of wearing a condom far tedious which in 
their own words was ‘not as simple as swallowing a tablet’.

“This tablet is for preventing HIV. So, it can be very 
well taken. We don’t have a fear of it. Whoever 
wants, can use it. Men or women, whoever is going 
to do this type of work [/sex work/], they can use it. 
It is good to use it as it prevents HIV” [Urban BBSW, 
05-10-27, Chennai, TN].

Formulation to ensure privacy desired: FSWs wanted to 
protect their privacy; a client need not know if she was 
using any protection. This privacy also appeared to be 

a function of ‘trust’. Without invading the ‘trust’ of the 
partner, the FSW would be able to use the pill to pro-
tect herself. Swallowing a pill would give her protection, 
privacy, and ease of use, altogether. According to them, 
since it would be a pill, it would be easy to use:

“Among all, tablets are best madam. Means it will 
be swallowed if that tablet is taken- means- no one 
will come to know” [Rural SBSW, 04-10-08, Dhar-
wad, KN].

The ‘oral tablet’ allayed FSWs’ fears about their confi-
dentiality; they felt that it made them self-sufficient for 
protection; did not make them dependent on the health 
system:

“Tablet is the best. We don’t have to go to a place for 
injection, we can buy and keep the tablets and use 
by ourselves. Even this has to be made available in 
NGOs, medical shops and hospitals” [Urban SBSW, 
05-10-19, Chennai, TN].

There seemed to be no realization that oral PrEP might 
not be an ‘over the counter’ (OTC) drug and that there 
would be a need for monitoring by the HCP for any side 
effects after the initiation of oral PrEP. FSWs from Chen-
nai during FGD pointed out their preference for CBOs or 
NGOs and not doctors for oral PrEP dispensing as they 
wanted to be given services ‘with no questions asked’.

“Now the doctor asks many questions - how many 
customers I have attended? Do you have a habit of 
alcohol? How much money do you spend on that?” 
[Urban FGD, FSW-7, Chennai, TN]
“This may be the reason people are not coming to the 
hospitals because unwanted questions were being 
asked by the doctors... so this may be the reason that 
people hesitate to come to the hospital and ICTC 
centers” [FSW-2].

Positioning as medical product: The theme ‘Positioning 
to maintain confidentiality’ was derived from the narra-
tives where FSWs felt that they would be able to access 
the tablet in privacy; where no one would know them 
and no one would understand the purpose. According to 
them, the positioning of the product as a medical prod-
uct would be helpful. If the product is sold as medical 
product without attaching stigma of high risk behavior, it 
would be acceptable and accessed:

“It will be good if it comes in medical products like a 
tablet, so that without anyone knowing [about it], we 
can have the tablet” [Rural BBSW, 06-10-44, Vellore, 
TN].
“…normally anyone goes to medical [/pharmacy/]” 
[Urban SBSW, 01-10-13, Pune, MH].
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Unlike FSWs in an urban setting who did not want to 
go to a doctor to receive oral PrEP, FSWs in rural areas 
did not have any concern about the integration of oral 
PrEP delivery with ART centers or ICTCs. Their idea 
was to integrate CBOs/ NGOs with existing program 
structures:

“From the ART center, it should be promoted up to 
the outside people again… it is very necessary [to 
be dispensed], through an organization. From there 
also the women will get information” [Rural BK, 
02-60-44, Karad, MH].
“I feel that… somewhere if it [/tablet/] will be kept 
in NGOs then will be ok. I do feel so” [Rural SBSW, 
02-10-42, Karad, MH].

From the implementer’s point of view also, dispens-
ing through village level functionaries was the preferred 
option:

“Availability is very important for the tablet. If it is 
available with village health nurses, Anganwadi 
workers [/village level workers/] it will be still good” 
[Rural DAPCU representative,06-50-41, Vellore, 
KT].

Barriers to acceptance
Many concerns about oral PrEP were expressed. Taking 
a tablet for prevention is a major issue. Following barri-
ers to oral PrEP usage emerged: (1) Stigma of using HIV 
treatment product, (2) Fear of side effects.

Stigma of using HIV treatment (ART) product: FSWs 
were apprehensive about accessing oral PrEP tablets 
because they felt that it would be equated to seeking 
treatment for HIV by the community. They used phrases 
such as, ‘becoming infamous [/defamed/]’; ‘community 
would never believe [/that they are uninfected/]’. Despite 
the emerging need for oral PrEP, FSWs cautioned that 
oral PrEP might become stigmatizing. After all, the Oral 
PrEP is an ‘ARV’. They were conscious of the fact that the 
community perceived oral PrEP tablets as a ‘treatment 
medicine’ for ‘the HIV infected’. To differentiate between 
oral PrEP and ARV was too complex to discern for them 
and the community:

“No one will agree for that tablet [/oral PrEP/]. 
So women will be afraid of becoming infamous. 
=name of FSW= as well as =name of another 
FSW= eats the same tablets! It means they both 
have got [/HIV/]. There the people [/client/] will 
say this who is [/point out/] having the same tab-
lets. That tablet [/ARV/] has become too famous” 
[Urban SBSW, 01-10-13, Pune, MH].

A woman mimicked the voice of the community:

“This means the tablets cannot be taken without a 
reason. I don’t have any disease, nor any risk. Why 
then I eat [/tablet/]?” [Urban Woman (Spouse of 
PLHIV), 01-20-23, Pune, MH]

Fear of side effects: In addition to the above described 
reasons for non-use of oral PrEP, fear of side effects was 
another major cited reason. Most of the BBSWs (77.3%) 
talked about their concerns about side effects. How-
ever, SBSWs raised this concern in low numbers (5.6%).

“… But for some people, the body will not accept 
the drug. Sometimes they may take the tablet and 
some time they may skip” [Urban BBSW, 05-10-27, 
Chennai, TN].

‘Body heat, giddiness, ulcers, weakness and total 
rejection by the body’ were some of the anticipated side 
effects of oral PrEP. Fear of side effect was also voiced 
as reasons for preferring condoms over oral PrEP.

“I don’t know whether people will use regularly. 
Those who like to use condom definitely, they may 
have fear on using this tablet [/PrEP/] so there will 
be less chance of using this tablet [/PrEP/]” [Urban 
BBSW, 05-10-72, Chennai, TN].

FSWs professed fear towards the possibility of harm 
occurring to their reproductive parts. They were quite 
vocal about this issue and some narrated their experi-
ence from family planning.

“But I feel difficult to use regularly because earlier 
I used =mala-d= [/contraceptive pills/] that gives 
many problems like a bad smell in urine, lower 
abdomen pain and burning sensation” [Urban 
BBSW, 05-10-72, Chennai, TN].

Related to their profession, preserving the beauty and 
the reproductive part/s, were some of the major con-
cerns. In both urban and rural sites, concern existed 
among the FSWs that these attributes might get com-
promised if they took oral PrEP:

“People will take regularly to prevent diseases. This 
tablet  we can take, but, there should not be any 
problem in the uterus of the women” [Rural BBSW, 
06-10-44, Vellore, TN].
“Only if it is not having side effects, we can use it 
regularly. Beauty is a must to do sex work. This 
tablet should not spoil it” [Urban SBSW, 05-10-19, 
Chennai, TN].
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Adherence to oral PrEP: perceived barriers
Despite the proven efficacy of oral PrEP, the effective-
ness depends on the adherence. The daily dose was a 
challenge:

“FSW people… Taking the tablet daily is impossi-
ble for them. Other products may be used by oth-
ers” [Urban BBSW, 05-10-30, Chennai, TN].

Three sub-themes emerged that cover the perceived 
barriers to adherence to oral PrEP: (1) alcoholism, (2) 
psychological barriers, (3) typological barriers. These 
barriers to adherence are discussed as follows:

Alcoholism: Alcohol consumption is a compulsion of 
her profession and subsequently, it becomes her need. 
Hence a vicious cycle of compulsion and alcoholism 
appears to be the lifestyle under which FSWs showed 
apprehension for initiating or adherence to oral PrEP 
tablets. According to an FSW in Chennai:

“Sex workers will maximum [/mostly/] be alcohol-
ics. They say that only when they are drunk; they 
can do the work. We don’t know whether this tab-
let can be taken if drunk? Suppose if it can be used 
even in drunken [state], then again taking it regu-
larly will be difficult because if they take alcohol, 
they forget to take tablet regularly...These people [/
alcoholics/] are not taking tablets regularly even 
for diabetes” [Urban BBSW, 05-10-30, Chennai, 
TN].

SBSW from Chennai pointed out towards the habit of 
consuming alcohol and raised apprehensions about inter-
actions between alcohol and oral PrEP:

“Most of the people in the field [/sex work/], they are 
having the habit of alcohol consumption. I have a 
doubt! While using this tablet, how it works at the 
time of alcohol intake?” [Urban SBSW, 05-10-21, 
Chennai, TN].

Alcohol was professed as part of their lifestyle. An 
SBSW from Pune described how she ends up having 
alcohol in her occupation and that she would be anxious 
about interaction with PrEP:

“Then my partner, if we have gone outside then what 
he does, at very first he brings beer, biryani [/a rice-
based spicy and savory food/], etc. If with him, then 
now…after taking the tablet, if I took a beer with 
him, then, will I not have trouble [/Taking beer 
with PrEP tablet: Would adverse effect develop? /]” 
[Urban SBSW, 01-10-60, Pune, MH]

In an FGD at Chennai, an FSW also wanted to know 
about interactions with recreational drugs. One of 
the FSWs in the FGD also logically pointed out that 

because daily alcohol or drug intake was the compul-
sive need of their profession, taking daily oral PrEP will 
be a challenge:

“At the same time, I don’t know whether those who 
are addicted to drugs they might take or not [/take 
oral PrEP/]. They feel that they would not be able 
to work if they are ‘not intoxicated” [FSW-8].

A complete conviction seemed to emerge that this 
tablet should not be taken with alcohol or any other 
substance as the FGD participants from Pune put forth 
this argument:

“If having taken the tablet, then we should not 
chew Gutkha [/chewable tobacco/], should not 
drink [alcohol] and I have seen that with my eyes” 
[FSW-4].

Alcohol and drug use were the strong perceived rea-
sons for not taking PrEP inadvertently: ‘they will forget’; 
‘will be too intoxicated to remember’ were commonly 
uttered phrases in the study. An SBSW from Pune told 
the reason for not wanting to take PrEP:

“Yes, hurdles… therefore we can’t take [oral PrEP] 
daily and one thing about me is, I have the habit of 
drinking [alcohol]” [Urban SBSW, 01-10-60, Pune, 
MH].

The apprehensions surrounding PrEP medicine and 
alcohol was prevalent among FSWs. An SBSW from 
Pune narrated the sequelae of ending up with consum-
ing alcohol for any or everything:

“As I drink alcohol, it means I cannot take that 
tablet [/Feels PrEP would interact with alcohol/]. 
Suppose I have white discharge then also I will not 
take that tablet; I will take it on the second day. 
But then, as I have severe white discharge; I will 
become angry and drink one quarter [/of alcohol/]. 
Women [/FSWs/] have such [habit] and [only] 5 
out of 100 women [/FSWs/] are there who do not 
drink!” [Urban SBSW, 01-10-13, Pune, MH].

Thus, fear of the adverse effect of oral PrEP in the 
context of their lifestyle was a major concern.

Psychological barriers: A brief attention span and sus-
taining interest emerged as a unique challenge among 
FSWs. The fluctuating mood is aptly reflected in the 
phrase they used: ‘anything routine is boring’. They do 
not want a repetition of any nature in their life and there-
fore, taking medicine every day is ‘boring’ for them.

“Will get bored. [People] will say, on daily basis-
everyday what? Tablet-tablet! [/angry expres-
sion/]”. [Urban SBSW, 01-10-56, Pune, MH].
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‘Boring’ was the state of mind that was constantly 
voiced by other stakeholders as something repetitive 
which is not acceptable. To prevent boredom with oral 
PrEP, other suggestions were that of intermittent dose 
or coitus dependent regimen that will not bind them to 
daily regimen:

“I have to eat [/take PrEP/] regularly, then peo-
ple will be bored. This means they will miss out or 
become bored. So is it anything like this in that tab-
lets, that the tablets are taken  only while during sex 
or like today suppose I want to do or want after one 
or two hours…. So instead of taking regularly, if the 
tablets [/PrEP/] will come like before the sex only, 
maybe half an hour, before 15-20 minutes should be 
taken then. There will not be any problem at all in 
that” [Key informant_Urban bisexual man, 01-30-
11, Pune, MH].

Typological barriers: The condition for non-use of oral 
PrEP would also depend on the typologies of the FSWs. 
Over half of the BBSWs (68%) and almost a quarter of 
SBSWs (33%) cautioned that there would be differential 
adherence to oral PrEP among FSWs belonging to vari-
ous typologies. The situations and context are different 
for different typologies of FSWs. The typological barriers 
emerged because of the following issues: (1) anticipated 
cost of the product: affordability, (2) lack of privacy to 
take and store daily dose and, (3) adherence challenges 
due to life style, working hours and working space. For 
example, a home-based sex worker would have probably 
no privacy to continue with the oral PrEP while FSWs, 
who were on daily-wages, would not be able to afford it 
daily because of cost as well as disrupted meal timings:

“Taking it daily in a family will not be easy. There is 
a possibility to forget due to situations like quarrels, 
any problem, and any work tension. If we become 
tense due to any problem, we might forget and then 
later worry about it” [Urban BBSW, 05-10-27, 
Chennai, TN].
“…majority of people are on daily wages [/no time or 
privacy; cost/], so it is difficult to take the tablet [/
PrEP/] regularly” [Rural SBSW, 06-10-43, Vellore, 
TN].

Affordability emerged as a major challenge for adher-
ence cited in case of adherence problems in treatment 
related to non-communicable diseases and even preven-
tion medicines. Majority of the FSWs demanded free or 
subsidized oral PrEP:

“It will be good if the government provides some con-
cession or else free of cost on medicine for the people 
like us [/FSWs/] so that it will be very much helpful 

to take regularly” [Rural BBSW, 06-10-44, Vellore, 
TN].

Adherence to oral PrEP: facilitators of adherence
Adherence facilitators were very specific to the profes-
sion of FSWs. Their work required long-acting PrEP. 
Their work also required physical beauty/ attributes that 
they perceived that made them more attractive. Follow-
ing two facilitators of adherence emerged: (1) long-acting 
PrEP, (2) monitoring.

Long-acting PrEP: This emerged as the only facilitator 
for adherence from rural as well as urban FSWs:

“It’s good if the tablet comes for 3 months once or 
twice but it should not be [/meant to be/] taken 
daily” [Rural SBSW, 06-10-43, Vellore, TN].
“The tablet [/PrEP/] can be made such that it can be 
taken weekly once or monthly once instead of daily. 
It will be better for people to take it consistently” 
[Urban SBSW, 05-10-21, Chennai, TN].
“Once we take for 2-4 months, if it works it is ok, or 
for once it works for one day it is ok.” [Urban SBSW, 
03-10-31, Belagavi, KT]
“It will be good if the tablet [/PrEP/] can be taken 
once in six months or yearly once, I feel difficult to 
use it daily” [Urban FGD, FSW-2, Chennai, TN].

An FSW took the example of national guidelines for 
HIV testing for key populations to justify a long-acting 
PrEP as follows:

“Hmm! how our test [/HIV testing/] happens 
monthly or two months or three monthly? The same 
way women should get an injection like that … so 
then she won’t get bored” [Urban SBSW, 01-10-13, 
Pune, MH].

In the context of adherence, the FSWs put forth their 
fear of missing dose and the consequent repercussions of 
acquiring HIV. They tried to extrapolate from their past 
experiences with contraceptive pills where missed doses 
had led to conception. ‘What happens if a dose is missed 
in case of unprotected sex’? This question was raised in 
several contexts particularly when these women were not 
confident of optimal adherence. A need to understand 
the impact of ‘missed’ dosage emerged as responded by 
the FSW in Chennai:

“If we see the contraceptive pills, we are taking it 
continuously for 30 days. If we leave it even for one 
day, we may conceive. But, for this [/oral PrEP/], if 
we take this continuously and leave it for one day, 
we should not get any effects [/HIV/]. If it is like that, 
then it is OK, or else it is difficult to take it continu-
ously” [Urban BBSW, 05-10-27, Chennai, TN].



Page 11 of 15Sahay  et al. BMC Infect Dis          (2021) 21:930  

Desire for long acting injectable PrEP emerged.

“Injection, if taken once, then there will be no tension 
up to one-one and a half year” [Urban SBSW, 01-10-
56, Pune, MH].

Monitoring: FSWs emphasized that community is 
error-prone when it comes to behaviors, especially health 
behaviors. Hence a simple logic was posed by them—‘no 
one gets punished for having a delay in meals’ and similar 
principle should apply to oral PrEP. Concern for adher-
ence followed logical exploration about the monitoring 
needs. FSWs suggested the role of NGOs in retention and 
adherence to overcome the problem of missing dose:

“Similarly they may not miss the tablet. Eventu-
ally, someone must follow them from the NGO to [/
remind them to/] take the tablet regularly” [Rural 
SBSW, 06-10-43, Vellore, TN].

Discussion
FSWs were able to dwell upon the risk and uncertainties 
of their situation and use of oral PrEP. They discussed 
the effective evaluation of many alternatives and thus 
demand for oral PrEP became evident among FSWs both 
in the rural and urban settings in India. FSWs are treated 
as non-independent entities: (1) they can neither refuse 
clients nor regular partners, (2) they are in the broad cat-
egory of the key population but have their unique rami-
fications of risks. The fear of ‘rape’ was prevalent across 
urban–rural setting and as well as among street-based or 
brothel-based FSW. Brothel keepers were empathetic to 
the vulnerabilities in terms of coercion and rape of FSWs. 
The role of brothels in empowering sex workers in India 
have been well documented [21]. Therefore, the empathy 
of brothel keepers and the trust of FSWs for them in this 
study can be utilized by involving brothels in oral PrEP 
rollout. Oral PrEP is seen by the FSWs as protection in 
complete privacy. Although, FSWs reportedly did not 
want HCP initiated PrEP, yet initially HCPs would need 
to be involved for monitoring. It would require planned 
advocacy, explaining the need for HCP to assess the 
safety monitoring of oral PrEP.

The need for oral PrEP emerges from reported vulner-
abilities of coercive sex, hitherto, not discussed much 
in sex work settings. Positive prevention or male con-
dom usage, in either case, the control lies with the ‘index 
case/ man’ rather than the ‘woman’ who might acquire 
HIV infection from the client or the male partner. Thus, 
women who sell sex, might need self-controlled new HIV 
prevention options to protect themselves. A modeling 
study at Kenya and Ukraine estimates that a reduction of 
approximately 25% in HIV infections among sex work-
ers may be achieved when physical or sexual violence 

is reduced [22]. In our study FSWs from both the rural 
and urban settings professed their inability to negotiate 
male condom use because they were duped into coercive 
or multi-partner sex. Addressing violence would require 
structural intervention and program. However, to pre-
vent unsafe sex in such scenarios oral PrEP or any other  
PrEP, would provide the much needed protection to a sex 
worker leading to reduction in HIV infections in this key 
population. The ease and independence of the use of oral 
PrEP have been discussed by all participants. An alterna-
tive to male condoms was a demand among the FSWs. 
Our study shows that oral PrEP could be more empow-
ering than condoms as oral PrEP in sex workers’ words 
‘needs to be swallowed’ only. Hence, oral PrEP could be 
an important tool of prevention for this key vulnerable 
population.

Although the FSWs have responded to the HIV pre-
vention program in India [23–26], yet in this study, the 
concept of prevention seemed to be difficult to practice 
and sustain. Our study found unique opportunities and 
challenges around PrEP usage among these different 
groups of FSWs. The compulsion to consume alcohol in 
their profession made FSWs realize their vulnerability 
and difficulty in adhering to PrEP. In an inebriated state 
of mind, FSWs acknowledged that they could not think 
about their protection. In that situation, ‘ease of using a 
pill’ rather than any other prevention product seemed 
to be a highly acceptable prevention option empowering 
them to be prepared before they became intoxicated and 
vulnerable. They state that it might be difficult to think 
about daily PrEP when intoxicated. The locus of con-
trol was aptly perceived to lie with the FSW and nothing 
was easier than swallowing a pill; hence a strong willing-
ness to use oral PrEP as HIV prevention option among 
FSWs emerges from this study. Unlike other studies 
where long acting injectable PrEP was preferred [27], in 
our study, FSWs wanted ‘pill’ on which they could have 
control unlike injectables which were perceived as health 
care provider driven. However, long acting injectable 
PrEP were desirable for obvious reasons of not going 
to HCPs frequently. FSWs from both urban and rural 
settings voiced their fear of stigma and tablet was an 
acceptable formulation both to circumvent stigma; can 
be used independently and therefore help maintain pri-
vacy. FSWs reported being more comfortable with NGO/ 
CBOs functionaries as compared to clinicians with 
whom they felt awkward or stigmatized. This addresses 
the problem of the potential burden on HCPs because 
community-based implementers were reportedly more 
acceptable. Along with brothel keepers, grassroots level 
workers from the community (Anganwadi workers) were 
the acceptable implementer option and they can share 
the task during oral PrEP implementation. This can bring 
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about better community acceptance and might ensure 
adherence to PrEP.

Oral PrEP was perceived as a tool for economic 
enhancement among the FSWs. Other studies have also 
shown that FSW might forgo condom use for earn-
ing more [28]. Most of the participants were concerned 
about protection from HIV; only 1–2 fleetingly referred 
to need for STI prevention. Therefore, risk compensation 
remains a concern and we know that condoms need to 
be used for pregnancy and sexually transmitted infec-
tions prevention. FSWs should be reminded strongly 
that oral PrEP would not protect them from other STIs 
or pregnancy. In mathematical modeling, it has already 
been shown that the impact of PrEP may be strongly 
diminished or even reversed by behavioral disinhibition, 
especially in scenarios with low coverage and low effec-
tiveness [29]. Thus, oral PrEP as an addition and not as 
substitution should be offered in the Indian setting. Roll 
out with a strong statutory warning that it might protect 
against HIV but additional prevention options would be 
required for STI/ pregnancy prevention should be imple-
mented. Roll out of oral PrEP would require policymak-
ers to recommend such legislations.

Issues of non-acceptability of oral PrEP among regu-
lar condom users also emerged which can be solved 
by bringing oral PrEP as an addition to the prevention 
option without undermining existing prevention pro-
grams. However, it is also to be noted that switching over 
from condom to PrEP and vice versa might not reverse 
the effects of PrEP even if condom use reduces by 50% 
among sex workers [30].

Poverty breeds compromises and in this study, the 
examples of compromises were rampant use of alcohol 
and substance along with the addition of condom less 
sex among FSWs. This has also been reported in another 
study conducted in India [31]. Zhang et al. (2013) stated 
that the compulsion to consume alcohol is a typical vul-
nerability of low paid sex workers and in their study, they 
were generally street-based sex workers [32]. By this defi-
nition, in our study, rural FSWs draw attention to their 
lowest level of safety and high episodes of violence and 
coercion ranking them as the lowest in the hierarchy of 
sex workers. Rural FSWs also pointed out that being daily 
wage earner and related this to their inability to adhere to 
a daily dosage of PrEP. It not only indicates affordability 
issues but also adherence could be a concern for a daily 
regimen. Concerns about affordability if sex worker is 
payer were raised, but  it was suggested by the sex work-
ers that it be provided at subsidized price or free as part 
of an HIV prevention intervention. The interventions 
would be a challenge in a rural setting but an urgent need 
for prevention options is critical. The rural FSWs wanted 
the involvement of government-run ART centers for 

dispensing and follow-up which was very different from 
what urban FSWs wanted who preferred NGOs/ CBOs 
for PrEP distribution.

Concerns for side effects have been voiced world-
wide [33]. The systemic side effects could be a deterrent 
to oral PrEP usage among FSWs but might be tolerated 
with medical intervention and counseling especially the 
self-limiting ones [34]. The FSWs in this study appeared 
very cautious in sharing their preference for oral PrEP. 
Evidence of intrinsic fear of side effects emerged repeat-
edly; almost all of them put forth the condition that the 
product should be tested first as none of them had ever 
used oral PrEP. A need for a demonstration project also 
emerged as FSWs wanted to ‘see and use’ the product 
before forming any concrete opinion on the optimal 
usage of oral PrEP. Several side effects which were the 
symptoms of Reproductive Tract Infections (RTIs) were 
openly associated with any medical product being used 
by them. The demonstration project might  also address 
the challenge of such mythical side effects that were cited 
by FSWs. Counseling about possible side effects and 
symptoms of RTIs/STIs should be a part of a PrEP rollout 
program.

Adherence remains a strong prescription both for HIV 
prevention and treatment. Three of the five influencers 
stated by Parkin [17] tend to influence the decision to 
take daily oral PrEP. The personality of not liking repeti-
tive things (viz. daily regimen), personal values such as 
faith upon regular partner and having alcohol as social 
and occupational norms were constraints emerging for 
the use of daily oral PrEP among this population. The 
personal value also emerged, when the apprehension 
about side effects on their physical attributes that are 
especially valued in the profession of this key population 
emerged. The side effects on the physical attribute i.e. the 
beauty and reproductive health were not at all accept-
able in place of any kind of protection/ prevention. FSWs 
would need to be assured about the safety of physical 
attributes and the reproductive system. The concern for 
the protection of beauty and reproductive parts provides 
a key message to the researchers, drug developers and 
pharmaceuticals that they must focus their attention on 
the side effects especially on body fat changes, side effects 
to the uterus or other reproductive parts. The occurrence 
of such side effects would spell the failure of oral PrEP 
rollout among the FSW population. FSWs were also con-
cerned about the interaction between alcohol and oral 
PrEP. In PrEP trials, adherence emerged as one of the 
critical factors influencing effectiveness [35]. Adhering to 
the daily regimen was one of the most difficult problems 
stated by the FSWs in this study; especially in the wake 
of their routine alcohol/ recreational drug use. Alcohol 
and recreation as barriers to adherence to PrEP were 
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reported elsewhere also [28]. The effectiveness of PrEP 
is directly proportional to adherence and adherence, as 
expected, remained a prominent challenge owing to alco-
hol, boredom, and fear of side effects. Messages clarifying 
that there would not be oral PrEP-alcohol interaction was 
a demand that needs to be fulfilled if optimal adherence 
is expected. Alongside it is also important to emphasize 
the messages that there would be an effect of alcohol on 
their behaviors that would have an impact on adherence.

As observed in large clinical trials [36], stigma about 
ART was a barrier for both acceptance and adherence 
to oral PrEP. ART, which is associated with HIV treat-
ment, led to the fear of stigma and being labeled as HIV 
infected. In other studies too, regular pill taking of oral 
PrEP, alcohol consumption and irregular lifestyles and 
fear of being perceived as HIV positive has been docu-
mented in other studies too [28, 34]. Since oral PrEP 
would be an ART, it posed a barrier to acceptance and 
adherence to oral PrEP. FSWs’ concern for adherence 
emerged from their experience with family planning. The 
expectation was that oral PrEP default should be more 
forgiving i.e. one event of non-adherence should not lead 
to HIV acquisition. Hence emerges the need for products 
with longer half-life to achieve a target steady-state level 
more quickly [37] especially in the populations where 
adherence is bound to be sub-optimal. FSWs’ concerns 
regarding adherence of daily dosage is a critical issue. 
The unique feature of the FSW community appears to be 
their affinity for continuous change. They feared bore-
dom and anything ‘routine’ was boring. ‘Boredom’ is 
known to breed sensation-seeking behavior [38] which 
perhaps explains an FSW’s risky and sometimes pomp-
ous lifestyle. Easily bored people are discontent, at higher 
risk of depression, anxiety, drug addiction, alcoholism, 
etc. Therefore, in due course, this trait is bound to influ-
ence acceptability and adherence to prevention products 
in this population. Repetition not only made them wary 
of the long term side effects of oral PrEP, but they also 
felt that it compromised their ability to adhere to the 
daily regimen of oral PrEP. Hence, there was resistance to 
‘daily’ PrEP. Again, long-acting HIV prevention regimens 
need to be pursued.

Stigma encompasses every aspect of FSWs’ life. To fight 
stigma, FSWs keep struggling and a critical situation is 
when she voluntarily refuses to use prevention methods. 
The dynamics of intimate relationships among FSWs and 
their regular partners show the non-efficacy of FSWs to 
use HIV prevention options. In a study among sex work-
ers in Mexico, Robertson et al. suggested modifying the 
HIV risk framework which only focuses on constructs 
of disease and risk [39]. As in this Mexican study, FSWs 
in our study also ascribed a different meaning to their 
relationship with regular partners which needs to be 

considered for implementing oral PrEP rollout among 
FSWs in India. Psychological empowerment might over-
come the adverse effects of stigma and exclusion among 
FSWs [40].

In line with another study [13], FSWs in this study also 
pointed towards stigmatizing  health care system. Easy 
accessibility at pharmacies or involvement of CBOs or 
grass root workers from health system for dispensing was 
preferred and an aversion for health care provider medi-
ated oral PrEP emerged. Oral PrEP seems to be more 
empowering because of the non-intervention of health 
care providers, unlike Kenyan FSWs who preferred 
injectable PrEP [28]. Our study emphasizes a need to 
clarify to the FSW population that initiation of oral PrEP 
and subsequent monitoring of side effects and adher-
ence by skilled medical staff is critical for at least the ini-
tial few months. The expectation that oral PrEP will be 
freely available needs to be thwarted as early as possible. 
A peer-led approach for dispensing of PrEP in conjunc-
tion with formal health care settings is recommended. 
The ART retention model of peer involvement existing in 
India can be adapted for the oral PrEP program.

The social marketing model for oral PrEP delivery 
emerges. Program may need skilled trained resource 
who could help  to achieve  social  change in this key 
population (empowerment esp. with various types of 
partners), promote and raise awareness about HIV pre-
vention (Peer led PrEP, condoms and other prevention 
options awareness/ distribution), and induce changes in 
behavior (alcoholism, adherence). In rural areas, con-
fidentiality was a larger concern and preference was for 
delivery through ART centers while in urban areas pref-
erence was for NGOs. This issue of dispensing needs to 
be explored. According to a UNAIDS meeting report 
(2014), the introduction of PrEP to sex workers should 
be integrated within the secure provision of comprehen-
sive sexual health care, including HIV treatment. It also 
recommended widespread monitored access to PrEP is 
necessary to reduce informal and unregulated use [41]. 
In today’s scenario, Differential Service Delivery Model 
for PrEP delivery needs to be urgently explored in view of 
COVID 19 pandemic experiences.

An optimism emerged around PrEP but it is to be 
noted that FSWs have been placed in a wide bracket of 
people at risk of HIV. FSWs questioned the need for pre-
vention in the absence of disease or symptoms indicat-
ing their right to exercise to make sexual health decisions 
on their own. This is also an expectation to define ‘sub-
stantial risk for oral PrEP indication’ like it is defined in 
case of Men having Sex with Men and transgender peo-
ple. Their suggestions that oral PrEP should be ‘used first’ 
before they can give their preference, perhaps point out 
the gap such as lack of evidence of how would oral PrEP 
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specifically impact them in their own socio-cultural and 
occupational setting in the long run. To improve effec-
tiveness in real-world settings, more research is needed 
on feasibility of using PrEP in countries like India and the 
contextual factors surrounding women’s personal experi-
ences with PrEP [42]. It does not exonerate the country 
from conducting a demonstration project among female 
sex workers. In the larger interest, a higher-order struc-
tural intervention is needed to make community mem-
bers realize the goal of public health which is through 
prevention.

Study limitations
The limitations is that data is not very current; however, 
since India is still preparing to roll out PrEP program, this 
study informs the program. We have not explored exten-
sively about STIs and risk perceptions for STIs and HIV.

Conclusion
Oral PrEP was acceptable to FSWs in both urban and 
rural settings and among BBSWs and SBSWs. Overall, 
condom-less sex was either, voluntary- to please regular 
partner/ spouse/ rich client, or it was forced and coer-
cive. Rural FSWs were more vulnerable and they require 
contextually tailored focus for empowerment and HIV 
prevention. HCP intervention for PrEP was not preferred 
by the FSWs. Therefore either ‘pill’ that they could take 
themselves or long acting injectable PrEP which required 
minimal intervention from HCP were emerging need. 
Desire for event dependent PrEP pills also emerged. 
Awareness for initial medical monitoring is a gap that 
needs to be taken into cognition by the program manag-
ers. Side effects affecting physical beauty and reproduc-
tive organs could pose strong barriers to PrEP use. Social 
marketing principles should be employed to raise aware-
ness and bring behavior changes to boost adherence to 
PrEP. To formulate a PrEP package in India, the broader 
HIV/AIDS-related national policies and programs may 
need  to  evolve to  increase the availability, acceptability, 
and utilization of oral PrEP among the most vulnerable 
populations. Advocacy for long acting/ event dependent 
PrEP is recommended.
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Abstract
Purpose Closure of appendiceal stump (CAS) is one of the most crucial steps in laparoscopic appendectomy (LA) because
inappropriate closure of stump may lead to stump leak further causing life-threatening complications like enterocutaneous
fistulas, postoperative peritonitis, and sepsis. Recent studies have established the use of endoclips to be simpler and quicker as
special laparoscopic skills are not required and hence seamlessly adapted. This study further aimed to compare the results of
application endoclips like Liga Clips and Hem-o-Lok for CAS in LA in cases of Appendicitis without complications.
Methods It is a prospective study with sixty patients diagnosed with appendicitis without complications and planned for LA in a
single institute. They were randomly divided into two groups, A and B, of 30 each using the sequentially numbered opaque
sealed envelope (SNOSE) method. Liga Clips were used for CAS in group A and Hem-o-Lok in group B. Operative time and
intraoperative and postoperative events were recorded.
Results The mean operative time (time from skeletonization of appendix to retrieval of the appendix) in group A was noted to be
376.03 s (6.27 min) and that in group B was noted to be 345.50 s (5.75 min) (p = 0.2873). No patient developed stump leak or
intra-abdominal abscess or had to undergo reoperation in either of the groups.
Conclusion In conclusion, the use of both endoclips like Liga Clips and Hem-o-Lok for closure of appendiceal stump in
laparoscopic appendectomy is a quicker, safe, secure, and feasible technique in cases of appendicitis without increased risk of
complications. In our experience, it is suggested that Hem-o-Lok is more efficient in securing the appendiceal stump due to its
lock engagement system giving a sense of security and ease of application.

Keywords Laparoscopic appendectomy . Appendiceal stump closure . Endoclips . Liga Clips . Hem-o-Lok

Introduction

CAS is considered one of the most crucial steps because most
grievous complications of the procedure occur due to stump
leak [1]. An ideal technique for appendiceal stump closure is
considered the one that is safe, more feasible, simpler to use,
and relatively economical [2]. Hence, a variety of techniques
have been tried and tested for closure of appendiceal stump
during LA, including the use of intracorporeal knotting,

endoloops (Roeder’s knot) (pre-knotted loops), mechanical
endo staplers, bipolar endo-coagulation (Ligasure), ultrasoni-
ca l ly act ivated scalpel (Harmonic scalpel ) , and
endoclips like Liga Clips (titanium clips) and Hem-o-Lok
(polymeric clips). However, the best method for CAS is still
debatable. Recent studies have established the use of
endoclips as simpler and quicker as special laparoscopic skills
and dexterity are not required [3]. Hence, we further intend to
establish comparison among the endoclips and find the best
solution among the available options.

Patients and methods

This is a prospective, comparative cohort study where 60 pa-
tients diagnosed with appendicitis (acute or chronic), in a single
surgical centre, were enrolled in the study. The patients were
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diagnosed clinically and/or based on ultrasonography findings
and had no obvious complications. All the participants elective-
ly underwent laparoscopic appendectomy between January
2018 and December 2018. They were explained the details of
the surgical procedure and enrolled to the study after a written
informed consent was taken.

Patients between 18 and 60 years of age, diagnosed with
appendicitis (acute or chronic) with no clinical signs of com-
plications, willing for laparoscopic appendectomy, were in-
cluded in this study. Patients with acute perforated appendici-
tis and local or diffuse peritonitis, gangrenous appendiceal
stump intra operatively, patients with bleeding disorders, and
patients not willing to participate in the study were excluded.

Prior to the commencement of this study, approval was
obtained from the ethical and research committee.

The participants were randomized into two cohorts, Group
A and Group B, of 30 each, by the sequentially numbered
opaque sealed envelope (SNOSE) method (Fig. 1).

Group A: Liga Clips were used for CAS
Group B: Hem-o-Lok were used for CAS

Anaesthesia and Standard Procedure

The surgery was performed under general anaesthesia. The
patient was placed in supine position, combined with the
Trendelenburg position and left lateral position (10–15°, in-
clined towards the surgeon). The surgeon and an assistant
stood on the left side and the monitor on the right side of the

patient. Ports were placed at the umbilicus (10 mm) and
suprapubic and left iliac region (5 mm). Diagnostic laparos-
copy was done, and abdominal cavity was examined to locate
the appendix in the RIF by the confluence of the three teniae
coli.

Themesoappendix is skeletonized from the tip to the stump
using electrocautery/ dissector. Appendicular artery identified
and ligated using endo clips or diathermy. The approximate
diameter of the appendix was assessed with the blades of the
Maryland dissector which measures 10 mm. Diameter >
10 mm was excluded in the study suspecting gangrenous ap-
pendix or impending perforation. Also, the Liga Clips mea-
sure 10 mm in length, which would make it technically inad-
equate for the purpose of CAS.

Operative time was noted from the time of complete
skeletonization of appendix up to the time when the specimen
is retrieved from the 10-mm port. In group A, Liga Clips were
passed through the 10-mm port and applied at the base of the
appendix. Two clips were applied 5 mm apart and a third one
distal to the two. In group B, Hem-o-Lok was introduced
through the 10-mm port. Hem-o-Lok clips were applied in
the similar pattern as Liga Clips in most of the cases (Fig.
2). The appendix was transected in between distal 2 clips,
leaving two clips on the caecal end. After resection of the
appendix, it was retrieved through a 10-mm trocar.

Both groups had similar postoperative management. All
participants were followed up for a period of 2 months. At
the time of follow-up, if the patient was found to be symptom-
atic and stump leak or intra-abdominal abscess were
suspected, vitals were noted to look for tachycardia, abdomen
examined for guarding, total count repeated to look for

Fig. 1 Consort diagram; CAS
closure of appendiceal stump
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neutrophilia, and an ultrasound of the abdomen and pelvis
were done to look for any localized collection in RIF/diffuse
collection intra peritoneally.

The study was conducted as a single blinded study. The
data collected was then subjected to statistical analysis:
Student unpaired t test and chi-square test were used to com-
pare data from both groups. A p value < 0.05 was considered
statistically significant.

Results

Majority of the patients belonged to the 21–30 years age
group. Also there was an even distribution of male and female
patients among the two groups. It was noted that the age and
gender distribution had no significant association with the
outcome in either of the groups and likewise in regard to
comorbidities in the patients. Of the 30 cases in each group,
24 (80%) in group A and 21 (70%) in group B were that of
acute appendicitis with no statistical significance to the out-
comes measured.

The mean operative time in group A was noted to be
376.03 SD 112.05 s (6.27 min) and that in group B was noted
to be 345.50 SD 108.16 s (5.75 min). Although the operative
timewas slightly more in group Awhen compared to group B,
it was not found to be statistically significant (p = 0.2873).
Hence, one can say there is not much difference in the oper-
ative time with the use of Liga Clips or Hem-o-Lok.

In the initial few cases, passage of the clips through the port
was assessed less feasible until the surgeon gained practice
and fluency eventually. The feasibility was considered more
in 96.67% of cases in group A and 93.33% of cases in group
B, but the difference was not noted to be statistically signifi-
cant (Table 1). It was noticed to be less feasible in group B
because the Hem-o-Lok clip (12 mm) along with the applica-
tor had to be partially closed while passing through the port
and at times initially would get accidentally clipped and
locked prior to its passage through the 10-mm port.

The ease with which the two clips were applied was also
assessed by the operating surgeon as more feasible and less
feasible. More feasibility was seen with 86.67% of cases in
group A and 96.67% of cases in group B, but the difference
was not statistically significant (Table 1). This difference was
noted in favour of Hem-o-Lok because of its wider length, i.e.
12 mm, which makes it suitable for inflamed, edematous ap-
pendix with a wider stump as well and the engaging lock
system on clipping which seems to provide more security
from the clip loosening or slipping.

In this study as per the designed protocol, three clips were
proposed to be used: two at caecal end and one at appendix
specimen end. But with the progression of the study, as the
surgeon gained more confidence in the engaging locking sys-
tem of the Hem-o-Lok clip, only two clips were used in a few
cases: one at caecal end and another at specimen end. Two
clips were used in 4 of the 30 cases of group B. When the two
groups were compared in this respect using independent t test,
a p value of 0.039 (< 0.05) was obtained which is statistically

Fig. 2 (a) Liga Clip loaded onto
the applicator; (b) Liga Clips
applied to the specimen in situ; (c)
Hem-o-Lok loaded on to the ap-
plicators; and (d) Hem-o-Lok ap-
plied to the specimen in situ
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significant. This again goes in favour of Hem-o-Lok clips as
the decrease in the no. of clips used will also improve its cost-
effectiveness and the operative time as well.

In this study along with the operative time, other technical
difficulties faced by the surgeon intraoperatively were also
taken into consideration. Hence, the number of clips dropped
or slipped during the procedure were made a note of. It also
seems to prolong the operative time in such situations. In
group A, this difficulty was faced in 2 cases out of 30 and 3
cases in group B, but the difference did not attain statistical
significance (Table 1). This problem was again noted in the
initial phase of the study.

None of the patients enrolled in the study developed stump
leak or intra-abdominal abscess, and none of them had to
undergo reoperation. However, 2 out 30 cases in group A
(6.67%) and 1 out of 30 cases in group B (3.33%) had surgical
site infection, and 3 in group A (10%) and 4 in group B
(13.3%) had complaints of pain abdomen postoperatively
which was not statistically significant (Fig. 3), more so imply-
ing no increased risk of postoperative complication.

Discussion

Appendiceal stump closure during laparoscopic appendecto-
my is the most important step as stump leak may result in life-
threatening events. Recent studies have established the use of

endoclips as simpler and quicker in comparison to pre-tied
extracorporeal knots, as special laparoscopic skills are not
required and hence can be seamlessly adapted. Hence, this
study aimed to compare the outcomes on application of the
two endoclips, Liga Clips and Hem-o-Lok, in LA for CAS.

In this prospective study, a total of 60 patients diagnosed
with appendicitis without complications planned for LA were
enrolled for the study. They were divided into two groups, A
and B, of 30 each. Liga Clips were used for CAS in group A
and Hem-o-Lok in group B, and operative time and intraop
and postop events were recorded. In the results of this study,
the mean operative time (time from skeletonization of appen-
dix to retrieval of the appendix) in group A was noted to be
376.03 s (6.27 min) and that in group B was noted to be
345.50 s (5.75 min) (p = 0.2873). Hence suggesting both
modalities are quick and easy to use. None of the patients
enrolled in the study developed stump leak or intra-
abdominal abscess, and none of them had to undergo reoper-
ation, more so implying no increased risk of postoperative
complication.

Also, with the progression of this study and the practice
and experience gained by the surgeon over time, it was
noted that the ease of passing either of the clips along with
their applicators became more feasible, and the clip drop
rates decreased. However, the number of clips used for the
stump closure decreased significantly subsequently in
group B using Hem-o-Lok probably because of the sense

Table 1 Comparison of the two groups (A and B) with intraoperative findings

Serial no. Intraoperative findings Group A, Liga Clips (%) Group B, Hem-o-Lok (%) Total (%) Chi-square p value

1. Ease of passing the clip

a. Less feasible 1 (3.33) 2 (6.67) 3 (5.00) 0.0001 1.0000

b. More feasible 29 (96.67) 28(93.33) 57 (95.00)

2. Dropped clip

a. Zero 28 (93.33) 27 (90.00) 55 (91.67) 2.0180 0.3650

b. Dropped 2 (6.66) 3 (10.00) 5 (8.34)

3. Ease of clip application

a. Less feasible 4 (13.33) 1 (3.33) 5 (8.33) 0.8730 0.3500

b. More feasible 26 (86.67) 29 (96.67) 55 (91.67)

4. No. of clips used

a. Two 0 (0.00) 4 (13.33) 4 (6.67) 2.411 0.1210

b. Three 30 (100.00) 26 (86.67) 56 (93.33)

5. Position of the appendix

a. Pelvic 6 (20.00) 4 (13.33) 10 (16.67) 0.7550 0.6860

b. Preileal 1 (3.33) 1 (3.33) 2 (3.33)

c. Retrocaecal 23 (76.67) 24 (80.00) 47 (78.33)

d. Subhepatic 0 (0.00) 1 (3.33) 1 (1.67)

*p < 0.05
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of security, which the surgeon developed over the study
period, owing to the lock engagement system of Hem-o-
Lok. This factor also helps to cut down the cost of the clips
as well as the operative time as fewer of them are used. It is
also noted that even though Hem-o-Lok costs approxi-
mately 5 times more than that of Liga Clips per piece, the
technique used cuts down the cost to twice as that for Liga
Clips.

In a study byKiudelis et al., it was concluded that the use of
endoloops significantly decreased the operative time and did
not have significant differences in overall complications and
hence was considered safe in comparison to intracorporeal
invaginating sutures for CAS [4]. Soon endoloops like pre-
knotted Roeder’s knot gained popularity andwere being wide-
ly used.

In another study comparing CAS with endoloops and
linear endo staplers [5], the latter were found to have fewer
complications and a shorter operative time but higher cost
of surgery [6]. Endo staplers are still preferred in cases
where the appendiceal stump is found to be necrosed or
gangrenous.

Conclusion

Hence concluding, the use of both endoclips like Liga
Clips and Hem-o-Lok for closure of appendiceal stump
in laparoscopic appendectomy is a quicker, safe, secure
and feasible technique in cases of appendicitis (acute or
chronic) without increased risk of complications. In our
experience, it is suggested that Hem-o-Lok is more ef-
ficient in securing the appendiceal stump due to its lock
engagement system giving a sense of security and ease
of application.

Strengths and Limitations of the Study

This is a prospective study comparing the techniques of CAS in
LA in patients diagnosedwith appendicitis. However, this study
was a single centre study and the sample sizemeagre; hence, the
results could not be extrapolated to the general population.

Implications of the Study

It has been established that the use of endoclips is safer, sim-
pler, and quicker than that of endoloops, and we further intend
to establish comparison among the endoclips and find the best
solution among the available options. Hence, this
prospective study aimed to compare the results after applica-
tion of Liga Clips and Hem-o-Lok for the CAS in LA in cases
of appendicitis without complications.

Suggestions

Further prospective controlled studies to compare various
available techniques for CAS in LA including intra operative
events and postoperative findings.
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Abstract
Enterobius vermicularis is an intestinal nematode. In humans, it is the most common intestinal parasite. Extraintestinal infestation
with Enterobius vermicularis is a rare manifestation of the disease. However, it has been described that it can occur in anatomical
sites where larvae may migrate such as the vagina, endometrium, fallopian tubes, and peritoneum. But the subcutaneous tissue of
abdominal wall being infested in the absence of perforation of intestinal wall is an extremely rare site which is reported in only
one case in the literature. We report a case of a 21-year-old male patient who was diagnosed with Enterobius vermicularis
infestation over the anterior abdominal wall without perianal symptoms or infestation of gastrointestinal tract.

Keywords Enterobius vermicularis . Pinworm . Threadworm . Nematode . Small intestine

Introduction

Enterobiasis is a common helminthic infection of the gastrointes-
tinal tract. Ectopic localizations of Enterobius vermicularis
(E. vermicularis) infestation are uncommon and usually they
are incidentally detected in tissue samples of asymptomatic pa-
tients. Some of those reported are the vagina, endometrium,
fallopian tubes, peritoneum, cerebrospinal fluid, and in urogenital
system. Without gastrointestinal tract involvement or any
perianal symptoms, E. vermicularis infestation over the anterior
abdominal wall is an unusual presentation. We present a case of
E. vermicularis infestation over the anterior abdominal wall with-
out perianal symptoms or infestation of the gastrointestinal tract.

Case Presentation

A 21-year-old vegetarian gentleman presented with com-
plaints of swelling over the anterior abdominal wall just below

the umbilicus for 20 days, which was gradually increasing in
size over the period of time. Swelling was also associated with
occasional dull aching pain. There was no history of abdom-
inal pain, nausea, vomiting, fever, bowel, or bladder distur-
bances. There was also no past history of such complaints or
any surgical intervention. Family history was not significant.

Upon examination, patient was afebrile with a heart rate of
80 beats per minute, blood pressure of 120/70 mmHg, and
respiratory rate of 18 per minute, and abdominal examination
showed approximately 4 × 3 cm sized swelling over the ante-
rior abdominal wall just below the umbilicus (Fig. 1a), with
firm consistency, nodular feeling, and mild tenderness.
Overlying skin was normal. Per rectal examination was
unremarkable.

Routine blood tests were within normal limits.
Ultrasonography revealed well-defined hypoechoic lesion in
the subcutaneous tissue in the infraumbilical region with mul-
tiple thin tubular echogenic contents, and the lesion measured
11.3 × 5.7 mm (Fig. 1b). There was thickening and edema in
adjacent skin and subcutaneous tissue. These features sug-
gested possibility of worm infestation.

When questioned retrospectively, the patient denied any
perianal symptoms or symptoms suggesting the occurrence
of enterobiasis. Stool routine microscopic examination was
performed which did not show the presence of parasite in
the stool.

After obtaining consent, swelling was excised.
Histopathological examination revealed larval forms of
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E. vermicularis surrounded by large number of eosinophils,
polymorphs, and lymphocytes (Fig. 2).

Patient received tab. albendazole 400 mg orally twice 2
weeks apart. Albendazole was also given to his close contacts.
Patient remained asymptomatic during follow-up.

Discussion

E. vermicularis, often referred to as pinworm, is an intestinal
nematode which commonly infects children throughout the
world. The 2–4 weeks’ life cycle of E. vermicularis occurs
normally in the human gastrointestinal tract. Its transmission
is mainly by feco-oral route by ingestion of contaminated
foods or with contaminated hands. Transmission can also be
caused by fomites. After ingestion, the embryonated eggs
hatch in the small intestine and develop into adult worms,
which inhabit the ileum and proximal large bowel, where
mating occurs. The gravid female migrates to the anal verge
to deposit eggs during night. It causes pruritus because of

mechanical irritation and inflammatory response. This is the
most common symptom of pinworm infection [1].

The eggs may then infect the same individual or new sus-
ceptible host through feco-oral transmission, or via retrograde
infection. In the latter instance, the larvae may migrate from
the anal verge back into the gastrointestinal tract where they
can continue their life cycle.

Adult worms or ova have been observed in vaginal smears,
in urine, and even in macerated human embryo by Mendoza
et al. [2].

Granuloma formation around egg of pinworm in the liver
was reported by Little et al. [3].

A case of pinworm in the cerebrospinal fluid was reported
by Maraghi [4].

Invasion of vermiform appendix has also been reported
more commonly but relationship between this invasion and
appendicitis remains unresolved. [5]

The patient being reported developed infestation over the
anterior abdominal wall in the absence of perianal or abdom-
inal symptoms, which is an unusual clinical presentation.

Fig. 2 Hematoxylin and eosin stain showing larval forms of Enterobius vermicularis surrounded by large number of eosinophils, polymorphs, and
lymphocytes

Fig. 1 a Clinical photograph showing visible swelling over infraumbilical region. b Ultrasonographic image showing hypoechoic lesion with multiple
thin tubular echogenic contents in the subcutaneous tissue
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Chandrasoma and Mendis described in their study that pin-
worms are able to penetrate actively through the intact bowel
wall [6]. Considering the possibility of such rare route of
transmission, it can be guessed that in this patient ectopic
presentation could be possible because of penetration of intact
bowel wall and peritoneum. Otherwise, it could have penetrat-
ed the skin of the abdominal wall directly. To date, only one
case similar to our case is reported by Heinz Hiller et al. [7].
The patient and close contacts should be treated with either
mebendazole, pyrantel pamoate, or albendazole [8] to prevent
the spread of the disease.

Conclusion

To conclude,E. vermicularis infestation of the abdominal wall
is an extremely rare condition. Family members and sexual
contacts should be prescribed anthelminthic medication to
prevent the spread of the disease. Patients should be counseled
regard ing persona l hyg iene and env i ronmen ta l
decontamination.
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a b s t r a c t

Background and aims: The differences in prevalence of malnutrition are mostly on account of social
factors. However, we did not find any published study that provided an estimate of proportion of
stunting and underweight among under-5 children due to household economic conditions, social in-
equalities, mother's BMI and education level. Hence, study has taken to study the effect of household
economic status, social inequality, mother's BMI and education on stunting and underweight among
children under-5 years and its determinants.
Methods: The study used Kids file of NFHS-4 (2015e16), which comprised 259,627 children aged less
than five years. This data was analysed by bivariate and Forward Logistic Regression techniques using
M.S. Excel and IBM SPSS-22 version.
Results: The prevalence of stunting and underweight children was significantly higher among those born
to underweight mothers, poor households, working women, and women had a home delivery. It was also
high among children of 4th or higher birth order, those from scheduled castes and tribes, born to illit-
erate women and those residing in rural. The odds of stunting (OR ¼ 2.67, 95% CI: 2.54e2.81) and un-
derweight (OR ¼ 2.74, 95% CI: 2.60e2.88) were more than two times higher among children living in
poor households than among those from rich households. Poor households account for about 40% of
stunted and underweight children. Fifteen percent of stunted children and 26.9% of underweight were
born to underweight mothers. Overall, 60% of stunted and 56.6% of underweight children had illiterate
mothers.
Conclusions: children of illiterate and underweight mothers, socially deprived and economically poor
groups are at a higher risk of being stunted and underweight. Hence, necessary health programmes are
needed for improving nutritional status by giving special attention to illiterate, underweight mothers,
socially deprived and economically poor groups.

© 2021 Published by Elsevier Ltd on behalf of Diabetes India.

1. Introduction

Malnutrition is the one of the most serious problems in the
world. As per the report of Bellagio Study group (2003), malnutri-
tion (mild to severe) is associated with about 60% of all childhood
deaths globally [1]. Poor nutrition during childhood causes severe
cognitive and physical damage, which is a violation of a child's
human rights. Furthermore, approximately 27% of children under

age five in developing countries are still malnourished [2]. One
third of the global burden of underweight is under 5 years old [3].
In 2006, the prevalence of underweight children less than five
years' old in Indiawas 43% of the child population in this age group,
which is one of the highest in the world and surpassed only by
Bangladesh, Yemen, and Timor-Leste [4]. An estimated 55 million
underweight children live in India.

The nutritional deficiencies in low-income Asia result in low
birth weight and growth failure in early childhood, mainly because
of inadequate amounts iron and vitamin A in their diets [5e7]. In
India, chronic energy-deficient (CED) mothers and growth-
retarded young children are common in rural areas, born in sig-
nificant proportions to illiterate mothers and scheduled castes, and
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in households with small-size landholdings [8]. The scheduled
castes comprise the untouchables who are known as the Dalits.
They are at the bottom of the caste hierarchy in Hinduism [9].
Today, most Dalit families are illiterate, landless and working as
farm laborers [10].

Inadequate energy intake inmothers results in low bodyweight,
inadequate weight gain during pregnancy and low birth weight
infants [2]. The specific causes of protein energy malnutrition in
children vary with settings; however, it is well-established that
deficiencies of micronutrients in diets are associated with faltering
linear growth, as well as prolonged infections and inadequate care
[5]. Children aged 12e23 months, who are born to illiterate Dalit
mothers, are particularly deficient in iron [11].

According to National Family Health Survey-4 (2015-16), 38, 21
and 36% respectively of children under-5 years suffer from stunting,
wasting and underweight. The corresponding percentages in NFHS-
3 (2005-06) were 48, 20 and 43% respectively [11,12]. There has
been a slight reduction in child malnutrition in the period between
the two surveys [13]. This reduction may be attributed to in-
terventions for improving nutrition programs, such as the Inte-
grated Child Development Plan (ICDS) and the Millennium
Development Programs, which were launched for the benefit of
oppressed and disadvantaged population groups. However, these
programs have not had significant impact on improving nutrition
status to optimal levels [14,15]. Thus, high rates of undernutrition
persist in India, particularly in the mid-Indian Tribal belt [16].

Children below three years of age are particularly vulnerable to
malnutrition, and because their growth rate during this period of
their life is higher than in any other age group, the risk of stunting is
higher [17]. Furthermore, as stressed in a UN report, undernutrition
among young children is indication of the extent of development in
society [18]. It is well-known that socio-economic factors, such as
low family wealth and low levels of maternal education are sig-
nificant causes of child malnutrition [18].

A few studies have used nationally representative data to study
the distribution of child malnutrition in India. The differences in the
prevalence of malnutrition are mostly on account of social factors,
such as family wealth and maternal education [19e21]. However,
we did not find any published study that provided an estimate of
proportion of stunting and underweight among under-5 children
due to household economic conditions, social inequalities, mother's
BMI and education level. In this study, we have estimated the de-
terminants of stunting and underweight and the effect of wealth
status, social inequality, mother's BMI and education level on
malnutrition.

2. Materials and methods

The study used data from the Kids file (consists of 259,627
children of under-5 year) of National Family Health Survey Round
Four (NFHS-4) which was conducted in 2015e16. This was a
household survey covering 640 districts in the 29 States and 6
Union Territories of India. From across the country, 28,586 Primary
Sampling Units (PSUs) were selected out of which fieldwork was
completed in 28,522 clusters. With a response rate of 98%, A total of
601,509 households were successfully interviewed by well-trained
interviewers in private settings (e.g., house) to maintain confi-
dentiality, reflecting a response rate of 98%. Computer-assisted
personal interviewing (CAPI) devices were used to ensure confi-
dentiality of information. The respondents provided answers to the
free installed structured questionnaire in these devices. A total of
723,875 eligible women from the households selected for the sur-
vey, aged 15e49 years, were identified for the interviews. From this
number, 699,686 women participated in the survey, a response rate
of 97%.

From NFHS-4 data, information was obtained on fertility his-
tories, mortality, family planning, and important aspects of nutri-
tion, health and healthcare. An advantage of the NFHS data set is
that records individual respondents’ background characteristics are
available, thus permitting a detailed analysis. Therefore, the rele-
vance of NFHS data for the present study lies in the availability of
information on a range of nutritional indicators of children below
five years, as well as the determinant variables, such as caste/tribe,
religion, education, and wealth index, etc. This provides the op-
portunity to researchers for examining the determinants of nutri-
tional status. The anthropometric measures of child malnutrition
are based on weight for age, and height for age. Children who are
less than �2 SD (standard deviation) from the median value for the
reference population in terms of weight for age and height for age
are considered as underweight and stunted, respectively.

3. Statistical analysis

Bivariate and multivariate analyses were carried out. Bivariate
analysis was done for cross tabulation, and multivariate analysis for
Forward Logistic Regression. Contribution (effect) of wealth, social
inequality, mother's BMI and education on malnutrition was esti-
mated through Population Attributable Risk (PAR). The nutritional
status of children was studied using logistic regression models for
dichotomous dependent variables (stunting and underweight).
Predictor variables included in the analysis included birth order, sex
of the child, educational level of the mother, caste, religion, place of
residence, work status of the mother, wealth index of the house-
hold, Body Mass Index (BMI), current age of child, place of delivery,
mother's age, and current marital status of the mother. Wealth
Index was used in this study as a proxy for the economic condition
of the household.

4. Results

The prevalence of children who were stunted and underweight
was found to be about 46% and 48%, respectively, among under-
weight mothers. This is significantly higher than the corresponding
percentages among women of normal weight and those over-
weight. Furthermore, 48.1% stunted and 45.2% underweight chil-
dren were found in poor households with middle and rich
households having lower proportions. Analysis also showed that
working mothers had about 43% stunted and 40% underweight
children. The proportion was lower among non-working mothers:
37% and 34% respectively.

Table 1 also shows that the prevalence of stunted and under-
weight is higher among children born at home (48.5% and 45%
respectively) as compared to those born in healthcare facilities. The
lowest proportion (about one-third) of stunted and underweight
children was found among those in the first birth order; and the
highest in 4þ birth order children (around every second child was
stunted or underweight). Among the caste groups, the proportion
of stunted and underweight childrend44.2 and 45.4% respective-
lydwas highest in the schedule tribes followed by the scheduled
castes and OBC groups.

At the time of survey, it was also found that children aged 4
years had the highest share of stunted (40.3%) and underweight
(39.4%). These proportions were less in children aged 3, 2,1 and less
than one years. Analysis showed a significant association with the
prevalence of stunting and underweight. It was the highest among
children of illiterate mothers (51.1% stunted and 47.2% under-
weight). It was about 20% among children of well-educated
women. According to data from NFHS-4 survey, prevalence of
stunting was similar among both male and female children. Gender
differences in the proportions of underweight children were also
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not found. However, children from rural areas appeared to more
vulnerable to the effects of undernutrition (41.5% of the children
from rural areas were stunted, and 38.6% underweight). Children
from urban areas fared comparatively better (31.3% were stunted
and 29.6%, underweight).

Table 2 shows the Odds Ratio estimate of the effects of house-
hold economic status, demographic, and other factors on stunting
among under-5 children in India. In Model-I, the odds of stunting
among children living in the poor households was more than twice
that of children from rich households (OR ¼ 2.67, 95% CI:
2.54e2.81). The odds of stunting declined monotonically with in-
crease in economic status. Controlling for child's age made this
relationship clearer (Model-II). In Model III, after controlling the
child's age and mother's education, the odds of stunting declined
slightly in poor (OR ¼ 2.04, 95% CI: 1.93e2.17) and middle
households.

However, by controlling of economic status (wealth) and age of
the child, the odds of stunting among children living with illiterate
women was more than twice that of highly educated mothers
(OR ¼ 2.36, 95% CI: 2.14e2.60). Additionally, after controlling
mothers BMI, age of the child and wealth status, the effect of
mother's education was reduced slightly (Model-IV). The effect of
wealth will reduce further after controlling the effect of child's age,
mother's BMI and education level. Furthermore, after controlling
the child's age, mother's education level and wealth status, the

odds of stunting among children living with underweight mothers
were found to be 1.2 times that of children living with mothers of
normal weight (OR ¼ 1.25, 95% CI: 1.19e1.32) (Model-IV).

In the full model (Model-VI), when birth order, child's age,
mother's education level, BMI and wealth status were controlled,
the effect of caste on stunting remained statistically significant in
the scheduled castes group (OR ¼ 1.31, 95% CI: 1.21e1.41) and OBC
(OR ¼ 1.19, 95% CI: 1.11e1.27). With the other factors controlled,
children in the poorest 40% households were more than 1.8 times
likely to be stunted than those in the richest 40% households
(OR ¼ 1.83, 95% CI: 1.72e1.94).

Table 3 presents the Odds Ratio estimates of the effects of
household economic status, demographic, and other factors on
underweight among under-5 children in India. In Model-I, it is seen
that the odds of stunting among children living in the poor
households is twice that among children in the rich households
(OR ¼ 2.74, 95% CI: 2.60e2.88). The odds of being underweight
declined monotonically with increase in wealth status.

Controlling for the mother's BMI resulted in a slight further
decline in the effect of wealth on stunting and underweight
(Model-II). In Model III, on controlling the mother's education and
BMI, the odds of underweight declined in poor (OR ¼ 1.70, 95% CI:
1.60e1.81) and middle (OR ¼ 1.20, 95% CI:1.12e1.29) households.
However, on controlling the mother's wealth status and BMI, it was
found that odds of underweight among children living with

Table 1
Prevalence of Stunting and Underweight among under-5 children by background characteristics in India, 2015-16.

Background Characteristics Stunted Underweight N

Mother's age 15e20 35.6 35.0 14467
21e25 38.7 36.3 85565
26e30 38.1 35.4 74778
31e35 39.0 35.9 28622
36þ 44.8 40.8 12078

Body Mass Index Underweight 46.1 48.2 53507
Normal 38.4 34.6 129098
Overweight 27.4 22.1 32316

Wealth Index Poor 48.1 45.2 101683
Middle 36.8 33.7 42837
Rich 26.3 24.5 70991

Mother Occupation No-working 36.7 34.0 28975
Working 42.8 40.2 8270

Place of Delivery Home 48.5 45.0 44869
Government 39.5 37.0 113244
Private 29.3 27.4 57398

Birth Order 1 33.5 31.9 82636
2 37.4 34.9 69428
3 43.1 39.7 33096
4þ 50.7 46.3 30351

Caste Schedule caste 43.1 39.6 46713
Schedule tribe 44.2 45.4 22208
OBC 39.0 36.0 95449
None of them 31.0 28.9 41924
Don't know 37.5 35.4 1833

Current age of child 0 21.8 28.1 39719
1 43.0 35.4 43710
2 42.9 38.0 43209
3 43.6 38.7 45506
4 40.3 39.4 43368

Mother's Education No education 51.1 47.2 63980
Primary 43.8 40.4 30271
Secondary 33.1 31.4 98773
Higher 21.1 19.2 22487

Sex of child Male 39.2 36.5 111859
Female 38.1 35.7 103652

Type of place of residence Urban 31.3 29.6 59849
Rural 41.5 38.6 155662

Current marital status Never in union [includes: married gauna not performed] 41.9 50.0 182
Married 38.6 36.0 213058
Widowed 45.9 42.4 1312
Divorced 34.6 23.7 201
No longer living together/separated 40.6 42.0 758
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Table 2
Odds Ratio (OR) estimate of effects of household economic status and other selected characteristics on stunting among children age 0e59 months in India, 2015-16.

Variables OR (95% Confidence Interval)

Model-I Model-II Model-III Model-IV Model-V Model-VI

Wealth
Rich
Poor 2.67 (2.54, 2.81) 2.74 (2.60, 2.88) 2.04 (1.93, 2.17) 1.87 (1.76, 1.99) 1.85 (1.74, 1.97) 1.83 (1.72, 1.94)
Middle 1.60 (1.50, 1.70) 1.60 (1.50, 1.70) 1.38 (1.29, 1.47) 1.31 (1.22, 1.4) 1.29 (1.21, 1.38) 1.29 (1.2, 1.37)
Age of Children
0
1 2.75 (2.56, 2.96) 2.77 (2.57, 2.98) 2.74 (2.55, 2.95) 2.74 (2.55, 2.95) 2.74 (2.55, 2.96)
2 2.73 (2.53, 2.94) 2.7 (2.51, 2.91) 2.74 (2.54, 2.95) 2.74 (2.54, 2.95) 2.74 (2.55, 2.96)
3 2.88 (2.67, 3.1) 2.82 (2.62, 3.04) 2.87 (2.66, 3.08) 2.87 (2.67, 3.09) 2.88 (2.67, 3.1)
4 2.34 (2.17, 2.52) 2.26 (2.1, 2.43) 2.3 (2.14, 2.48) 2.31 (2.14, 2.49) 2.31 (2.14, 2.49)
Mother's Education
Higher
No education 2.36 (2.14, 2.6) 2.26 (2.05, 2.5) 2.21 (2, 2.44) 2.07 (1.87, 2.29)
Primary 1.98 (1.79, 2.2) 1.9 (1.72, 2.11) 1.88 (1.69, 2.08) 1.8 (1.62, 1.99)
Secondary 1.55 (1.42, 1.7) 1.51 (1.38, 1.65) 1.49 (1.36, 1.63) 1.46 (1.33, 1.6)
BMI
Normal
Underweight 1.25 (1.19, 1.32) 1.25 (1.18, 1.31) 1.25 (1.19, 1.32)
Overweight 0.75 (0.7, 0.81) 0.75 (0.7, 0.81) 0.75 (0.7, 0.8)
Caste
None of them
Schedule caste 1.31 (1.21, 1.41) 1.31 (1.21, 1.41)
Schedule tribe 1.07 (0.99, 1.15) 1.07 (0.99, 1.15)
OBC 1.19 (1.11, 1.26) 1.19 (1.11, 1.27)
Don't know 0.9 (0.65, 1.23) 0.91 (0.66, 1.24)
Birth Order
1
2 1.08 (1.02, 1.14)
3 1.15 (1.08, 1.23)
4þ 1.2 (1.12, 1.29)

Note: All factors (Mother's age, BodyMass Index, Wealth Index, Mother Occupation, Place of Delivery, Birth Order, Caste, Current age of child, Mother's Education, Sex of child,
Type of place of residence and Current marital status) were included in the Logistic Forward LR model but only most significant factors are presented in some of the model.

Table 3
Odds Ratio (OR) estimate of effects of household economic status and other selected characteristics on Underweight among children age 0e59 months in India, 2015-16.

Variables OR (95% Confidence Interval)

Model-I Model-II Model-III Model-IV Model-V Model-VI

Wealth
Rich
Poor 2.74 (2.6, 2.88) 2.27 (2.15, 2.4) 1.7 (1.6, 1.81) 1.71 (1.61, 1.82) 1.7 (1.6, 1.81) 1.69 (1.58, 1.8)
Middle 1.55 (1.46, 1.66) 1.39 (1.3, 1.48) 1.2 (1.12, 1.29) 1.2 (1.13, 1.29) 1.19 (1.11, 1.28) 1.19 (1.11, 1.27)
BMI
Normal
Underweight 1.73 (1.65, 1.82) 1.71 (1.63, 1.8) 1.72 (1.64, 1.81) 1.71 (1.62, 1.8) 1.71 (1.63, 1.81)
Overweight 0.61 (0.57, 0.66) 0.63 (0.58, 0.68) 0.61 (0.57, 0.66) 0.61 (0.57, 0.66) 0.6 (0.56, 0.65)
Mother's Education
Higher
No education 2.37 (2.14, 2.63) 2.3 (2.08, 2.55) 2.23 (2.01, 2.47) 2.12 (1.91, 2.36)
Primary 1.9 (1.71, 2.12) 1.85 (1.66, 2.06) 1.82 (1.63, 2.03) 1.75 (1.57, 1.95)
Secondary 1.5 (1.37, 1.65) 1.48 (1.35, 1.63) 1.46 (1.33, 1.6) 1.43 (1.3, 1.58)
Age of Children
0
1 1.4 (1.3, 1.5) 1.39 (1.3, 1.5) 1.39 (1.3, 1.5)
2 1.62 (1.5, 1.74) 1.62 (1.5, 1.74) 1.62 (1.5, 1.74)
3 1.63 (1.51, 1.75) 1.63 (1.52, 1.75) 1.63 (1.52, 1.75)
4 1.62 (1.5, 1.74) 1.62 (1.51, 1.74) 1.62 (1.51, 1.74)
Caste
None of them
Schedule caste 1.41 (1.31, 1.52) 1.41 (1.31, 1.52)
Schedule tribe 1.08 (1, 1.17) 1.08 (1, 1.17)
OBC 1.35 (1.26, 1.44) 1.35 (1.26, 1.44)
Don't know 0.87 (0.62, 1.2) 0.87 (0.63, 1.21)
Birth Order
1
2 1.09 (1.03, 1.15)
3 1.18 (1.1, 1.26)
4þ 1.12 (1.05, 1.21)

Note: All factors (Mother's age, BodyMass Index, Wealth Index, Mother Occupation, Place of Delivery, Birth Order, Caste, Current age of child, Mother's Education, Sex of child,
Type of place of residence and Current marital status) were included in the Logistic Forward LR model but only most significant factors are presented in some of the model.
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illiterate mothers was twice as that of children with highly
educated mothers (OR ¼ 2.37, 95% CI: 2.14e2.63). Additionally,
controllingmother's BMI, age of the child andwealth status, a slight
reduction is seen in the effect of mother education (Model-IV).

Similarly, the effect of wealth would be reduced further after
controlling the effect of child's age, mother's BMI and education
level. In addition, on applying Model e IV, on controlling the child's
age, mother's education level and wealth status, it was found that
the odds of being underweight among children living with under-
weightmothers was 1.7 times that of childrenwith normal mothers
(OR ¼ 1.72, 95% CI: 1.64e1.81).

In Model-VI, when birth order, child's age, mother's education
level, BMI and wealth status were controlled, the effect of caste on
underweight remained statistically significant for the scheduled
castes (OR ¼ 1.41, 95% CI: 1.31e1.52) and scheduled tribes
(OR ¼ 1.35, 95% CI: 1.26e1.44). Similarly, by controlling other fac-
tors, children in the poorest 40% households were found to more
than 1.6 times likely to be stunted than those from the richest 40%
households (OR ¼ 1.69, 95% CI: 1.58e1.80).

Table 4 depicts unadjusted OR (95% CI) and potentiating effects
of household economic status (wealth Index), Caste, mother's BMI,
and mother's education on stunted and underweight children. The
unadjusted Odds Ratio (UOR) shows that the odds of stunting for
children from poor households were two times higher than that of
children from rich households (OR¼ 2.59, 95% CI: 2.2.53e2.64). But
in the case of underweight the risk was 2.5 times more.

The odds of stunting and underweight among children from the
scheduled castes, scheduled tribe, underweight and illiterate
mothers were significantly higher than those of children in the
respective reference categories. It is seen that 40% of underweight
and stunted children belong to poor households. Children born to
underweight mother comprised about 15% of the number of stun-
ted children and 26.9% of the underweight. Furthermore, 60% of
stunted and 56.6% of the underweight children were born to illit-
erate women. Stunting and underweight declined monotonically
with increase in economic status and educational levels of the
women. The percentages of stunted and underweight children of
scheduled tribe women were, respectively, 25 and 32.

5. Discussion

As mentioned earlier also undernutrition among children in-
dicates the extent of development of a society. Poor wealth and
maternal education status are major causes of childhood under-
nutrition [18]. Although studies have analysed the patterns of dis-
tribution of childhood undernutrition in India based on social,
economic, and demographic characteristics using nationally
representative data [13,19,20], there is a lack of the actual contri-
bution of household economic, social inequality, mother's BMI and
education levels on stunting and underweight among under-5
children in India.

This study shows that around one in every second child of un-
derweight women is stunted and underweight. The prevalence is
higher than that observed in women of normal weight or those
who are overweight. It is also seen that about 15% of stunted and
26.9% of underweight were born to underweightmother, indicating
the significant relationship of mothers’ weight with the growth
status of their children. This is a matter of concern, considering that
23% of Indian women are underweight [12]. Addressing this issue
could significantly reduce the burden of stunting and underweight
attributable to underweight mothers.

The results also show that poor households bear a large burden
of stunted and underweight children (about 40%). Children of
illiterate mothers also form a large proportion of underweight and
stunted children (56.6% and 60% who are underweight and stunted,

respectively). In addition, the link between poverty and malnutri-
tion is clear and is seen in the sub-optimal physical development of
the child. Due to insufficient intake of food, there is greater chance
of infections. Lack of access to healthcare services aggravates the
problem [22]. The results of this study show that the proportion of
stunted and underweight children was greater in poor households,
among the scheduled castes, children of underweight mothers, and
illiterate women in comparison, respectively, to children from rich
households, other caste groups, women of normal weight, and with
better education levels.

The results presented and discussed here are supported by other
studies, and point to the influence of mother's education level,
standard of living, and ethnicity on a child's nutrition status
[23e27]. A study by the Nutrition Foundation of India recognized
that interventions for improving nutrition would be more effective
if both parents, especially the mothers, are educated up to the
middle or high school level [28]. A report based on the National
Family Health Survey (2015-16) in India concluded that the prev-
alence of malnutrition can be reduced by improving educational
level of mothers.

After controlling mother's BMI, child's age and wealth status,
mother's education level was still found to have a highly significant
effect on stunting and underweight, while the effect of wealth had
reduced after controlling the effect of child's age, mothers BMI and
education. When birth order, child's age, mother education level,
BMI and wealth status were controlled, stunting and underweight
was found to remained high among the scheduled castes and the
OBC groups. This is a statistically significant finding. Previous
studies had found that mother's education level was one of the key
factors in promoting health and nutrition, increasing family in-
come, and mediating the impact of economic conditions on health
[29e31].

6. Practice implications

Healthcare practitioners and policy planner need to be sensitive
to parents and government to take appropriate action against the
malnutrition. Nurses may provide emotional support as well as
resource assistance to parents belonging to the illiterate,

Table 4
Unadjusted OR (95% CI) and stunted & underweight children attributable to the
potentiating effects of household economic status, Caste, BMI and mother's
education.

Variables Stunted Underweight

UOR (95% CI) PAR UOR (95% CI) PAR

Wealth Index
Rich 1.00 1.00
Poor 2.59 (2.53, 2.64) 0.4330 2.54 (2.49, 2.60) 0.4109
Middle 1.63 (1.58, 1.67) 0.1872 1.57 (1.53, 1.61) 0.1610
Caste
None of them 1.00 1.00
Schedule caste 1.69 (1.64, 1.73) 0.2285 1.61 (1.56, 1.65) 0.1941
Schedule tribe 1.77 (1.71, 1.83) 0.2534 2.04 (1.97, 2.11) 0.3212
OBC 1.43 (1.39, 1.46) 0.1423 1.38 (1.35, 1.41) 0.1202
Don't know 1.34 (1.21, 1.47) 0.1123 1.35 (1.22, 1.49) 0.1098
BMI
Normal 1.00 1.00
Underweight 1.38 (1.35, 1.40) 0.1474 1.76 (1.73, 1.80) 0.2690
Overweight 0.60 (0.59, 0.62) e 0.54 (0.52, 0.55) e

Mother's Education
Higher 1.00 1.00
No education 3.91 (3.77, 4.05) 0.5976 3.77 (3.63, 3.91) 0.5662
Primary 2.91 (2.80, 3.03) 0.4555 2.86 (2.74, 2.97) 0.4286
Secondary 1.85 (1.78, 1.91) 0.2191 1.93 (1.86, 2.00) 0.2264

Note: UOR -Unadjusted Odds Ratio, PAR- Population Attributable Risk, CI- Confi-
dence Interval.
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underweight mothers, socially deprived and economically poor
groups for reducing the burden of stunting and underweight. The
findings of this study shed light on care inequalities and can help
guide efforts to develop successful, health services that give parents
the tools they need to look after their children's needs wherever
they are in India. Healthcare practitioners should raise awareness
and educate stakeholders about the need to develop specialised
centres in rural and remote areas to care for children with chronic
illnesses.

7. Limitations

This study is based on national representative survey data
collected by International Institute for Population Sciences, Mum-
bai under the supervision of Ministry of Health and FamilyWelfare,
Government of India. This survey has a limited amount of infor-
mation. Hence, we cannot do the deep analysis to know the major
consequences of malnutrition. The kind, nature and adequacy of
health services required to parents about the diseases were not
addressed in this report.

8. Conclusions

The prevalence of stunting and underweight among children
was significantly higher among children born to underweight
women, in poor households, working women, women who deliv-
ered at home, 4þ birth order, schedule tribes, scheduled castes,
illiterate women, and in the rural areas. The odds of stunting and
underweight among children from poor households were two
times higher than that among children from rich households. This
is seen from the observation that forty per cent of stunted and
underweight children in the survey came from poor households.
Underweight mothers contributed, respectively, about 15% and
26.9% to the burden of stunted and underweight children.

Illiterate women contribute around three stunted children out
of every five, and one underweight out of every second child. About
one of every fourth scheduled tribe and scheduled caste child is
stunted or underweight. This study found that the prevalence of
stunted and underweight children declined monotonically with
increase in economic status and educational level of the mother.
Clearly, targeted and comprehensive programmes are needed to
improve the nutritional status of mothers and children by giving
attention to the needs of particular sections of the population.
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Abstract

Background: Anaemia is a worldwide problem and iron deficiency is the most common cause. In pregnancy,
anaemia increases the risk of adverse maternal, foetal and neonatal outcomes.
India’s anaemia rate is among the highest in the world with India’s National Family Health Survey indicating over
50% of pregnant women were affected by anaemia.
India’s Anaemia Mukt Bharat-Intensified National Iron Plus Initiative aims to reduce the prevalence of anaemia
among reproductive-age women, adolescents and children by 3% per year and facilitate the achievement of a
Global World Health Assembly 2025 objective to achieve a 50% reduction of anaemia among women of
reproductive age.
However, preliminary results of the NFHS-5 survey completed in 2020 indicate that anaemia rates are increasing in
some states and these targets are unlikely to be achieved. With oral iron being the first-line treatment for iron
deficiency anaemia (IDA) in pregnancy, these results are likely to be impacted by the side effects, poor adherence
to tablet ingestion and low therapeutic impact of oral iron. These reports suggest a new approach to treating IDA,
specifically the importance of single-dose intravenous iron infusions, may be the key to India effectively reaching its
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targets for anaemia reduction.

Methods: This 3-arm, randomized controlled trial is powered to report two primary outcomes. The first is to assess
whether a single dose of two different intravenous formulations administered early in the second trimester of
pregnancy to women with moderate IDA will result in a higher percentage of participants achieving a normal for
pregnancy Hb concentration at 30–34 weeks’ gestation or just prior to delivery when compared to participants
taking standard doses of oral iron. The second is a clinical outcome of low birth weight (LBW) (< 2500 g), with a
hypothesis that the risk of LBW delivery will be lower in the intravenous iron arms when compared to the oral iron
arm.

Discussion: The RAPIDIRON trial will provide evidence to determine if a single-dose intravenous iron infusion is
more effective and economically feasible in reducing IDA in pregnancy than the current standard of care.

Trial registration: Clinical Trials Registry – India CTRI/2020/09/027730. Registered on 10 September 2020, http://ctri.
nic.in/Clinicaltrials/showallp.php?mid1=46801&EncHid=&userName=anemia%20in%20pregnancy

Keywords: Anaemia, Iron deficiency anaemia, Anaemia in pregnancy, Intravenous iron, Oral iron, Low birth weight
infants
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refer to SPIRIT checklist item numbers. The order of
the items has been modified to group similar items (see
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spirit-2013-statement-defining-standard-protocol-items-
for-clinical-trials/).

Title {1} RAPIDIRON: A 3-arm, randomized-
controlled trial comparing the effective-
ness of oral iron with single-dose intra-
venous iron in the treatment of iron
deficiency anaemia in pregnant women
and reducing low birth weight
deliveries.

Trial registration {2a and 2b}. Clinical Trials Registry – India: CTRI/
2020/09/027730, registered 10/09/2020
The India Clinical Trials Registry does
meet the guidelines of the WHO Trial
Registration.

Protocol version {3} Version 1.2, March 8, 2021

Funding {4} This research is supported by a grant
from the Children’s Investment Fund
Foundation (CIFF) – R-1811-03347.

Author details {5a} Thomas Jefferson University (TJU), KLE
Academy of Higher Education and
Research (KAHER), Jawaharlal Nehru
Medical College (JNMC), Sawai Man
Singh Medical College (SMSMC),
Georgetown University School of
Medicine, University of Minnesota,
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the Children’s Investment Fund
Foundation (CIFF)

Name and contact
information for the trial
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The sponsor for this trial is the
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Role of sponsor {5c} The study funder and sponsor will
provide ongoing oversight of the trial
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Administrative information (Continued)

from the study team and providing an
independent team to routinely audit
the quality and safety of study
practices. They will be provided data
and reports for review and provide
feedback but they will not have
ultimate authority over study related
activities.

Introduction
Background and rationale {6a}
Anaemia is a worldwide problem with iron deficiency
anaemia (IDA) being the most common cause [1]. When
occurring in pregnancy, anaemia increases the risk of
adverse maternal, foetal and neonatal outcomes [2, 3].
These adverse outcomes include maternal mortality,
preterm and low birth weight (LBW) deliveries, perinatal
and neonatal deaths and long-term developmental se-
quelae in the surviving offspring [4].
Anaemia rates are among the highest in South Asia,

and India’s National Family Health Survey (NFHS-4) for
2015–2016 indicated that anaemia with haemoglobin
(Hb) <11.0 g/dL affected over 50% of pregnant women
[5]. Anaemia during pregnancy is a major contributing
factor to the nearly 60% of children 6–59 months of age
classified as anaemic in the same survey with an Hb
level of <11 g/dL. Optimal foetal, neonatal and
childhood brain growth and development require
adequate iron [6, 7]. However, women with moderate to
severe anaemia during the late 2nd and early 3rd
trimesters of pregnancy are often unable to make up
their iron deficit. Thus, despite active transport via the
placenta, insufficient iron may be transmitted to the
developing foetus with consequent negative sequelae,
including long-term neurodevelopmental impairment of
the newborn [8].
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For nearly 40 years, India’s first-line treatment for IDA
in pregnancy has been oral iron; however, side effects,
poor adherence to tablet ingestion and low therapeutic
impact are among reasons for consideration of a new
standard for treatment of IDA in pregnant women [9].

The Anaemia Mukt Bharat programme
The Government of India has given high priority to
reducing the prevalence of anaemia in India, and several
initiatives have been directed towards this objective. The
latest anaemia strategy, built upon prior national
programmes and supported by the Ministry of Health
and Family Welfare, was presented in a 2018
publication, Anaemia Mukt Bharat-Intensified National
Iron Plus Initiative [10]. The same overall strategy
remains in effect, but a few changes have been made to
specific intervention guidelines which can be viewed
online [11].
The Anaemia Mukt Bharat programme encompasses

a national goal of reducing prevalence of anaemia
among children, adolescents and reproductive-age
women at the rate of 3% a year. It also aims to facilitate
the achievement of a Global World Health Assembly ob-
jective declared in 2012, to achieve a 50% reduction of
anaemia among women of reproductive age by 2025
[10].

Existing literature
A study of Chinese pregnant women found that daily
oral iron, initiated at or prior to 20 weeks’ gestation and
continued until delivery, improved maternal iron
parameters; however, 45% of the babies born to these
women were iron deficient suggesting that oral iron
supplementation may not optimally reach the
developing foetus [12]. Published evidence confirms that
iron deficiency in infancy is associated with an increase
in cognitive and behavioural abnormalities, which may
persist for decades despite later iron repletion [13, 14].
While one of the primary outcomes for this study is the
risk of LBW delivery (a leading cause of under-5 mortal-
ity and an independent risk for poorer neurodevelop-
ment), anaemia in pregnancy is associated with other
adverse pregnancy outcomes such as increased rates of
preterm birth and perinatal and neonatal mortality [15].
Among a cohort of 92,247 Indian and Pakistani

pregnant women, in a 2019 study, 87.8% were anaemic
[15]. When classified by anaemia severity, the highest
percentage of pregnant women, or 49.2%, were in the
moderate group (Hb 7–9.9 g/dL), and secondary analysis
found that these moderately anaemic women had higher
rates of poor pregnancy outcomes than those with
higher Hb concentrations. For pregnant women residing
in under-resourced countries and having mild anaemia
(Hb 10–10.9 g/dL), research findings have not shown a

consistent relationship between anaemia and poor preg-
nancy outcomes [4]. Thus, for this research, only preg-
nant women with moderate IDA will be eligible for
randomization.
The Cochrane Collaboration reported a scarcity of

quality trials that assessed clinical maternal and neonatal
effects of iron administration to anaemic, pregnant
women [16]. The Cochrane reviewers indicated the need
for large, high-quality trials that assess both clinical out-
comes and treatment effects. This need has not been ad-
equately met, especially in terms of assessing the efficacy
of newer treatment approaches, specifically the use of
single-dose intravenous (IV) iron during pregnancy.
Implementing the proposed study will address this iden-
tified but unmet need and increase the likelihood that
the guidelines and recommendations of India’s respected
health organizations will continue to undergo refine-
ment. Subsequently, criteria for establishing feasibility,
convenience and cost-effectiveness will be better met to
enable broader and more rapid implementation and
scale-up of optimal treatment approaches.

Intravenous iron and iron deficiency anaemia
IV iron has many advantages as a treatment of IDA. The
ability to give a larger dose in a single IV injection leads
to increased bioavailability of iron and more rapid
correction of IDA [17–20]. This is particularly important
in pregnancy to ensure iron sufficiency in the developing
foetus [21–23]. In a study of women treated with IV
iron, none of the newborns were diagnosed with iron
deficiency anaemia [24]. Furthermore, this method
reduces the risk of poor adherence to treatment so often
seen with oral iron. Study findings also indicate that IV
iron is safe (with no serious adverse events reported),
less toxic and more effective than oral iron in the
treatment of IDA in pregnant women [25, 26].
This study will be a 3-arm, randomized-controlled trial

comparing the effectiveness of two IV iron formulations:
ferric carboxymaltose and ferric derisomaltose (formerly
known as iron isomaltoside), with oral iron in the treat-
ment of IDA in pregnant women and in reducing low
birth weight deliveries [27–29]. Two IV iron formula-
tions, approved for marketing in India, will be used with
the aim of demonstrating that pregnant women, ran-
domly assigned to either of the formulations, will have a
higher rate of conversion to a non-anaemic state when
compared to the oral iron comparator arm.

Summary
This research aims to assess the efficacy of a single dose
of IV iron, administered early in the second trimester of
pregnancy for the treatment of moderate IDA, in
achieving a greater percentage of women with a normal
for pregnancy Hb concentration of >11 g/dL by delivery,
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when compared to a control arm provided with an oral
iron regimen that is the primary and current standard of
care in India.
Published data suggest that IV iron is a safe and more

effective treatment of IDA in pregnancy than is oral
iron. This newer approach to the treatment of IDA must
be ideally evaluated through a randomized control trial
in a population that continues to be greatly affected by
this problem and has a critical need to employ more
effective management strategies.

Objectives {7}
Study hypotheses
This trial incorporates the following study hypotheses:

Primary hypothesis #1 Singleton pregnant participants
with moderate iron deficiency anaemia who are
randomly assigned to an IV iron arm and receive, early
in the second trimester of pregnancy, a single dose of IV
iron for treatment of anaemia and the currently
recommended daily dose of folic acid will have a higher
conversion rate to non-anaemic status (or Hb >11 g/dL)
in the last trimester of pregnancy at either a 30–34 week
antenatal visit or prior to delivery than pregnant women
assigned to an oral iron arm and provided a standard
dose of iron and folic acid tablets for anaemia treatment.

Primary hypothesis #2 The pregnant participants
assigned to an IV iron treatment group will have a lower
risk of LBW deliveries (a 20% relative reduction)
compared to pregnant women in the oral iron group.

Secondary hypothesis To determine if administration of
either of the two IV iron formulations used in the study
will have a more favourable impact on other maternal
and neonatal outcomes than among women provided
daily oral iron. This will be assessed through reported
differences between study arms at specified timepoints
for the secondary outcomes listed in section {12}.

Trial design {8}
This study is a 3-arm randomized-controlled trial with
two primary outcomes of interest. The research is de-
signed to assess if a single dose of an IV iron formula-
tion (ferric carboxymaltose in intervention arm 1 or
ferric derisomaltose (formerly known as iron isomalto-
side) in intervention arm 2), provided for treatment of
moderate IDA in pregnant women, will result in a
greater percentage of pregnant participants achieving a
normal for pregnancy Hb concentration of >11 g/dL by
the third trimester, when compared to the comparator
arm (arm 3) given oral iron. Moderate IDA has been de-
fined employing the WHO definition for all cause an-
aemia severity, Hb < 7 g/dL (severe); 7–9.9 g/dL

(moderate); 10–10.9 g/dL (mild); and >11 g/dL (non-an-
aemic or normal) [30]. Those eligible to receive iron
treatment must also show laboratory values of serum
transferrin saturation (TSAT) < 20% and/or ferritin < 30
ng/mL.
The second primary outcome is that of low birth

weight (LBW) (< 2500 g), one of several adverse
pregnancy outcomes associated with IDA. The
hypothesis for reporting on this clinical outcome is that
the risk of LBW delivery for participants randomized to
the IV iron arms will be significantly lower when
compared to the risk of LBW delivery for participants
randomly assigned to the oral iron arm.
Approximately 4320 pregnant women who meet

eligibility criteria and have Hb concentrations of 7 to 9.9
g/dL with confirmed IDA will be randomized 1:1:1 to
one of two IV iron intervention arms or to the oral iron
arm.

Methods: participants, interventions and
outcomes
Study setting {9}
The study will be carried out in India with participants
recruited during an antenatal care visit made to
participating community health and primary health
centres (CHCs and PHCs) in the states of Karnataka and
Rajasthan.

Eligibility criteria {10}
Inclusion criteria for screening and consent are as
follows: (1) pregnant women between 18 and 40 years of
age and capable of giving informed consent; (2) Hb
concentration of 7–10.4 g/dL (as per the available point
of care laboratory report); (3) expressed intent and
expectations for remaining in the designated research
area during the pregnancy and delivering at a facility in
or near the research area as well as remaining in the
area to enable study participation and data collection
consistent with the research protocol; and (4) expressed
willingness that specifically includes agreement to
randomization to the standard care study arm (of oral
iron) or to one of the two arms involving treatment with
single-dose IV iron.
Additional inclusion criteria for randomization and

continued study participation include (1) presence of a
live singleton, intrauterine foetus and dating ultrasound
that indicates a pregnancy that, at randomization, would
be between the beginning of week 14 and prior to 17
weeks 0 days, and (2) iron deficiency anaemia defined
for this study as moderate anaemia with Hb
concentration level between 7 and 9.9 g/dL and serum
transferrin saturation (TSAT) < 20% and/or serum
ferritin < 30 ng/mL.
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Exclusion criteria include (1) foetal anomaly if
detectable when an initial ultrasound is done to date the
pregnancy (subsequent discovery of a foetal anomaly is
not viewed as an exclusion); (2) a history of
cardiovascular disease, hemoglobinopathy or other
disease or condition considered a contraindication for
treatment, including conditions recommended for
exclusion by the manufacturers of oral or IV iron to be
used in the study; and (3) any condition that, in the
opinion of the consenting healthcare provider, warrants
study exclusion.

Who will take informed consent? {26a}
Women will be screened for their eligibility to
participate in the study at their first antenatal visit at
participating CHCs and PHCs. If no exclusionary criteria
are known to apply, pregnant women will be educated
about the study, have all their questions answered and
be given the opportunity to consent to participate.
Consent will be obtained by a trained healthcare
provider or research staff member at the CHC or PHC.
Following review of the consent and medication

procedures, the woman will be asked to confirm and
document her willingness to participate in the study by
signing the consent form. If the participant is unable to
sign, her thumbprint will indicate written approval. Both
the staff member and the study participant will retain
signed copies of the form. If a prospective participant is
not prepared to consent she will be given the option to
take the form home to discuss participation with her
family before signing.
All staff responsible for obtaining consent will be

trained and certified in the protection of human subjects
and study-specific consent procedures. Each site will be
provided with a model informed consent form, devel-
oped by the research team.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
When obtaining informed consent, participants will be
informed of which biological specimens will need to be
collected, at what timepoint as well as the reason for
such studies. They will also be informed that their data
will be de-identified and stored in a secure database and
that any data released will not be identifiable.
The consent procedure includes a condition wherein

participants are specifically asked to consent to the use
of data collected as part of the study or information
about outcomes under study for unrestricted scientific
purpose(s) only. They are also given the option to
consent to being contacted in the future regarding
participation in other related research studies.
Participants will be told they can withdraw consent at
any time during the trial.

Interventions
Explanation for the choice of comparators {6b}
This 3-arm study will incorporate two IV iron formula-
tions, ferric carboxymaltose in arm 1 and ferric deriso-
maltose in arm 2, and a comparator arm of a standard
dose of oral iron in arm 3. Two IV iron formulations are
being compared with the aim of demonstrating effective-
ness of either in the treatment of IDA when compared
to oral iron.
Both IV iron formulations selected for use in this

study are approved and available commercially in India,
and both are proposed for the following reasons: (1)
they allow single-dose infusions of up to 1 g of iron, (2)
they have a proven track record of efficacy and availabil-
ity in many countries of the world, (3) they are associ-
ated with very low rates of adverse events, (4) high-
quality studies show no difference in severe side effects
among available IV iron formulations and (5) there is
greater probability that inclusion of more than one
single-dose formulation will be instrumental in driving
down market prices and perhaps lead to public sector
pricing and greater utilization.
Oral iron will be used as the comparator arm as this is

currently the first-line treatment for mild and moderate
IDA in pregnancy.

Intervention description {11a}
Ferric carboxymaltose (Revofer Lupin) will be sourced in
500-mg vials. Ferric derisomaltose (Jilazo Lupin) will
also be sourced in 500-mg vials.
Pregnant women randomly assigned to an IV iron arm

at the third study visit will receive their single-dose IV
infusion at a participating CHC. Prior to beginning the
infusion, the pregnant woman will be counselled about
the infusion procedure and the risks and benefits before
confirming her willingness to proceed.
If the participant weighs more than 50 kg, they will

receive the assigned single dose formulation of 1000 mg
of iron; but women under 50 kg will receive a lower
dose of iron as determined by a formula that has been
recommended by both manufacturers of 20 mg iron/kg
body weight.
Oral iron will be given to arm 3 in the form of 60mg

Ferrous Sulphate tablets given to anaemic women twice
daily.
In all three study arms, participants will receive 180

tablets of folic acid (500 mcg) once daily and one tablet
of albendazole (400 mg) after randomization in the
second trimester of pregnancy.

Criteria for discontinuing or modifying allocated
interventions {11b}
Interventions will be discontinued at any time under the
following circumstances: (1) if the participant withdraws
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consent; (2) if the investigator determines the
intervention is a threat to the participant’s health, safety
and/or wellbeing; or (3) if the participant experiences
adverse effects requiring the intervention be
discontinued.

Strategies to improve adherence to interventions {11c}
Accredited Social Health Activists (ASHAs) who live
within the communities of recruiting CHCs and PHCs
will support the study team (with authorization of the
supervising health officials) and will be available to
accompany potential participants to facilities for
screening, dating of the pregnancy (by ultrasound), for
randomization followed by treatment of anaemia,
antenatal monitoring and delivery, and the 42-day post-
delivery visit. ASHAs who have received education on
IDA can be an additional source of information about
the study.
Participants in the oral iron arm will be given clear

instructions about how to take the tablets and will be
asked at subsequent visits if they are taking their
medication and if not, the reasons for this. Answers will
be recorded on appropriate case report forms (CRF).
During the consent process, potential participants will

be informed about the randomization process and
procedures if they are found eligible for
randomization—that is, they will either be provided oral
iron and other components of standard care or be given
a single IV iron infusion. Participants will be counselled
on the risks and benefits of treatment relevant to all
study arms during the consent process.
Once randomized, and regardless of treatment arm,

participants will be encouraged to follow the treatment
plan for their study arm and attend the study visits as
instructed. Visits follow a schedule of standard antenatal
care that will also provide an opportunity to monitor
participant progress and encourage adherence to the
treatment plan.
Noncompliance with the plan for iron

supplementation may be less for women randomly
assigned to an IV iron intervention as supplementation
during pregnancy would typically be complete after
receipt of a single IV iron infusion unless referral,
assessment and additional treatment is required.

Relevant concomitant care permitted or prohibited during
the trial {11d}
Unscheduled healthcare visits may occur for an enrolled,
randomized study participant. If this occurs, information
about this visit will be collected on a specific
unscheduled healthcare visit CRF.
Oral iron should not be taken by a pregnant woman

that receives an IV iron infusion in accordance with the
manufacturer guidelines. If a participant takes oral iron

having received an IV iron infusion, a protocol deviation
would be noted.
Any use of oral iron, outside of that used by

participants in the oral iron arm of the study, is
considered an exclusion criterion.
The antenatal care provider seeing an enrolled and

randomized study participant will make decisions about
care that may be required because of other (non-
anaemic) pregnancy complications or other health-
related issues. It is expected that the provider will offer
standard of care to the pregnant woman in treating non-
anaemia issues or other non-pregnancy related health
concerns that may arise.

Provisions for post-trial care {30}
The last scheduled study visit occurs at approximately
42 days postpartum. It would be expected that
healthcare providers will deliver standard of care and
specify the need for follow-up care for both the mother
and baby as deemed necessary.

Outcomes {12}
Primary outcomes
The first of two primary outcomes is to evaluate
whether a single dose of IV iron (ferric carboxymaltose
in intervention arm 1 and ferric derisomaltose in
intervention arm 2, administered early in the second
trimester of pregnancy for treatment of moderate IDA,
will result in a greater percentage of pregnant
participants in the IV iron arms achieving a normal for
pregnancy Hb concentration of >11 g/dL in the third
trimester of pregnancy, confirmed at either a 30–34-
week antenatal visit or prior to delivery, when compared
to those in the oral iron comparator arm (arm 3).
The second primary outcome is to evaluate the

incidence of low birth weight (< 2500 g), one of several
adverse pregnancy outcomes reported to be associated
with IDA. The hypothesis for this clinical outcome is
that the risk of LBW delivery for participants
randomized to the IV iron arms will be 20% lower when
compared to the risk of LBW delivery for participants
randomly assigned to the oral iron arm.

Secondary outcomes
Among the secondary outcomes to be recorded are
changes in Hb concentration, variation in participant
iron indices at specified timepoints (TSAT and ferritin,
changes in cord blood Hb and other iron indices of cord
blood (Fe/TIBC (TSAT) and ferritin), weight gain of
participants by trimester of pregnancy, mode of delivery/
C-section, antepartum and severe postpartum
haemorrhage, hypertensive disorders, maternal or
neonatal infections including documented COVID-19,
maternal and neonatal mortality, preterm and small for
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gestational age births, pregnancy loss and stillbirths,
birth weight of live born babies, newborn length, the
need for neonatal resuscitation, neonatal admissions to
an intensive care unit, time from delivery to cord clamp-
ing, unanticipated or extended hospitalizations, breast-
feeding practices and maternal well-being (quality of
life).
In consideration of current Anaemia Mukt Bharat

interventional guidelines for anaemia treatment in
pregnant women [11], two additional secondary
outcomes will be assessed: (1) participant need for
“rescue therapy” or measures implemented for
management of severe anaemia after a drop in Hb
concentration to <7 g/dL at any time after treatment is
initiated and (2) referral of a participant, regardless of
study arm, to a higher level of care (CHC, Taluka
hospital, or District Hospital/Tertiary Care Centre) for
further investigation of the cause of anaemia due to <1
g/dL improvement in Hb based upon analysis of blood
collected at 26–30 weeks of pregnancy.

Participant timeline {13}
The projected timeline for this study is approximately 42
months and will consist of a 7-month preparatory phase,
28 months for recruitment, treatment and follow-up, as
well as a final 5-month phase for data cleaning and ana-
lysis. This is summarized in Table 1.

Sample size {14}
The sample size for RAPIDIRON is primarily driven by
the comparison of LBW risk. The true risk of LBW is
assumed to be 25% in the oral iron arm based upon the
LBW estimate of 21% found in a similar population with
a Hb level at delivery of 7–9.9 g/dL but with fewer rural
sites [15]. Parks et al. estimate used data from
geographic clusters participating in the Eunice Kennedy
Shriver National Institute of Child Health and Human

Development (NICHD) Global Network’s Maternal
Newborn Health Registry for Jawaharlal Nehru Medical
College’s (JNMC) as well as data from the same registry
for clusters located near Nagpur, India, and in Pakistan.
Assuming a true LBW risk of 25% in the oral iron

group, a final sample of 1332 per group would give 80%
power to detect a 20% relative reduction (relative risk of
0.8; 20% LBW risk in each of the IV iron groups) at the
alpha=0.0245 level. One interim analysis when 1/3 of the
information on LBW is available is planned. With p-
value boundaries of 0.000026 at the interim analysis and
0.02449 at the final analysis, based on 10,000
simulations, with evaluable data on 1332 participants per
arm (444 per arm at the interim analysis), and assuming
both IV iron arms have true risk of LBW of 20%, the
study design provides a 1.6% probability of stopping
early for efficacy, approximately 80% probability of
concluding an a priori-selected IV arm has lower LBW
risk than the oral arm, and greater than 90% probability
of concluding at least one of the IV arms is better than
the oral iron arm. Approximately 4320 pregnant women
will need to be randomized 1:1:1 to each of the three
study arms assuming that 7.5% or less of participants
have missing birth weight data (due to stillbirth and
other reasons). Each of the two research sites (based in
either Karnataka or Rajasthan) will enrol and randomize
no more than 60% of all study participants.
With 1332 study participants per group, the study

provides greater than 95% power to detect differences in
risk of non-anaemia of at least 10% at the alpha=0.0005
level; as such the study is well powered for this outcome
assuming that the true risk approaches the anticipated
difference of 30% based on similar studies.

Recruitment {15}
Approximately 16,000 pregnant women will be screened
for low Hb at their first antenatal visit at participating

Table 1 Study timeline
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CHCs and PHCs. This sample size should achieve an
adequate number of pregnant women who are
subsequently determined eligible to be randomized
equally to each of the three study arms. Recruitment and
randomization of participants will continue until study
data provide confidence that a minimum of 1332
randomized participants in each arm have evaluable
primary outcome data.

Assignment of interventions: allocation
Sequence generation {16a}
Randomization will be stratified by enrolment site, with
the two Indian research sites of Belagavi, Karnataka and
Jaipur, Rajasthan comprising the two randomization
strata. Randomization sequences will be generated for
each stratum using a computer-generated algorithm
based upon a randomly permuted block design with ran-
domly varied block sizes as specified in a detailed
randomization plan to which all study investigators,
other than the coordinating centre randomization statis-
tician, are masked.

Concealment mechanism {16b}
The block sizes will be known only to personnel
responsible for the randomization algorithm.
Randomization assignments will be placed in
sequentially numbered opaque envelopes by a
designated pharmacist, grouped by sets of 12, and stored
at the central research coordinating office of each
research site. Envelopes will be distributed monthly to
each CHC/PHC in sets of 12 (e.g. set 1 [envelopes 1–12]
to PHC 1, set 2 [envelopes 13–24] to PHC 2, sets 3 and
4 [envelopes 25–48] to PHC 3, etc.) based on projected
enrolment at the CHC/PHC for that month.

Implementation {16c}
Randomization assignments will be generated by the
statistical team at Thomas Jefferson University (TJU).
The sealed envelopes containing iron tablets/IV iron will
be available at the CHCs and PHCs. Accordingly, the
Medical Officer will randomize the participant. If the
participant is allocated to IV iron arm, then the Medical
Officer will calculate the dose and write it on the
randomization slip. The same randomization sequence
numbered envelops with iron tablets/IV iron (either
ferric derisomaltose/ferric carboxymaltose) will be
available at the CHCs. The pharmacist at the CHC will
match the randomization number on the envelope
issued at the CHC or PHC. Upon confirmation of the
number and opening of the envelope which designates
either ferric derisomaltose/ferric carboxymaltose, the
pharmacist will prepare the infusion (dose as per the
instructions written by a Medical Officer at the CHC or
PHC during randomization). The dose is double-

checked based on the patient’s weight with subsequent
dispensing and provided to a staff nurse who will admin-
ister the IV iron to the participant under the supervision
of a CHC Medical Officer.

Assignment of interventions: blinding
Who will be blinded {17a}
The investigators at JNMC in Belagavi and SMSMC in
Jaipur will identify a specifically designated pharmacist
who will be assigned to the research team in their
respective site. They will assure compliance with the
specified randomization process and receipt of the
correct iron supplementation modality for each
participant. Oral iron use will not be masked. However,
blinding will occur for the two IV iron arms since IV
iron participants will know only that they have been
randomly assigned to receive an IV iron infusion
without knowing the specific arm (formulation) that will
be provided. Further, neither the point of care provider
nor the infusion team will know which IV iron
formulation was assigned. However, each pharmacist
responsible for preparing the IV Iron infusions for the
trial will not be blinded. When a participant arrives for
an infusion, the pharmacist will collect an infusion order
provided to the participant and prepare the appropriate
IV formulation for infusion based on the randomization
ID list. The IV medication will ONLY be known to the
pharmacist, with all other clinical staff blinded as to
which of the two IV formulations is being used.

Procedure for unblinding if needed {17b}
The participant consent form clearly indicates that if
there is a requirement to release study information
regarding participant treatment associated with receive
emergency care if needed, an authorized staff person has
permission to gain access to a protected participant
record. All episodes of unblinding will be shared with
members of the Data and Safety Monitoring Board
(DSMB).

Data collection and management
Plans for assessment and collection of outcomes {18a}
A baseline survey will be conducted in at the CHCs and
PHCs in both Belagavi and Jaipur. This survey consists
of 3 questionnaires, one to be distributed to each of the
following 3 groups: (1) pregnant women between 24 and
34 weeks of gestation (thus not eligible for inclusion in
this trial), to explore the current practices about
antenatal care, compliance with anti-helminthic, iron
and folic acid, delivery details and out of pocket expend-
iture; (2) healthcare providers to better understand sup-
ply of resources to CHCs/PHCs and the management of
anaemia at these centres; and (3) administrators to gain
an understanding of the supply chain of medicines
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provided to CHCs/PHCs especially those medications
utilized in the RAPIDIRON trial.
A summary of the study procedures including

outcomes to be collected at specific study related visit
can be found in Table 2.
All personnel will undergo training to familiarize

themselves with the trial protocol. There will also be
appropriate training in research ethics and employment
of Good Clinical Practice (GCP) guidelines.
Study staff involved in administering and monitoring

the IV iron infusions will receiving procedure-specific
training and access to the study Manual of Operations
(MOO) for reference as needed.
Trained ultra-sonographers will be selected to perform

ultrasound examinations. They will undergo study-
specific training before starting to scan participants for
eligibility based upon gestational age. Detailed informa-
tion on ultrasound procedures and standardization will
be available to staff in the study MOO. The American
College of Obstetricians and Gynaecologists (ACOG)
provides guidance on due date estimation using ultra-
sonography when an accurate Last Menstrual Period
(LMP) is unavailable. This information can be utilized

by study team as needed and is described in the study
MOO.
Equipment used in the study will be standardized

throughout the study sites including weighing machines,
ultrasound equipment and laboratory equipment/assays.

Plans to promote participant retention and complete
follow-up {18b}
The role of the ASHAs (as described in the section
“Strategies to improve adherence to interventions {11c}”)
is to act as facilitators to promote participant clinic
attendance and retention of study participants.
Regardless of whether participants discontinue

treatment or deviate from the intervention protocol, all
information from participants will be collected through
the end of the trial, unless the participant withdraws
such consent.

Data management {19}
JNMC is responsible for the development of the
independent Data Management System (DMS) and
utilization of the database system for the RAPIDIRON
Trial. Data will be collected primarily through the use of

Table 2 Timing of study procedures
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paper-based forms. JNMC has successfully used the Re-
search Electronic Data Capture (REDCap) system for
numerous research projects. This system is a secure web
application for building and managing online surveys
and databases, and it offers a secure, privacy compliant
web-based electronic data capture and maintenance sys-
tem. The data are stored in a centralized system. RED-
Cap software requires each user to have their own
account, and user privileges are applied to ensure that
users have access only to data and information they need
and are authorized to have. REDCap can be accessed
from multiple sites from any computer or mobile device,
including PCs, Macs, tablets and mobile phones.
Data will be collected at the CHCs/PHCs and

transferred to regional data centres for data entry and
form storage and will be entered into computers using
the data management system developed by the research
team at JNMC. The data will then be transferred to TJU
utilizing REDCap. The DMS will involve a REDCap
server host and include project setup and form building
with validations and ranges.
Data quality validation with inbuilt quality checks will be

programmed into REDCap with external quality control.
Routine reports will be developed to include missing forms,
expected forms and participant follow-up schedules.
The data entry staff at each research site is responsible

for entering data from all completed paper forms into the
DMS. If data corrections are needed, study staff will enter
the corrections into the DMS, which will create an
automatic audit trail. The DMS retains built-in quality
checks to verify the accuracy and quality of the data
entered.

Confidentiality {27}
At the time of enrolment, each participant will be given
a unique screening ID number. All subsequent data
collection will be linked only to the ID number rather
than to a participant name.
In addition, the DMS is password-protected to ensure

that only trained, authorized personnel have access to
the data. The consent forms and locator forms linking
personal information to ID will be kept in securely
locked filing cabinets at each research site with only au-
thorized staff having access. If unauthorized use of par-
ticipant information is discovered, the onsite staff must
notify the senior research team and Principal Investiga-
tor (PI) along with plans to correct the problem and pre-
vent further violations.

Plans for collection, laboratory evaluation and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
Blood samples will be collected at study-related visits as
detailed in Table 2. Samples will be collected at the

locations detailed in Table 3. As two laboratories will be
utilized, one at each study site, each employing daily
controls, these processes will provide additional valid-
ation of results.
A mobile research team will be utilized in this trial to

ensure the necessary assessments and sample collections
are performed as planned. They will be responsible for
carrying out study related procedures including: assisting
Medical Officers in screening and enrolment, arranging
transport to a central facility for eligibility assessment,
obtaining study-specific blood draws at scheduled visits,
providing appropriate newborn weight and height as-
sessment within 72 h of delivery and maintaining study
logs. They will be contacted by a participant’s CHC/
PHC/birthing facility/ASHA/relative or the participant
whenever a delivery is anticipated or their presence is
required.
Immediately after collection, the samples will be

stored upright at 2 to 8 °C. Samples should be
transported from the CHCs/PHCs to the central lab
within 6 h of collection. Those specimens ready for
transport will be stored in an insulated chiller box
containing ice packs and a thermometer to record the
transportation temperature. Once specimens arrive at
the laboratory, the laboratory staff who receives the
samples must complete the Laboratory Requisition Form
(LRF). The specimens will then be subjected to
processing at the respective site laboratories: KLE Hi-
Tech Clinical Lab, Belagavi and SMS MC Clinical Lab
Jaipur.
The following procedures will be carried out to ensure

quality control of sample analysis throughout the trial:
(1) the Lyphochek Anaemia Control (BIORAD).
Analytes: Ferritin, Folate, Iron (TIBC/UIBC), Vitamin
B12. Such controls will be run each time study samples
are to be analysed; (2) an internal QC process has been
established for study samples; (3) both laboratories will
participate in protocol-specific EQA testing; and (4) pro-
ficiency programme provider: BioRad for Biochemical
assays and All India Institute of Medical Sciences
(AIMS)/Christian Medical College (CMC) Vellore for
haematology parameters.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
The primary analysis for anaemia will compare each IV
iron arm to the oral iron arm with respect to the
percentage of participants who achieve Hb of >11 g/dL
at either a 30–34-week antenatal visit or prior to
delivery using a Cochran-Mantel-Haenszel (CMH) chi-
square test stratified by enrolment site at the 0.0005
level. The CMH-adjusted risk ratio and associated
99.95% confidence interval will be calculated for both
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comparisons. No interim efficacy analysis is planned for
the anaemia outcome.
Each IV arm will be compared to the oral iron arm

with respect to risk of LBW using a CMH chi-square
test stratified by enrolment site at the 0.000026 level
when data are available on at least 444 participants per
group (1/3 of expected information). The study can be
stopped for efficacy if either IV arm shows significantly
lower risk of LBW at the interim analysis. Assuming that
the study is not stopped early, the final tests will be per-
formed at the 0.02449 level. Stopping boundaries were
calculated using a Lan-DeMets spending-function ap-
proach with O’Brien-Fleming bounds. The CMH-
adjusted risk ratio and associated 97.55% confidence
interval will similarly be calculated for both compari-
sons. If the study is prematurely stopped early based on
the results of LBW data, analysis of the anaemia end-
point will be performed at the 0.025 level.
The primary analysis will be performed using the

intent to treat (ITT) cohort. Missing anaemia and LBW
data will be imputed using multiple imputation. The
exact method of imputation will be specified in the
statistical analysis plan prior to analysis. Fifty data sets
will be imputed and the Wilson-Hilferty transformation
will be applied to the CMH statistics fit to each data set
[31, 32]. Results will be pooled using the method of
Rubin to calculate the overall test of significance [33].
The log (relative risk) estimates of each imputed data set
will similarly be combined.
Analysis of categorical secondary outcomes with

respect to treatment arm differences will use generalized
linear models to estimate relative risks and associated
confidence intervals. Analysis of continuous,
longitudinally measured, secondary outcomes with
respect to treatment arm differences will use mixed
effects linear regression, accounting for correlation
among repeated measurements over time and adjusting
for site as a random effect. Mean differences between
randomization groups will be estimated from the model
results at each measurement time along with
appropriate confidence intervals.

Association of Hb levels at delivery with LBW delivery
will be evaluated using logistic regression. For this
analysis, Hb levels will be categorized using the WHO
definitions for severity: < 7 g/dL (severe), 7–9.9 g/dL
(moderate), 10–10.9 g/dL (mild) and >11 g/dL (non-
anaemic or normal). If one or both of the IV iron
formulations are demonstrated to be effective in
transitioning women to non-anaemic status (Hb >11g/
dL) in the third trimester of pregnancy at either or both
of two timepoints prior to delivery, or if one or both IV
iron formulations are effective in reducing the risk of
LBW deliveries, a series of secondary exploratory ana-
lyses will be performed to identify baseline factors that
are predictive of treatment success. The objective of
these analyses will be to support future implementation
of the treatment regimen in broad populations by identi-
fying subpopulations most likely to benefit from the
treatment regimen. Separate logistic regression models
will be constructed for the anaemia and LBW outcomes,
with predictors to include Hb levels at the time of
randomization as well as TSAT and ferritin levels and
other baseline characteristics identified in the Statistical
Analysis Plan.

Interim analyses {21b}
An interim analysis for efficacy for the LBW outcome
will be performed when data are available on at least
444 participants per treatment arm (1/3 of expected
information). Using stopping boundaries from a Lan-
DeMets spending function with O’Brien-Fleming
bounds, we set α1=0.000026 so that the study could
be stopped if the comparison of either IV arm to the
oral arm had p<0.000026. Assuming the observed risk
of LBW is 25% in the oral arm, this would occur if
the observed risk of LBW in a particular iron arm
were 13.7% or less. To maintain an overall type-I
error rate of 0.0245 for each IV vs. oral comparison,
if the null hypothesis is not rejected at the interim
analysis, the final comparisons for LBW will be com-
pleted at the 0.02449 level.

Table 3 Blood sample collection sites

Visit number Collection site

Visit #2: (12–16 weeks’ gestation) Respective hospitals in Belagavi and Jaipur
Belagavi: KLES Dr. Prabhakar Kore Charitable Hospital and Medical Research Centre
Jaipur: SMS Medical College and Hospital

Visit #4: 2 weeks post-treatment CHC/PHC

Visit #5: 20–24 weeks gestation CHC/PHC

Visit #6: 26–30 weeks’ gestation CHC/CHC

Visit #7: 30–34 weeks’ gestation CHC/PHC

Visit #8: At delivery Participant’s Delivery Location

Visit #9: 42 days post-delivery CHC/PHC
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Assuming the study is not stopped for efficacy, one
formal interim analysis for futility will be completed
based on a data snapshot taken when the anaemia
outcome is available for 666 participants per group (1/2
of expected information). The interim analysis for
futility will involve the conditional power associated
with two hypothesis tests: the two-degree of freedom
CMH test of differences in prevalence of anaemia prior
to delivery across the three treatment arms and the two-
degree of freedom test of differences in risk of LBW
across the three treatment arms. If analyses for both pri-
mary efficacy outcomes show a conditional power of less
than 0.2 based on the observed data at the time of the
interim analysis and the assumed effect for the study de-
sign, the DSMB may consider recommending that the
study be stopped.
The analysis for safety will have two components.

First, point and 97.5% confidence interval estimates of
the risk of mortality and incidence of at least one SAE
will be developed for each of the three treatment arms.
If the interval estimates provide evidence that either of
the active IV iron treatment arms has significantly
higher risk of either mortality or adjudicated SAE
incidence than the active comparator arm (oral iron),
the DSMB will consider recommending stopping
enrolment for that active IV iron treatment arm. In
making the recommendation, the DSMB can consider
the overall risk profile of the treatment arms and any
evidence of efficacy that has been accumulated at the
time of the interim analysis.

Methods for additional analyses (e.g. subgroup analyses)
{20b}
IV iron arms will be descriptively compared with respect
to the proportion of LBW births and proportion of non-
anaemic patients by estimating the CMH-adjusted risk
ratio and associated 95% confidence interval. An add-
itional analysis comparing each IV iron arm to oral iron
will be performed on the per protocol cohort.
An exploratory Hb-based subgroup analysis will be

performed to estimate the effect of treatment on conver-
sion to non-anaemia status and the risk of LBW solely
by level of Hb measured prior to randomization (be-
tween the beginning of week 14 and 17 weeks 0 days of
pregnancy). Hb-based subgroups will be defined based
on clinical considerations but may be collapsed depend-
ing on the sample sizes within each group.

Methods in analysis to handle protocol non-adherence and
any statistical methods to handle missing data {20c}
The ITT cohort includes all randomized study
participants using treatment group assignments as
randomized. Missing anaemia and LBW data will be
imputed using multiple imputation as described above.

The exact method of imputation will be specified in the
statistical analysis plan prior to analysis. Secondary
outcomes will not be imputed.
The per-protocol cohort includes all study participants

randomized to IV who receive the complete, recom-
mended dosage of the randomly assigned IV iron formu-
lation between the beginning of the 14th week of
pregnancy and prior to the beginning of the 17th week
and all study participants assigned to oral iron therapy
who take equal to or greater than 80% of prescribed
pills. Use of any non-study-provided iron preparation
post-randomization will represent an exclusion for the
purpose of the per protocol analysis. Additionally, a par-
ticipant assigned to an IV iron arm that receives only a
portion of the recommended single infusion dosage for
the randomly-assigned IV iron formulation will be
excluded.

Plans to give access to the full protocol, participant-level
data and statistical code {31c}
Data sharing will be granted in accordance with the
details registered with the Clinical Trial Registry of India
(CTRI). Individual participant data that underlie the
results reported in specific publications arising out of
the trial, after de-identification (text, tables, figures and
appendices) will be shared. Additionally, the study
protocol, statistical analysis plan and informed consent
forms will be shared.
These files will be viewable by researchers whose

proposed use of the data has been approved by the Trial
Steering Committee. The data will be available for
analyses necessary to achieve aims in the approved
proposal. Data will be available via communication with
representatives of the Trial Steering Committee by
email: Dr Richard Derman (Richard.Derman@jefferson.
edu) and Dr M B Bellad (mbbellad@hotmail.com). Data
will be available beginning 3 months and ending 5 years
following article publication.

Oversight and monitoring
Composition of the coordinating centre and trial steering
committee {5d}
The Trial Steering Committee consists of the study PI,
Dr. Richard Derman; co-investigators from the Belagavi
site, Dr. Shivaprasad Goudar and Dr. Mrutyunjaya Bel-
lad; and co-investigators from the Rajasthan site, Dr.
Sudhir Mehta and Dr. Kusum Gaur. Each of the 3 col-
laborative research groups involved in this trial at Bela-
gavi, Jaipur and TJU will have established a senior
leadership team with team members meeting on a
weekly basis. This specified Steering Committee will be
responsible for overall oversight and governance of the
trial with the final responsibility remaining with the PI.
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The trial coordinating centre will reside at JNMC and
having responsibility for coordinating daily operations
for both the Belagavi and Jaipur sites. This includes
ongoing training and management of study site staff.
The study Technical Advisory Group (TAG) will

convene on a biannual basis to provide technical
assistance and oversight.

Composition of the data monitoring committee, its role and
reporting structure {21a}
An independent DSMB will be comprised of five
individuals: a chair and four supporting members. All
members of the DSMB will be free of conflicts of
interest to enable performance of their duties in an
unbiased manner.
The duties to be performed by the DSMB include

reviewing serious adverse events (SAEs), and adverse
events (AEs) and unanticipated problems posing risks to
study participants or their foetuses/offspring; assuring that
the research is conducted in a manner to minimize risk
and promote safety; assessing data quality, participant
recruitment, accrual and retention; and preparing reports
that outline DSMB recommendations and providing them
to the research team. The DSMB will meet approximately
every 6 months until all study participants have been
followed and data collected on outcomes through 42 days
post-delivery. Further information on the DSMB can be
found in the study protocol and MOO.
A designated Chief Quality and Safety Officer will also

serve as the senior biostatistical consultant for the
RAPIDIRON Trial. This individual will work with the
Data Management System (DMS) at JNMC and the
senior statistician at TJU to monitor the ongoing quality
of study operations and safety of study participants. He
will also serve as the primary interface between the
study investigators and the DSMB.
Given the importance of distinguishing serious adverse

drug reactions specifically related to intravenous iron
infusions from non-serious reactions that commonly
occur with the use of any intravenous medication, two
experts familiar with the use of IV iron have been desig-
nated as adjudicators.
The study teams from both Belagavi and Jaipur will

report possible SAEs in a timely manner to the
adjudicators. Two adjudicators will conduct rapid
reviews and provide case by case validation of all SAEs
and comment on the clinical management of each of
these cases. These reports will be submitted to the study
PI and site PIs, who will share the information with the
DSMB in a timely manner.

Adverse event reporting and harms {22}
An adverse event (AE) is defined as any untoward
medical occurrence in a study participant. Any AE that

occurs during the course of the trial and requires
treatment should be reported and the AE CRF
completed.
The RAPIDIRON trial is recruiting pregnant women

as participants. It is expected that these women will
experience a range of obstetric-related symptoms during
pregnancy, labour and the postpartum period. These
should not be recorded as AEs unless the event is of un-
usual severity, intensity, duration or frequency.
When uncertainty exists as to whether a condition is

to be reported as an AE or SAE such cases should be
reported to and monitored by the adjudicators.
A serious adverse event (SAE) involves a randomized

participant that initiated treatment OR the foetus or
newborn of such a participant. To qualify as an SAE, at
least one of the following criteria must apply to the
event: (1) results in a maternal or neonatal death, or a
foetal death greater than 20 weeks’ gestation; (2) is life-
threatening; (3) requires an unanticipated hospitalization
or prolongs an existing hospitalization; (4) results in per-
sistent or significant disability or incapacity; or (5) repre-
sents other serious or unexpected adverse events that a
study investigator feels should be reported, including
need for resuscitation.
Study drug reactions will be reported as an SAE if they

meet an SAE criterion (above) and will be documented
as an SAE that is related to the use of the study drug
only when confirmed by adjudication.
SAEs will be reported to, and monitored by, the

DSMB.
At each scheduled DSMB meeting after study

recruitment, SAE/AE data and a report summarizing
recruitment and participant status will be prepared for
review and discussion. Following its deliberations, the
DSMB will issue any recommendations it may have and
specify that the study should continue based upon
absence of significance safety concerns.

Frequency and plans for auditing trial conduct {23}
The study PI and statisticians will meet monthly to
review the data and evaluate its quality and safety. They
will provide a monitoring report with deidentified data
for the study funder on a quarterly basis. The data will
also be reviewed by an independent DSMB who will
meet every 6 months throughout the trial.
The study funder (CIFF) will employ an independent

clinical research organization (CRO) to routinely audit the
study and monitor the quality and safety of study practices.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}
The senior research team will meet weekly to review all
concerning issues. Any protocol amendments will be
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reviewed by all relevant parties including all site IRBs as
necessary. Changes to the protocol that would alter the
consent process will be communicated to study
participants in an appropriate manor. The means for
communicating any necessary changes to study
participants will be determined by the research team
taking into consideration the level of safety concern
involved and with advice from the DSMB.

Dissemination plans {31a}
Results of the study will be disseminated through
meetings and publications. In disseminating results to
study participants the research team will be consistent
with the guidelines of the CTRI.

Discussion
This study will assess the effectiveness of two
formulations of single-dose IV iron in the treatment of
IDA in pregnant women and reducing low birth weight
deliveries when compared with oral iron, the current
standard of care.
Though current research has demonstrated IV iron to

be a safe and effective treatment of IDA in pregnant
women, there remains a scarcity of large, quality trials
that assess the effect on maternal and neonatal
outcomes of iron administration in anaemic, pregnant
women. The Cochrane Review indicates the need for
assessing efficiency of iron treatment in pregnancy,
specifically newer approaches such as single-dose IV
iron. This study is unique in that it will address general-
isability of this intervention through a more rigorous as-
sessment on a large scale in a lower-middle income
country. It also has the potential to influence the refine-
ment of India’s health organizations current guidance on
IDA treatment and lead to better long-term outcomes.
Another important aspect of this study is the

independent economic analysis to be performed by
experts in the field of health economics and cost-
effectiveness of healthcare interventions. The study will
report the cost-effectiveness when employing each
single-dose IV iron formulation compared to oral ther-
apy in the treatment of IDA in pregnant women. One
aim is to demonstrate the economic feasibility of scale-
up of this treatment approach and its subsequent useful-
ness as a treatment for IDA in pregnant women in other
low- and middle-income countries with constrained re-
sources. There is also an opportunity to analyse the eco-
nomic impact of reducing low-birthweight and iron
deficiency in the offspring on the cost of interventional
programmes needed to modify the neurobehavioral ef-
fects of these two outcomes.
A potential challenge to consider is the impact that

COVID-19 cases in India might have on recruitment
and increased costs for personal protective equipment

(PPE); however, every effort is being made to minimize
the effects of these challenges.
While we have complete data for India’s National

Family Health Survey (NFHS-4) for 2015–2016, new
data for India’s NFHS-5 is currently being collected. The
new data for Rajasthan is not yet available, however, the
figures for Karnataka show an increase in the number of
both children and pregnant women who are anaemic
when compared to the 2015–2016 data [34]. This further
underscores the need for a new, easily accessible and
cost-effective approach for treating anaemia and timely
importance of this study.

Trial status
Protocol Version 1.2, March 8, 2021. Recruitment began
on March 15, 2021. The projected completion date for
recruitment is February 28, 2023.
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  Abstract  

Background: Obesity due to inappropriate eating habits, including overeating, has recently been discussed during this
COVID pandemic crisis in the context of stress. Emotional overeating (EOE) is sometimes considered as a strategy for
emotion regulation. Considering this fact, this study used a snowball technique to analyze the prevalence of EOE caused
due to stress during this pandemic situation. Methodology: The present cross-sectional online study of 607 respondents
across all regions of India attempts to assess the perceived stress levels during COVID-19, evaluate their tendency to
engage in emotional eating, and examine the relationship between perceived stress and emotional eating during COVID-
19 situation. Results: Stress perception is significantly associated with EOE and such phenomenon is marginally more
prominent in females more than males. A negative association of age, though weak (r = −0.34, p< 0.05), has been found
with both perceived stress levels and EOE, signifying that the youngsters are more prone to stress and overeating than
older persons, during these COVID times. The study also evidenced that people with psychiatric conditions are
significantly more affected than others. Similarly, the average EOE scores for such persons were also higher, and they
may be more vulnerable to emotional eating. Conclusion: EOE is significantly associated with perceived stress; the
association is more prominent in females. Younger people and people with mental illness display significantly more
emotional eating behavior during stress.

Keywords: COVID-19, emotional overeating, mental health, perceived stress
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  Introduction  

The COVID-19 crisis emerged into one of the most difficult global socioeconomic situations of our times and has been
quite disruptive. It is but natural to be stressed in such an unforeseen and difficult situation. Staying healthy both
physically and mentally is of utmost importance during these uncertain times as it plays a very crucial role in handling
the ongoing crisis and ensuring smooth living. A study by Wegner et al. found that during binge eating days, participants
reported having significantly worse mood than on nonbinge days.[1]

During any outbreak of an infectious disease, the population's psychological reactions play a critical role in shaping both
the spread of the disease and the occurrence of emotional distress and social disorder during and after the outbreak.[2]

Studies show that COVID crisis has had psychological impact with associated conditions of depression, posttraumatic
stress disorder, and even suicide.[3],[4],[5] The COVID-like pandemic also affects a person in terms of confusion, anger,
fear, boredom, stigma, and stress over the loss of life-sustaining resources according to some researches.[6],[7] Globally,
at present, there are increased worries and apprehensions among the public regarding acquiring the COVID-19 infection,
and therefore, people have higher perceived needs to deal with their mental health difficulties.[8]

emotional overeating
mental health
perceived stress
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Psychological health becomes more important during these difficult days, due to the challenges like isolation, restricted
social activities, fear of contracting illness etc. These challenges culminate into stress, anxiety, and depression.[9] Novelle
and Diéguez in their study have suggested that while the drug addiction process has been highly researched, eating
addiction is a nascent field suggesting a need for such studies.[10]

In the current scenario, where talks of preserving our health prevail every dinner table conversation, it has become
inevitable to include concepts of good mental and physical health to help us fight the coronavirus pandemic. For
containment of the outbreak, strategies adopted are isolation and physical distancing which disrupt personal and
professional lives severely. To add to the misery, we are fed with a lot of misinformation via media and social media,
fuelling stress, and mass hysteria. In addition, the “fear of transmission” begets stigma, marginalization and xenophobia,
as well as the “fear of fellow humans.”[11] Besides, adapting to lifestyle changes such as working from home, temporary
unemployment, home-schooling of children, and lack of physical contact with other family members, friends, and
colleagues and managing the fear of contracting the virus and worry about people close to us who are particularly
vulnerable, are challenging for all of us says a WHO report (2020).[12]

So the important questions to be considered in this situation are what stress is and how to manage it? The body's physical,
mental, and emotional response to changes around and not being able to cope with the specific demands and events is
termed as stress. Pressure and stress for a short period is sometimes healthy as it can improve productivity. It is usual to
get short-term pressures and stress which can even catapult us to action or to change in a positive manner. However,
chronic stress adversely affects a human being physically and may cause deterioration in their quality of life.

Different human beings respond differently to certain situations, which is subjective in nature. If a situation causes stress
to some, it can affect their physical and mental health by producing chemicals and hormones with increased heart rate,
faster brain, and energy burst. Severe acute stress can lead to mental health issues/disorders.

Studies have reported that psychological stress is often associated with greater food consumption, particularly
consumption of high-fat foods. While it is obvious that emotional eating behavior is likely to be related positively to
stress, yet, the process of this phenomenon has been a subject of little research. A study which induced negative emotions
and regulated food intake suggests that the regulation strategies people use to deal with these emotions are responsible
for increased eating.[13] In the studies conducted by Epel et al., it is evidenced that on a stress day, cortisol reactivity
predicted eating more and that such reactivity was related to greater intake of sweet food.[14] Another research suggests
that stress may play a critical role in obesity, specifically for persons with an increased glucocorticoid exposure or
sensitivity.[15]
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Weight gain during self-quarantine can be associated with inadequate sleep, snacking after dinner, lack of dietary
restraint, eating in response to stress, and reduced physical activity, as stated by Zachary et al.[16] Loss of control in
eating and overeating is evidenced to support the convergent and predictive validity of this relationship, through a
number of anthropometric, psychosocial, and eating behavior-related factors.[17]

Just as calorie intake restriction could help mitigate the deleterious impacts of a bout of physical inactivity, overeating
under conditions of home confinement is very likely to exacerbate these consequences.[18] Therefore, there is a need for
a study which analyzes the direct association between overeating and stress during such tumultuous times.

The present study was primarily conducted to assess perceived stress levels in the Indian population related to COVID-
19, evaluate their tendency to engage in emotional eating, and examine the relationship between perceived stress and
emotional eating during COVID-19 situation. The theoretical constructs and analysis of results are depicted in the
framework [Figure 1].

Figure 1: Theoretical model of study
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  Methodology  

This cross-sectional descriptive study was undertaken in India using snowball sampling technique. Ethical clearance was
obtained from the institutional ethics committee. Two standardized questionnaires were used to collect data. Google
Forms was used for developing the online questionnaire, and the same was shared through E-mail, WhatsApp, and
LinkedIn with the respondents to elicit responses. Respondents were also requested to further circulate to their family
members and friends, to give a diverse base to the set of responses.

Only participants with access to the Internet could participate in the study. Participants with age more than 18 years, able
to understand English, and willing to give informed consent were included. Filling up the study questionnaire was
voluntary and was in simple English for easy understanding by all the respondents. Informed consent was obtained
before the participant proceeded to respond to survey questions. The participants were encouraged to roll out the survey
to as many people as possible. The link was forwarded to people apart from the first point of contact. The data were
collected during a period of 7 days, during 6.00 p.m. June 13, 2020–6.00 p.m. June 20, 2020. The number of responses
received was 607. We were able to collect data from across various states of India. The sociodemographic variables
included age, gender, occupation, education, and area of residence.

Multi-Currency Account

Global Banking and Investing for Every

Indian. Open Foreign Currency Accounts

Winvesta Download

Multi-Currency Account

Global Banking and Investing for Every

Indian. Open Foreign Currency Accounts

Winvesta Download

https://www.anip.co.in/viewimage.asp?img=AnnIndianPsychiatry_2021_5_2_132_329429_f1.jpg
https://www.anip.co.in/viewimage.asp?img=AnnIndianPsychiatry_2021_5_2_132_329429_f1.jpg
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3YiZMLrnYdrNNI2xwgPe24OoBtSz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CxcDbO88A32BkOZ3kMqZvzIBRH7wobkNnKT26ilN2HHFIjX2bD7JZpodVWUom-nHVGRA5ktoYgb9LHK0HLiionNkSmpJF6_thFRvGW1003dEd6Gi1qriEdbUjIl1cc4eOagTlbn4UI6HnfN51HF_bXo4S7GofmTN2EqUQzla8p4xFUgXHEmphvvbS2ASkWcFr8FwhOG65Fz6qPRSBBei7qE0kqs-bh0wkrsqzqeL1DBf0B_0vuKBOZEbruPuj3pRHTR3QyRE8M0U9cwVKczUg-fzblMpijmfRGod2DOVF8UGX9vy7nJsdqLJAZX93z0mQq-QdzNpID4c9RT5wOqiaQhICRMcgLeB-Bp9f9E3qoYpUFLO513PT6QiNsiRzG5-CC65fjtsI0tE54EM7Sy7RKoJAQGJ8s6f6ZkfCR59-lell-q_bjm7H0wcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UzpcMPGemIfb13my_bspi3CtTGdJU5mPMtvkW1jcvbICtUAvjqZrhHOVZjp1bwvs50IqmVAoFiWMy1H5AqDnSDW3IIYeQP7nw9UBTifMZzZ6u6EqZyufiddSQej1CvVpVT_RN9noXdyyhDqevTXcEmimeSw&sig=AOD64_0HsMkJjSnRuHo7aRSN8MWRAUzRiA&client=ca-pub-8451019964492775&nb=9&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQuMuIApelOY2uCPK38s4K3oTLvuQVGsaqenmO5yvHAtlqiePMvYKWBoCT2oQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3YiZMLrnYdrNNI2xwgPe24OoBtSz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CxcDbO88A32BkOZ3kMqZvzIBRH7wobkNnKT26ilN2HHFIjX2bD7JZpodVWUom-nHVGRA5ktoYgb9LHK0HLiionNkSmpJF6_thFRvGW1003dEd6Gi1qriEdbUjIl1cc4eOagTlbn4UI6HnfN51HF_bXo4S7GofmTN2EqUQzla8p4xFUgXHEmphvvbS2ASkWcFr8FwhOG65Fz6qPRSBBei7qE0kqs-bh0wkrsqzqeL1DBf0B_0vuKBOZEbruPuj3pRHTR3QyRE8M0U9cwVKczUg-fzblMpijmfRGod2DOVF8UGX9vy7nJsdqLJAZX93z0mQq-QdzNpID4c9RT5wOqiaQhICRMcgLeB-Bp9f9E3qoYpUFLO513PT6QiNsiRzG5-CC65fjtsI0tE54EM7Sy7RKoJAQGJ8s6f6ZkfCR59-lell-q_bjm7H0wcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UzpcMPGemIfb13my_bspi3CtTGdJU5mPMtvkW1jcvbICtUAvjqZrhHOVZjp1bwvs50IqmVAoFiWMy1H5AqDnSDW3IIYeQP7nw9UBTifMZzZ6u6EqZyufiddSQej1CvVpVT_RN9noXdyyhDqevTXcEmimeSw&sig=AOD64_0HsMkJjSnRuHo7aRSN8MWRAUzRiA&client=ca-pub-8451019964492775&nb=0&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQuMuIApelOY2uCPK38s4K3oTLvuQVGsaqenmO5yvHAtlqiePMvYKWBoCT2oQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3YiZMLrnYdrNNI2xwgPe24OoBtSz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CxcDbO88A32BkOZ3kMqZvzIBRH7wobkNnKT26ilN2HHFIjX2bD7JZpodVWUom-nHVGRA5ktoYgb9LHK0HLiionNkSmpJF6_thFRvGW1003dEd6Gi1qriEdbUjIl1cc4eOagTlbn4UI6HnfN51HF_bXo4S7GofmTN2EqUQzla8p4xFUgXHEmphvvbS2ASkWcFr8FwhOG65Fz6qPRSBBei7qE0kqs-bh0wkrsqzqeL1DBf0B_0vuKBOZEbruPuj3pRHTR3QyRE8M0U9cwVKczUg-fzblMpijmfRGod2DOVF8UGX9vy7nJsdqLJAZX93z0mQq-QdzNpID4c9RT5wOqiaQhICRMcgLeB-Bp9f9E3qoYpUFLO513PT6QiNsiRzG5-CC65fjtsI0tE54EM7Sy7RKoJAQGJ8s6f6ZkfCR59-lell-q_bjm7H0wcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UzpcMPGemIfb13my_bspi3CtTGdJU5mPMtvkW1jcvbICtUAvjqZrhHOVZjp1bwvs50IqmVAoFiWMy1H5AqDnSDW3IIYeQP7nw9UBTifMZzZ6u6EqZyufiddSQej1CvVpVT_RN9noXdyyhDqevTXcEmimeSw&sig=AOD64_0HsMkJjSnRuHo7aRSN8MWRAUzRiA&client=ca-pub-8451019964492775&nb=7&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQuMuIApelOY2uCPK38s4K3oTLvuQVGsaqenmO5yvHAtlqiePMvYKWBoCT2oQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3YiZMLrnYdrNNI2xwgPe24OoBtSz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CxcDbO88A32BkOZ3kMqZvzIBRH7wobkNnKT26ilN2HHFIjX2bD7JZpodVWUom-nHVGRA5ktoYgb9LHK0HLiionNkSmpJF6_thFRvGW1003dEd6Gi1qriEdbUjIl1cc4eOagTlbn4UI6HnfN51HF_bXo4S7GofmTN2EqUQzla8p4xFUgXHEmphvvbS2ASkWcFr8FwhOG65Fz6qPRSBBei7qE0kqs-bh0wkrsqzqeL1DBf0B_0vuKBOZEbruPuj3pRHTR3QyRE8M0U9cwVKczUg-fzblMpijmfRGod2DOVF8UGX9vy7nJsdqLJAZX93z0mQq-QdzNpID4c9RT5wOqiaQhICRMcgLeB-Bp9f9E3qoYpUFLO513PT6QiNsiRzG5-CC65fjtsI0tE54EM7Sy7RKoJAQGJ8s6f6ZkfCR59-lell-q_bjm7H0wcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UzpcMPGemIfb13my_bspi3CtTGdJU5mPMtvkW1jcvbICtUAvjqZrhHOVZjp1bwvs50IqmVAoFiWMy1H5AqDnSDW3IIYeQP7nw9UBTifMZzZ6u6EqZyufiddSQej1CvVpVT_RN9noXdyyhDqevTXcEmimeSw&sig=AOD64_0HsMkJjSnRuHo7aRSN8MWRAUzRiA&client=ca-pub-8451019964492775&nb=1&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQuMuIApelOY2uCPK38s4K3oTLvuQVGsaqenmO5yvHAtlqiePMvYKWBoCT2oQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3YiZMLrnYdrNNI2xwgPe24OoBtSz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CxcDbO88A32BkOZ3kMqZvzIBRH7wobkNnKT26ilN2HHFIjX2bD7JZpodVWUom-nHVGRA5ktoYgb9LHK0HLiionNkSmpJF6_thFRvGW1003dEd6Gi1qriEdbUjIl1cc4eOagTlbn4UI6HnfN51HF_bXo4S7GofmTN2EqUQzla8p4xFUgXHEmphvvbS2ASkWcFr8FwhOG65Fz6qPRSBBei7qE0kqs-bh0wkrsqzqeL1DBf0B_0vuKBOZEbruPuj3pRHTR3QyRE8M0U9cwVKczUg-fzblMpijmfRGod2DOVF8UGX9vy7nJsdqLJAZX93z0mQq-QdzNpID4c9RT5wOqiaQhICRMcgLeB-Bp9f9E3qoYpUFLO513PT6QiNsiRzG5-CC65fjtsI0tE54EM7Sy7RKoJAQGJ8s6f6ZkfCR59-lell-q_bjm7H0wcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UzpcMPGemIfb13my_bspi3CtTGdJU5mPMtvkW1jcvbICtUAvjqZrhHOVZjp1bwvs50IqmVAoFiWMy1H5AqDnSDW3IIYeQP7nw9UBTifMZzZ6u6EqZyufiddSQej1CvVpVT_RN9noXdyyhDqevTXcEmimeSw&sig=AOD64_0HsMkJjSnRuHo7aRSN8MWRAUzRiA&client=ca-pub-8451019964492775&nb=8&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQuMuIApelOY2uCPK38s4K3oTLvuQVGsaqenmO5yvHAtlqiePMvYKWBoCT2oQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C3YiZMLrnYdrNNI2xwgPe24OoBtSz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CxcDbO88A32BkOZ3kMqZvzIBRH7wobkNnKT26ilN2HHFIjX2bD7JZpodVWUom-nHVGRA5ktoYgb9LHK0HLiionNkSmpJF6_thFRvGW1003dEd6Gi1qriEdbUjIl1cc4eOagTlbn4UI6HnfN51HF_bXo4S7GofmTN2EqUQzla8p4xFUgXHEmphvvbS2ASkWcFr8FwhOG65Fz6qPRSBBei7qE0kqs-bh0wkrsqzqeL1DBf0B_0vuKBOZEbruPuj3pRHTR3QyRE8M0U9cwVKczUg-fzblMpijmfRGod2DOVF8UGX9vy7nJsdqLJAZX93z0mQq-QdzNpID4c9RT5wOqiaQhICRMcgLeB-Bp9f9E3qoYpUFLO513PT6QiNsiRzG5-CC65fjtsI0tE54EM7Sy7RKoJAQGJ8s6f6ZkfCR59-lell-q_bjm7H0wcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UzpcMPGemIfb13my_bspi3CtTGdJU5mPMtvkW1jcvbICtUAvjqZrhHOVZjp1bwvs50IqmVAoFiWMy1H5AqDnSDW3IIYeQP7nw9UBTifMZzZ6u6EqZyufiddSQej1CvVpVT_RN9noXdyyhDqevTXcEmimeSw&sig=AOD64_0HsMkJjSnRuHo7aRSN8MWRAUzRiA&client=ca-pub-8451019964492775&nb=8&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQuMuIApelOY2uCPK38s4K3oTLvuQVGsaqenmO5yvHAtlqiePMvYKWBoCT2oQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C83XpM7rnYczEE5HWvQSNzqHQC9Sz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CsqpuIbdMeXJ-9zscjzSQvJaKohKdv3nAA4nomSG2hczp-Z2UUmMVV2h849IPeHgPulVfzyr5CG6CypbQCzXky5QTBUKycB50u1XxUDmt325T2R2yiUQH5AHNJ2FB3p39Y9o2byuA4VYqSvebAh1WVuAs8sqe3eEyfskuiWww55mLfv3ZB17IACYg0E8gHgY5tRVo2LcvGSgSuzHj7VkDnyUZSSk7A-TuhUVpvkn_cwhuxkHiV84MNehaN5neg7mYHRZMdkVGqwHQuB_MliwJEBbfu0cDWg8BsMiMCHmGTn1CUxVBGiY2RfO9GmNXOrjtxTnamMZF9cHaPRthTZIdYr76bzbqbaCe-DXxnXr7N5n5ZyCW0Kbt2_pP_h-qQgpGYoUvcO71wnLDBwNkU8MFEJD_5DljAheafXip2KDOj74Jphvst5SE6mcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UFLgw1nEa3693tSEOAJuYRCa6k4mWlHpo8NBK8alGCKKgKva9N7gIXYyiMgn97Ywswb42cfqSXt0pLCzDIr76VgvGsaWP1yb6UoJqmE00oGnbSQyAS6DVqvJshaIKWj8TstWsrs9u7d5jLclhhV0a27Wwnk&sig=AOD64_3w-saDn2tQTmuFyBwTSQWh5upeZA&client=ca-pub-8451019964492775&nb=9&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQtcB0eHxL94PeESfr0gDMirdTOxhecw3UsvScSvLepIro6VTcBHdnhoChKkQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C83XpM7rnYczEE5HWvQSNzqHQC9Sz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CsqpuIbdMeXJ-9zscjzSQvJaKohKdv3nAA4nomSG2hczp-Z2UUmMVV2h849IPeHgPulVfzyr5CG6CypbQCzXky5QTBUKycB50u1XxUDmt325T2R2yiUQH5AHNJ2FB3p39Y9o2byuA4VYqSvebAh1WVuAs8sqe3eEyfskuiWww55mLfv3ZB17IACYg0E8gHgY5tRVo2LcvGSgSuzHj7VkDnyUZSSk7A-TuhUVpvkn_cwhuxkHiV84MNehaN5neg7mYHRZMdkVGqwHQuB_MliwJEBbfu0cDWg8BsMiMCHmGTn1CUxVBGiY2RfO9GmNXOrjtxTnamMZF9cHaPRthTZIdYr76bzbqbaCe-DXxnXr7N5n5ZyCW0Kbt2_pP_h-qQgpGYoUvcO71wnLDBwNkU8MFEJD_5DljAheafXip2KDOj74Jphvst5SE6mcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UFLgw1nEa3693tSEOAJuYRCa6k4mWlHpo8NBK8alGCKKgKva9N7gIXYyiMgn97Ywswb42cfqSXt0pLCzDIr76VgvGsaWP1yb6UoJqmE00oGnbSQyAS6DVqvJshaIKWj8TstWsrs9u7d5jLclhhV0a27Wwnk&sig=AOD64_3w-saDn2tQTmuFyBwTSQWh5upeZA&client=ca-pub-8451019964492775&nb=0&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQtcB0eHxL94PeESfr0gDMirdTOxhecw3UsvScSvLepIro6VTcBHdnhoChKkQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C83XpM7rnYczEE5HWvQSNzqHQC9Sz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CsqpuIbdMeXJ-9zscjzSQvJaKohKdv3nAA4nomSG2hczp-Z2UUmMVV2h849IPeHgPulVfzyr5CG6CypbQCzXky5QTBUKycB50u1XxUDmt325T2R2yiUQH5AHNJ2FB3p39Y9o2byuA4VYqSvebAh1WVuAs8sqe3eEyfskuiWww55mLfv3ZB17IACYg0E8gHgY5tRVo2LcvGSgSuzHj7VkDnyUZSSk7A-TuhUVpvkn_cwhuxkHiV84MNehaN5neg7mYHRZMdkVGqwHQuB_MliwJEBbfu0cDWg8BsMiMCHmGTn1CUxVBGiY2RfO9GmNXOrjtxTnamMZF9cHaPRthTZIdYr76bzbqbaCe-DXxnXr7N5n5ZyCW0Kbt2_pP_h-qQgpGYoUvcO71wnLDBwNkU8MFEJD_5DljAheafXip2KDOj74Jphvst5SE6mcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UFLgw1nEa3693tSEOAJuYRCa6k4mWlHpo8NBK8alGCKKgKva9N7gIXYyiMgn97Ywswb42cfqSXt0pLCzDIr76VgvGsaWP1yb6UoJqmE00oGnbSQyAS6DVqvJshaIKWj8TstWsrs9u7d5jLclhhV0a27Wwnk&sig=AOD64_3w-saDn2tQTmuFyBwTSQWh5upeZA&client=ca-pub-8451019964492775&nb=7&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQtcB0eHxL94PeESfr0gDMirdTOxhecw3UsvScSvLepIro6VTcBHdnhoChKkQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C83XpM7rnYczEE5HWvQSNzqHQC9Sz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CsqpuIbdMeXJ-9zscjzSQvJaKohKdv3nAA4nomSG2hczp-Z2UUmMVV2h849IPeHgPulVfzyr5CG6CypbQCzXky5QTBUKycB50u1XxUDmt325T2R2yiUQH5AHNJ2FB3p39Y9o2byuA4VYqSvebAh1WVuAs8sqe3eEyfskuiWww55mLfv3ZB17IACYg0E8gHgY5tRVo2LcvGSgSuzHj7VkDnyUZSSk7A-TuhUVpvkn_cwhuxkHiV84MNehaN5neg7mYHRZMdkVGqwHQuB_MliwJEBbfu0cDWg8BsMiMCHmGTn1CUxVBGiY2RfO9GmNXOrjtxTnamMZF9cHaPRthTZIdYr76bzbqbaCe-DXxnXr7N5n5ZyCW0Kbt2_pP_h-qQgpGYoUvcO71wnLDBwNkU8MFEJD_5DljAheafXip2KDOj74Jphvst5SE6mcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UFLgw1nEa3693tSEOAJuYRCa6k4mWlHpo8NBK8alGCKKgKva9N7gIXYyiMgn97Ywswb42cfqSXt0pLCzDIr76VgvGsaWP1yb6UoJqmE00oGnbSQyAS6DVqvJshaIKWj8TstWsrs9u7d5jLclhhV0a27Wwnk&sig=AOD64_3w-saDn2tQTmuFyBwTSQWh5upeZA&client=ca-pub-8451019964492775&nb=1&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQtcB0eHxL94PeESfr0gDMirdTOxhecw3UsvScSvLepIro6VTcBHdnhoChKkQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C83XpM7rnYczEE5HWvQSNzqHQC9Sz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CsqpuIbdMeXJ-9zscjzSQvJaKohKdv3nAA4nomSG2hczp-Z2UUmMVV2h849IPeHgPulVfzyr5CG6CypbQCzXky5QTBUKycB50u1XxUDmt325T2R2yiUQH5AHNJ2FB3p39Y9o2byuA4VYqSvebAh1WVuAs8sqe3eEyfskuiWww55mLfv3ZB17IACYg0E8gHgY5tRVo2LcvGSgSuzHj7VkDnyUZSSk7A-TuhUVpvkn_cwhuxkHiV84MNehaN5neg7mYHRZMdkVGqwHQuB_MliwJEBbfu0cDWg8BsMiMCHmGTn1CUxVBGiY2RfO9GmNXOrjtxTnamMZF9cHaPRthTZIdYr76bzbqbaCe-DXxnXr7N5n5ZyCW0Kbt2_pP_h-qQgpGYoUvcO71wnLDBwNkU8MFEJD_5DljAheafXip2KDOj74Jphvst5SE6mcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UFLgw1nEa3693tSEOAJuYRCa6k4mWlHpo8NBK8alGCKKgKva9N7gIXYyiMgn97Ywswb42cfqSXt0pLCzDIr76VgvGsaWP1yb6UoJqmE00oGnbSQyAS6DVqvJshaIKWj8TstWsrs9u7d5jLclhhV0a27Wwnk&sig=AOD64_3w-saDn2tQTmuFyBwTSQWh5upeZA&client=ca-pub-8451019964492775&nb=8&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQtcB0eHxL94PeESfr0gDMirdTOxhecw3UsvScSvLepIro6VTcBHdnhoChKkQAvD_BwE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=C83XpM7rnYczEE5HWvQSNzqHQC9Sz4vplrMOg96sOtZAfEAEgqcP3AWDl0uWDtA6gAffw_5ICyAEJqQJxdW3LO8tMPqgDAcgDywSqBMsCT9CsqpuIbdMeXJ-9zscjzSQvJaKohKdv3nAA4nomSG2hczp-Z2UUmMVV2h849IPeHgPulVfzyr5CG6CypbQCzXky5QTBUKycB50u1XxUDmt325T2R2yiUQH5AHNJ2FB3p39Y9o2byuA4VYqSvebAh1WVuAs8sqe3eEyfskuiWww55mLfv3ZB17IACYg0E8gHgY5tRVo2LcvGSgSuzHj7VkDnyUZSSk7A-TuhUVpvkn_cwhuxkHiV84MNehaN5neg7mYHRZMdkVGqwHQuB_MliwJEBbfu0cDWg8BsMiMCHmGTn1CUxVBGiY2RfO9GmNXOrjtxTnamMZF9cHaPRthTZIdYr76bzbqbaCe-DXxnXr7N5n5ZyCW0Kbt2_pP_h-qQgpGYoUvcO71wnLDBwNkU8MFEJD_5DljAheafXip2KDOj74Jphvst5SE6mcAEqbyrgO0DkAYBoAYugAfxjoDtAYgHAZAHAqgHjs4bqAeT2BuoB-6WsQKoB_6esQKoB9XJG6gHpr4bqAfz0RuoB5bYG6gHqpuxAqgH35-xAtgHANIIBggAEAIYGrEJ4LF97faRWhmACgGYCwHICwGADAG4DAG4E4gn2BMNiBQB0BUBmBYB-BYBgBcB&ae=1&num=1&cid=CAMSeQClSFh3UFLgw1nEa3693tSEOAJuYRCa6k4mWlHpo8NBK8alGCKKgKva9N7gIXYyiMgn97Ywswb42cfqSXt0pLCzDIr76VgvGsaWP1yb6UoJqmE00oGnbSQyAS6DVqvJshaIKWj8TstWsrs9u7d5jLclhhV0a27Wwnk&sig=AOD64_3w-saDn2tQTmuFyBwTSQWh5upeZA&client=ca-pub-8451019964492775&nb=8&adurl=https://www.winvesta.in/mca/%3Futm_source%3DGoogle%26utm_medium%3DCPC%26utm_campaign%3DWinvesta-GoogleStandardDisplay-MCA-October%26utm_term%3DPlacements%26utm_term%3D%26utm_campaign%3DMCA%2BIndividual%2B-%2BStandard%2BDisplay%26utm_source%3Dadwords%26utm_medium%3Dppc%26hsa_acc%3D6922554666%26hsa_cam%3D15032224795%26hsa_grp%3D132339392041%26hsa_ad%3D554988828402%26hsa_src%3Dd%26hsa_tgt%3D%26hsa_kw%3D%26hsa_mt%3D%26hsa_net%3Dadwords%26hsa_ver%3D3%26gclid%3DCjwKCAiA55mPBhBOEiwANmzoQtcB0eHxL94PeESfr0gDMirdTOxhecw3UsvScSvLepIro6VTcBHdnhoChKkQAvD_BwE


1/19/22, 12:44 PM Perceived stress and emotional overeating during COVID-19 pandemic Mohapatra S, Mohapatra M, Kar SK, Tekkalaki B - Ann I…

https://www.anip.co.in/article.asp?issn=2588-8358;year=2021;volume=5;issue=2;spage=132;epage=138;aulast=Mohapatra 5/9

The questionnaire had three main parts. The first part elicited information on demographic data, where mention of name
was optional. A total of twenty questions were asked, apart from the sociodemographic section. The second part dealt
with a set of questions that evaluated the perceived stress levels in a scale of 4 using the Perceived Stress Scale (PSS) by
Cohen et al. reporting of the respondents on what they have gone through in the last 1 month on a five-point scale: Never,
almost never, sometimes, fairly often, and very often. There were ten multiple-choice questions in this section which
measured the degree to which situations in one's life are appraised as stressful. Items were designed to tap how
unpredictable, uncontrollable, and overloaded respondents find their lives. The scale also included a number of direct
queries about current levels of experienced stress. PSS scores were obtained by reversing responses (e.g. 0 = 4, 1 = 3, 2 =
2, 3 = 1, and 4 = 0) to the four positively stated items (items 4, 5, 7, and 8) and then summing across all scale items.[19]

The third section evaluated the levels of emotional eating tendencies using the Emotional Eating Questionnaire
developed and validated by Garaulet et al., which consisted of ten questions to measure the relation between food intake
and emotional stress, with responses scaling from “0” = never, value “1” = sometimes, value “2” = generally, and value
“3” = always.[20]

Score between 0 and 5: You are a nonemotional eater. Your emotions have little or nothing to do in your eating behavior.
You are a person with great stability with respect to your feeding behavior. You eat when you feel hungry, regardless of
external factors or emotions.

Score between 6 and 10: You are a low emotional eater. It is rare that you solve your problems with food. However, you
feel that certain foods affect your will.

Score between 11 and 20: You are an emotional eater. Your responses indicate that to some extent your emotions
influence your diet. Feelings and mood in some moments of your life determine how much and how you eat.

Score between 21 and 30: You are a very emotional eater. If you're not careful, food will control your life. Your feelings
and emotions constantly rotate around your food.

Statistical analysis

The data were entered into Microsoft Excel spreadsheet. Data were described in terms of percentage and average with
standard deviation (SD). A comparison of sociodemographic characteristics between male and female participants was
done by applying Chi-square test. The association of perceived stress and emotional overeating (EOE) was done by
correlational analysis.

Ethical clearance

Ethical clearance was obtained from the institutional ethics committee, KAHER's J.N Medical College, Belagavi,
Karnataka. With Ref no. MDC/DOME/357.

  Results  

The online study surveyed a total of 607 sample responses distributed across various regions of India having a marginal
majority of males at 51.1%. For the total sample, the mean age is 36.3 (SD = 13.9) years and median of 29 years, with the
age of respondents ranging widely from 13 years to 78 years. For males, the mean age is 38.2 (SD = 14.5), and for
females, the same being less at 30.2 (SD = 11.6). The educational attainment levels show that majority (79.4%) are either
postgraduates (53.2%) or graduates (26.2%). Only 3% of the sample population had studied up to secondary level. One-
third of the sample constituted students, followed by government employees (16.8%), educators, homemakers, and also
health-care providers. Out of a sample of 607 respondents, 53.3% of the respondents belonged to North India whereas
16.6% were from South India. There were also representations from East India 13.3% and West India 11.9%. Central
India and northeast states of India also had representation in the sample [Table 1].

Table 1: Sociodemographic and clinical details of participants (n=607)*

Click here to view

A question was asked about the preexisting health conditions, and it was found that an overwhelming 79.4% of the
sample did not have any preexisting medical condition while 20.6% had some preexisting medical problems or the other.
It is also reported that around 2.3% had preexisting psychiatric conditions [Table 1].

[Table 2] shows the total distribution of the responses across gender in terms of the extent of perceived stress. It can be
observed that most of the participants had expressed existence of stress perception during the COVID times. The relation
between food intake and emotional stress is summarized in [Table 3].

Table 2: Perceived stress among the study participants (n=607)

Click here to view
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Table 3: Emotional overeating among study participants (n=607)

Click here to view

The PSS and EOE score intervals were taken, and individual respondents were placed in five score intervals of 0–5, 6–
10, 11–20, 21–30, and 31–40. The number of persons falling in various scores shows their varying degrees of stress
perception (PSS) or the vulnerability to emotional eating (EOE). It is observed that 511 persons (84%) came in the
scoring range of 11 and above indicating that they had perceived stress sometimes or often. There is a significant
difference in the PSS levels of males and females (χ2: 40.3867; P < 0.00001).

Mild form of EOE was seen among 36.73% of males and 33.22% of females. Moderate degree of EOE was seen with
30.61% of males and 41.93% of females. Severe EOE is reported among 2.04% of males and 7.42% of females.
Moderate-to-severe EOE was reported in 42.22% of the total participants. There is a significant difference in the EOE
behavior of males and females (χ2: 25.9511; P < 0.00001).

The average perceived stress score which theoretically ranged between 0 and 40 was observed to be around 19.5 (SD =
6.3) on an average for all the respondents, and separately, the perceived stress score for males was lower at 19.4 (SD =
5.7) and that for females was at 20.4 (SD = 5.4). The measure for EOE due to stress had a range of 0–30. It was observed
that the average EOE score was 9.5 (SD = 5.6). In case of this measure, there was a striking difference in the average
score of males at 8.7 (SD = 5.1) as compared with females at 11.2 (SD = 5.9), establishing the fact that females are more
prone to EOE than males.

Age and perceived stress are likely to be negatively correlated as, with age and experience, one learns how to face
challenges and manage stress in life, in general. The study also corroborates these with a negative correlation between
age and perceived stress as also between age and EOE. A correlation between age and perceived stress score as well as
EOE score was analyzed for all the respondents, gender-wise, and it was found that there exists a negative correlation
between age and PSS (r = −0.34) as also similarly a negative correlation was observed between age and EOE at r =
−0.31.

In our study, we found that perceived stress and EOE are correlated. The correlation found between perceived stress and
EOE stood at r = 0.44. Such correlation was a tad stronger for males (r = 0.46) as compared with female respondents (r =
0.37) [Table 4].

Table 4: Correlation between perceived stress and emotional overeating

Click here to view

It is observed that though there is a weak correlation in the perceived stress as also EOE parameters across age, a
strikingly significant difference is observed between males versus females in all the age groups, in terms of stress
perception and EOE, both. Young females in the age group between 13 and 30 years exhibited around 23.5% higher
stress perception than their male counterparts with an accompanied 27.94% higher average EOE score than males in the
same age group. Similarly, females in the age group of 31–50 years evidenced average PSS and EOE scores higher by
23.3% and 29.75% as compared with males. Even at the older age group of 51 years and above, a similar trend was
observed, signifying that basically, females have had substantially higher stress perception accompanied by almost
equally higher vulnerability to EOE, as compared with males, during the present COVID pandemic situation.

The responses were analyzed specifically for persons with psychiatric condition and also for persons with some medical
conditions such as diabetes and hypertension separately. It was found that the average perceived stress scores for people
with psychiatric condition are significantly higher at 22.57 (SD = 6.99) as compared with the overall average PSS of
17.39 (SD = 7.38). Similarly, the average EOE scores for such persons with psychiatric condition were also higher at
15.36 (SD = 4.75) as compared with the overall average EOE score of only 9.49 (SD = 5.57) for the entire population.
This shows that people with psychiatric conditions are significantly affected more in terms of stress perception and also
are more vulnerable to EOE.
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Analysis was undertaken in terms of comparing the average PSS and EOE scores of persons with any medical condition
versus the overall population. It is observed that while the stress levels are not so different than overall population, the
average EOE scores of persons with medical conditions (such as diabetes and hypertension) are higher at 10.1 (SD =
5.60) as compared with overall average EOE of all persons at 9.49 (SD = 5.57). This shows that those people who are
under some medical conditions or other are apparently marginally more vulnerable than the overall population in terms of
EOE.

  Discussion  

The results of the study reveal that stress perception is significantly associated with EOE and such phenomenon is more
prominent in females than males, during this pandemic. There exist multiple positive prospective associations between
negative affect (such as stress) and subsequent binge eating,[21] as binge eating or EOE often acts as a coping mechanism
for certain individuals.

A negative association of age, though weak, has been found with both perceived stress levels and EOE, signifying that
the youngsters are more prone to stress and overeating than older persons, during these COVID times. Studies in the past
have also suggested that being in charge of one's emotions comes with higher level of emotional intelligence and
emotional maturity which grows with age leading to a belief of being in control of life and a belief in the ability to attain
goals by well-directed efforts.[22]

The study also evidenced that people with psychiatric conditions are significantly more affected than others in terms of
stress perception and also are more vulnerable to EOE whereas otherwise medically ill persons are only marginally more
affected than overall population. This observation, read with the positive correlation between perceived stress and EOE,
strongly suggests that during the COVID-19 pandemic, there is a need for taking extra care of persons with psychiatric
condition in terms of managing the stress level and containing EOE. However, this observation should be interpreted
with the limitation in mind that, the number of individuals with psychiatric conditions being small (n=14), and no formal
diagnostic tests were used to diagnose psychiatric illnesses. Another study has found that lifestyle-related risk factors
such as smoking, obesity, and inactivity endanger medical conditions leading to an increased mortality and morbidity
among patients with mental disorders[23] and such preexisting mental disorders, coupled with added pandemic situation,
aggravate the stress levels more in such population with accompanying EOE and other manifestations.

The results thus point out to the fact that there is a general need to contain stress, to avoid EOE and related problems,
which is more specifically required in case of persons with mental disorders, females, and also youngsters, during this
pandemic. This study hopes to contribute significantly toward putting thrust on the mental health-care area and bring
awareness among the public in general to take into account the role of stress management and emotional control in this
corona pandemic situation.

The present study has found a positive and significant relationship between perceived stress and EOE. However, the
study admittedly has some limitations. Being an online survey, we have adopted convenience sampling, only those who
have access to the Internet and are in direct or indirect contact of the researchers. The study also has not alienated the
other causative factors that would have gone into the pattern of EOE apart from stress as other reasons for overeating
have not been sought from the participants. Besides, unlike an in-person survey, participants did not have the opportunity
to ask any query, if any for clarifications. The concentration of sample is biased toward North India as over half of the
responses are from that region. Therefore, the generalizability of the study findings is, to the above extent, weak. Being
an online survey, the proportion of graduates and postgraduates is whopping high at around 79.4% giving a bias toward
educated population.

  Conclusion  

EOE is significantly associated with perceived stress; the association is more prominent in females. Younger people and
people with mental illness display significantly more emotional eating behavior during stress. This is an important area of
further research with wider scope in terms of expanded coverage and wider range of questions that can investigate other
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parameters that affect stress as also EOE. Besides, the study can also be done to differentiate behavior pattern of rural
versus urban population, as also across states of India.
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Black tea extract ameliorates pancreatic dysfunction in male Wistar rats 

exposed to cadmium chloride 

 

 

 

Abstract 

Introduction: Cadmium is one of the most dangerous and toxic occupational heavy metal. Exposure of cadmium is one of the 

risk factor for diabetes. This study aimed to assess the simultaneous effects of Black Tea Extract (BTE) on cadmium chloride 

induced alterations in oral glucose tolerance.  

Methods: In this study, BTE on cadmium chloride induced alterations in oral glucose tolerance test (OGTT) and pancreas 

histology were assessed. Adult rats were divided into four groups (n=6/group), group I (normal saline), group II (CdCl2, 1.0 

mg/kg body weight; intraperitoneal), group III (black tea extract, 2.5 gm tea leaf/dl of water that is 2.5% of aqueous BTE) and 

group IV (cadmium chloride + BTE).  

Results: The study revealed cadmium chloride intoxicated rats showed significant impaired glucose tolerance and changes in 

normal architecture of pancreas compare to control group. Oral administration of black tea extracts with cadmium chloride 

significantly improved glucose tolerance and pancreas architecture as compared to the cadmium chloride group.  

Conclusion: The results indicate that BTE is beneficial in preventing cadmium-induced impaired glucose tolerance with 

pancreatic cellular damage. 
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1. Introduction 

Cadmium is one of the most toxic heavy metal in 

environment. [1-2]  Cadmium is not biodegradable and 

has very long half-life. Cadmium can induce 

oxidative damage and apoptosis to pancreatic β cells 

that causes suppression of insulin secretions which 

leads to diabetes mellitus. [3] Further cadmium is a 

nephrotoxic pollutant that increases the risk of 

diabetic nephropathy. [4- 5] Several studies suggested 

that generation of Reactive Oxygen Species (ROS) 

and its interference with cellular antioxidant system 

is one of the major mechanisms by which toxic effect 

of cadmium is mediated. [6] Cadmium triggers 

oxidative stress by enhancing the production of free 

radicals, DNA damage, lipids and proteins. [7]   

Cadmium induces the disturbance in the 

glucose homeostasis which is reflected in increased 

concentration of blood glucose, reduced liver 

glycogen and increased gluconeogenesis in hepatic 

tissue. [8] This may be due direct effect of cadmium 

chloride on pancreatic β cells. This is contributed by 

the abnormal secretory activity of beta cell in the 

pancreas. Autoxidation of glucose can generate OH- 

radicals. [9] Target tissues are liver, kidney, spleen, 

gastrointestinal tract, pancreas in the animal model. 

Our previous preliminary study showed that 

cadmium induced hepatic dysfunction and 

dyslipidemia in animal model. [10] Recent studies 

have proved that there is a positive association 

between environmental pollutant exposures (Cd) and 

incidence of diabetes mellitus.  

Detoxification of organ from heavy metal 

and chelation therapies have not proved to be 

effective in case of cadmium toxicities. Tea 

(Camellia sinuses) is one of the popular beverage 

next to water and it is having medicinal value. 

Flavonoids are a group of polyphenols that occur in 

tea. Black tea is also good source of flavonoids. The 

presence of flavonoid compounds in tea and green tea 

is considered as an important therapeutic substance 

which make numerous reports on tea as an 

antioxidant. [11-12] Therefore, this investigation was 

performed to assess the ameliorating effect of black 

tea extract on cadmium chloride induced alteration of 

glucose tolerance and pancreas histopathology in rats. 

2. Material and methods 

Adult male Wistar rats (160±10g) were divided into 4 

groups i.e. group I, Control; group II, exposed with 

cadmium chloride (1mg/kg, i.p.)[13]; group III, treated 

with black tea (2.5g tea leaf/dl of water that is 2.5% 

of aqueous BTE) and group IV treated with cadmium 

chloride and BTE simultaneously for 21 days. 

Experiments were carried out after obtaining 

institutional animal ethical committee approval 

(1169/ac/08/CPCSEA). Animal breeding and 

maintenance were done in accordance with 

guidelines of Government of India for use of 

laboratory animals. [14] 

2.1 Preparation of black tea extract  

The black tea (Camellia sinensis) extract prepared 

from CTC (Cut, Tear and Crush) BOP (Broken 

Orange Pickoe) grade black clonal tea. A fresh 2.5% 

aqueous BTE prepared every day following the 

earlier method.[15] Twenty-five gram of black tea 

added to 500mL of boiling water and steeped for 15 

minutes. The infusion cooled to room temperature 

and then filtered. The tea leaves extracted a second 

time with 500mL of boiling water and filtered, and 

the two filtrates combined to obtain a 2.5% aqueous 

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

2.2 Oral glucose tolerance test (OGTT) 

Animal was kept in an overnight fasting state. Oral 2 

hours glucose tolerance test (OGTT) for rats were 

performed according to the standard method.[16] The 

32 PMR P ISSN: 0975-0533, E ISSN: 0976-0164 
 



Pravara Med Rev; September 2021, 13(03) ,  31 - 36 
DOI: 10.36848/PMR/2020/44100.51020 

 

 

OGTT carried out after a corresponding dose in each 

group with acute exposure to each group of animals 

which were subjected for overnight fast. A blood 

sample was collected from the tail end and glucose 

estimation was done using a glucometer (Accu-chek 

active, Roche diagnostics, Germany).  

A fasting blood samples were drawn and 

glucose tolerance test was done by feeding them 

orally with a glucose solution at a 0.35g/10g body 

weight.[17] Blood was collected at 0 min, 30min, 

60min, 90min and 120min after glucose load.  

All the experimental procedures followed 

were performed in accordance with the approval of 

the Institutional Animal Ethics Committee 

(1169/ac/08/CPCSEA) under compliance of 

Committee for the Purpose of Control and 

Supervision of Experiments on Animals (CPCSEA) 

guidelines for the experimental studies. 

      2.3 Histopathological studies  

For the evaluation of histopathology, 

pancreas tissue from each rat was stored in 10% 

neutral buffered formalin solution. Pancreas was 

processed and sectioned. By following routine 

histological techniques, the samples were put into 

paraffin and serial sections of 5mm were taken from 

tissue blocks. Each slide was stained with 

haematoxylin and eosin. The preparations were 

evaluated under a photomicroscope and photo-

graphed (Olympus BH-2 with Samsung Digital Color 

Camera, Medel No. SDC-242). The changes of the 

tissues of control and various treated groups were 

observed. 

3. Statistical analysis 

Data were expressed as mean ± standard deviation of 

mean (SD). Statistical comparisons were performed 

by one-way ANOVA followed by post-hoc t test and 

the values were considered statistically significant 

when P<0.05. 

 

                  

a) Pancreas section of normal control (I) (40x)                              b) Pancreas section of CdCl2 exposed (II) (40x) 

                    

 c) Pancreas section of BTE treated (III) (40x)                            d) Pancreas section CdCl2 +BTE treated (IV) (40x) 
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Figure 1: Results of histopathology studies 

    Treatment 

Groups 

0 h (FBS) 0.5 h 1.0 h 1.5 h 2.0 h 

Control (I) 105.2±4.021 110.2±1.88 114.8±2.00 105.2±1.74 100 ±1.50 

CdCl2 (II) 134.5±3.391 144.3±1.97 143.7±1.56 140.3±0.33 141.3 ±1.05 

BTE(III) 104±5.099 109.3±0.71 118.0± 0.85 112.3±0.91 105.5±1.3 

CdCl2+BTE (IV) 107.7±1.033 132.5±2.04 138±2.30 133.3±2.47 128.3±2.47 

 

Table 1:Results of Oral Glucose Tolerance Test(OGTT) 

 

4. Results and discussions 

4.1 Oral glucose tolerance test (OGTT) 

Before the commence of OGTT, the initial fasting 

blood sugar level was assessed in all groups. Normal 

control and BTE group were showing almost similar 

levels of fasting blood sugar (FBS) and also the 

glucose fluctuation of OGTT was almost matching 

with the same degree of glucose levels at 30, 60, 90 

and 120 min on OGTT (Table 1). The CdCl2 group II 

and CdCl2+BTE group IV were showing 

discrimination in the fasting blood sugar level on 

performing OGTT. Preliminary studies have shown 

that cadmium exposed group increase in blood 

glucose levels prior to renal dysfunction. [18-19] 

Therefore, it reveals that BTE showed higher glucose 

tolerance compared to cadmium chloride group. 

Group IV (CdCl2+BTE) has shown slightly higher 

glucose tolerance when compared with CdCl2 group 

II (Table 1). This might because of oxygen radical 

scavenging properties of BTE which promotes 

prevention of oxidative stress. [20]    

The histology sections from pancreas (haematoxlin 

and eosin stain) showed normal exocrine pancreatic 

acini amidst normal island of islet cells with group (I) 

(Fig.1). In group (II) (cadmium chloride) few islet 

cells with foamy pink cytoplasm with hydropic 

changes were seen. (Fig.2). Group III and group IV 

showed normal pancreatic islets (Fig. 3 & 4). There 

was significant improvement in the histology of 

pancreas in rats treated with cadmium chloride and 

BTE (Fig. 4). Several studies have suggested that 

generation of reactive oxygen species (ROS) and its 

interference with cellular antioxidant system is one of 

the major mechanisms by which toxic effects of 

cadmium is mediated.[21-22] 

Black tea consists of epigallocathechin gallate, which 

reduces the hyperglycemia and prevent the oxidative 

damage.[23] In addition to the scavenging activity, 

theaflavin which is the one of the major content of 

BTE can activate the superoxide dismutase (SOD), 

glutathione peroxidase (GPx) and catalase (CAT) and 

also causes reduction of lipid peroxidation.[24] 

Furthermore, simultaneous supplementation with 

BTE group showed better glucose tolerance which is 

further supported by histopathology of pancreas 

architecture.  

5. Conclusions 

The results revealed BTE is beneficial in preventing 

cadmium-induced impaired glucose tolerance with 

pancreatic cellular damage in male Wister rats. 
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6. Implications 

This study emphasizes the influence of BTE on 

cadmium induced oral glucose intolerance and 

histopathology of pancreas. The study may be 

extrapolated to human for therapeutic use of modest 

plant extract like tea leaves in heavy metal toxicities 

exposed male industrial workers. 
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Abstract:
Background: Cardiovascular Diseases including 

Coronary Artery Disease (CAD) account for two-thirds 

of mortality; progressively increasing in rural 

population. Individuals experiencing coronary events 

have one or more behavioral risk factors. Most of these 

events are preventable if meaningful intervention is 

initiated. Aim and Objective: To assess the behavioral 

risk factors for CAD among adults residing in rural area 

of Belagavi District. Material and Methods: A 

community based cross sectional study, conducted 

among rural adults aged between 20-60 years. After 

obtaining the ethical clearance, pilot study was 

conducted. Data were collected by home visits using a 

pretested, structured questionnaire, which included 

socio-demographic variables and behavioral risk 

factors such as tobacco and alcohol use, fruits and 

vegetable consumption, extra salt intake and physical 

inactivity. Chi-square test was used for statistical 

analysis and P<0.05 was considered significant. 

Results: Among 980 participants, 48.8% were men and 

51.2% were women. The prevalence of the risk factors 

was as follows; smoking tobacco (10.9%), smokeless 

tobacco (35.7%), alcohol consumption (21.4%); non-

consumption of fruits (8.0%); work, leisure time and 

travel related sedentary activity among 18.3%, 50.4% 

and 22.8% of the participants respectively. Men had 

higher proportion of these risk factors (P<0.0001). 

Advancing age, lower level of education, sedentary 

lifestyle and lower socio-economic status were 

significantly associated with majority of behavioral 

risk factors (P < 0.001). Conclusion: Our study 

demonstrated a higher prevalence of behavioral risk 

factors for CAD in a rural population of Belagavi 

district, with a significant gender difference. Burden of 

CAD risk factors in this population reflects 

epidemiological transition which requires immediate 

attention.

Keywords: Coronary Artery Disease, Behavioral Risk 

Factors, Rural Area, Adults.

Introduction:

Non-communicable Diseases (NCDs) are ascribed 
stas a major public health challenge of 21  century. 

In spite of its slow progression over few decades, a 

rapid epidemiological transition is evident; 

contributing to 71% of all deaths globally, which 

are predominantly 'premature' (30-69 years) in 

nature [1]. Cardiovascular Diseases (CVDs) which 

include Coronary Artery Disease (CAD) and 

stroke account for the large proportion of all deaths 

and disability worldwide and a major barrier to 

sustainable human development [2]. An estimated 

17.9 million people died from CVDs in 2016; 85% 

are due to heart attack and stroke occurring in Low 

and Middle Income Countries (LMICs) [2].

Estimates suggests, 2% reduction in chronic 

diseases death rates per year globally could result 

in saving about 36 million premature deaths [3]. 
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The special features of CVD epidemiology in India 

are high mortality rates and increasing burden. 

Currently Indians experience CVD deaths at least a 

decade earlier than their counterparts in countries 

with established market economies [4]. 

Demographic projections indicate a major 

increase in CAD mortality in India due to 

epidemiological transition, with increase in life 

expectancy combined with increased lifestyle 

related risk factors [5]. People in the rural area 

constitute the majority of the population and CAD 

is progressively increasing in terms of absolute 

numbers [6]. The occurrence of CAD is at younger 

age in rural subjects as compared to urban 

population and deserves special attention [6]. 

Thus rural area residents constitute 'vulnerable 

population' for the development of CAD having 

worse outcomes due to harmful behaviors and 

lack of immediate health care access. 

'Risk factor' refers to an attribute or characteristic 

of an individual whose presence raises the 

probability of an adverse outcome [7]. Majority of 

the individuals who develop CAD have one or 

more behavioural cardiovascular risk factors and 

most of these being preventable, if meaningful 

action is taken against them [7]. Many studies 

have proposed a close association of CAD in rural 

subjects with risk factors of faulty diet, tobacco 

consumption and sedentary lifestyle [6]. Early 

detection of CAD risk factors and appropriate 

intervention reduces the mortality by 35–60% [8]. 

The impact of the reduction in the burden of many 

of these risk factors will accrue within a decade 

and even modest changes in risk factor levels 

could bring about large benefits in terms of 

mortality reduction [3]. 

Validation study of the Framingham cardiovascular 

risk score in a multi-ethnic Asian population 

predicted the development of CAD based on 

estimates of major risk factors [9]. The basis of 

CAD prevention is the identification of the major 

behavioral risk factors and their control. The risk 

factors of today are the diseases of tomorrow [10]. 

The behavioral risk factors are not amenable for an 

easy alteration and requires meticulous tailor made 

intensified preventive interventions especially in 

the resource limited settings. Having such vital data 

is imperative to plan culturally appropriate inter-

ventions to minimize modifiable behavioral risk 

factors and hence combat the problem of CAD 

mortality and morbidity. Thus, this study was 

formulated to assess the behavioural risk factors for 

CAD among adults residing in the rural area of 

Belagavi district. 

Material and Methods:

This community based cross sectional study was 

conducted at the villages under Primary Health 

Centre (PHC), Vantamuri, Belagavi District, 

Karnataka state, South India. The study was 

approved by the Institutional Ethics Committee 

for Human Subjects' Research affiliated to 

Jawaharlal Nehru Medical College, Belagavi.  

Adults aged between 20 to 60 years and residing in 

the the study area for at least past one year were 

included. Persons already diagnosed with CAD 

viz. myocardial infarction, angina, etc., in the past 

were excluded. 

The sample size (N) was calculated using the 
2formula N=4PQ/d , where 'P' is the prevalence of 

sedentary work behaviour in the National Risk 

Factor surveillance study as 11% [11] and 'd' 

absolute error as 2% the sample size obtained was 
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980. The total population under the randomly 

selected 4 villages under the PHC, Vantamuri was 

8072. Recent voters' list was used to identify all 

the adults aged between 20 years to 60 years. Total 

numbers of adults satisfying the inclusion criteria 

were approximately 3800. Sampling frame was 

prepared. The studyparticipants were selected by 

simple random sampling using standard random 

number table. 

Written informed consent was obtained from all 

the study participants, before enrollment. 

Questionnaire was prepared based on World 

Health Organization (WHO) – STEP approach for 

CAD Surveillance manual [10]. Pilot study was 

conducted using the pretested, structured 

questionnaire and required modifications were 

made as per the local requirements. Data was 

collected by individual home visits and personal 

interview of the participant by trained personnel. 

Data included personal and socio demographic 

variables viz. age, gender, education, main work 

status and Socio-economic Status (SES) classified 

as per the modified BG Prasad Classification.

The behavioral risk factor assessment included 

details of harmful health behaviors viz. tobacco use 

– both smoking and smokeless tobacco and alcohol 

consumption. The period of recall was considered 

for the past one year [10]. Dietary assessment 

included fruits and vegetables consumption, type 

of oil used and extra salted food intake. Fruit and 

vegetable consumption pattern was studied based 

on the days consumption on a typical week and 

were stratified as subjects based on the frequency 

of consumption [10, 12]. Physical activity was 

assessed by three domains: At work i.e., job related, 

leisure time and travel related physical activity and 

were classified as sedentary, moderate and 

vigorous activities at each domain. The operational 

definitions were based on the WHO-STEPS 

Manual [10]. Other risk factors included family 

history of CAD, Diabetes Mellitus (DM) and 

Hypertension among the parents and/or siblings of 

the participants.

Data analysis was performed using Statistical 

Package for Social Sciences (SPSS), version 20.0 

and the prevalence of each risk factor was expres-

sed in terms of percentages. Statistical analysis 

was done using Pearson's Chi-square test to find 

out the association between demographic vari-

ables and risk factors of CAD. Probability value 

(P) of less than 0.05 was considered as significant.

Results:

A total of 980 participants were included in the 

study. Among them, 51.2 % were women with 

mean age 40.4±11.3 years and 48.8 % were men 

with mean age 38.2±10.7 years. Majority of the 

study participants were self-employed (38.6%) 

followed by 36.2% homemakers, 12.1% non-

government employees, 6.6% government 

employees and 2.2% students, 1.7% had retired and 

2.6% were unemployed. Socio-economic status of 

the participants was assessed as per modified B.G. 

Prasad's classification (for the year 2016); 37.6% 

belonged to class 4 SES; followed by 30.1% in 

class 3, 15.6% in class 2, 13.5% in class 5 and 3.2% 

in class 1 SES. Assessment of educational level of 

the study participants revealed that 28.8% had 

studied up to high school level, 28.5% did not have 

any formal education, 14.0% up to primary school 

level, 13.7% up to higher primary level and 15.1% 

have completed collegiate level. One in ten of the 

participants did have a family history of CAD in 

either of the parent or both. 
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Prevalence of use of smoking and smokeless 

tobacco was 10.9% and 35.7% respectively with a 

definite male predominance (p<0.0001). (Table 1) 

The mean age of initiation of smoking among 

smokers was 22.15 ± 5.9 years with the youngest 

age being 14 years. With a similar mean age of use 

of smokeless tobacco (22.4 ± 7.01 years), the 

youngest age of initiation was 7 years. The 

average duration of smoking among smokers was 

18.4 ± 10.31 years with a range of 1 to 42 years. 

Nine out of ten of the smokers were daily users 

(p<0.0001) with Beedi (mini-cigar filled with 

tobacco) being the predominant (53.3%) form 

consumed followed by cigarette use (46.7%). 

Among the users of smokeless tobacco, 92.8% of 

men and 78.0% of women used it daily. Two-thirds 

of them used 'chewing tobacco' followed by 

'Gutka' (p<0.0001). Overall prevalence of alcohol 

use was 21.4%; with significant difference among 

the gender (p<0.0001) (Table 1). Among alcoho-

lics 60.0% of them consumed any form of alcohol 

at least 1 to 4 days a week. 

The dietary risk factor categories and the 

differences across the gender have been described 

in the Table 1. In our study, 56.8% participants 

used groundnut oil as their predominant oil for 

cooking, followed by sunflower oil (16.5%) and 

soya bean oil (14.3%). One in five participants 

(20.4%) consumed extra salt other than that added 

to the cooked food. The proportion of the 

participants who reported consuming salted food 

items was 62.6% and 'pickle' was the commonest 

salted food (87.2%) consumed. Physical activity 

assessment revealed, the proportion of the parti-

cipants who were sedentary or minimal physical 

activity were 18.3% at work; 50.4% of them 

during leisure time and 22.8% were found to be 

sedentary during travel to work. Men were more 

sedentary at work and during leisure as compared 

to women (p<0.0001) (Table 1).

The behavioral risk factors were compared with 

different age groups. The prevalence of tobacco 

use (smoking and smokeless) was more among 

participants in the age group ≥ 50 years and least 

among age group 20-29 years. Current alcohol 

consumption was more prevalent among middle 

age viz. 30-49 years (51.2%). Participants of 

extreme age were more sedentary at work and 

during leisure. Association of age with smokeless 

tobacco use, alcohol use and sedentary activities 

at leisure time and travel were statistically 

significant with p<0.0001 (Table 2).

The smokeless form of tobacco was consumed 

more by participants who did not have any formal 

education and the prevalence decreased with 

higher education levels (p< 0.0001). Participants 

who had their education up to college level and 

above were in sedentary at their work place 

(p<0.05) (Table 3).

High use of tobacco in any form, alcohol use was 

found among participants who were retired from 

work or unemployed and lowest rates were 

observed among students and home makers. 

Higher prevalence of physical inactivity was 

observed among retired personnel. All these 

behavioral risk factors were significantly associa-

ted with work status (p<0.0001) (Table 4).

Table 5 depicts the association of behavioral risk 

factors and SES. Sedentary at leisure was more 

prevalent among all the SES groups as compared 

to job and travel related sedentary activities. 

Higher prevalence of work related, leisure time 

and travel related sedentary activities were more 

in the SES class 1.
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Harmful Risk Behaviors Categories Men (%) Women (%) Total (%)  2χ
P 

Smoking Tobacco Use Yes 105 (22.0) 02 (0.4) 107 (10.9)
117.10 

<0.0001No 373 (78.0) 500 (99.6) 873 (89.1)

Smokeless Tobacco Use Yes 223 (46.7) 127 (25.3) 350 (35.7)
48.63 

<0.0001No 255 (53.3) 375 (74.7) 630 (64.3)

Alcohol Use Yes 200 (41.8) 10 (2.0) 210 (21.4)
230.93

<0.0001No 278 (58.2) 492 (98.0) 770 (78.6)

Fruits consumption Never  40 (8.4) 39 (7.8) 79 (8.0)

7.972 
0.047

1 – 3 days / week  276 (57.7) 323 (64.3) 599 (61.1)

4 – 6 days / week  126 (26.4) 96 (19.1) 222 (22.7)

On all days  36 (7.5) 44 (8.8) 80 (8.2)

Vegetable consumption 1 – 3 days / week  8 (1.7) 11 (2.2) 19 (1.9)

0.399 
0.819

4 – 6 days / week  74 (15.5) 80 (15.9) 154 (15.7)

On all days  396 (82.8) 411 (81.9) 807 (82.3)

Extra salt consumption Yes 81 (16.1) 200 (20.4) 119 (24.9)
11.56 
 0.001No 421 (83.9) 780 (79.6) 359 (75.1)

Occupation related 
physical activity 

Sedentary 110 (23.0) 69 (13.7) 179 (18.3)

85.99 
<0.0001

Moderate 196 (41.0) 352 (70.1) 548 (55.9)

Vigorous 172 (36.0) 81 (16.2) 253 (25.8)

Leisure time physical 
activity 

Sedentary 261 (54.6) 233 (46.4) 494 (50.4)

32.87 
<0.0001

Moderate 192 (40.2) 267 (53.2) 459 (46.8)

Vigorous 25 (5.2) 2 (0.4) 27 (2.8)

Travel related physical 
activity 

Sedentary 111 (23.2) 112 (22.3) 223 (22.8)
0.116
0.734Non-sedentary 367 (76.8) 390 (77.7) 757 (77.7)

Total 478 (100) 502 (100) 980 (100)

Table 1: Gender Wise Distribution of the Participants according to Various Categories of 
Behavioral Risk Factors (N = 980)



 Journal of Krishna Institute of Medical Sciences University 48ÓÓ

JKIMSU, Vol. 10, No. 2, April-June 2021 Avinash Kavi et al.

Age group 
in years 

Number Smoking 
Tobacco 
Use (%)

Smokeless 
Tobacco 
use (%)

Alcohol 
use (%)

Sedentary 
at work 

(%)

Sedentary 
during Leisure 

(%)

Sedentary 
during Travel 

(%)

20 – 29 234 22 (9.4) 54 (23.1) 37 (15.8) 45 (19.2) 140 (59.8) 86 (36.8)

30 – 39 250 24 (9.6) 87 (34.8) 63 (25.2) 41(16.4) 105 (42.0) 47 (18.8)

40 – 49 262 28 (10.7) 105 (40.1) 68 (26.0) 46 (17.6) 110 (42.0) 50 (19.1)

≥ 50 234 33 (14.1) 104 (44.4) 42 (17.9) 47 (20.1) 139 (59.4) 40 (17.1)

Total 980 107 (10.7) 350 (35.7) 210 (21.4) 179 (18.3) 494 (50.4) 223 (22.8)

 2
χ
P

3.454
0.327

26.307
< 0.0001

11.366
0.010

1.336
0.721

30.386
< 0.0001

34.582
< 0.0001

Table 2: Association between Age Group and Behavioral Risk Factors for CAD (N = 980)

Table 3: Association between Educational Status and Behavioral Risk Factors for CAD (N = 980)

Educational status Number Smoking 
tobacco 
use (%)

Smokeless 
tobacco 
use (%)

Alcohol 
(%)

Sedentary 
at work 

(%)

Sedentary 
during 

Leisure (%)

Sedentary 
during 

Travel (%)

No formal education 279 25 (9.0) 141(50.5) 48 (17.2) 30 (10.8) 132 (47.3) 42 (15.1)

Primary 137 21 (15.3) 58 (42.3) 35 (25.5) 20 (14.6) 68 (49.6) 37 (27.0)

Higher primary 134 17 (12.7) 44 (32.8) 34 (25.4) 18 (13.4) 62 (46.3) 27 (20.1)

High school 282 28 (9.9) 69 (24.5) 61 (21.6) 52 (18.4) 155 (55.0) 72 (25.5)

College / graduate 148 16 (10.8) 38 (25.7) 32 (21.6) 59 (39.9) 77 (52.0) 45 (30.4)

Total 980 107 
(10.9)

350 (35.7) 210 
(21.4)

179 (18.3) 494 (50.4) 223 (22.8)

 2
χ
P

4.555
0.336

51.832
< 0.0001

5.586
0.232

60.134
< 0.0001

4.518
0.340

17.056
0.002
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Main work status Number Smoking 
(%)

Tobacco 
use (%)

Alcohol 
(%)

Sedentary 
at work 

(%)

Sedentary 
during 

Leisure (%)

Sedentary 
during 

Travel (%)

Govt. employee 65 06 (9.2) 14 (21.5) 16 (24.6) 27 (41.5) 19 (29.2) 07 (10.8)

Non-govt. employee 119 14 (11.8) 49 (41.2) 48 (40.3) 25 (21.0) 58 (48.7) 23 (19.3)

Self-employee 378 71 (18.8) 168 (44.4) 119 (31.5) 59 (15.6) 154 (40.7) 67 (17.7)

Homemaker 355 01(0.3) 90 (25.4) 06 (1.7) 31 (8.7) 219 (61.7) 109 (30.7)

Student 21 01 (4.8) 05 (23.8) 01 (4.8) 14 (66.7) 10 (47.6) 05 (23.8)

Retired 17 06 (35.3) 13 (76.5) 08 (47.1) 11 (64.7) 16 (94.1) 07 (41.2)

Unemployed 25 08 (32.0) 11 (44.0) 12 (48.0) 12 (48.0) 18 (72.0) 05 (20.0)

Total 980 107(01.9) 350 (35.7) 210 (21.4) 179 (18.3) 494 (50.4) 223 (22.8)

 2χ
P 

88.239
< 0.0001

50.729
< 0.0001

151.077
< 0.0001

119.897
< 0.0001

61.721
< 0.0001

27.715
< 0.0001

Table 4: Association between Main Work Status and Behavioral Risk Factors for CAD (N = 980)

Socio-
economic 
status

Number Smoking 
(%)

Tobacco 
use (%)

Alcohol 
(%)

Sedentary 
at work 

(%)

Sedentary 
during 

Leisure (%)

Sedentary 
during Travel 

(%)

Class 1 31 03 (9.7) 05 (16.1) 08 (25.8) 09 (29.0) 19 (61.3) 13 (41.9)

Class 2 153 23 (15.0) 49 (32.0) 43 (29.4) 43 (28.1) 77 (50.3) 42 (27.5)

Class 3 295 33 (11.2) 107 (36.3) 71 (24.1) 51 (17.3) 151 (51.2) 69 (23.4)

Class 4 369 37 (10.0) 137 (37.1) 58 (15.7) 49 (13.3) 178 (48.2) 71 (19.2)

Class 5 132 11 (8.3) 52 (39.4) 28 (21.2) 27 (20.5) 69 (52.3) 28 (21.2)

Total 980 107 (10.9) 350 (35.7) 210 (21.4) 179 (18.3) 494 (50.4) 223 (22.8)

2
χ
P 

3.942
0.414

7.225
0.124

14.515
0.006

19.086
0.001

2.419
0.659

11.246
0.024

Table 5: Association between Socio-economic Status and Behavioral Risk Factors for CAD 
(N = 980)
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Discussion:

This study assessed various behavioral risk factors 

for CAD among the adult residents in the rural 

area. The gender proportion in our study was 

comparable with two studies conducted by 

Krishnan et al. and Laskar et al. [13-14]. Study by 

Krishnan et al. showed that majority of them 

(56.6%) never attended school, 38% of them had 

studied up to high school, while only 10% had 

studied beyond primary level; [13] whereas in our 

study, 15.1% had studied up to graduate level and 

28.5% did not have any formal education. This 

difference was due to regional cultural differences. 

Studies conducted by Laskar et al. and Kaur et al. 

had relatively lesser proportion of family history of 

CAD i.e.,7.4% and 5.1% respectively [14-15]. 

However study done by Kalra et al, revealed higher 

prevalence of family history of CAD i.e., 19.3% 

[16]. This result could be due to smaller sample 

size of the study.

The overall prevalence of smoking tobacco was 

10.9% which was relatively lower when compared 

with other studies conducted by Laskar et al. and 

Kaur et al. i.e., 17.6% and 29.4% respectively and 

the mean age of onset and average duration of 

smoking was comparable with our study [14-15] 

Although a higher proportion of smoking was 

observed among men, it was well below the 

national average according to National Family 

Health Survey (NFHS) – IV estimate for rural area 

i.e., 31.2% and 8.1% among men and women 

respectively [17]. High use of smokeless tobacco 

among both men (46.7%) and women (25.3%) was 

due to social acceptance and belief regarding role 

in minor ailments like tooth ache. The NFHS – IV 

report documented a similar rate of smokeless 

tobacco use among men (48.0%) and women 

(28.2%) [17]. The prevalence among men was two 

times that of women; on the contrary a study 

conducted by Agarwal et al., the proportion among 

men (25.7%) was five times that of women (4.8%) 

[18]. The International Tobacco Control Study 

conducted in Bangladesh reported an overall 

tobacco use went down from 42.4% to 36.3%. The 

prevalence of exclusive cigarette smoking went up 

from 7.2% to 10.6% which was comparable with 

our study. Exclusive smokeless tobacco use went 

down from 20.2% to 16.9% and the prevalence of 

tobacco use was higher among men and is higher 

among poorer people [19].

Alcohol consumption among men was higher 

(41.8%) as compared to that of women (2.0%). A 

study by Kaur et al. showed a similar trend – men 

69.8% and women 1.3% [15]. The NFHS – IV 

reported a higher prevalence of alcohol 

consumption among men (28.5%) as compared 

with women (1.5%) [17]. Daily consumption of 

alcohol was noted in 19.5% of participants in our 

study which was much higher than recorded in a 

study conducted by Aggarwal et al. (9.4%) and 

Pham et al. (9.9%) [18, 20]. However, alcohol 

consumption was observed among 16.9% and 

13.9% of the rural residents in a study conducted 

by Srivastav et al. and Singh et al. respectively 

[21-22].

Consumption of fruits was relatively less in 

quantity as well as in frequency. This may be 

attributed to the lower SES. Our results were 

comparable to a similar observation by Nath et al. 

in a resettlement area of Delhi [23]. Men, however, 

consumed lesser fruits compared to women. 
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A contrary observation was documented in a 

multicenter study conducted by Kinra et al. in 18 

states of India [24]. Our study reported a higher 

vegetable consumption rate as compared to a 

study conducted in rural Vietnamese population 

revealed a lower vegetable consumption rate i.e., 

28.4% [20]. A low consumption of fruits and 

vegetables was reported in 89.6% of males and 

90.0% of females in a study conducted in rural 

area of Uttar Pradesh state of India [21]. Most of 

the study participants preferred groundnut oil, 

reason being ease of availability. Kaur et al. 

reported palm oil as the predominant type (39.8%) 

[15]. Extra salt consumption was observed in 

20.4% with a higher proportion among men. Study 

conducted by Aggarwal et al. showed a higher 

proportion of extra salt consumption (34.2%) 

especially among women [18].

Sedentary at work place was observed among 

18.3% with higher proportion among men 

(61.4%). A similar prevalence (18.5%) was noted 

in a study by Aggarwal et al. [18] on the contrary a 

very high prevalence (57.2%) were seen in a study 

by Krishnan et al. [13]. Study done in rural 

Maharashtra by Singh et al. reported 31.6% of 

physical inactivity with a higher proportion among 

women (34.4%) which was attributed to the socio-

cultural influences [22]. One in every 2 individuals 

residing in rural area reported in the ICMR-

INDIAB study was considered physically inactive 

and <10% of the studied population engaged in 

leisure time physical activity [25]. Low physical 

activity was seen among 43% of the rural area 

residents of Tamil Nadu in a study conducted by 

Oommen et al. [26].

Age and various risk factors assessment was 

statistically significant for; smokeless tobacco 

and alcohol use, leisure and travel related physical 

inactivity. The prevalence of these risk factors 

increased with advancing age. The rising trend of 

smoking even in younger age group could be the 

reason. Similar study by Nargis et al. observed an 

increase in the tobacco use from younger to older 

age groups [19]. Work related physical inactivity 

did not show any significant trend with increasing 

age; possible reason was that the similar 

prevalence at the extreme age groups. The 

younger age group consisting of students and 

unemployed participants and older age group 

consisting of retired individuals were more 

sedentary during leisure. Similar findings were 

reported by a study conducted by Ejim et al. [27].

An inverse relationship with highest educational 

level was observed for; smokeless tobacco use. A 

significant increase in work and travel related 

physical inactivity was observed with increasing 

education. More educated persons opting for a 

sedentary job with travel comforts may be a 

possibility. Study conducted by Reddy et al. 

demonstrated higher tobacco use and leisure time 

physical inactivity among less educated [28]. 

Gupta et al. in their multi-centric study, did not 

find any difference in physical activity levels 

across different levels of education [29].

The main works status of the study participants 

was significant associated with tobacco and 

alcohol use and all categories of physical 

inactivity. Davis-Lameloise et al. demonstrated 

that self-employed agricultural workers had higher 

occupational physical activity levels, healthier 

traditional diet, lower alcohol consumption and 

lowest tobacco smoking [30].



 Journal of Krishna Institute of Medical Sciences University 52ÓÓ

JKIMSU, Vol. 10, No. 2, April-June 2021 Avinash Kavi et al.

Socio-economic status significantly influenced 

alcohol use, work and travel related physical 

inactivity. Tobacco use did not differ with the SES 

of the participants. Study by Nargis et al. showed 

prevalence of smoking was higher among the rural 

residents with lower SES; the rich-poor differences 

were more observed among the smokeless tobacco 

[19]. Individuals belonging to class 1 were more 

sedentary. Several studies conducted to understand 

the relationship between SES and behavioral risk 

factors for CAD in India are well summarized in 

the review by Subramanian et al. [31]. Multi-center 

study conducted in 18 states of India revealed 

tobacco and alcohol use, low intake of fruit and 

vegetables, and underweight were more common 

in lower socioeconomic positions [24]. The CAD 

is no longer a disease of the rich; it equally impacts 

the poor, with a higher CAD risk factors resulting 

in mortality among men of lower SES [32]. 

Suboptimal social characteristics such as low 

educational, occupational, and SES status were 

associated with a clustering of ≥3 cardiovascular 

risk factors [33].

Implications:

Rural residents lack health infrastructure and CAD 

management facilities due to a variety of 

constraints. Strengthening the surveillance for 

behavioural risk factors by creating national and 

regional data base is imperative, especially in the 

rural area which will enable targeted interventions.

Limitations:

Memory bias could have occurred while assessing 

some of the behavioral risk factors for CAD. Exact 

quantity of salt intake was not assessed, only extra 

salt intake was considered. Invisible fat was not 

taken into consideration while assessing consump-

tion of fat.

Conclusion:

Behavioral risk factors for CAD were observed in 

a significantly higher proportion among men 

among adults residing in a rural population of 

Belagavi district. Prevalence of these risk 

behaviors increased with advancing age; lesser 

and/or no formal education. Occupation involving 

lesser physical activity was associated with higher 

prevalence of tobacco use in any form, alcohol use 

and physical inactivity. The rising behavioral risk 

factors for CAD in rural population reflect 

epidemiological transition requiring an immediate 

attention for primary prevention 
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Abstract

Introduction:

Cells exfoliated into urine from the bladder can help to diagnose the cancer. The objective of this study
was to validate the hypothesis that bladder cancer could be detected noninvasively by a simple and
reliable assay targeting genomic VPAC (combined vasoactive intestinal peptide and pituitary adenylate
cyclase-activating peptide family of cell surface receptors) receptors expressed on the malignant
bladder cancer cells shed in the voided urine.

Methods:

Patients ≥18 years of age with either imaging (ultrasonography/computed tomography [CT])-confirmed
bladder tumors or those who have been previously treated for nonmuscle invasive bladder tumors and
were visiting the department for check cystoscopy, formed the study group. Freshly voided urine
sample was collected from these patients and sent for conventional cytology examination, 5-
aminolevulinic acid (ALA) fluorescent urine cytology, and for positivity of VPAC receptors.

Results:

A total of 103 patients were prospectively included in the study. Of these, 65 patients (Group I)
presented with image-diagnosed (ultrasonography and/or CT) bladder cancer. The remaining 38
patients (Group II) were previously diagnosed cases of nonmuscle invasive bladder cancer and
presented for follow-up and check cystoscopy. The sensitivity for VPAC receptor positivity was
89.23% compared to conventional cytology (63.07%) and 5-ALA fluorescent urine cytology (87.69%).
The specificity of VPAC receptor positivity was 100% compared to conventional cytology (100%) and
5-ALA-induced fluorescent cytology (90.47%).

Conclusions:
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Our preliminary study shows encouraging results with VPAC receptor positivity studies, which has a
high sensitivity when compared to the conventional cytology.

INTRODUCTION

Cancer of the bladder is a global disease, with an estimated incidence of 540,000 cases and 188,000
deaths in the year 2015 worldwide.[1] The bladder as an organ often comes in constant contact with the
environment and is therefore sensitive to the environmental carcinogens and inflammation. Tobacco
smoke, which is full of aromatic amines, has been implicated in bladder cancer. These amines, when
hydroxylated, lead to DNA adduction and damage.[1]

Cystoscopy and biopsy remain the gold standard test for the diagnosis of bladder cancer. Currently,
white light cystoscopy remains the standard of care for diagnosing bladder tumor and enables the
urologist to identify and resect all the visible tumors.[2,3]

Cells exfoliated into urine from the bladder cancer can reliably diagnose the cancer. Urine cytology has
been a standard diagnostic test to aid in the diagnosis of bladder cancer. The reported contemporary
sensitivity and specificity of urine cytology for the detection of bladder cancer are 31%–62% and 94%–
100%, respectively.[4,5,6] In 2013, Paris Reporting System for Urinary Cytology was first introduced
at the International Congress of Cytology to standardize the cytologic interpretation of the urine
samples.[7] Several urine-based biomarkers have since been developed as an adjunct to the standard
diagnostic modalities. Noninvasive testing with improved sensitivity over urine cytology has been
proposed as a desirable alternative to cystoscopy, which is costly and uncomfortable.[1] In this
preliminary study, we hypothesized that cells shed in the voided urine of the patients with bladder
cancer could be detected under microscope by targeting the VPAC1 receptors with the same peptide
labeled with a fluorophore and compared the results with conventional cytology and 5-aminolevulinic
acid (ALA)-induced fluorescent urine cytology.

MATERIALS AND METHODS

This prospective study was conducted following clearance obtained from the University/Institutional
Ethical Committee KAHER/EC/20–21/001/05. Patients ≥18 years of age with either imaging
(ultrasonography/computed tomography [CT])-confirmed bladder tumors or those who had been
previously treated for nonmuscle invasive bladder tumors and were visiting the department for check
cystoscopy, formed the study group. Male patients with a serum prostate-specific antigen value >1.5
ng/mL were excluded from the study. Freshly voided urine sample was collected from these patients
and divided into three samples of 50 cc each. One of these samples was sent for conventional cytology
examination, one was sent for 5-ALA fluorescent photodynamic diagnosis, and the last one was sent
for fluorescent microscopic examination and identification of VPAC receptors.

Conventional cytology

The urine sample was processed using cytocentrifuge (REMI) at 1500 rpm for 10 min. In low
cellularity samples, the urine was processed using cytospin (Sakura Cytotec) for 5 min at 1500 rpm.
After cytocentrifugation, the supernatant was decanted and the sediment was resuspended to make the
required slides and were stained with Papanicolaou stain.[8]

Urine samples and treatment with 5-aminolevulinic acid
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The urine sample was centrifuged at 1500 rpm for 5 min, and the supernatant was decanted. The pellet
was suspended in minimum essential medium (MEM) with 5-ALA hydrochloride (Sigma-Aldrich,
Merck KGaA, Darmstadt, Germany, 2020), and the concentration was adjusted to 200 μg/mL. Then,
the suspension was stored in the dark at 37°C for 2 h. After that, the sample was centrifuged again at
1500 rpm for 5 min, and the pellet was resuspended in MEM. Finally, the urine sample was tested for
protoporphyrin IX fluorescence using a fluorescent microscope (Nikon ECLIPSE Ni; Nikon
Corporation, Tokyo, Japan) at appropriate settings (excitation wavelength of 405 nm and emission
wavelength of 600–650 nm). The 5-ALA-induced fluorescent cytology showing no red light or dark
red was classified as negative and that showing clear red as positive.[9]

Urine samples and identification of VPAC receptors

Samples were centrifuged at 2000 × g for 10 min and all, but approximately 250 μL of supernatant was
discarded. The cells were then suspended, and cytocentrifuged, and fixed in 97% ethyl alcohol. TP4303
solution (0.5 μg) was added to the cells to cover the entire cell area, approximately 1 cm in diameter.
The slide was then kept in dark at 22°C for approximately 20 min and was then thoroughly rinsed with
deionized water and air-dried. 20 μL of 4,6-diamidino-2-phenylindole, dihydrochloride (DAPI, Fisher
Scientific, PA), which strongly binds to A-T rich region of DNA in the cell nucleus, was then added on
the cells. A coverslip was then placed and the slide was observed using a fluorescent microscope. Cells
with TP4303 interaction presented themselves with dark orange fluorescence around the nucleus,
thereby indicated the presence of VPAC receptor molecules around the cell surface [Figure 1a and b].
In the absence of VPAC receptors, only the DAPI bound cell nucleus was seen in dark blue [Figure 1a
and b]. Normal epithelial cells may only have minimal or no expression of VPAC [Figure 2] and
therefore do not interact with TP4303 and only show cell nucleus.[10]

Figure 1

(a and b) Fluorescence imaging of cells prepared from voided urine. Cell morphology with arrow shows
cell nucleus stained in blue and cytoplasm with orange fluorescence of TP4303 bound to VPAC receptors
expressed on the cell membrane
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Open in a separate window
Figure 2

Normal epithelial cells stained with blue nucleus that may only have minimal or no expression of VPAC
receptors

Comparison with histopathology

All patients with imaging-confirmed bladder tumor underwent cystoscopy/biopsy/transurethral
resection of bladder tumor. The surgical specimens were sent for histopathological examination and
were reported by the same pathologist. Patients who were undergoing check cystoscopy to identify
recurrences, underwent biopsies of the suspected areas. The reports of histopathology were compared
to the results of conventional cytology, 5-ALA-induced fluorescent cytology, and fluorescent
microscopic examination for VPAC receptors.

Statistical analysis

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555562/figure/F2/
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The data were collected in Microsoft Excel 2019 and compared for specificity and sensitivity.
Frequency and percentage are represented for the data collected.

RESULTS

During the period March 2020–February 2021, a total of 103 patients presenting to the urologic-
oncology outpatient department (OPD) were prospectively included in the study. Of these, 65 patients
(mean age: 59.35 ± 16.72 years) (Group I) presented with image-diagnosed (ultrasonography and/or
CT) bladder cancer. The remaining 38 patients (mean age: 55.42 ± 14.37 years) (Group II) were
previously diagnosed cases of nonmuscle invasive bladder cancer and were attending the urologic-
oncology OPD for follow-up and check cystoscopy. Only 6 of these patients were female and the
remaining 97 were male.

Voided urine samples of all these 103 patients (mean age: 57.90 ± 15.9 years) were used to perform all
the tests, and the results are shown in Table 1.

Table 1

Positive results of different diagnostic tests and comparison with histopathology report reports

Group HPR Cytology (%) 5-ALA (%) VPAC (%)

I Low-grade TCC (30) 12 (40) 24 (80) 25 (83.33)

High-grade TCC (35) 29 (82.8) 33 (94.2) 33 (94.2)

Total 65 41 (63.07) 57 (87.69) 58 (89.23)

II Biopsy negative for malignancy (38) 0 0 4 (10.52)

Open in a separate window

HPR=Histopathology report, 5-ALA=5-Aminolevulinic acid, VPAC=Vasoactive intestinal peptide and pituitary
adenylate cyclase-activating peptide, TCC=Transitional cell carcinoma

The histopathology reports confirmed the presence of transitional cell carcinoma (TCC) in all the 65
patients with imaging-confirmed bladder cancer. Thirty of these tumors were of low grade and the
remaining 35 were high-grade tumors.

The voided urine studies performed in the 38 patients who were previously diagnosed with TCC
bladder and had no evidence of disease on cystoscopy, were also negative for malignant cells on
conventional cytology and VPAC receptors [Figure 3]. However, 4 (10.52%) patients showed false-
positive results in the 5-ALA-induced fluorescent urine cytology group. The sensitivity of conventional
cytology, 5-ALA-induced fluorescent cytology, and VPAC receptor positivity was 63%, 87%, and 89%,
respectively [Figure 4]. The specificity of conventional cytology, 5-ALA-induced fluorescent cytology,
and VPAC receptor positivity was 100%, 90.47%, and 100%, respectively.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555562/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555562/table/T1/?report=objectonly
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Figure 3

(a and b) Smears with the arrow show clusters of large round pleomorphic urothelial cells showing nuclear
atypia (Papanicolaou stain, ×40)

Figure 4

(a) The arrow shows cells with emitting faint red fluorescence suggestive of a nonmalignant cell. (b) The
arrow shows cells with emitting intense red fluorescence suggestive of a malignant cell

DISCUSSION

Better understanding of the disease process, both at the cellular and the molecular levels, has paved the
way for the development of several unique scientific technologies. One such technology is detecting
the circulating tumor cells in blood. This liquid biopsy approach has drawn considerable attention and
is advancing into clinical applications. Such approaches are based on collection of body fluids,

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555562/figure/F3/
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isolation of the cells, and following up with multiplex genomic profiling and help in the identification
of disease-specific fingerprints.[8,11] Molecular profiling has led the investigators to new discoveries
in the field of cancer diagnosis and treatment.

The human VPAC1 receptor, named for the combined vasoactive intestinal peptide (VIP) and pituitary
adenylate cyclase-activating peptide (PACAP) family of cell surface receptors, encodes a G-protein-
coupled receptor that recognizes both VIP- and PACAP-related peptides with high affinity.[12] These
VPAC1 genomic receptors are overexpressed on the surface of malignant cells at the onset of the
cancer such as those of the breast, prostate, and lung.[12] Trabulsi et al. targeted VPAC receptors
expressed on the malignant prostate cancer cells shed in voided urine with a specific biomolecule,
TP4303, developed in their laboratory.[12] They detected VPAC-positive cells in 98.6% of the men
with a diagnosis of prostate cancer (141) and none in the 10 patients with benign prostatic hyperplasia.
They concluded that their preliminary data were highly encouraging and warranted further evaluation
so as to develop a simple and reliable tool to detect prostate cancer noninvasively. We hypothesized
that cells shed in the voided urine of patients with bladder cancer could also be imaged optically, by
targeting the VPAC1 receptors with the same peptide labeled with a fluorophore.

Increased attention has also been recently focused on the use of photodynamic technology using 5-
ALA as a photosensitizer to identify cancer cells in voided urine samples. The feasibility of diagnosing
bladder cancer using 5-ALA was first reported in 1994[13] by Kriegmair et al. who instilled 5-ALA
intravesically in 68 patients, followed by fluorescence cystoscopy with violet light from a krypton ion
laser that produced fluorescence excitation. Nakai et al.[14] reported on the 5-ALA staining of urine
specimens, showed that 5-ALA-induced fluorescent urine cytology was more sensitive than the
conventional cytology for the detection of bladder tumors (82% vs. 49%, respectively), particularly for
the low-grade and low-stage tumors, and had comparable specificity (80% vs. 100%, respectively).

Our study shows that both 5-ALA-induced fluorescent cytology and VPAC receptor positivity are
highly sensitive tests to diagnose bladder cancer and show a significant difference, especially for the
detection of low-grade bladder cancer, when compared to the conventional cytology. Probably, this
study could be the first report on VPAC receptor positivity for the detection of bladder cancer cells in
the voided urine samples, whereas, 5-ALA-induced fluorescent urine cytology has already been
described.[14,15,16,17] Pytel and Schmeller[15] detected ALA-induced fluorescence in 34 of the 38
cases. Miyake et al.[16] used three different modalities of 5-ALA-induced fluorescent urine cytology to
diagnose bladder cancer. They reported the overall sensitivities of conventional cytology, fluorescence
cytology, fluorescent spectrophotometric assay, and cellular fluorescence analysis unit assay as 48%,
86%, 86%, and 87%, respectively. Yamamichi et al.[17] reported that the sensitivity of 5-ALA-induced
fluorescent urine cytology was significantly higher than that of the conventional urine cytology (86.9%
vs. 69.4%; P = 0.0002), and the specificity was equivalently high (96.2% vs. 95.6%; P = 1.0).

The VPAC genomic biomarker is known to belong to the superfamily of G-protein-coupled surface
receptors, which are expressed in high density (10 –10 /cell) at the onset of oncogenesis, prior to the
alterations in cell morphology.[18,19,20] VPAC receptors are also known to be expressed in breast and
lung cancers.[18] VPAC1 receptors are minimally present on stroma, normal cells, and benign masses.
[21,22,23,24] The VPAC1 receptor-specific peptide covalently binds to a fluorophore (TP4303) that
allows us to optically image cancer cells but not the normal epithelial cells shed in voided urine. Our
study has several limitations that include a small sample size and a single-center design. Our results
need further validation so as to confirm the high diagnostic efficacy of VPAC receptor positivity for the
detection of bladder cancer.

CONCLUSIONS

4 5
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Our study shows that the VPAC receptors on the malignant cells can be targeted to diagnose bladder
cancer, and our preliminary results confirm that the sensitivity is higher as compared to the
conventional cytology.
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ABSTRACT

Introduction: Stroke is a common cause of mortality and morbidity and has an increasing prevalence across the 
world.1 Bilirubin is now being considered an antioxidant which increases in response to diseases associated with 
increased oxidative stress. Hence the present observational study was undertaken to assess the bilirubin levels with 
the outcome of acute ischemic stroke. Methods: This observational study was conducted from January 2018 to De-
cember 2018 on 64 ischemic stroke patients admitted at KLE’S Dr. Prabhakar kore hospital at Belagavi, Karnataka. 
All adult patients above 18 years of age presenting with cerebrovascular accident and proved as ischemic stroke 
on CT scan or MRI scan were included. The patients were empirically divided into different Groups based on the 
bilirubin level. They were then analysed with their NIHSS scores for assessing stroke severity. Results: A total of 64 
patients were included in the final analysis. The mean total bilirubin level in the patients was 0.68±0.34 mg/dl ( 
mean±SD). 34.3% (22) of ischemic stroke patients in the study had serum total bilirubin levels 0.7 mg/dl or more. 
Mean NIHSS Score for Group 1(Low) total bilirubin group was 9.37 and for Group 2(High) bilirubin group was 10.9, 
which was statistically not significant. This indicates that there was no significant correlation between total bilirubin 
and severity of symptoms at the time of admission.There was no statistically significant correlation between NIHSS 
and direct bilirubin levels Conclusion: The current study has documented no association between the bilirubin levels 
and stroke severity and prognosis.
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INTRODUCTION

Stroke is known to be one of the commonest causes 
of mortality across the world.(1) Stroke is an important 
risk factor for disability and premature death among 
developing countries specially like India. Recently over 
a decade demographic changes and increase in the 
prevalence lead to rise in Non communicable Diseases 
specially stroke. Bilirubin is now considered as an 
antioxidant that can cause the progression of diseases 
caused by oxidative stress, stroke being one such disease.
Oxidative stress that leads to the production of free 
radicals is found to be an important mechanism of brain 
damage in acute ischemic stroke(AIS). Bilirubin being 
an antioxidant, it is synthesised in response to oxidative 
stress and can indicate the severity of it. In the study, 
we aimed to find the association of serum bilirubin with 
AIS. Various studies conducted during the acute phase 
of ischemic stroke found that lower levels of serum 
bilirubin are related to positive outcomes in stroke 

patients and hence, bilirubin can indicate the severity 
of oxidative stress.Yun Luo et al (2012) (2) reported 
that both Direct Bilirubin(DB) and Total Bilirubin(TB) 
are indicative of the severity of ischemic stroke.Sandra 
Pineda et al (2008)(3) reported an association between 
higher direct bilirubin on admission and greater 
stroke severity.Rapid modernization and increased 
life expectancy has resulted in increased incidence 
of mortality due to stroke.  Worldwide, each year 15 
million people suffer from stroke.(4)Of those one third 
die and one third are left permanently disabled.(5)  By 
2040, in lowand middle-income countries, around a 
billion adults over the age of 65 years are estimated to 
be at a risk of developing a stroke.(6) Various studies 
have revealed the effect of level of billirubin as predictor 
of vascular events that are risk factors for Ischemic 
stroke. Some studies also have revealed that low level of 
billirubin was associated with stroke.(7,8) In addition to 
the age, hypertension and tobacco use are the major risk 
factors worldwide. Thus, various studies have been done 
to see the role of bilirubin in conditions like coronary 
artery disease which are associated with oxidative stress. 
Bilirubin being an antioxidant may limit the neurologic 
damage after a stroke. Hence the present observational 
study was undertaken to assess the bilirubin levels with 
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the outcome of acute ischemic stroke.

MATERIALS AND METHODS

This was a one year hospital based observational study 
carried out during 1 January 2018 to 31 December. 
Sample size was calculated using the formula N= za2 
P(1-P) / d2 .For a 5% level of significance, za is 1.96P 
is the prevalence of the disease which is 20%d is the 
percentage likely difference in the prevalence which is 
10%. Hence sample size of 64 was taken using purposive 
sampling. Ethical clearance was obtained from KLE 
University Institutional Ethical Committe (JNMC\
DOME\EC-132) and Informed consent was taken from 
participants before commencement of the study.

Participants were the patients admitted in the wards 
and Intensive Care Unit (ICU) of Departments of 
general medicine, neurology at KLES Dr.Prabhakar 
Kore Hospital, Belagavi fulfilling the following inclusion 
criteria: patients above 18 years of age presenting 
with cerebrovascular accident and proved as ischemic 
stroke on (Computarised Tomography) CT scan or 
(Magnetic Resonance Imaging) MRI scan within 24 
hours of stroke. Exclusion criteria were hemorrhagic 
stroke, hemolyticanemias, hepatobiliary disease and on 
hepatotoxic drugs.

Confirmed Acute ischemic stroke were included in the 
study after obtaining informed consent and Institutional 
ethical clearance. A detailed history was taken and 
clinical features, basic labrotary tests, total and direct 
billirubin level as well as national Institute of Health 
Sroke Scale were assessed at the time of admission.. 
Patients were arbitrarily divided into  Group 1(high) total 
bilirubin ≤ 0.7mg/dL and Group 2(low) total bilirubin 
≥ 0.7mg/dL.Group 1(low) direct bilirubin ≤0.2mg/dL 
and Group 2(high) direct bilirubin ≥ 0.2mg/dL. Severity 
of stroke was   based on the NIHSS scores mild (0-4), 
moderate (5-15), moderate to severe (16-20) and severe 
(21-42).

For analysis, BP ≥ 140/90mmHg was considered high. 
HDL levels ≥ 40mg/dL were considered high and <40mg/
dL as low.LDL levels ≥100mg/dL were considered high 
and <100mg/dL were considered low. Triglyceride levels 
≥ 150mg/dL were considered as high and  < 150mg/dL 
were considered low.Total cholesterol levels ≥ 200mg/
dL were considered as high and <200mg/dL were 
considered as low.All the patients fulfilling the inclusion 
criteria and willing to participate, were included in the 
study. 

Advanced excel has been used for the statistical 
analysis. Continuous variables are represented by mean 
± sd form and categorical variables by frequency table. 
Chi-square/Fisher Exact test has been used to check the 
association between categorical variables. Comparison 
has been done using t-test/Mann Whitney U-test. P- 

Value less than 0.05 was considered as significant.

RESULTS

Sample data contains 64 subjects of age 60.25 ± 12.54 
years consisting of 45 (70.3%) male subjects and 
remaining 19 (29.6%) female subjects. We observe that 
majority (31.2%) of the subjects were of the Age group 
“60-69”, followed by “50-59” (21.8%), “70-79”(20.3%). 
There are only 3 and 2 subjects with age above 80 and 
between 30-39 respectively. With reference to the 
clinical presentation 56(87.5%) subjects had motor chief 
complaints whereas 43(67.1%) had complaints related 
to Cranial Nerve abnormalities, followed by 39(60.9%) 
with speech related complaints and 11(17.1%) with 
sensory complaints.We also observe that Hypertension 
is present in 50% of the total subjects, 34% subjects 
have Diabetes Mellitus whereas 30% of the total 
subjects are Alcoholic and 23% subjects are smokers.  
28% of the total subjects have High blood pressure and 
56% subjects have Normal blood pressure.From table 
12, we observe that majority- 73.4% of the subjects had 
a stroke of the MCA territoryfollowed by “MCA-PCA” 
territory with 10.9% (Table I).

Table I: Clinical and Risk factors among patients

Factor Sub-category Percentage (%)

Chief Complaints

Motor 87.5%

Cranial Nerve 67.1%

Speech 60.9%

Sensory 17.1%

Risk Factor

DM 34%

HTN 50%

Smoker 23%

Alcoholic 30%

Blood Pressure
High (> or equal to 140/90 mmHg) 44%

Normal (<140/90mmHg) 56%

Stroke
Territory

ACA 1.5%

MCA 73.4%

PCA 3.1%

ACA-MCA 7.8%

MCA-PCA 10.9%

Cerebellar 9.3%

Clinical
Features

Motor 85.93%

Cranial Nerve 67.19%

Speech 15.63%

Sensory 18.75%

Majority 55(85.93%) subjects had clinical features of 
the motor system whereas 43(67.19%) had features 
of cranial nerve dysfunction. The mean HDL value is 
38.20±9.75mg/dL. 37(57.81%) subjects are in the low 
HDL category whereas 27(42.18%) are in the high 
HDL category. The mean Low density lipoprotein value 
in the sample is 97.53±40.94 mg/dL. Also, 45.31% 
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have high low density lipoprotein values.Amongst the 
total subjects,28.12% have high triglyceride levels. 
20.31% of total subjects have high total cholesterol 
levels. Also, mean total cholesterol level in the sample 
is 160.19±45.00mg/dL.42(65.62%) subjects in the 
sample fall into group 1 with lower bilirubin levels and 
22(34.37%) had higher total bilirubin and fell into group 
2. Majority of the subjects i.e. 40 in the sample had high 
level direct bilirubin and fell into group 2 while 24 had 
lower direct bilirubin and fell into group 1.38 subjects 
with moderate NIHSS score followed by 13 subjects 
with minor NIHSS score, 9 with moderate-severe NIHSS 
score and 4 subjects are with severe NIHSS score in the 
sample. 51 subjects with Good outcome MRS value and 
13 subjects with Poor outcome MRS value (Table I and 
II).

Using spearman correlation, we conclude that there 
is no significant correlation between NIHSS and Total 
bilirubin (rho=0.1881, p=0.1366). Also, there is no 
significant correlation of MRS with Total Bilirubin 
(rho=0.1486, p=0.2413).

DISCUSSION

Bilirubin in recent days has gained importance because 
of its antioxidant properties. Various studies proposed 
the role of bilirubin in oxidative stress mediated 
diseases including diseases like coronary artery disease, 
stroke. There are studies which concluded that greater 
admission serum bilirubin levels were associated with 
greater stroke severity and poor short-term outcome. 
Mean age of patients in this study was 60.25 years (SD - 
12.54 years). 53% of ischemic stroke patients belonged 
to age group of 50 to 69 years of age suggesting that 
advancing age is a risk for development of ischemic 
stroke. This is comparable to the population-based 
studies done by Dalal et al., (9) in Mumbai in which 
66 years was the mean age of stroke, Sridharan et al., 
(10) in Trivendrum in which mean age for stroke was 67 
years and Nagaraj et al., (11) from which mean age was 
54 years. This implies that elderly age is a risk factor for 
stroke.

Out of 64 patients included in the study, 45 patients 

were male and 19 were females.Majority of the patients 
were males, constituting 70.3%. This is comparable to 
a study done by Nagaraj et al.,(11)  in Bangalore where 
males constituted 67%. Dalal et al.,(9) from Mumbai 
reported that males had higher stroke incidence. This 
implies that males are at a higher risk of ischemic stroke 
compared to females.Majority of the patients presented 
with motor weakness (87.5%), followed by cranial 
nerve abnormalities (67.1%), speech abnormalities 
(60.9%) and sensory abnormalities (17.1%) being the 
least common. This is comparable to the study done 
by Nagaraj et al.,(11) where motor weakness or paresis 
(92%) was the commonest presentation.

Middle cerebral artery territory was the most common 
site of involvement; in 73.4% patients, followed by 
cerebellar artery in 9.3%, posterior cerebral artery 
involvement in 3.1% and anterior cerebral artery in 1.5%. 
Middle cerebral-posterior cerebral artery involvement 
was found in 10.9%, whereas middle cerebral artery-
anterior cerebral artery involvement was found in 7.8%. 
This indicates that Middle cerebral artery is the most 
common territory involved in ischemic stroke and this 
is comparable to study done by Paciaroni M et al.,(12)
in Perugia in which middle cerebral artery was the most 
common vascular territory involved.

The mean HDL levels were 38.20 mg/dl with standard 
deviation of 9.75 mg/dl. HDL levels in blood less than 
40mg/dl were considered as low HDL. HDL levels 
were low in 37 patients (57.81%). LDL levels in blood 
> 100 mg/dl were taken as high LDL. LDL levels were 
97.53±40.94 mg/dl (mean±SD) and 45.31% (29 patients) 
had high LDL levels. We considered 150mg/dl or more 
levels of triglycerides (TG) in blood as high triglycerides. 
Triglycerides levels (TG) were 135±81.59  mg/dl  
(mean±SD) and 20.3% had high levels of triglycerides. 
Cholesterol levels were 160.19±45.00 (mean±SD) and 
high levels of cholesterol was seen in 13 (20.31%)  
ischemic stroke patients included in the study. Total 
cholesterol levels of 200mg/dl or more were considered 
as high cholesterol. This in comparable to studies done 
by Mary Grace et al., in which 63.3% cases had high 
LDL cholesterol, 38.3% had high total cholesterol, 
33.3% had low HDL and 21.7% had high triglycerides 

Table II: Comparison of NIHSS and MRS with total and direct Billirubin

Factor Sub category Total Bilirubin Category p-value Direct Bilirubin Category p-value

Group 1 Group 2 Group 1 Group 2

NIHSS 9.6904 ± 6.590 11.6363 ± 5.678 0.2448 9.375 ± 5.87 10.950 ± 6.57 0.3381

MRS 2.0 ± 1.5848 2.5 ± 1.4690 0.1786# 2.21± 1.61 2.23 ± 1.54 0.8933#

NIHSS Mild 10 3 0.6627 F 6 7

0.3352 F
Moderate 25 13 15 23

Moderate to severe 5 4 1 8

Severe 2 2 2 2

MRS Good 33 18 1F 19 32 1F

Poor 9 4 5 8
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CONCLUSION

In this study we found no significant correlation between 
severity of stroke at the time of admission (NIHSS) with 
serum bilirubin levels.At the time of discharge, both the 
bilirubin groups (total and direct) were not statistically 
different in terms of prognosis as evaluated by MR score.
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level. Siddeswari et al.,(13,14)  had reported low HDL 
in 77%, high LDL in 21%, high triglycerides in 17% and 
high cholesterol in 21% of ischemic stroke cases.

The mean total bilirubin levels in the patients was 
0.68±0.34 mg/dl (mean±SD). The range of total bilirubin 
was 1.61mg/dl to 0.24mg/dl.  Serum total bilirubin 
0.7mg/dl or more was considered as Group 2(high). 
34.3% (22) of ischemic stroke patients in the study had 
serum total bilirubin levels 0.7 mg/dl or more. Direct 
bilirubin levels were also measured and were 0.25+/-
0.15 mg/dl (mean+/-SD) with a range of 0.1 – 1.1 mg/
dl.  40 patients (62.5%) had high direct bilirubin values 
(Group 2).

National Institute of Health Stroke Scale (NIHSS) was 
used to assess the severity of stroke at the time of 
admission. NIHSS score of 1-4 indicated minor/mild 
severity, 5-15 as moderate, 16-20 as moderate to severe 
and >20 as severe. NIHSS score of mild severity was 
seen in 20.3% cases, 59.3% had moderate, 14% had 
moderate-severe and 6.2% had severe severity.

In this study, we found no correlation between severity 
of stroke and serum bilirubin (total and direct) at the 
time admission. This was in contrast to the study done 
by Ademiluyi et al.(15), where they found significant 
correlation between severity of stroke and serum total 
bilirubin at the time admission. They took 120 ischemic 
stroke patients and divided them into two bilirubin 
groups; high and low, and compared the NIHSS score 
among the two groups. The group with higher total 
bilirubin had a greater stroke severity. Yun Luo et al.(2), 
compared 531 Ischemic stroke patients and assessed 
serum bilirubin (total and direct) levels with NIHSS 
score between the two groups. The level of serum total 
bilirubin and direct bilirubin were significantly higher in 
acute ischemic stroke. Arsalan et al(16)  in their study 
divided ischemic stroke cases into three groups of serum 
total bilirubin and compared them with NIHSS score at 
the time of admission. Patients with higher total bilirubin 
were associated with higher stroke severity.

Sandra Pineda et al.,(17)conducted a prospective study 
for five years on ischemic stroke patients. They measured 
serum bilirubin (total and direct) on admission, NIHSS on 
admission and MRS at discharge. A total of 743 ischemic 
stroke patients were studied with mean age being 67.3 
years and 52.5% were males. It was found that there 
was no significant association between total bilirubin 
and severity of stroke (NIHSS) on admission. The direct 
bilirubin levels were significantly higher in patients with 
severe stroke on admission (NIHSS).They did not find 
any significant relationship between admission (total 
and direct) bilirubin and discharge outcome similar to 
our study. Perlstein et a1.,(18) reported that a 0.1 mg/dl 
increment in bilirubin level was associated with a 10% 
reduced odds of an adverse stroke outcome.
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Taxing the ataxic – Pandemic effect 
on children with cerebral visual 
impairment

Dear Editor,

This pandemic is the first health emergency that our generation 
has ever seen. It has had its toll on almost every section of the 
society, catching the vulnerable and elderly. However, one 
section that may not have caught the headlines but has faced 
the perils very dearly are the children with cerebral visual 
impairment (CVI).[1] Their world has undergone upheaval 
yet for them it is merely absence of certain stimuli and new 
routines to deal with.

The pandemic and lockdown norms have led to a huge 
setback in their development. Feedback from the care 
givers of these children with CVI in our center brought 
forward a multitude of problems, especially in the lower 
economic strata. Telemedicine may not be the preferred 
alternative in a predominantly impoverished population 
where rehabilitation of a disabled child may not be the first 
priority.[2] Parents are engrossed in financial difficulties, 
health scare, and lockdown enigma, stuttering the growth of 
kids who are greatly dependent on them. Handling of masks 
is another Herculean task for mothers. Lack of transport 
has hampered physiotherapy sessions and availability of 
medications. Few parents reported increased episodes of 
seizure or tantrums because of shortage of medications. 
Limited social life with peers and teachers in schools is 
disrupted and missed. Only advantage seen is the quieter 
world with less traffic and less noise and more solitude and 
peace for these kids.

This neglected section needs special address and extra 
efforts to achieve the aim of bringing them into mainstream. 
Adaptations cannot be thrust upon their slow world. Only 
visible solution in these tough times seems to be exploring 
the cheaper online versions of a simulated environment 
and adaptation strategies for these special children, thereby 
achieving dual advantage of reducing the parental burden and 
helping these kids achieve the new normal.
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Risk assessment for varicose veins among city Police-A cross sectional study 
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A R T I C L E  I N F O   
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A B S T R A C T   

Introduction: People with overweight, standing for prolonged time, increasing age, smoking habit, heavy lifting 
and pregnancies in female increases risks of having varicose veins and are found common in lower limbs i.e 
saphenous vein. 
Objective: To assess the risks of varicose vein among policemen and to assess the association between varicose 
vein and their designation among police of Belagavi city, Karnataka, India. 
Material and methods: A cross sectional study was conducted among 150 police personnel who were working in 
Belagavi city. Information was collected by using questionnaire for socio-demographic, general information and 
symptoms. Observational checklist was used to assess signs of VV. 
Results: Out of 150 participants, the mean age of participants was 39.28 years. Among them, 74.66% were male 
and 25.34% were female where 77 (51.30%) were Police Constable, 54 (36%) were Head Constable, 15 (10%) 
were ASI, 2 (1.30%) were Inspector & Sub Inspector respectively. The mean standing hour per day was found to 
be 6.69 h and the mean years of service was found to be 9.11 years. It was found that 14.7% of police personnel 
had varicose veins and 20% of them were in the risk of developing VV. 
Conclusion: varicose veins has significant association with religion, designation, duration of working, income, 
marital status, lungs problem, DVT, cardiac infract and HTN. Similarly, risk of developing varicose vein has a 
significant association with marital status and duration of standing.   

1. Introduction 

Varicose veins (VV) are caused by incompetent venous valves which 
are abnormally dilated and tortuous in nature. This condition usually 
occurs in lower extremities in saphenous veins. Varicose veins can 
simply be a cosmetic issue or it may cause cramping pain in affected side 
and movement problems in lower extremities.1 

The risk factors like prolonged standing, overweight, ageing, smok-
ing, overweight, heavy lifting and pregnancy in females increases the 
possibility of developing VV. An increase in straining bowel movement, 
low fiber intake, genetic weakness in vein walls, increasing age, meno-
pause increases the chances of developing VV.2 Prevention can be done 
by elevating legs above the level of heart for several minutes throughout 
a day, walking every day to build calf muscle helps to relieve symptoms, 
maintaining body weight by eating healthy foods, keeping legs moving, 
flexing ankles timely while sitting at desk to keep the blood pumping, 
wearing compression stockings will support and aid the valves to keep 

the blood pumping out of legs etc.3 

In population study, prevalence has been reported from 2% to over 
20%. This enormous variation results from different assessment and 
examination technique, different populations studied, different defini-
tions applied and Western studies have shown that 20% population and 
in India about 5% population suffer from varicose veins. Compared to 
western population, India has less prevalence of varicose veins because 
most of the patients do not come to the hospital unless complications 
such as pain, edema and ulceration, etc. occur.4 

According to National Health Service waiting lists in UK, Varicose 
Veins diagnosis is still considerable unmet need and similarly in India 
also. Especially in developing countries like India, assessment and 
treatment were challenging but with the advancement of medical sci-
ences, diagnosis of venous diseases using USG, doppler study, endo 
venous and compression therapies etc has made better impact for 
identifying and treating venous disease.5 

As per the WHO (2007) census, western population have 2% varicose 
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vein where females have 3–4 times more than males. Eastern population 
have least magnitude of VV. Prevalence Statistics as per the country on 
varicose veins is 45 per 1000 population. Approximately, 1 in 22 was 
found for U S A. VV show an effect on 1 out of 2 individuals aged 50 
years in India. Among total population of Bangalore, about 3–5% suffer 
from venous disease, of which 10% of them has varicose veins.6 

Policemen are at higher chances of getting varicose vein in light of 
the fact that their job requires prolonged standing for longer hours. 
Assessing its risk factors will help policemen to know whether they are at 
risk of getting VV or not and also to take preventive measures. The study 
has been aimed to assess risk of VV among police personnel of Belagavi 
city. 

2. Materials and methods 

A cross sectional study was conducted over a time period of 5 month 
from January to May 2021 among the police personnel working in 
Belagavi city, Karnataka. Ethical clearance was obtained from Institu-
tional Ethical Committee. After explaining the need of the study, official 
permission to conduct study was obtained from the commissioner of 
police. The study population consisted of 150 policemen including both 
male and female, who were randomly recruited from nine different 
police station of Belagavi city. Sample size was calculated using n =
Z2pq/d2 formula and taking 11% prevalence from Bangalore study. 
Those who had underwent lower limb surgery and had previous history 
of DVT were excluded from the study. 

Participants who gave informed written consent were interviewed. 
Data collection procedure included interview by questionnaire and 
observational checklist to assess signs and symptoms. Height, weight 
was measured to calculate BMI. Questionnaire included demographic 
variables, health related information and past history of health. De-
mographic variables included age, sex, religion, marital status. Health 
related variables included height, weight, smoking, alcohol consump-
tion, chewing tobacco, yoga practice, current medical illness, lifestyle, 
average standing duration per day and years of standing. Past history of 
health included suffering from DM, HTN, cardiac infract, angina, lungs 
problems, kidney problem and DVT. 

The data was entered in MS excel and was analyzed using SPSS 
version 22. Chi square test was used to see the association between 
dependent and independent variable. Logistic regression and odds ratio 
was calculated to see the risk of varicose veins. P value < 0.05 was 
considered as significant. Data were expressed in graphs, tables and 
charts wherever necessary. 

3. Results 

Out of 150 participants, majority 112 (74.66%) were male and 38 
(25.33%) were female. Among them, 47 (31.33%) were below 30 years 
of age, 30 (20%) were between 30 and 40 years, 44 (29.33%) were 
between 40 and 50 years and 29 (19.33%) were between 50 and 60 
years. The mean age of participants was 39.28 years. Among 150 po-
licemen, 77 (51.30%) were Police Constable, 54 (36%) were Head 
Constable, 15 (10%) were ASI, 2 (1.30%) were Inspector & Sub 
Inspector respectively. Out of 150 policemen, majority 72 (48%) of them 
have to stand more than 8 h per day, 30 (20%) have to stand 4–8 h/day, 
27(18%) have to stand 2–4 h/day and 21 (14%) have to stand less than 
2 h/day. The mean standing hour per day was found to be 6.69 h. 
Considering their year of service, majority 89 (59.30%) had service 
more than 10 years, 45 (30%) had service less than 5 years and 16 
(10.70%) had service between 5 and 10 years. The mean years of service 
was found to be 9.11 years (Table 1). 

Majority, 143 (95.30%) were Non-Smokers and 53 (35.3%) were 
taking alcohol either on daily basis or sometimes and 29 (19.3%) were 
taking tobacco either in smoke or smokeless form.38 (25.3%) of par-
ticipants were doing yoga for 2–3 times per week (Table no 2). On 
measuring the BMI of study participants, 77 (51.30%) were Overweight, 

43 (28.70%) were Normal, 27(18%) were Obese and 3(2%) were 
Underweight. 

There was a significant association between Prevalence and duration 
of standing in years (p = 0.016). Prevalence and designation (p =
0.003), prevalence & religion (p = 0.004), marital status & prevalence 
(p = 0.043), prevalence and HTN (p = 0.047), Cardiac Infract & prev-
alence (p = 0.016), prevalence & Lungs problem (p = 0.013) and 
prevalence with DVT (p = 0.001). There was no significant association 
of prevalence with sex, income, personal habits, lifestyle, yoga practice, 
average standing duration, suffering from DM and angina. (Table 2 & 
Table 3). 

It was seen total 44% of participants had considerable leg pain while 
standing, 40.7% had sensation of heavy legs in afternoon/evening, 6% 
participants had swelling of thigh/legs, 4.7% had permanent skin color 
change and only 2.7% had long standing ulceration/necrosis. Similarly, 
26% of the participants had small spider like veins, 20% had dilated/ 
prominent vein, 12% participants had pigmentation, 10.7% had 
tenderness, 5.3% had ankle swelling, 4.7% had spontaneous skin scar on 
lower limbs and only 2% had eczema. 

4. Discussion 

In our study, we found majority 47 (31.3%) of policeman belong to 
age group less than 30 years, 44 (29.33%) participants belong to age 
group of (40–50) years, 30(20%) participants belong to age group of 
(30–40) years and 29 (19.33%) participants belong to the age group of 
(50–60) years. In our study, 112 (74.66%) males and 38 (25.33%) fe-
males were enrolled. A study carried out in Gujarat, India in 2015 
among traffic police personnel, found that 68.87% of policeman were in 
the age group (35–55) years. 43.62 ± 9.85 years was the mean age of 
study participants. Majority of study participants were males (98.54%) 
and only 1.46% of the respondents were females.7 

Our study found that 35.3% participants were alcohol consumer, 
4.7% were smokers and 19.3% were chewing tobacco. Our study also 
found that majority of the participants were having low back pain (10%) 
followed by allergy 4%.DM, HTN and endocrinal problem was found in 
1.3%. Similar finding was reported in a study conducted in Chennai to 
see health status of traffic police personnel and found that 38.8% were 
alcohol consumer, 12.2% were smokers and 7.2% were chewing to-
bacco. Same study also found different morbidity such as half of the 
participants had low back pain (50.4%), 23% had DM and HTN, 12.2% 
had respiratory problems and 18.7% had skin disorders.8 

Our study showed that, more than half (51.30%) of study 

Table 1 
Socio-demographic details of the respondents (n = 150).  

Socio-Demographic details Frequency (%)  

<30 47 (31.3)  
30–40 30 (20) 

Age in years 40–50 44 (29.3)  
50–60 29 (19.3)  
Male 112 (74.6) 

Gender Female 38 (25.3%)  
Married 119 (79.3) 

Marital status Unmarried 31 (20.7)  
Police Constable 77 (51.3)  
Head Constable 54 (36) 

Designation Asst. Sub Inspector 15 (10)  
Sub Inspector 2 (1.3)  
Inspector 2 (1.3) 

Job Experience   
<2 h 21 (14) 

Standing Duration per day (Hours) 2–4 h 27 (18)  
4–8 h 30 (20)  
>8 h 72 (48)  
<5 years 45 (30) 

Years of Service (years) 5–10 years 16 (10.7)  
>10 years 89 (59.3)  

R. Timilsina et al.                                                                                                                                                                                                                               
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participants were over-weight followed by normal weight (28.70%). 
18% participants were obese and 2% were underweight. A similar study 
was conducted in Russia among general Russian population and found 
27.7% were over overweight and 37% were having obesity among 
resident who were having CVD.9 

In the present study, Majority of the participants were married 
(79.3%) and only 20.7% were unmarried. Nearly half of the study par-
ticipants have to work more than 8 h (48%), 20% participants have to 
work for 4–8 h, 18% participants have to work for 2–4 h and 14% of the 
participants have to work for less than 2 h per day. Similar result was 
found in a study on work hazards and their connection with health 
hazard conducted among laborers working in building construction in 
Egypt and found that 41.1% were unmarried, 55.9% were married and 
3% were divorced/widowed. Majority of the participants (65.5%) has 
more than 8 h working per day and 34.5% of the participants has 
working hour less than 8 per day.10 

In our study, the risk is found to be 20%. Similar result was noted in 
the study done in Kathmandu, Nepal, showing 12% risk among traffic 
police. The overall prevalence of varicose was 14.7% in our study which 
is similar to the study done in Bengaluru, India showing 11% prevalence 
of varicose veins among traffic police11 

In the present study, 10% of policemen had Muscular skeleton pain. 

Similar result was found in a study conducted in Pakistan among traffic 
constables showing 15.9% of participants having Muscular pain.12 

Our study reported that 44% of the study participants had leg pain in 
the evening or night and similar findings was reported by a study con-
ducted in USA among health care workers where majority (72.2%) of 
participants had leg pain in the evening.13 

In this present study, the odds ratio was 0.838 {95% CI (0.20–3.42) 
for female with the comparison of male. A prospective study done 
among Danish population reported the relative risk of 1.75 {95% CI 
(0.92–3.34}.14 

In the present study it was found that the average standing hour of 
policemen was 6.69 h per day and similar findings was reported in a 
study conducted among doctors, nurses and operation theatre assistant 
where their average standing duration is more than 6 h per day.15 

In the current study, 10.7% participants had HTN and 9.3% partic-
ipants had DM while the study conducted by Vijaykumar Munisami 
among traffic police in Tamilnadu reported 29.3% HTN which is almost 
thrice from our study.16 

In the current study, 77.3% of study participants are regularly doing 
exercise and had active lifestyle while a study conducted by Hamid 
Shraif et al. among nurses reported only 29.77% of participants doing 
exercise which is less than half from our study.17 

5. Conclusion and limitation 

Our study found that 14.7% of police personnel had varicose veins 

Table 2 
Association of prevalence with different variables.  

Variables Prevalence of varicose veins P 
value 

Absent Present Total 

Count (%) Count 
(%) 

Count (%) 

Sex Male 94 
(83.9%) 

18 
(16.1%) 

112 
(100.0%) 

0.404 

Female 34 
(89.5%) 

4 
(10.5%) 

38 
(100.0%) 

Religion Hindu 124 
(87.3%) 

18 
(12.7%) 

142 
(100.0%) 

0.004 

Muslim 4 
(50.0%) 

4 
(50.0%) 

8 
(100.0%) 

Marital Status Unmarried 30 
(96.8%) 

1 (3.2%) 31 
(100.0%) 

0.043 

Married 98 
(82.4%) 

21 
(17.6%) 

119 
(100.0%) 

Designation ASI 8 
(53.3%) 

7 
(46.7%) 

15 
(100.0%) 

0.003 

Sub 
Inspector 

2 
(100.0%) 

0 (0.0%) 2 
(100.0%) 

Inspector 2 
(100.0%) 

0 (0.0%) 2 
(100.0%) 

Head 
Constable 

45 
(83.3%) 

9 
(16.7%) 

54 
(100.0%) 

Police 
Constable 

71 
(92.2%) 

6 (7.8%) 77 
(100.0%) 

Smoking No 123 
(86%) 

20 
(14.0%) 

143 
(100%) 

0.287 

Yes 5(71.4%) 2 
(28.6%) 

7 (100%) 

Alcohol 
Consumption 

Never 86 
(88.7%) 

11 
(11.3%) 

97 
(100%) 

0.172 

Sometimes 39 (79%) 11 
(22.0%) 

50 
(100%) 

Always 3 (100%) 0 (0.0%) 3 (100%) 
Chewing 

Tobacco 
product 

No 103 
(85.1%) 

18 
(14.9%) 

121 
(100%) 

0.882 

Yes 25 
(86.2%) 

4 
(13.8%) 

29 
(100%) 

Lifestyle Sedentary 28 
(82.4%) 

6 
(17.6%) 

34 
(100%) 

0.576 

Active 100 
(86.2%) 

16 
(13.8%) 

116 
(100%) 

Presence of 
current 
Medical 
illness 

No 104 
(84.6%) 

19 
(15.4%) 

123 
(100%) 

0.564 

Yes 24 
(88.9%) 

3 
(11.1%) 

27 
(100%)  

Table 3 
Association of Prevalence with different variables.  

Variables Prevalence of varicose veins P 
value 

Absent Present Total 

Count 
(%) 

Count (%) Count (%) 

Yoga practice at 
least 1 h/day for 
2–3 days/week 

No 97 
(86.6%) 

15 
(13.4%) 

112 
(100.0%) 

0.449 

Yes 31 
(81.6%) 

7 
(18.4%) 

38 
(100.0%) 

Average standing 
duration (hour/ 
day) 

<2 h 18 
(85.7%) 

3 
(14.3%) 

21 
(100.0%) 

0.995 

2–4 h 23 
(85.2%) 

4 
(14.8%) 

27 
(100.0%) 

4–8 h 26 
(86.7%) 

4 
(13.3%) 

30 
(100.0%) 

>8 h 61 
(84.7%) 

11 
(15.3%) 

72 
(100.0%) 

Duration of 
standing (in 
Years) 

<5 
year 

44 
(97.8%) 

1 (2.2%) 45 
(100.0%) 

0.016 

5–10 
year 

12 
(75.0%) 

4 
(25.0%) 

16 
(100.0%) 

>10 
year 

72 
(80.9%) 

17 
(19.1%) 

89 
(100.0%) 

Suffering from 
Diabetes 
requiring 
medical care 

No 115 
(84.6%) 

21 
(15.4%) 

136 
(100.0%) 

0.403 

Yes 11 
(68.8%) 

5 
(31.3%) 

16 
(100.0%) 

Suffering from 
Cardiac infract 
requiring 
medical care 

No 128 
(85.9%) 

21 
(14.1%) 

149 
(100.0%) 

0.016 

Yes 0 (0.0%) 1 
(100.0%) 

1 
(100.0%) 

Suffering from 
Angina requiring 
medical care 

No 125 
(86.2%) 

20 
(13.8%) 

145 
(100.0%) 

0.103 

Yes 3 
(60.0%) 

2 
(40.0%) 

5 
(100.0%) 

Suffering from 
lungs problem 
requiring 
medical care 

No 125 
(86.8%) 

19 
(13.2%) 

144 
(100.0%) 

0.013 

Yes 3 
(50.0%) 

3 
(50.0%) 

6 
(100.0%) 

Suffering from DVT 
requiring 
medical care 

No 128 
(86.5%) 

20 
(13.5%) 

148 
(100.0%) 

0.001 

Yes 0 (0.0%) 2 
(100.0%) 

2 
(100.0%)  
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which has significant association with religion, designation, duration of 
working, income, marital status, lungs problem, DVT, cardiac infract 
and HTN. Similarly, 20% of study participants were in the risk of 
developing varicose vein which has a significant association with 
marital status and duration of standing. Our study also concluded 
Muslims, ASI and Head constables, those who are not practicing yoga, 
those who are taking alcohol, suffering from HTN, prolonged standing, 
obesity and higher job experience are at risk of VV. 

We did not perform USG Doppler due to Covid 19 pandemic and 
election being held during study period so there may be chances of 
missing cases of first stage varicose veins. 

Recommendation 

Early detection of varicose veins among police personnel can be 
undertaken through community initiatives. Periodic screening of vari-
cose veins should be conducted in every police station. Similarly, 
Department of police service should timely arrange health education 
program for all police personnel about the causes and ways of pre-
venting varicose veins with periodic rotation duty. 
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Prevalence of intimate partner violence among pregnant
women attending a public sector hospital in
Bengaluru, southern India

ANITA NATH, SHUBHASHREE VENKATESH, J. VINDHYA, SHEEBA BALAN,
CHANDRA S. METGUD

ABSTRACT
Background. Intimate partner violence (IPV) is recognized

as an important public health problem globally as well as in
India. It may result in adverse physical and mental health
consequences for the victim or unfavourable pregnancy
outcomes if it happens during pregnancy. The possible risk
factors for IPV can be explained by four levels of ecological
factors: individual, partner, household and community. We
estimated the prevalence of IPV and its association with
selected ecological risk factors among pregnant women
availing of antenatal care at a public sector hospital in
Bengaluru, southern India.

Methods. We included 350 women above the age of
18 years with a confirmed pregnancy of less than 24 weeks
and having no obstetric complication. We used the Conflict
Tactics Scale to determine the presence of IPV. The risk
factors measured were—individual level: respondent’s age,
education, occupation, gravidity, planned or unplanned
pregnancy, substance abuse, presence of depression and
anxiety; partner-related: spouse’s education, occupation and
marital discord; household/community-related: socioeconomic
status, social support, religion and consanguinity.

Results. The prevalence of IPV was 3.7%. Factors that
were significantly associated on multivariate analysis were
higher age (above 20 years) (adjusted odds ratio [AOR]
1.82 [1.12–2.97], p=0.016) and presence of depression
(AOR 6.84 [1.76–26.61], p=0.005).

Conclusion. The prevalence of IPV was less in our study

© The National Medical Journal of India 2021

population compared to figures reported from other Indian
study settings.

Natl Med J India 2021;34:132–7

INTRODUCTION

Exposure to intimate partner violence (IPV) during pregnancy
has an unfavourable effect on the physical, mental and emotional
health of a woman. It is the most common form of gender-based
violence.1 IPV includes any kind of behaviour within an intimate
relationship that brings about physical, mental, emotional or
sexual harm against one’s partner.2 The commonest forms
include physical hurt, psychological abuse, sexual violence
and controlling behaviour. Victims of IPV are twice as likely to
report physical and mental health concerns compared to non-
victims.3 The physical consequences consist of trauma, injury,
sexually transmitted infections, while mental sequelae could
present as anxiety, depression or psychological distress.4,5 The
risk of depression is more than two times higher in pregnant
women who are victims of IPV, compared to non-victims.6,7

Several studies have identified negative medical and obstetric
consequences of physical and sexual IPV during pregnancy.8

Women who experience IPV are more than 3-fold likely to
experience low birth weight and preterm birth.3,9,10 While these
outcomes could be attributed to a direct effect of IPV, indirect
effect in the form of delayed antenatal care could also be a
cause.11,12 Thus, IPV is now recognized as an important public
health problem.

At the global level, one in three (35%) women are estimated
to have experienced either physical and/or sexual IPV or non-
partner sexual violence during their life.13 The WHO, in their
multicountry study on women’s health and domestic violence
against women included 24 000 women from 10 countries as
study respondents.3 According to their study, 13%–61% of the
women are said to have experienced physical violence, 6%–
59% reported sexual violence while 20%–75% had experienced
emotional abuse. The rates are higher for developing countries
(27.7%) compared to developed countries (13.3%).14 In India,
the prevalence of IPV is found to range from 6% in Himachal
Pradesh to as high as 59% in Bihar.3 According to the National
Family Health Survey-4 (NFHS-4), 3.9% of pregnant women
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claimed to have experienced IPV; in Karnataka, the prevalence
rate of 6.5% is higher than the national average.15 Other research
studies done in Karnataka report figures varying from as low as
2.7% to as high as 52.8% among pregnant women in Bengaluru.16,17

The Domestic Violence Act 2005 was enacted by the Indian
Parliament to protect women from physical violence as well as
other forms of violence such as emotional/verbal, sexual and
economic abuse. Despite the existence of the law, seeking help
for IPV seems to be limited.18

The possible risk factors for IPV can be explained by four
levels of ecological factors: individual, partner, household and
community.19,20 The individual factors include sociodemographic
variables such as age, education, employment, religion, mental
health and substance abuse. Partner-related risk factors are
education, employment, substance abuse and marital
relationship. At the household level, socioeconomic status
appears to be a key determinant while community-level factors
are determined by social norms such as social support,
consanguinity and preference for a son. At present, in routine
antenatal practice, pregnant women are not screened for IPV.
Understanding the risk factors of IPV would help in easier
identification of those who are at risk.21 We estimated the
prevalence of IPV and its association with selected ecological
risk factors among pregnant women of 18 years and above,
availing of antenatal care at a public sector hospital in Bengaluru,
southern India.

METHODS

Study area, participants and recruitment
We included pregnant women who were availing of antenatal
care at Jayanagar General Hospital, which is an urban public
sector subdistrict hospital in Bengaluru. This cross-sectional
study was conducted within an ongoing cohort study, the
study protocol of which has been published earlier.22 The study
participants were recruited according to the eligibility criteria of
the study protocol. Those with a confirmed pregnancy of or less
than 24 weeks, above the age of 18 years of age and without any
obstetric complications were included. The rationale for
including study participants of or less than 24 weeks is that a
major proportion of pregnant women register for antenatal care
at the hospital at around 24 weeks of gestational age. We
analysed data of 350 pregnant women who fulfilled the eligibility
criteria and had completed the baseline visit of the study from
August 2017 to July 2018. Voluntarily signed consent was
obtained from those who were willing to participate in the study,
after having explained the nature and purpose of the study.

Data elements and data capture
A custom-designed Android-based App Cascade version 2.0.0
developed by Athenaeum Technologies Private Limited was
used for electronic data capture. Details of IPV and the possible
risk factors were recorded. The risk (independent) factors were
categorized into three levels:

• Individual level: Respondent’s age, education, occupation,
gravidity, planned or unplanned pregnancy, substance
abuse, presence of depression and anxiety.

• Partner-related: Spouse’s education, occupation and marital
discord.

• Household/community-related: Socioeconomic status,
social support, religion, consanguinity.

Measurement of intimate partner violence (dependent
variable)
We used the Conflict Tactics Scale (CTS) to determine the
presence of IPV.23 This scale is known to be effective in
measuring partner violence and can be easily adapted for use
in different cultural situations. About 80 countries have used
CTS as a part of demographic health surveys, including the
NFHS which is conducted in India.15 CTS has shown a high
internal reliability, high sensitivity and construct validity, even
in patriarchal societies in the non-western world.24 It includes
scales to measure physical and sexual assault as well as
psychological aggression against a partner.

Measurement of independent variables
The socioeconomic class of the respondents was classified
according to the Modified Kuppuswamy Socioeconomic Scale.25

The scale uses education and occupation of the head of the
family and monthly family income to calculate socioeconomic
status; classified as upper class, upper middle class, lower
middle class, upper lower class and lower class. The presence
of anxiety was assessed using the 10-item Revised-Pregnancy-
Related Anxiety Questionnaire, which has an internal
consistency (Cronbach’s alpha) of 0.79.26 Each item is scored on
a 4-point scale with cut-off scores of 28 and 24 for primigravida
and multigravida women, respectively. The Revised Dyadic
Adjustment Scale was used to measure marital discord.27,28 It
estimates seven dimensions of relationship between the partners
within three categories: decision-making, values and affection.
It consists of 14 items in which respondents can rate their
relationship on a 6-point scale. Scores range from 0 to 69, the
higher the score, the greater is the relationship and vice versa.
The cut-off score was taken as 48 for this study.

The adequacy of social support was measured using the
Multidimensional Scale of Perceived Social Support Scale.29,30

Responses to the 12 questions are scored on a point rating scale
ranging from ‘very strongly disagree’ to ‘very strongly agree’.
The scale assesses the perceptions of social support adequacy
from three specific sources: family, friends and ‘significant
other’. A score of less than 2 is considered as low support, a
score of 3 to 5 as moderate support while a score of more than
5 is high support. The Edinburgh Postnatal Depression Scale
which is a widely used 10-item self-report instrument was used
to measure depression.31 This scale consists of ten short
questions with a choice of four answers that closely reflect on
how the respondent felt over the past 7 days. Respondents who
scored above or equal to 13 were likely to be suffering from
depression.

Statistical analysis
Data were retrieved from the data server. Data cleaning was
done and then analysed using SPSS version 22. Descriptive
statistics were used to summarize the age of the respondents in
terms of mean and standard deviation while the prevalence rate
of IPV is presented as percentage. The independent variables
were categorized to analyse the association between each
independent and outcome variable using a univariate analysis.
IPV, as the dependent variable was dichotomized into presence
or absence of IPV. The strength of association was expressed
as crude odds ratio with 95% confidence interval. Variables
found to be associated at p<0.2 in the univariate analysis were
entered into a multivariate logistic regression model to eliminate
the effects of confounding due to age, education, religion and
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socioeconomic status. Variables with p<0.05 in the multivariate
analysis were considered to be statistically significant.

RESULTS

Sociodemographic characteristics of the respondents
Table 1 shows the sociodemographic characteristics of the
study participants. The mean (SD) age of the respondents was
23.05 (3.4) years. Of the 350 respondents, the majority (70%)
were above 20 years of age, over 72.3% were Muslims, and
64.3% had completed high school education and above, while
the spouses of 50.4% had similar education. Over 92% were
homemakers while over half (53.1%) of the respondent’s spouses
were semi-skilled workers. As many as over half of the study
participants (57.4%) belonged to the upper lower class.

Prevalence of IPV
The prevalence of IPV was 3.7% among the 350 pregnant
women.

Risk factors and intimate partner violence
Individual level. The adjusted odds of IPV were significantly

higher among women over 20 years of age (adjusted odds ratio
[AOR] 1.82 [95% CI 1.12–2.97]). Multigravid women were more
likely to report IPV (crude odds ratio [COR]=1.49 [95% CI 0.50–
43.57]) although the association was not significant.
Respondents who were depressed were six times or more likely
to experience IPV (AOR 6.84, 95% CI 1.76–26.61); the association
was significant (p=0.005). Other factors such as education,
occupation and unplanned pregnancy did not show any
significant relationship with IPV.

Partner level. Respondents whose spouse was engaged in
semi-skilled or skilled labour (COR 1.53, 95% CI 0.41–5.67)
seemed to be at a higher risk, although there was no significant
association. Women who reported marital discord were 2.87-
times more likely (COR 2.87, 95% CI 0.77–10.62; AOR 2.159, 95%
CI 0.55–8.45) to experience IPV, this was significant on univariate
analysis (p=0.114) but not on multivariate analysis (p=0.14).

Household/community level. Respondents who belonged
to the lower middle class (COR 2.52, 95% CI 0.29–21.57) had a
higher odds of IPV although the association was non-significant.
The presence of IPV was 1.79-times higher among women with
moderate social support (COR 1.79, 95% CI 0.50–6.36) and 1.3-
times more for women with low social support (COR 1.30, 95%
CI 0.30–5.58); however, the relationship was not significant.
Similarly, consanguinity appeared to be a protective factor as
the odds of IPV (COR 0.17, 95% CI 0.02–1.35) were significantly
lower on univariate analysis (p=0.094) but not on multivariate
analysis (p=0.14).

DISCUSSION

In our study, 3.7% of the respondents were victims of IPV. This
is almost equal to the all-India IPV prevalence figure of 3.9%
among pregnant women, but less than the prevalence rate of
6.5% in Karnataka as reported by NFHS-4.15 Das et al. observed
a higher prevalence rate of 12% among pregnant and postnatal
women residing in the urban slums of Mumbai.32 Likewise, over
a quarter (26.9%) of women attending antenatal clinics in Delhi
reportedly experienced physical and sexual IPV.3 An alarmingly
higher prevalence of IPV (52.8%) was noted among pregnant
women attending a tertiary care hospital in Bengaluru; this was
more than 15-times higher than the prevalence in our study.33

A high burden of IPV was also found in other study areas:
23.8% in Agartala, Tripura and a combined prevalence of 7.1%
in Jharkhand, Orissa and West Bengal.34,35 The variation in
prevalence may be attributed to variations in the socio-
demographic profile, geographical and cultural variations across
different study settings, population or clinic-based and also on
how IPV is measured.

In our study, women of higher age appeared to be at a greater
risk; this is analogous to the findings from other studies.36,37

While some studies observe the existence of a relationship
between younger age and increase in the risk of IPV, this
appeared to be non-significant on multivariate analysis.38,39 We
did not find any significant association between IPV and
respondent’s education. Similar to looking for a likely association
with age, we also observed a relation between fewer years of
education and higher prevalence of IPV on bivariate analysis
which disappeared upon performing adjusted analyses.38,39

Working women were less likely to experience IPV in our study.
A number of studies found unemployment to be linked with an
increased risk of violence.40,41 Antithetically, a study conducted
in a Mumbai urban slum reported that employed women were
more likely to be victims of IPV than unemployed women.32

TABLE I. Frequency distribution of sociodemographic
characteristics of the study participants (n=350)

Sociodemographic characteristics n (%)

Age group (years)
<20 105 (30.0)
>20 245 (70.0)

Religion
Hindu 91 (26.0)
Christian 6 (1.7)
Muslim 253 (72.3)

Educational qualification of the respondents
Illiterate 11 (3.1)
Primary school 9 (2.6)
Middle school 105 (30.0)
High school 135 (38.6)
Pre-university certificate (PUC) or diploma 65 (18.6)
Graduate 25 (7.1)

Educational qualification of the husband
Illiterate 45 (12.9)
Primary school 24 (6.9)
Middle school 104 (29.7)
High school 110 (31.4)
Pre-university certificate or diploma 41 (11.7)
Graduate and postgraduate 26 (7.4)

Occupation of the respondents
Housewife 322 (92.0)
Unskilled worker 15 (4.3)
Semi-skilled worker 12 (3.4)
Clerical or farmer 1 (0.3)

Occupation of the husbands
Unskilled worker 107 (30.6)
Semi-skilled worker 186 (53.1)
Skilled worker 52 (14.9)
Clerical or farmer 3 (0.9)
Semi professional 2 (0.6)

Socioeconomic status
Upper middle class 43 (12.3)
Lower middle class 106 (30.3)
Upper lower class 201 (57.4)
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Multigravida women were more likely to experience IPV although
other studies show opposing results.42 Consistent with our
study findings, NFHS-4 also reports a higher occurrence of
spousal violence with increasing age, lower education and
increasing parity.15 Women who were suffering from depression
were highly prone to IPV. About 15% of women are known to
be depressed at some point during their lifetime which increases
during pregnancy and after childbirth.43 The risk of prenatal
depression increases significantly with the progress of
pregnancy and clinically significant depressive symptoms are
common in mid and late trimesters. Depression could result in
poor coping skills, detachment and insecurity, which could

precipitate partner violence.44,45 Devries et al. conducted a
meta-analysis of the association of depression with IPV in both
genders and vice versa.46 They affirmed that incident depressive
symptoms were linked with a higher incidence of IPV against
women.

Among the partner level factors, the presence of marital
discord increased the risk of IPV. Discordant couples are prone
to engage in negative behaviour which perpetuates IPV.47 Our
study findings are supported by results from other studies done
in different parts of the world.48–50

At the community level, the risk appeared to be higher among
pregnant women from lower socioeconomic status, although

TABLE II. Association of risk factors with intimate partner violence during pregnancy (n=350)

Risk factor Victims (n=13), Non-victims Crude OR (95% CI) p value Adjusted OR (95% CI) p value
n (%) (n=337), n (%)

Individual level
Age group (years)
<20 1 (1) 104 (99) 1 1
>20 12 (4.9) 233 (95.1) 5.35 (0.68–41.73) 0.109 1.82 (1.119–2.966) 0.016

Educational qualification of the respondents
> high school 10 (4.4) 215 (95.6) 1
< high school 3 (2.4) 122 (97.6) 0.52 (0.14–1.95) 0.340

Occupation of the respondents
Housewife 13 (4.0) 309 (96) 1
Working 0 (0.0) 28 (100) 0.001 0.998

Gravida
Primi 3 (2.1) 140 (97.9) 1
Multi 10 (4.8) 197 (95.2) 1.49 (0.50–43.57) 0.817

Pregnancy
Planned 8 (3.9) 194 (96.1) 1
Unplanned 5 (3.4) 143 (96.6) 0.94 (0.59–1.49) 0.804

Depression
Yes 10 (8.1) 113 (91.9) 6.60 (1.78–24.48) 0.005 6.84 (1.76–26.61) 0.005
No 3 (1.3) 224 (98.7) 1

Partner level
Educational qualification of the husband
> high school 8 (4.5) 169 (95.5) 1
< high school 5 (2.9) 168 (97.1) 0.42 (0.20–1.96) 0.424

Occupation of the husband
Skilled workers 3 (2.8) 106 (97.2) 1
Semi-/unskilled workers 10 (4.1) 231 (95.9) 1.53 (0.41–5.67) 0.525

Marital discord
No 3 (1.9) 156 (98.1) 1
Yes 10 (5.2) 181 (94.8) 2.87 (0.77–10.62) 0.114 2.159 (0.55–8.45) 0.139

Household/community level
Socioeconomic status
Upper middle class 6 (3) 195 (97) 1
Lower middle class 6 (5.7) 100 (94.3) 2.52 (0.29–21.57) 0.394
Upper lower class 6 (3) 195 (97) 1.29 (0.15–11.01) 0.815

Religion
Hindu 3 (3.2) 88 (96.8) 1
Christian 0 6 (100) 0.999 0.999
Muslim 10 (3.9) 243 (96.1) 1.150 (0.267–4.966) 0.851

Consanguinity
Yes 1 (0.9) 109 (99.1) 0.174 (0.02–1.35) 0.094 0.204 (0.02–1.67) 0.139
No 12 (5) 228 (95) 1

Social support
High (1–2.9) 5 (2.9) 167 (97.1) 1
Moderate (3–5) 5 (5.1) 93 (94.9) 1.796 (0.50–6.36) 0.399
Low (5.1–7) 3 (3.8) 77 (96.3) 1.301 (0.30–5.58) 0.815
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the relationship was not significant; this finding is consistent
with other study results.15,42 Women from such settings may be
particularly prone to IPV as a result of the exposure to stressful
living conditions.39 Low social support was a predisposing
factor for IPV in our study, which is in agreement with findings
from the literature from other countries.51–53

Limitations
Our study was conducted in an urban public sector hospital
setting where antenatal care is mostly availed by pregnant
women belonging to the lower- and middle-income groups in a
community, giving rise to a selection bias. Hence, our results
cannot be extrapolated to a general population of pregnant
women. The presence of IPV was elicited by means of self-
reported questionnaire, which was nested within a long proforma
used for baseline data collection in the ongoing cohort study.
This could have resulted in response bias. Since this was not an
independent study, certain risk factors associated with IPV such
as partner substance abuse, partner jealousy, history of previous
abuse and gender expectations for the unborn child could not be
elicited. The study did not estimate protective factors such as
service utilization and formal or informal interventions for IPV
which could have influenced the prevalence of  IPV.

Conclusion and recommendations
The prevalence of IPV was low in our study population.
Nevertheless, since IPV could potentially increase the risk of
adverse pregnancy outcomes, screening for IPV and early
intervention may be included as a part of routine antenatal care.
Future research should be directed at strengthening evidence
on the association of IPV with negative obstetric, postnatal
events, offspring growth and development.
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Abstract

Original Article

IntroductIon

Helicobacter pylori (H. pylori) is a fastidious, Gram‑negative, 
microaerophilic, spiral‑shaped bacterium present in gastric 
mucosa of the 50% human beings across the world population 
and 70%–90% of human population in developing countries.[1,2] 
About 20% of H. pylori‑infected individuals tend to develop 
gastrointestinal disorders, during their lifetime.[3]

H. pylori plays a significant role in chronic gastritis and 
peptic ulcer disease development and is a potential risk 
factor for mucosa‑associated lymphoid tissue lymphoma 
and gastric adenocarcinoma.[4] The consortium between 
H. pylori and gastroduodenal diseases reveals a necessity 
for diagnosing the H. pylori presence in acid peptic 
disease.[3] Despite a number of diagnostic methods available 
for H. pylori detection, such as smear examinations, rapid 
urease test, serological, urea breaths, and fecal antigen tests 
along with bacteriological culture and its identification, 
none of the method individually meets the requirement of 

sensitivity and specificity for its identification.[5] Therefore, 
a combination of the tests is required to get the highest 
positive results.[6]

Researchers have made multiple attempts previously to 
implement molecular diagnostic tests for early diagnosis of 
H. pylori to prevent further complications.[1,7,8] They pointed 
out that molecular diagnostic tests such as polymerase chain 
reaction (PCR) are preferable choice due to higher sensitivity 
and specificity even at low bacterial load.[9,10] Different genes, 
such as urease A (ureA),[8,11]16S rRNA,[12] 23S rRNA,[8,9] 
cytotoxin‑associated gene A (cagA),[8] and vacuolating toxin A 
(vacA),[8] have been targeted by researchers to improve the 

Introduction: The aim of the study is relative proportion of cytotoxin‑associated gene A (cagA) virulence marker in Helicobacter pylori 
isolates and gastric biopsy samples by polymerase chain reaction (PCR). Methods: This cross‑sectional study was conducted at a tertiary care 
hospital setting. Gastric biopsy tissues from 200 patients, suffering from upper gastrointestinal tract disorders, were examined for H. pylori 
infection using methods, such as hematoxylin and eosin (H and E) staining, 16S rRNA (Ribosomal ribonucleic acid), and cagA gene PCR. 
Chi‑square and kappa statistics were used to find the association and agreement between the tests, respectively; P ≤ 0.05 was considered 
statistically significant. Screening tests’ accuracy was calculated in terms of sensitivity and specificity along with positive and negative 
predictive values. Results: Out of 200 patients, H. pylori was detected in 14.5%, 48.5%, and 31% patients by H and E staining, 16S rRNA, 
and cagA PCR, respectively. Sensitivity and specificity of cagA PCR as compared to H and E staining were 89.6% and 78.9%, respectively. 
Conclusions: CagA detection directly from biopsy specimen by PCR can potentially and rapidly determine the patient’s status, especially 
when at a higher risk of peptic ulcer.

Keywords: Culture, cytotoxin‑associated gene A, diagnosis, gastric biopsy, Helicobacter pylori, polymerase chain reaction
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detection of H. pylori. However, cagA and vacA can determine 
the clinical consequence of H. pylori infections.[8]

cagA gene, a marker of pathogenicity island and indicator 
of severity due to various manifestation, is not possessed by 
all strains.[8] Moreover, cagA gene polymorphism is evident 
in H. pylori isolates from different geographical regions.[13] 
Although majority of H. pylori isolates from peptic ulcer cases 
are cagA+,[14] there are very few studies directly investigating 
cagA gene presence using stomach biopsy.[13,14] Therefore, 
we have evaluated PCR technique for detecting cagA gene 
presence in H. pylori isolates from both stomach biopsies and 
their corresponding H. pylori culture isolates.

Methods

Study design
This was a cross‑sectional study involving gastric mucosal 
biopsies from 200 subjects with acid peptic disease, which 
were obtained aseptically during endoscopy.

Sample size calculation
Two hundred gastric tissue biopsies from the study subjects 
were enrolled. Estimation of sample size was done based on 
the following formula:

N Z q d p= 2 2/

where N = sample size

p = sensitivity (70%),
q = 100‑p,
d = absolute error which is 10%
z‑1.96‑2

Hence, the sample size is N N= ( ) × × =2 2
30

0 01
70 171

.

N = 200

Error = 10%, sensitivity = 70%, 95% confidence interval

Study setting
The study was conducted in the Microbiology department of 
a tertiary care hospital in accordance with the Declaration of 
Helsinki and was approved by the local ethics committee of 
the institute. Written informed consent was obtained from all 
patients before their enrollment in this study. The data were 
collected from October 2012 to 2014.

Eligibility criteria
Subjects included in the study were from both the genders, 
comprised different age groups, suffering from gastric and 
duodenal diseases only, and having upper gastrointestinal 
disease complaints, such as upper abdominal pain, vomiting, 
and epigastric pain, immediately after food, empty stomach, and 
2 h after food. However, subjects on analgesics, antibiotics, and 
proton‑pump inhibitors before 48 h of endoscopic procedure 
and/or having prior history of gastric surgery or active bleeding 
ulcers were excluded from the study. Informed consent was 
taken from the subjects before their enrollment into the study.

Endoscopic samples were collected from the overnight‑fasted 
subjects using a fiberoptic endoscope. Endoscope and biopsy 
forceps were soaked in 2% glutaraldehyde for 30 min[15] 
before endoscopy and rinsed thoroughly with sterile saline just 
before the specimen collection. All the biopsy samples were 
immediately transferred to 10% buffered formalin solution 
that was used for bacteriological culture using Columbia agar 
and PCR.

Hematoxylin and eosin staining
Gastric tissue sections of antral part from 10% buffered 
formalin were processed for hematoxylin and eosin (H and E) 
staining by following the standard protocol.[16] Identification of 
H. pylori was done under a microscope (×400) by observing 
pink, curved bacilli on luminal surface of gastric epithelium. 
H and E staining was taken as a reference method in order to 
compare other methods.[17]

Molecular characterization of 16S r RNA  and 
cytotoxin‑associated gene A genes
PCR was used to detect H. pylori with the help of primers 
specific for 16S rRNA and cagA genes. 16SrRNA gene was 
used for reclassification of the organism and cagA gene acts 
as virulence marker; hence, a combination of genes was used 
to identify pathogenic H. pylori.

Primers for 16S rRNA and cytotoxin‑associated gene A 
genes
16S rRNA primers
Forward: JW 21:5ʹ‑GCGACCTGCTGGAACATTAC‑3ʹ and

Reverse: JW 22: 5ʹ‑CGTTAGCTGCATTACTGGAGA‑3ʹ

Product size: 139 bp

Cytotoxin‑associated gene A primers
cag A Forward: 5ʹ‑AGACAACTTGAGCGAGAAAG‑3ʹ and

cag A Reverse: 5ʹ‑TATTGGGATTCTTGGAGGCG‑3ʹ,

Product size‑320 bp

DNA extraction
DNA was extracted from the gastric biopsy tissues and their 
corresponding bacterial isolates along with reference strains 
of H. pylori – ATCC 13629 and ATCC 43504 (procured from 
IMTECH Chandigarh) using the modified proteinase K method 
as per the standard protocol.[12] Deparaffinization of tissue was 
done before DNA extraction using the protocol of Gohar and 
Mohammadi.[18] DNA was extracted from both biopsy samples 
and their corresponding bacterial isolates and amplified using 
PCR by following the standard protocols.[19] Further, all the 
samples were kept at −20°C, until further use.

Polymerase chain reaction protocol
Primer and target combination were optimized and the same 
was used throughout the study. Following DNA extraction, 
PCR reaction mix was prepared in a sterile microcentrifuge 
PCR tubes by adding 10 µl master mix, 1.5 µl DNA, 0.5 µl 
forward primer (10 pM), 0.5 µl reverse primer (10 pM), and 
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7.5 µl nuclease‑free water, to make up the final volume 
of 20 µl. This was followed by mixing and centrifugation for 
5 s at <2000 rpm/min.

PCR reaction mix was amplified using a thermocycler (Veriti, 
Applied Biosystems, USA), with initial denaturation (1 cycle 
at 95°C for 5 min), followed by denaturation (35 cycles, 95°C, 
1 min), annealing, and extension cycles (55°C and 72°C for 
1 min each). Final extension for 1 cycle was performed at 
72°C for 10 min. Amplified samples were kept at 4°C until use.

Identification on gel
Electrophoresis of 10 µl amplified product was done using 
2% agarose along with standard molecular weight markers, 
followed by DNA staining with 0.5 µg/ml ethidium bromide 
solution. The bright fluorescent bands of amplified PCR 
products (product size – 16S r RNA: 139 bp and cag A: 320 bp) 
and 100 base pair DNA molecular marker were visualized under 
ultraviolet light using Syngene G Box image analysis system.

Statistics
SPSS software version 12 (Chicago, USA) was used for the 
data analysis. Sensitivity and specificity along with positive and 
negative predictive values were calculated to assess the accuracy 
for screening tests. Chi‑square test and kappa statistics were 
applied to find association and agreement between the tests, 
respectively. P ≤ 0.05 was considered statistically significant.

Results

As per the demographic distribution of the subjects, 50.5% 
belonged to the age group of <40 years, while 20.5%, 
17.5%, and 11.5% were from the age group of 51–60 years, 
41–50 years, and >61 years, respectively. Male predominance 
was observed to be 76%. H. pylori was detected in biopsy 
samples by observing the pink, curved bacilli on luminal 
surface of gastric epithelium (×400) using H and E method, 
as presented in Figure 1.

Out of 200 subjects, 29 were H. pylori‑positive cases identified 
using H and E method, out of which 21 and 8 were cases of 
chronic gastritis and peptic ulcer, respectively. However, only 
five subjects were found to be positive for cultures, out of 
which two had chronic gastritis and three suffered from peptic 
ulcer [Table 1]. Representative images of gene identification on 
gel of 16S rRNA and cagA genes are presented in Figures 2 and 3, 
respectively. 16S rRNA PCR detected 97 positive H. pylori cases, 
out of which 87 were chronic gastritis and 10 were peptic ulcer 
cases, whereas cagA PCR identified 62 H. pylori positive cases, 
of which 53 cases were chronic gastritis and 9 were peptic ulcer, 
respectively. All the methods were found to be statistically 
significant (P < 0.05) in evaluating the H. pylori‑positive cases, 
as tabulated in Table 1. Moreover, all the positive cultures and 
their corresponding gastric biopsy samples showed positive 
results for cagA gene and 16S rRNA by PCR.

The comparative account of 16S rRNA PCR and cag A 
PCR showed 48.5% and 31% positive cases, respectively, 
when compared with H and E staining, which yielded 

14.5% positive cases [Table 2]. However, the sensitivity 
and specificity of 16S rRNA PCR were found to be 96.55% 
and 59.65%, respectively, while cag A PCR sensitivity 
and specificity were found to be 89.66% and 78.95%, on 
comparing with H and E staining, respectively [Table 3]. 
The kappa values were found to be 0.2848 and 0.4659, thus 
showing moderate agreement on comparing the H and E 
staining results with 16S rRNA PCR and cagA PCR results, 
respectively [Table 3].

Figure 1: Hematoxylin and eosin staining showing curved bacilli over 
luminal surface of gastric epithelium (×400)

Figure 2: Gel electrophoresis of the polymerase chain reaction amplified 
product of Helicobacter pylori16S rRNA

Figure 3: Gel electrophoresis of Helicobacter pylori cytotoxin‑associated 
gene A gene
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dIscussIon

In this study, H and E staining was taken as reference method as 
it is a popular and practical diagnostic method[20] with an added 
advantage of providing histopathologic features of stomach 
epithelium, such as degree of inflammation and mucosal changes[21] 
and compared with PCR results of 16S rRNA and cagA gene to 
calculate accuracy in terms of sensitivity, specificity, and predictive 
values (positive and negative).[17] Similar approach of H. pylori 
detection using H and E staining was done by Mehmood et al.[22]

H. pylori is usually seen in active chronic gastritis due to 
prolonged colonization and inflammation of epithelial lining 

of stomach in most of the individuals.[23] Conversely, only 
2% of patients were noticed with minimal or no mucosal 
inflammation when suffering from H. pylori infection in the 
present study.

Our observation showed 14.5% positivity with H and E 
staining of gastric tissue sections; however, different degrees 
of positivity were reported by researchers, which were not 
accorded with our results.[5,21,23,24] Adlekha et al.[24] found 
that H and E staining resulted in 62% of positive cases 
out of 530 specimens collected from gastric endoscopic 
examinations. Whereas, Akanda et al.[5] and Ahmad et al.[23] 
reported 45.6% and 34% positive cases by H and E staining, 

Table 2: Comparative account of hematoxylin and eosin stain versus 16S ribosomal ribonucleic acid polymerase chain 
reaction and hematoxylin and eosin stain versus cagA polymerase chain reaction

PCR H and E stain versus 16S rRNA PCR H and E stain versus cagA PCR

H and E stain H and E stain

Positive (%) Negative (%) Total (%) Positive (%) Negative (%) Total (%)
Positive 28 69 97 (48.5) 26 36 62 (31.0)
Negative 1 102 103 (51.5) 3 135 138 (69.0)
Total 29 (14.50) 171 (85.50) 200 (100.0) 29 (14.50) 171 (85.50) 200 (100.0)
rRNA: Ribosomal ribonucleic acid, H and E: Hematoxylin and eosin, PCR: Polymerase chain reaction

Table 1: Comparison of endoscopic diagnosis

Methods Status Chronic gastritis (%) Peptic ulcer (%) Total
H and E Positive 21 (72.41) 8 (27.59) 29

Negative 169 (98.83) 2 (1.17) 171
Chi‑square with Yates’s correction, P 31.0783, 0.0001

Culture Positive 2 (40.00) 3 (60.00) 5
Negative 188 (96.41) 7 (3.59) 195
Chi‑square with Yates’s correction, P 21.8627, 0.0001

16S rRNA Positive 87 (89.69) 10 (10.31) 97
Negative 103 (100.00) 0 (0.00) 103
Chi‑square with Yates’s correction, P 9.1126, 0.0030

cag A Positive 53 (85.48) 9 (14.52) 62
Negative 137 (99.28) 1 (0.72) 138
Chi‑square with Yates’s correction, P 14.3508, 0.0001

rRNA: Ribosomal ribonucleic acid, H and E: Hematoxylin and eosin

Table 3: Statistics of diagnostic tests in terms of sensitivity, specificity and κ values

Comparison of H and E stain versus 16S rRNA PCR and H and E stain versus cagA PCR

Statistics H and E stain versus 16S r RNA PCR (%) H and E stain versus cagA PCR (%)
Sensitivity and specificity

Sensitivity 96.55 89.66
Specificity 59.65 78.95
Positive predictive value 28.87 41.94
Negative predictive value 99.03 97.83

κ statics
Agreement of test 65.00 80.50
Desired agreement 51.07 63.49
κ 0.2848 0.4659
P ˂0.01* ˂0.01*

*Represents P<0.05. rRNA: Ribosomal ribonucleic acid, H and E: Hematoxylin and eosin, PCR: Polymerase chain reaction
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respectively. On the contrary, Kaur et al.[21] reported 8% 
prevalence on histological examinations of biopsies.

Furthermore, sensitivity and specificity of the histology were 
reported to be affected due to various reasons: expertise or 
trained personnel and the levels at which the sections were 
taken may affect the positivity of the H and E staining. For 
example, in some cases of gastric atrophy where the bacterial 
density is less because of deprivation of nutrients, resulting in 
less chance of H. pylori‑positive cases from biopsies. These 
changes led to decreased stomach bacterial load, owing to 
scarcity of nutrients for H. pylori[25] and may lead to false 
negative test by H and E method.[26]

We used JW 21 and 22 primers,[27] which showed specificity 
for H. pylori DNA detection by the presence of a 139‑bp 
fragment of 16S rRNA gene and was in accordance with 
the findings of Samra et al.[28] where they detected 139‑bp 
fragment in 10 biopsies samples out of 18. They detected an 
amplified 16S rRNA gene segment of 139 bp from drinking 
water and vomiting fluids, thereby confirming that direct 
detection of H. pylori positive samples can be possible by 
PCR. Moreover, PCR specificity is useful in ruling out the 
cross‑reaction with other bacteria, such as E. coli and other 
important organism, such as Campylobacter and Helicobacters 
(H. cinnaedi, H. fenelliae, and H. muselae) species.[29] Recent 
studies showed that PCR analysis had improved sensitivity 
to detect DNA, encoded from 16S rRNA gene of H. pylori 
from gastric tissue samples and possessed a higher degree 
of positivity and accuracy (55% and 80%)[20] to demonstrate 
H. pylori presence[30,31] as compared to H and E method. 
However, variations in PCR detection rates could be possible 
due to low bacterial load in biopsies.

Till date, only few studies had analyzed such a large sample 
number and our study was among one of them where we studied 
200 subjects and analyzed the biopsy samples by PCR for 16S 
rRNA and cagA genes. We observed that 97/200 (48.50%) 
cases were positive for 16S rRNA PCR with 96.55% sensitivity 
and 59.65% specificity. Hence, our observations showed the 
importance of PCR for H. pylori detection from stomach 
biopsies. Smith et al.[32] reported that 52.38% of cases were 
found to be of H. pylori positive with 100% sensitivity and 
68% specificity for 16S rRNA on comparing with H and E 
staining. In western regions 60%‑70% of H. pylori strains 
were cagA positive and were associated with gastric cancer and 
duodenal ulcer.[33] Thus, we also detected the cagA presence 
by PCR, a pathogenicity indicator using gastric biopsies and 
62 (31%) subjects were cagA positive with 89.66% sensitivity 
and 78.95% specificity. Similar results were reported by 
Smith et al.[32] detection of 35% cagA positive (19/42) of the 
biopsy specimens of H. pylori were among Nigerian people 
with 92.9% sensitivity and 78.6% specificity on comparing 
with histological examinations (H and E staining and Giemsa 
staining). Conversely, higher occurrence of cagA was reported 
by Bindayna et al.[34] in biopsy samples (59%) and clinical 
isolates (62%).

The present study also demonstrated the existence of a 
good association of cagA+ strains between biopsies with 
endoscopic findings, which correlates with observations of 
Bindayna et al.[34] Our finding of 85.48% subjects of chronic 
gastritis and 14.52% of peptic ulcer pointed toward the 
important findings of cagA gene positivity among different 
clinical conditions suffering from gastric problems and 
were in accordance with the results of Bindayna et al.[34] 
having cagA positivity of 80% and 100% for duodenal ulcer 
and chronic gastritis cases, respectively. Therefore, cagA 
presence may be associated with increased manifestations of 
complications. Thus, the presence of certain genotype, such 
as cagA in isolates, can be closely related to cause severe 
inflammation of stomach mucosa, leading to severe gastritis 
and peptic ulcer.[8]

Furthermore, five H. pylori positive cultures were isolated out 
of 200 biopsy samples that were grown on culture media. All 
the five cultures along with their corresponding gastric biopsy 
samples were tested and noted to be 100% cagA positive 
in accordance with the results of Mishra et al.[12] where 54 
bacterial isolates along with their respective biopsy tissues were 
cagA positive, out of which majority of patients suffered from 
duodenal ulcer[18] and chronic gastritis.[23] Furthermore, cagA 
gene identification by PCR directly from samples of gastric 
biopsy carries more value as H. pylori is microaerophilic and 
fastidious organism and its culturing is difficult, which takes 
longer time for culturing and identification. Therefore, cagA 
gene typing helps in identifying strains that are associated with 
pathogenicity and disease severity. However, geographical, 
environmental, and agent determinants together determine 
disease outcome.

Thus, H. pylori diagnosis using PCR can detect H. pylori 
DNA that can act as an indicator of infections. Importance 
of PCR is due to its specificity, rapid test outcome, and 
detecting DNA from nonviable cells. However, every method 
has certain disadvantages and the major disadvantages 
of PCR include practicability and cost factor along with 
false negativity due to the presence of inhibitors, thereby 
affecting the result of PCR.[35,36] Our observation on PCR 
for 16S rRNA gene detection from biopsies was found to 
be quite sensitive, thereby establishing its high prognostic 
value where it can detect bacteria even at very low number 
that were usually missed by other methods, including 
culture. Furthermore, genotypic level variability exhibited 
by H. pylori strains has got importance in the molecular 
biology research field. Combination of 16S rRNA and cagA 
PCR can detect H. pylori, belonging to virulent species, 
owing to its specificity, thereby confirming the presence 
of pathogenic H. pylori. Hence, our study showed the 
importance of PCR for studying 16S rRNA and cagA directly 
from gastric biopsies, thereby allowing rapid detection of 
patients who are prone to develop peptic ulcer and infection 
detection at early stage is crucial for preventing further 
complications. In future, this study can be extended to other 
virulence‑associated genes.
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conclusIon

Detection of cagA directly from biopsy specimen helps in rapid 
diagnosis of H pylori infections.
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32 Abstract Neurilemmomas, also known as schwannomas, present as encapsulated, slow-
growing, solitary, smooth-surfaced, and usually asymptomatic mass arising
from Schwann cells of the nerve sheath surrounding cranial or peripheral
nerves. They represent the most prevalent benign peripheral nerve sheath
tumours and the occurrence in the upper extremity accounts for 12 to 19% and
in the lower extremity for 13.5 to 17.5% of all cases. Schwannomas of the
superficial peroneal nerve are very rare, and one can find in the literature only a
few cases in the last 20 years. The smallest reported spinal giant schwannoma
was of size 3 cm × 2 cm × 3 cm while the largest size reported of the same was
10 cm × 10 cm × 12 cm. We present a case report of a 54-year-old male with
multiple huge ancient neurilemmomas arising from superficial peroneal nerve
of 17 years’ duration. As the ultrasonography reported a hypoechoic mass in
the left leg, antero-lateral muscular compartment with increased vascularity and
magnetic resonance imaging (MRI) suggested large elongated lesion with
multiple areas of haemorrhages; the primary diagnosis was made as vascular
malformation. It was only after surgical exploration, three tumour masses were
found arising from superficial peroneal nerve of sizes 15 × 6 cm, 2 × 2 cm, and
1 × 1 cm. The tumour was completely removed with meticulous dissection.
Even though few fascicles of superficial peroneal nerve had to be sacrificed
during excision, the patient recovered well with no neurological deficit.
Level of evidence: Level V, therapeutic study.
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14 usually asymptomatic mass arising from Schwann cells of the nerve sheath surrounding cranial or peripheral nerves.
15 They represent the most prevalent benign peripheral nerve sheath tumours and the occurrence in the upper extremity
16 accounts for 12 to 19% and in the lower extremity for 13.5 to 17.5% of all cases. Schwannomas of the superficial
17 peroneal nerve are very rare, and one can find in the literature only a few cases in the last 20 years. The smallest
18 reported spinal giant schwannoma was of size 3 cm × 2 cm × 3 cm while the largest size reported of the same was
19 10 cm × 10 cm × 12 cm. We present a case report of a 54-year-old male with multiple huge ancient neurilemmomas
20 arising from superficial peroneal nerve of 17 years’ duration. As the ultrasonography reported a hypoechoic mass in
21 the left leg, antero-lateral muscular compartment with increased vascularity and magnetic resonance imaging (MRI)
22 suggested large elongated lesion with multiple areas of haemorrhages; the primary diagnosis was made as vascular
23 malformation. It was only after surgical exploration, three tumour masses were found arising from superficial peroneal
24 nerve of sizes 15 × 6 cm, 2 × 2 cm, and 1 × 1 cm. The tumour was completely removed with meticulous dissection.
25 Even though few fascicles of superficial peroneal nerve had to be sacrificed during excision, the patient recovered well
26 with no neurological deficit.
27 Level of evidence: Level V, therapeutic study.

28 Keywords Neurilemmoma . Schwannoma . Superficial peroneal nerve sheath tumour

29

30 Introduction

31 Verocay first described neurilemmomas in 1910. [1]
32 These are also known as schwannoma, neurinoma, which
33 perineural fibroblastoma and are the most prominent be-
34 nign peripheral nerve sheath tumours.[2–4] They come
35 from the Schwann cells and are typically found in masses
36 that are solitary, slow-growing, well-encapsulated,
37 smooth-surfaced, and usual ly asymptomat ic . [2]

38Typically, these tumours occur during the second to fifth
39decades of life, with women marginally more vulnerable
40than men.[5] While they constitute the most prominent
41tumours of the benign peripheral nerve sheath, only 1%
42of all cases arise in the lower limbs.[2] Exceptionally
43uncommon are occurrences of Schwannomas deriving di-
44rectly from the superficial peroneal nerve.
45Malignant transformation of neurilemmoma is rare, and
46the prevalence varies between 8 and 13.9%. [6] Ancient
47neurilemmomas are rare forms of these tumours. They are
48referred to as “old” because of the degenerative character-
49istics, such as cyst development, calcification, haemor-
50rhage, and pronounced hyalinization obtained with in-
51creasing length. [7] We present a case study of a 54-
52year-old male with neurilemmoma stemming from a 17-
53year history of superficial peroneal nerve originally diag-
54nosed as vascular malformation.
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55 Case report

56 A 54-year-old male filed a case of swelling over the left
57 leg side for 17 years. The swelling steadily grew in scale,
58 initially painless later associated with occasional pain
59 with a sudden increase in size and pain in 1 week. On
60 clinical examination, a diffuse mass was present on the
61 leg’s lateral aspect—smooth, firm in consistency with
62 few areas of tenderness on palpation, and relatively im-
63 mobile (Fig, 1). It was non-pulsatile without thrill and no
64 bruit on auscultation. Distal pulsations were normal. The
65 sensory and motor components were intact. The patient
66 had no other co-morbidities, and his family history was
67 non-significant. The blood investigations were within nor-
68 mal limits.
69 The patient underwent ultrasonography of the left leg,
70 which showed two hypoechoic masses of size 13 × 5 × 3
71 cm, and 2.5 × 1.6 cm, respectively, located in the lateral
72 intramuscular compartment. They exhibited increased
73 vascularity and a few necrotic areas. MRI of the left leg
74 reported multiple large elongated lesions in the lateral
75 intramuscular compartment with haemorrhage areas, ex-
76 tending from the fibula’s head to the middle third of the
77 leg and another at the lower end of the previous swelling,
78 suggestive of vascular malformation (Figs. 2 and 3). The
79 superficial peroneal nerve could not be delineated.
80 Cardiovascular surgeons made a primary diagnosis of vas-
81 cular malformation, and the patient was referred to the
82 Department of Plastic & Reconstructive Surgery.

83Despite the radiological diagnosis of a vascular malfor-
84mation, the clinical presentation and examination findings

Fig. 1 TheQ2 swelling over right leg lateral aspect. a Anterior view. b Lateral view. c Posterior view

Fig. 2 Contrast magnetic resonance imaging - lateral view
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86 mour that might have had an episode of haemorrhage,
87 causing the sudden exacerbation of symptoms.
88 After a thorough evaluation, the patient was planned to
89 explore and excise the tumour mass under spinal anaes-
90 thesia. Sufficient written and informed consent has been
91 received from the patient.

92We approached the tumour through the zig-zag incision
93over the left leg’s lateral aspect under pneumatic tourni-
94quet control. On exploration, three distinct masses were
95found in the left lateral compartment deep to the peroneus
96longus muscle—the largest being 15 × 6 cm and two
97smaller masses of 2 × 2 cm and 1 × 1 cm each at the
98lower end (Fig. 4). The largest mass was encapsulated,

Fig. 3 Contrast magnetic resonance imaging - axial view

Fig. 4 The tumour mass underneath the peroneus longus muscle

Fig. 5 The tumour masses, 19 × 5 cm2 and 2 × 1.5 cm2

Fig. 6 Stretched common peroneal nerve separated with meticulous
dissection
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99yellowish-grey, smooth to firm with few haemorrhage
100areas within, and peroneus longus muscle was stretched
101over it (Fig. 5). The mass was encompassing the superfi-
102cial peroneal nerve stretched over its entire course and
103had few feeding vessels from the underlying muscles
104(Fig. 6).
105Histopathology report showed yellowish-grey tissue
106mass along with multiple cystic areas and myxoid de-
107generation, suggestive of Neurilemmoma. Spindle cells
108with elongated nuclei were found, arranged in whorls
109and fascicles with Antony A and B patterns. The spin-
110dle cells surrounding the central acellular eosinophilic
111region of Verocay bodies and the tumour tissue also
112showed areas of myxoid degeneration, possibly due to
113its prolonged duration. There was no evidence of dys-
114plasia (Fig. 7).
115The post-operative course was uneventful. Although
116few fascicles of the superficial peroneal nerve had to be
117sacrificed, there was no neurological deficit, with senso-
118ry and motor functions found intact on follow-up
119(Fig. 8).

Fig. 7 Histological features. a Antony type A. b Antony type B. c Verocay bodies. d Myxoid degeneration

Fig. 8 Healed post-operative scar
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120 Discussion

121 Neurilemmomas have a preference for the head and neck,
122 the posterior mediastinum, and the extremities. [1, 6]
123 They are rarely located in the leg, foot, or ankle region.
124 Those in the upper extremity account for 12 to 19% and
125 lower extremity for 13.5 to 17.5% in all incidents.[8] The
126 most commonly arise between the second and fifth decade
127 of life with a 1.6:1 ratio of female to male. An ancient
128 neurilemmoma is a rare form of these tumours with de-
129 generative modifications.
130 These are typically solitary lesions but, in unusual in-
131 stances, are multiple. [6, 7] It is believed that lesions are
132 caused by Schwann cells’ proliferation, compressing, and
133 displacing the surrounding nerve.[9] They are slow-
134 growing and cannot move through the nerve sheath lying
135 on top of it, which is why they are generally clinically
136 silent and mostly appear as an accidental discovery. [2]
137 Tumour size and position decide symptom severity.
138 External pressure can cause tenderness and paraesthesia.
139 They may experience radiating leg pain, leading to a dif-
140 ferential diagnosis of entrapment neuropathy, chronic re-
141 gional pain syndrome, lumbosacral radiculopathy, diabet-
142 ic neuropathy, or tarsal tunnel syndrome.[5] In the present
143 clinical situation, the lesion manifested as a painless slow-
144 growing swelling with recent-onset pain associated with a
145 rapid rise in size due to intra-lesional haemorrhage induc-
146 ing nerve compression.
147 A clear understanding of the nervous network and the
148 peripheral nervous system helps identify treatment ap-
149 proaches in people with peripheral nerve disorders. [2]
150 Identifying a patient with a potential nervous tumour usu-
151 ally involves history, physical examination, and imaging
152 procedures, including computed tomography (CT), mag-
153 netic resonance imaging (MR), in particular MR
154 neurography, which can show a peripheral nervous tu-
155 mour in more detail. [2] Surgical treatment should be
156 cautiously considered with a view to retaining its purpose.
157 [10] We performed a complete surgical resection of the
158 tumour with meticulous dissection while maintaining the
159 superficial perennial nerve and associated structures,
160 resulting in a total cure as the underlying nerve suffered
161 minimal damage.
162 These benign neural sheath tumours are uncommon in
163 the lower extremities, according to the literature.
164 Neurilemmomas can be included in the differential diag-
165 nosis of healthy nerve tumours over the lower limb.
166 Imaging tests, particularly magnetic resonance, are bene-
167 ficial, but a detailed clinical review should be empha-
168 sized. Intraoperative observations, along with histopatho-
169 logical results, include a conclusive diagnosis. Total sur-
170 gical resection, thus maintaining the nerve results in

171recurrence and recurrence, is unusual. This case study,
172which describes several large ancient neurilemmomas’
173clinical appearance at an infrequent venue, offers useful
174details on these cases in the literature.
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Safe motherhood practices - Knowledge and behaviour among pregnant 
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A B S T R A C T   

Background: Pregnancy and childbirth are essential for existence of the entire human race but maternal death is a 
twofold misfortune affecting both the mother and child. “Safe Motherhood Initiative” enlisted four pillars of safe 
motherhood but even after the launch of such and other initiatives maternal, infant and under 5 mortalities 
remained unacceptable. Assessing the level of awareness about safe motherhood practices among pregnant 
women thus becomes necessary to plan interventions to further empower them to avail these services. 
Objective: To assess the level of knowledge and behaviour about the safe motherhood practices and factors 
influencing these practices in pregnant women. 
Study group: Pregnant women attending antenatal clinic at a tertiary care hospital in Belagavi, Karnataka. 
Methods: A questionnaire survey was conducted among 374 pregnant women for 4 months. Sociodemographic 
data and details of knowledge and behaviour about safe motherhood practices were collected using a prede-
signed pretested questionnaire. Data was analysed using SPSS software. 
Results: Participants’ mean age was 23.9 years. 84% of pregnant women had average knowledge while 68.4% had 
poor behaviour regarding Safe Motherhood Practices. Statistically significant associations were observed be-
tween knowledge and education level, employment status and socio-economic class, between behaviour and age 
at the time of marriage of the women and also between knowledge and behaviour (p-value<0.05). 
Conclusions: Among pregnant women knowledge about Safe Motherhood Practices was average and behaviour 
was poor. There is a necessity to increase the knowledge which will in turn bring about a good behaviour and 
empower women to use the safe motherhood services.   

1. Introduction 

Pregnancy and childbirth are essential for existence of the entire 
human race but the complications involved in pregnancies often have a 
negative impact on mothers mentally, physically and emotionally. If a 
woman dies during childbirth the risk of death for children under five 
year doubles or even triples as seen in studies conducted in developing 
countries. Girls in particular are more affected. Thus, maternal death is a 
misfortune twofold.1 

To prevent maternal mortality, morbidity and related adverse con-
sequences the International Health Community including the World 
Bank, WHO, United Nations Population Fund and agencies in 45 other 
countries launched the “Safe Motherhood Initiative” in 1987 at a con-
ference held in Kenya.2 This initiative enlisted four pillars of safe 

motherhood which included antenatal care, clean and safe delivery, 
essential obstetric care and post natal care including family planning.3 

Since the launch of this initiative a fall in the maternal mortality rate 
was observed by nearly 44% over the past 25 years in 2015.4 The infant 
mortality rate reduced from an estimated rate of 64.8 deaths per 1000 
live births in 1990 to 30.5 deaths per 1000 live births in 2016.5 There 
was also a decline in the number of under-five deaths from 12.7 million 
in 1990 to 5.9 million in 2015.6 Similar significant declines were 
observed in the maternal, infant and under 5 mortality rates in India as 
well.6–8 

Globally 800 women still die every day of preventable causes related 
to pregnancy out of which 20% is contributed by India, currently esti-
mated to be 212 per 1,00,000 live births.9 Hence, in 2014 “Every Mother 
and Every Newborn” and in 2016, “The Global Strategy” were launched 
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to implement the 2030 agenda of Sustainable Developmental Goal 
(SDG)-3 to ensure healthy lives and promote well-being for all at all 
ages.10 

At the beginning of the Sustainable Developmental Goals era in 
2016, the burden of pregnancy related preventable mortality and 
morbidity was still very heavy.11 Therefore it becomes necessary to 
assess the basic level of awareness about safe motherhood practices 
among pregnant women so that necessary interventions can be planned 
to increase their knowledge and empower them to avail these services. 

There is a dearth of literature regarding this aspect in the Indian 
population while no study has been conducted in the Belagavi region of 
Karnataka. This study was therefore planned to assess the level of 
knowledge and behaviour about safe motherhood practices and factors 
influencing these practices in pregnant women. 

2. Methods 

A descriptive study was conducted including all pregnant women 
who attended the antenatal clinic at a tertiary care hospital, Belagavi 
from August 2016 to February 2018. Only those pregnant women who 
did not give consent were excluded from the study. Relevant permissions 
were obtained from the hospital authorities. Written informed consent 
was obtained from all the participants after briefing them about the 
study. 

Sample size was calculated statistically using the formula n = Z2 x p x 
q/d2 where n = number of pregnant women to be sampled, Z = 1.96, p 
= 58%,12 q = 100- p = 42%, d = margin of error = 5% which was 374 
pregnant women. 

A pilot study was conducted on 10% of the total sample i.e. 37 
pregnant women who were excluded from the main study. Content 
validation of the questionnaire was done based on expert review. 
Necessary modifications were made based on the results of the pilot 
study and content validity. Data was collected using this pre-designed 
questionnaire. 

This questionnaire was divided into 3 parts namely “personal and 
socio-demographic information”, “back-ground information” and ques-
tions related to knowledge and behaviour about safe motherhood 
practices. The questionnaire consisted of 37 questions to assess knowl-
edge and 27 questions to assess behaviour. For scoring every correct 
answer in knowledge section was awarded 1 mark while the wrong 
answer was given 0 mark, similarly behaviour questions were also 
scored with 1 for good behaviour and 0 for poor behaviour. 

Ethical clearance from Institutional Ethics Committee (I.E.C.) was 
obtained for the study. Utmost care was taken to maintain the privacy 
and confidentiality of the study participants by confining their identity. 
Data was collected by the first author. 

Data entry and analysis was done by using the statistical package for 
social sciences (SPSS) software version 20 and Microsoft Excel. Fre-
quency and percentage were used to analyze the level of knowledge and 
attitude. Chi square test was used to find associations. 

3. Results 

Participants’ mean age was 23.9 years, majority of the participants 
had completed their middle school (20.3%), almost half of the partici-
pants were unemployed (53.7%) and more than half of them (67.1%) 
during their marriage were aged less than 20 years (Table 1 ). 

Out of 374 participants, 314 (84%) had average knowledge about 
safe motherhood practice with knowledge score 18–36.44 participants 
(11.8%) had poor knowledge while only 16 participants (4.3%) had 
good knowledge about Safe Motherhood Practices. 68.4% of the par-
ticipants in this study reported poor behaviour while only 31.6% re-
ported good behaviour (Table 2 ). 

Knowledge score was assessed and statistically significant associa-
tion was observed between the knowledge and education level of the 
participants, employment status and socio-economic class of the 

participants (p-value = 0.000) while it was not associated with any other 
socio-demographic variables. Behaviour score was assessed and statis-
tically significant association was only observed between the behaviour 
score and age at marriage of the pregnant women (p-value = 0.013) 
while it was not associated with any other socio-demographic variables 
(Table 3 ). 

Statistically significant association was observed between the 
knowledge and the behaviour score (p-value-0.000). (Table 4 ). 

4. Discussion 

In this study out of 374, more than half of the participants were in the 

Table 1 
Socio demographic characteristics.  

Characteristics Number Percent (%) 

Age (years) 
<20 56 15.0 
20-25 211 56.4 
25-30 86 23.0 
30-35 15 4.0 
>35 6 1.6 

Residential area 
Peri-urban 95 25.4 
Urban 279 74.6 

Age at marriage (years) 
<20 251 67.1 
20-25 114 30.5 
>25 9 2.4 

Marital relation 
Consanguineous 97 25.9 
Non consanguineous 277 74.1 

Education 
Illiterate 74 19.8 
Primary school 64 17.1 
Middle school 76 20.3 
High school 70 18.7 
Intermediate 37 9.9 
Degree/PG 53 14.2 

Employment 
Employed 173 46.3 
Unemployed 201 53.7 

Socio economic class 
Lower 0 00.0 
Upper lower 133 35.6 
Lower middle 134 35.8 
Upper middle 55 14.7 
Upper 52 13.9 

Gravida 
Primi 153 40.9 
Multi 221 59.1 

Age at first child (years) 
<20 137 36.6 
20-25 192 51.3 
25-30 37 9.9 
30-35 7 1.9 
>35 1 .3 
Total 374 100.0  

Table 2 
Distribution of study participants according to their level of knowledge and 
behaviour.  

Knowledge score groups Number of participants Percent (%) 

Poor (<18) 44 11.8 
Average (18–36) 314 84.0 
Good (>36) 16 4.3 
Total 374 100.0 

Behaviour score groups Number of participants Percentage (%) 

Poor (0–9) 256 68.4 
Good (10–18) 118 31.6 
Total 374 100.0  
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age group of 20–25 years (57.2%) with the mean age being 23.9 yrs and 
more than three quarters of them resided in the urban areas (74.6%). In 
a similar study conducted in Nigeria on the knowledge of safe mother-
hood among women in rural communities the median age of the par-
ticipants was 25 years and, in a study, conducted in Bangladesh the 
mean age of pregnant women was 24.61 yrs.13,14 

Age at marriage also plays a vital role in reproductive health as well 
as in maintaining safe motherhood practices. In this study a large 
number of participants were married before the age of 20 years (67.1%) 
and many had completed only 0–4 years for their marriage (74.6%) also 
most of the participants had non-consanguineous marriages (74.1%). 

Education plays a major role to maintain safe motherhood practice. 
Data revealed that out of 374 participants 20.3% of the participants had 
only completed middle school while 19.8% of the participants were 
illiterate. The information reveals that participants did not have better 
education. The Nigerian study on knowledge of safe motherhood 
showed that half of the participants had received only Qu’ranic educa-
tion (58.1% and 50%).13 Economic activity is one of the strong in-
dicators of national development. Occupation is also related with the 
economic activities. In this regard out of 374 participants almost half of 
the participants 53.7% were unemployed and more than half of them 
71% belonged to the lower socio-economic class. Similar findings are 
shown in a study conducted in Bangladesh about knowledge and 
behaviour on safe motherhood practices where 92% of the participants 
were unemployed.14 These participants may not have sufficient money 
for purchasing nutritional food and antenatal, natal and postnatal ser-
vice during pregnancy. 

In the present study maximum of the participants (84%) had average 
knowledge about safe motherhood practices and their knowledge score 
was 18–36.44 participants (11.8%) had poor knowledge while only 16 
participants out of 374 (4.3%) had good knowledge about Safe Moth-
erhood Practices. These findings were similar to the study conducted 
within selected rural communities in northern Nigeria which showed 
generally poor knowledge about safe motherhood practices but among 
women who had recently delivered.13 They were also corresponding 
with those of a study done in Tribal Women of Selected four Tribal 

Villages of Jambughoda Block, Panchmahal District, Gujarat showing 
that the overall knowledge regarding Safe Motherhood was low.15 

In this study it was observed that the overall (68.4%) behaviour was 
poor but this result is contradictory to a study conducted in tribal vil-
lages of Gujarat which showed good practices among the tribal women 
regarding Safe Motherhood practices.16 

In this study it was seen that the knowledge regarding safe mother-
hood facilities was associated with their level of education, employment 
and socio-economic class. This result goes hand in hand with a safe 
mother hood knowledge study conducted in Nigeria which showed that 
knowledge of safe pregnancy practices among women in rural commu-
nities was strongly associated with, being employed and acquiring some 
level of education.13 

Many other studies also show that knowledge regarding different 
aspects of safe motherhood like ANC, PNC, breastfeeding, obstetric 
danger signs, breast feeding etc. is associated with education status of 
women.13,17–21 It has also been seen that it is also associated with the 
socio-economic status and age at marriage in some other studies.19,20 

Similar to this study a study done regarding the knowledge attitude 
and practice about ANC done in Pune showed that knowledge is not 
associated with parity.12 

Educating and employing women will thus lead to increase in their 
knowledge about safe motherhood practices and empower these women 
to avail services which would translate into safer pregnancy outcomes 
and subsequently lead to lower maternal mortality across the developing 
world. 

The present study revealed that behaviour of pregnant women was 
associated with their age at marriage. Majority of the participants were 
less than 20 years of age during their marriage and the behaviour was 
poor. If the age of marriage increases, it may improve the behaviour of 
these women regarding safe motherhood practices. In India a girl is 
supposed to complete 18 years of age for being able to get married this 
age limit needs to be revised if not raised so that the behaviour of women 
regarding their health during pregnancy improves. A study conducted in 
Bangladesh showed that knowledge and not behaviour had a significant 
association with age at marriage.22 

Few other reported studies show that behaviour regarding various 
aspects of safe motherhood like ANC, PNC, breastfeeding, obstetric 
danger signs, breast feeding etc. had a significant association with age of 
the mother, education, employment, socio-economic status and parity 
which is not seen in this study.12,23,24 

Knowledge of safe pregnancy practices among women in rural 
communities in Nigeria was strongly associated with behaviour like 
attendance at antenatal clinics.13 Also various studies conducted in 
Indonesia and Pune, India respectively showed that knowledge 
regarding contraception and ANC was associated with behaviour.12,25 

These findings are similar to the current study which showed that the 
knowledge regarding safe motherhood practices was strongly associated 
with the behaviour of the women. This shows that to implement a better 
behaviour relating to safe motherhood definitely increase in the 
knowledge is required. 

5. Conclusion 

The participants had overall average to poor knowledge as well as 
poor behaviour regarding safe motherhood practices and because of 
their lack of knowledge and awareness they are not able to avail the safe 
motherhood services. The knowledge of pregnant women regarding safe 
motherhood had a strong association with their education level, 
employment status and socio-economic status, while the behaviour was 
strongly associated with age at marriage. The knowledge was also 
strongly associated with the behaviour. If women are given higher ed-
ucation which will enable them to seek employment and have a better 
socio-economic status the knowledge regarding safe motherhood may 
also increase. Also increasing the age at which girls are getting married 
may improve their behaviour regarding safe motherhood. Thus, if the 

Table 3 
Association of knowledge and behaviour with socio-demographic variables.   

Knowledge Behaviour 

Socio-demographic 
variables 

Chi square 
value 

df p- 
value 

Chi square 
value 

df p- 
value 

Age of participants 
(years) 

9.984 8 0.266 8.089 4 0.088 

Residential area 0.193 2 0.908 1.031 1 0.310 
Age at marriage 

(years) 
8.225 4 0.084 8.636 2 0.013 

Period of marriage 
(years) 

9.349 10 0.499 8.930 5 0.112 

Marital relation 0.898 2 0.638 1.366 1 0.242 
Education of 

participants 
39.527 12 0.000 4.715 5 0.452 

Employment status 16.059 2 0.000 1.461 1 0.227 
Socio economic 

class 
36.752 6 0.000 5.748 3 0.125 

Gravida 0.175 2 0.916 2.015 1 0.156 
Age at first child 

(years) 
6.877 8 0.550 6.929 4 0.140  

Table 4 
Association between knowledge and behaviour.  

Behaviour Knowledge Chi square value df p-value 

Poor Average Good 

Poor 84.1% 68.2% 31.2% 15.250 2 0.000 
Good 15.9% 31.8% 68.8%  
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knowledge increases it will lead to a better behaviour thus making 
pregnancy and delivery safer. 
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Abstract
Nearly 50% of patients with muscle-invasive bladder cancer treated with cystectomy alone will progress to metastatic dis-
ease. Surgery alone is not a sufficient therapy in a large number of patients with invasive bladder cancer. Systemic therapy 
with cisplatin-based chemotherapy has been shown to provide response rates in several bladder cancer studies. There have 
been multiple randomized controlled studies undertaken to define further the effectiveness of neoadjuvant cisplatin-based 
chemotherapy in advance of cystectomy. In this study, we have retrospectively reviewed our series of patients who under-
went neoadjuvant chemotherapy followed by radical cystectomy for muscle-invasive disease. Between Jan 2005 and Dec 
2019, 72 patients underwent radical cystectomy following neoadjuvant chemotherapy over a 15-year period. The data was 
retrospectively collected and analyzed. The median age was 59.84 ± 8.967 years (range, 43 to 74), and the ratio of male to 
female patients was 5:1. Of the 72 patients, 14 (19.44%) completed all the three cycles, 52 (72.22%) completed at least two 
cycles, and the remaining 6 (8.33%) completed only one cycle of neoadjuvant chemotherapy. A total of 36 (50%) patients 
died during the follow-up period. The mean and median survival of the patients was 84.85 ±  4.25 months and 91.0 ±  
5.83 months respectively. Neoadjuvant MVAC should be offered to patients with locally advanced bladder cancer and who 
are candidates for radical cystectomy. It is safe and effective in patients with adequate renal function. The patients need to 
be carefully monitored for chemotherapy-induced toxic effects, and appropriate intervention is necessary in the event of 
severe adverse effects.

Keywords Bladder cancer · Neoadjuvant chemotherapy · Radical cystectomy · Adverse drug reactions

Introduction

More than 50% of patients with muscle-invasive bladder 
cancer (MIBC) will relapse and die from distant metasta-
ses following surgery or radiation [1]. Randomized con-
trolled trials have consistently shown that cisplatin-based 
multi-agent chemotherapy prior to surgery improved overall 
survival by 5–10% [2, 3]. It is important to focus on early 
eradication of micro-metastatic spread with perioperative 

chemotherapy. The use of neoadjuvant chemotherapy (NAC) 
in muscle-invasive bladder cancer is an attractive treatment 
option given the general chemo-sensitivity of urothelial car-
cinoma (UC), the lack of NAC-associated surgical complica-
tions [4], and the difficulty of administering treatment in the 
adjuvant setting owing to surgical morbidity and postopera-
tive complications [5]. A meta-analysis of 11 trials of NAC 
encompassing 3005 patients showed a reduction in the risk 
of death of 14%, with a survival advantage at 5 years of 5% 
(from 45 to 50%) [6].

Grossman et al. [2] enrolled 307 patients over an 11-year 
period; 154 were assigned to receive radical cystectomy 
alone and 153 to receive neoadjuvant chemotherapy fol-
lowed by radical cystectomy therapy. The median survival 
among patients assigned to surgery alone was 46 months, as 
compared with 77 months among patients assigned to com-
bination therapy (P = 0.06). Significantly more patients in 
the combination-therapy group had no residual disease than 
patients in the cystectomy group (38% vs. 15%, P < 0.001). 
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The authors concluded that the use of neoadjuvant metho-
trexate, vinblastine, doxorubicin, and cisplatin (MVAC) 
followed by radical cystectomy increased the likelihood of 
eliminating residual cancer in the cystectomy specimen and 
was associated with improved survival among patients with 
locally advanced bladder cancer. In this study, we have ret-
rospectively reviewed our series of patients who underwent 
neoadjuvant chemotherapy followed by radical cystectomy 
for muscle-invasive disease.

Materials and Methods

Between Jan 2005 and Dec 2019, 72 patients underwent rad-
ical cystectomy following neoadjuvant chemotherapy over a 
15-year period. The data was retrospectively collected and 
analyzed following permission obtained from the Institu-
tional/University ethical committee.

Histopathological Examination The histopathological slides 
of the biopsy specimens were reviewed again to confirm the 
diagnosis (invasion of the muscularis propria), and the cys-
tectomy specimens were reviewed to assess the pathological 
stage and to determine the rate of down-staging.

Neoadjuvant Chemotherapy Neoadjuvant chemotherapy 
was planned as a three 28-day cycles of MVAC: metho-
trexate (30 mg/m2 of body surface area) on days 1, 15, and 
22; vinblastine (3 mg/m2) on days 2, 15, and 22; and dox-
orubicin (30 mg/m2); and cisplatin (70 mg/m2) on day 2. 
Doses and cycles were modified based on side effects and 
complications.

Radical Cystectomy Radical cystectomy included a bilateral 
pelvic lymphadenectomy. Urinary diversions that were per-
formed included the creation of ileal conduits, or continent 
cutaneous reservoirs.

Statistical Analysis The data was analyzed using the SPSS-
20 software.

Results

A total of 72 patients underwent radical cystectomy 
following neoadjuvant chemotherapy over a 15-year 
period from Jan 2005 to Dec 2019. The median age was 
59.84 ± 8.967 years (range, 43 to 74), and the ratio of male 
(60) to female (12) patients was 5:1.

The mean duration of neoadjuvant chemotherapy 
(including treatment delays) was 53 days (range, 28 to 
77). Of the 72 patients, 14 (19.44%) completed all the 
three cycles, 52 (72.22%) completed at least two cycles, 

and the remaining 6 (8.33%) completed only one cycle 
of neoadjuvant chemotherapy. Adverse effects following 
NAC included granulocytopenia and gastrointestinal tox-
icity in the form of nausea or vomiting, stomatitis, diar-
rhea, and constipation as shown in Table 1. There were 
no life-threatening complications attributable to MVAC 
chemotherapy.

Radical cystectomy was performed with ileal conduit 
in 61 (84.7%) and with continent reservoirs in 11 (15.2%) 
patients. Postoperative period was uneventful in 66 
(91.6%) and 6 (8.33%) had complications which included 
bleeding in 2, wound infection in 2, partial wound dehis-
cence in 1, and chest infection in 1. There were no postop-
erative deaths within 1 month following surgery.

A total of 36 (50%) patients died during the follow-up 
period (Table 2). The mean and median survival of the 
patients was 84.85± 4.25 months and 91.0± 5.83 months 
respectively. The mean and median survival, segregated 
by the preoperative clinical staging, is shown in Table 3. 
The survival function of the patients is shown in Fig. 1. 
At 5 years, 61% of the patients were alive. The mean and 
median survival in patients who had no residual disease 
in the cystectomy specimen was 92.45± 6.33  months 
(Table 4) in comparison to that in patients with presence 
of residual disease in the cystectomy specimen (60.45± 
8.37 months) (P value 0.001).

Table 1  Adverse effects following neoadjuvant chemotherapy

Grade 3 was defined as a moderate adverse effect, grade 4 as a severe 
effect, and grade 5 as a life-threatening effect. n number of patients

Adverse effect Grade 3 (n/%) Grade 4 (n/%) Grade 
5 
(n/%)

Granulocytopenia 14 (19.44%) 24 (33.33%) -
Thrombocytopenia 4 (5.55%) - -
Anemia 6 (8.33%) 2 (2.77%) -
Nausea or vomiting 6 (8.33%) - -
Stomatitis 8 (11.11%) - -
Diarrhea or Constipation 4 (5.55%) - -
Renal dysfunction 1 (1.38%) - -
Neuropathy 2 (2.77%) - -
Fatigue, lethargy, malaise 4 (5.55%) - -

Table 2  Stage-wise summary of the cases

Stage Total Alive Died n (%)

T2 29 20 9 (31%)
T3 22 13 9 (40.9%)
T4a 21 3 18 (85.7%)
Total 72 36 36 (50%)
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Discussion

Micro-metastatic deposits, present at the time of diagno-
sis, but small enough to be not detected by modern imag-
ing, are believed to be responsible for relapses following 

radical cystectomy for MIBC disease. Perioperative 
chemotherapy as an option can eradicate these micro-
metastases. The stage of the disease at presentation has 
a significant impact on individual patient outcomes and 
long-term survival in patients with muscle-invasive cancer 
managed with radical cystectomy. A retrospective series of 

Table 3  Mean and median survival of the patients as per the preoperative clinical stage

Means and medians for survival time

Stage Mean Median

Estimate Std. error 95% confidence interval Estimate Std. error 95% confidence interval

Lower bound Upper bound Lower bound Upper bound

T2 94.345 7.201 80.230 108.459 101.000 11.661 78.145 123.855
T3 80.591 8.007 64.898 96.284 83.000 11.726 60.017 105.983
T4a 75.286 6.125 63.281 87.291 82.000 10.681 61.066 102.934
Overall 84.583 4.252 76.250 92.917 91.000 5.831 79.570 102.430

Fig. 1  Survival function

Table 4  Mean and median survival in patients with no evidence of disease in cystectomy specimens

Means and medians for survival time

Residual diseases Mean Median

Estimate Std. error 95% confidence interval Estimate Std. error 95% confidence interval

Lower bound Upper bound Lower bound Upper bound

No 92.456 6.334 84.312 105.140 93.000 12.044 82.394 112.606
Yes 60.450 8.373 54.589 78.456 62.000 8.554 54.215 75.541
P value  < 0.01
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1054 patients reported that the 5- and 10-year recurrence-
free and overall survival (OS) in organ-confined, lymph 
node–negative disease were 85 and 82%, and 78 and 56%, 
respectively [4]. Patients with lymph node–positive dis-
ease had significantly worse survival outcomes with 5- and 
10-year recurrence-free and OS of 35 and 35%, and 31 and 
23%, respectively [4]. Due to the poor prognosis of lymph 
node–positive or distant metastatic disease, efforts have 
been made upon the early eradication of micro-metastatic 
spread with perioperative chemotherapy. The use of neo-
adjuvant chemotherapy in muscle-invasive bladder cancer 
is an attractive treatment option and is used as a treatment 
modality in a variety of solid tumor cancers like breast [7], 
rectum [8], and lung cancer [9].

Achieving any degree of pathologic response following 
NAC, within the primary tumor, translates into improved 
survival rates. Splinter and colleagues [10] have clearly 
demonstrated that, in patients who had received neoadju-
vant chemotherapy prior to radical cystectomy, the 5-year 
survival for those achieving a major pathological response 
(< pT2) versus no pathological response (≥ pT2 disease) was 
75 versus 20%, respectively (P < 0.0001). In another study 
[11], an improved 5-year survival advantage (61 vs 35%, 
respectively) was seen in patients receiving MVAC preop-
eratively and achieving ≤ pT3a (organ-confined) response 
versus ≥ pT3b (non-organ-confined) in a retrospective study. 
This benefit was present irrespective of whether a patho-
logic complete response (pCR) was achieved in the organ-
confined specimens.

The four-drug MVAC regime has been the preferred drug 
combination in a number of studies including the South-
west Oncology Group (SWOG)/Intergroup Study [2]. The 
SWOG 8710/INT-0080 Phase III trial was initiated to evalu-
ate prospectively the potential benefit of neoadjuvant MVAC 
followed by radical cystectomy. The drugs used in NAC 
included methotrexate (30 mg/m2), vinblastine (3 mg/m2), 
doxorubicin (30 mg/m2), and cisplatin (70 mg/m2) for three 
28-day cycles. In this study, NAC resulted in an increased 
rate of pCR (38 vs 15%) compared with surgery alone. pCR 
is considered a critical benchmark because patients who 
achieved pCR had a 5-year OS of 85% in contrast to patients 
with residual cancer in the bladder, whose 5-year OS was 
approximately 50%.

The toxicities associated with this MVAC regimen are 
significant. Patients who received MVAC in the NAC set-
ting experienced granulocytopenia (grade 4: 33%), stoma-
titis (grade 3: 10%), and a combined gastrointestinal toxic-
ity of nausea, vomiting, diarrhea, or constipation (grade 3: 
10%) [2]. The gemcitabine and cisplatin (GC) regimen is an 
alternate option to MVAC regimen. This use of GC stems 
from the desire to avoid the toxicity of the MVAC regimen 
while maintaining its efficacy. Based on its effectiveness and 
improved tolerability, GC was evaluated in the neoadjuvant 

setting. A retrospective analysis from MSKCC compared 
42 patients who received GC and 54 patients who received 
MVAC. The proportion of patients who achieved a pCR (26 
vs 28%) and < pT2 response (36 vs 35%) was comparable 
between GC and MVAC, respectively [12]. Similarly a small 
prospective Phase II trial of neoadjuvant GC in 22 patients 
confirmed the pCR rate of 26.7% with a median PFS of 
26 months and a median OS of 36 months [13].

A number of studies have also evaluated the efficacy and 
safety of dose-dense (DD) schedule in neoadjuvant setting in 
UC so as to further optimize disease response and improve 
survival outcomes. Elmongy and colleagues [14] reported a 
50% pCR rate in a small feasibility study of 12 patients who 
received DD-MVAC prior to RC. Two prospective Phase 
II trials of DD-MVAC noted pCR rates in 39.4 and 26% 
of patients, respectively, with additional patients exhibiting 
non-invasive or clinically down-staged disease [15, 16].

Up to 50% of patients are ineligible for cisplatin-based 
therapies due to a number of medical comorbidities [17]. It 
has been proposed that patients with impaired renal func-
tion (CrCl < 60 mL/min), poor performance status (Eastern 
Cooperative Oncology Group of 2 or Karnofsky Perfor-
mance Status of 60–70% or less), Common Terminology 
Criteria for Adverse Events version 4 (CTCAEv4) grade ≥ 2 
hearing loss by audiometry, CTCAEv4 grade ≥ 2 peripheral 
neuropathy, or New York Health Association Class III heart 
failure should be considered ineligible for cisplatin therapy 
except in rare circumstances [18]. Multiple trials have tested 
the efficacy of carboplatin-based regimens in the neoadju-
vant setting for patients with inadequate renal function [19, 
20].

Our study results are on par with the contemporary stud-
ies. The European Organization for Research and Treatment 
of Cancer (EORTC) and the Medical Research Council 
(MRC) evaluated the benefit of three cycles of neoadju-
vant cisplatin, methotrexate, and vinblastine in 976 patients 
before radiation or cystectomy (International Collaboration 
of Trialists, 1999) [3, 21]. Eighty percent of the 491 patients 
who were assigned to the chemotherapy arm completed 
three cycles. Chemotherapy-related mortality was reported 
to be 1%. At the time of the initial analysis, there was a trend 
noted toward improved survival in the neoadjuvant chem-
otherapy arm (HR 0.85, 95% CI 0.71 to 1.02; P = 0.075) 
with a median follow-up of 4 years. This translated into a 
nonsignificant absolute difference in survival of 5.5% at 
3 years with survival rates of 50% for those who did not 
receive chemotherapy compared with 55.5% for those who 
did. The updated survival results (2011) were notable for a 
statistically significant 16% reduction in the risk of death for 
patients in the chemotherapy arm (HR 0.84, 95% CI 0.72 to 
0.99; P = 0.37) [22]. The estimated 10-year survival in the 
chemotherapy arm was 36% compared with 30% in the con-
trol arm, translating to a 6% absolute survival benefit [23].
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The intergroup trial (Southwest Oncology Group 
[SWOG] 8710) randomized 317 patients to three cycles 
of neoadjuvant MVAC versus cystectomy alone for CT2-
T4aN0M0 bladder cancer [2]. Thirty-eight percent of the 
chemotherapy patients achieved pT0 status at the time of 
cystectomy compared with 15% of the controls (P < 0.001). 
The median OS time in the chemotherapy group was 
77 months compared with 46 months in the cystectomy-
only group. The 5-year OS rates were 57% and 43% in the 
chemotherapy and cystectomy-only arms, respectively. A 
secondary analysis of the SWOG 8710 data compared sub-
group outcomes for patients with pure urothelial carcinoma 
versus mixed histologic subtypes [24]. The authors reported 
a survival advantage in the mixed histology subgroup that 
received neoadjuvant chemotherapy.

The Advanced Bladder Cancer (ABC) Meta-analysis Col-
laboration [25, 26] undertook the largest meta-analysis that 
included patient data from 3005 patients. The study showed 
a significant benefit in favor of platinum-based combination 
chemotherapy with regard to OS (HR 0.86, 95% CI 0.77 to 
0.95, P = 0.003). This resulted in an absolute survival benefit 
of 5%, improving OS from 45 to 50% at 5 years. Disease-
free survival data were available on 2846 patients from 10 
trials. There was a significant benefit in the platinum-based 
combination chemotherapy group (HR 0.78, 95% CI 0.71 
to 0.86, P < . 0001). The 5% survival benefit was consistent 
across patient subgroups including age, sex, clinical stage, 
and performance status.

Several other randomized trial results and subsequent 
meta-analyses have shown that cisplatin-based neoadjuvant 
chemotherapy was associated with an OS advantage of 5 to 
6% and a pathologic complete response rate of 30 to 40%. 
The European Association of Urology guidelines currently 
recommend neoadjuvant chemotherapy for T2–T4aN0M0 
patients and that it should always be a cisplatinum-based 
combination regimen. Despite the evidence supporting neo-
adjuvant chemotherapy, it continues to be underused [21].
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Abstract Objectives: To compare the efficacy of tamsulosin versus tamsulosin plus tadalafil
in achieving clearance of fragments after shock wave lithotripsy (SWL) to treat renal calculi.
Methods: Between January 2016 to December 2017, 140 patients with solitary, non-branched,
non-lower calyceal renal calculus and measuring less than 20 mm and treated with SWL were
randomized to tamsulosin (group A) or tamsulosin plus tadalafil (group B). Therapy was given
for a period of 4 weeks. Stone clearance rate, analgesic requirement, occurrence of stein-
strasse, need for auxiliary procedures (endoscopic treatment) and adverse effects of drugs
were recorded.
Results: The overall clearance rate was 72.5% (50/69) in the group A and 90% (64/71) in the
group B (p Z 0.007). For stones up to 12 mm the difference in the clearance rate was signif-
icant (p Z 0.039) while it was not so for stones larger than 12 mm (p Z 0.151). There was no
statistically significant difference between the two groups with regards to analgesic require-
ment (p Z 0.94), occurrence of steinstrasse (p Z 0.101), need for auxiliary procedures
(p Z 0.76) and adverse effects of the drugs (p Z 0.148).
Conclusion: Our study shows that adjunctive medical expulsive therapy with tamsulosin and
tadalafil achieves better clearance rate than tadalafil alone in patients receiving SWL for renal
stones.
ª 2021 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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1. Introduction

The incidence of urolithiasis is increasing [1]. An estimated
5%e10% of the population in Europe and North America,
develop urinary tract stones at least once in their life, and
about one half develop recurrent disease [1,2]. In India,
12% of the population is expected to suffer from urinary
stones, out of which 50% may end up with loss of kidneys or
renal damage [3],

Shock wave lithotripsy (SWL) is the first choice of
treatment in most patients of urolithiasis, with a reported
clearance rate for kidney stones of 66%e99% in patients
with stones smaller than 20 mm [4]. SWL can be done in an
outpatient setting (with or without anaesthesia), and it
carries a low morbidity rate, and high patient compliance
as well [4]. The factors that affect the success rate of SWL
include the location and composition of the stone, anatomy
of the pelvicayceal system, the lithotripter used and the
body mass index of the patient, as well as ureteral status,
such as oedema and spasm [5,6]. However, the retreatment
rates are high with this procedure and renal colic remains
an issue after SWL.

To improve the results of SWL and obtain a better stone-
free rate, many institutions have used medical expulsive
therapy (MET) as an adjunctive treatment [7]. In the past
few years, calcium channel blockers and alpha-1 adrenergic
receptor antagonists have been the main established
treatments of choice for MET [8]. Both tamsulosin and
nifedipine act on the ureteral muscle, causing relaxation
and dilation of the ureter and facilitating the elimination of
fragments [9]. Recently, tadalafil, a phosphodiesterase-5
(PDE5) inhibitor, which acts by a nitric oxide/cyclic guano-
sine monophosphate (cGMP)-signaling pathway, has shown
to cause smooth muscle relaxation in the ureter [10]. By
combining drugs acting through different mechanisms, bet-
ter ureteric relaxation and reduction in intramural pressure
can be achieved, which facilitates stone passage [11].

We conducted a prospective open-labelled study to
compare the effect of tamsulosin versus tamsulosin plus
tadalafil on stone clearance following SWL. To our knowl-
edge this is the first study assessing the role of tamsulosin
plus tadalafil combination as an adjunct medical expulsion
therapy after SWL for renal stones.

2. Patients and methods

This study was an open-labelled trial conducted in an
outpatient setting from January 2016 to December 2017 at
our institute after obtaining approval from the institutional
ethical committee (approval no. MDC/DOME/391 dated 23-
11-2015 JNMC Institutional Ethics Committee on Human
Subjects Research, J. N. Medical College, Belagavi, India).
Informed consents were obtained by all subjects when they
were enrolled.

Our study included patients aged 18 years and above
having solitary renal calculus. Renal ultrasound and plain x-
ray of kidney, ureters and bladder were used to diagnose
stones and non-contrast enhanced computed tomography
scan (NCCT) to determine the exact location, stone size
(defined as the longest dimension) and Hounsfield units. Only

patientswith solitary, non-branched stonewith size less than
20mmandnot located in the lower calyxwereeligible for the
study. Patients with solitary kidney, anomalous kidneys,
active urinary infection, coagulopathy, morbid obesity, se-
vere scoliosis or kyphosis, pregnancy, uncontrolled hyper-
tension, renal insufficiency, severe cardiopulmonary
disease, hypersensitivity to tamsulosin or tadalafil, and also
any contraindication for general anesthesia were not
included in the study. Laboratory tests such as complete
blood count, blood urea nitrogen, creatinine, electrolytes,
coagulation profile, urinalyses and urine culture were done
for all participant patients. Based on visual analog scale
(VAS), pain was assessed and scored from 0 to 10.

All lithotripsies were performed in supine position under
general anesthesia using lithotripter (Modularis Variostar;
Siemens, AG Healthcare, Germany). All patients received a
mean of 3000 � 500 shocks with an energy level of 50 kV
and a frequency of 60 shocks per minute. The patients were
adequately hydrated during the procedure. After single-
session SWL, patients were alternatively assigned to one of
medical treatment groups: Patients in group A were given
oral tamsulosin 0.4 mg daily at bed time and those in group
B were given a combination drug containing 0.4 mg of
tamsulosin and 10 mg of tadalafil at bed time daily. The
drug administration was initiated on the day of SWL. In both
groups, drugs consumption was continued for 4 weeks.
Diclofenac 50 mg twice daily (every 12 h) was given on
demand to both groups as analgesic. Patients were
instructed to drink at least 2 L of water daily during
treatment, to filter their urine to detect stone expulsion,
record the number of analgesic tablets taken and the side-
effect of the drug experienced, if any. They were advised
to report to the emergency department if they had severe
pain, fever, hematuria or vomiting. The patients were fol-
lowed up by history, physical examination, and radiological
studies after 4 weeks postoperatively and whenever they
would seek medical care. CT scan of kidney ureter bladder
region was performed, and stone clearance, stone-free
status, steinsrasse formation and outcome, analgesic
requirement and drug side effects were documented.

The study end-points included primary (stone clear-
ance) and secondary (analgesic requirement, incidence of
steinstrasse, and the need for auxiliary procedures). Suc-
cessful clearance was defined as complete clearance or
the presence of clinically insignificant residual fragments
(asymptomatic nonobstructing renal fragments �3 mm).
Steinstrasse was defined as a column of fragments
retained in the ureter associated with pain and was
managed according to standard practice. Any uretero-
scopy, percutaneous nephrostomy, or percutaneous
nephrolithotripsy or double-J stenting performed for re-
sidual calculi/steinstrasse during the study period were
considered auxiliary procedures.

A sample size of 116 patients was calculated using
comparing two proportion formulas. It was estimated to
yield 80% power (type II or beta error of 0.20%) to detect a
difference of 20% or more between two groups, allowing 5%
of type I error. All data were analyzed using IBM SPSS Sta-
tistics for Windows (Version 20.0. Armonk, NY, USA). Nom-
inal variables were taken as counts (or frequencies) and
were compared by chi-square test., while continuous
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variables with normal distribution were presented as
mean � standard deviation and were compared by inde-
pendent samples t-test and paired t-test. All statistical
tests were reported based on two tailed probability and a
p-Value <0.05 was considered statistically significant.

3. Results

A total of 148 patients with renal calculi and recieving SWL
as stone therapy were enrolled for the study. Of these 74
patients were allotted to group A and received tamsulosin
0.4 mg and the other 74 patients of group B received
combination of tamsulosin 0.4 mg and tadalafil 10 mg.
Three patients from group A and one patient from group B
discontinued the medication, and two patients each from
the two groups did not come for follow-up and hence were
excluded from the analysis (Fig. 1Q1 ).

The two groups were comparable in their baseline de-
mographic and clinical characteristics (Table 1). The mean
stone size in the group A was 11.75 mm and in the group B
was 11.97 mm (range 6 mme18 mm in both groups). Thirty
two patients (14 from group A and 18 from group B) had
history of urolithiasis and were managed conservatively.
Also, none of the study subjects had prior urological
intervention.

The overall clearance rate was 114/140 (81%). Group A
had a stone clearance of 72.5% (50/69) compared with 90%
(64/71) in group B, which was significantly different
(p Z 0.007) (Table 2). To facilitate sub-group analysis,
stones measuring 12 mm and less were considered as small
and stones larger than 12 mm were considered as bigger
stones. The mean size of the small stones was 10.3 mm
(standard deviation Z 1.62) and the mean size of bigger
stone was 14.6 mm (standard deviation Z 1.39) and the

Table 1 Baseline demographics and clinical characteristics at presentation.

Characteristic Group A (n Z 69) Group B (n Z 71) p-Value

Age, mean � SD, year 40.00 � 10.08 41.32 � 10.22 0.442
Gender, n
Male 48 49 0.629
Female 21 22

BMI, mean � SD, kg/m2

Male 22.40 � 3.03 22.57 � 3.49 0.781
Female 23.21 � 2.62 22.34 � 2.69

Side, n
Right 34 37 0.843
Left 35 34

Stone location, n
Upper calyx 12 14 0.923
Mid calyx 25 26
Renal pelvis 32 31
Stone size, mean � SD, mm 11.75 � 2.17 11.97 � 2.13 0.550

Stone size, n (%)
6e12 mm 46 (66.7%) 46 (64.7%) 0.550
13e18 mm 23 (33.3%) 25 (35.3%)

Stone density, mean � SD, HU 854 � 69 861 � 71 0.64
Pain score, mean � SD 5.70 � 1.27 5.72 � 1.21 0.914

HU, Hounsfield unit.

Table 2 Comparison of stone clearance rates.

Stone size Stone clearance Treatment group Total p-Value

Group A (tamsulosin) Group B (tamsulosin þ tadalafil)

Up to 12 mm Complete 37 45 82 0.007
Partial 9 1 10
Subtotal 46 46 92

>12 mm Complete 13 19 32 0.153
Partial 10 6 16
Subtotal 23 25 48

Overall Complete 50 64 114 0.007
Partial 19 7 26
Total 69 71 140
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distribution in both the groups approached normal distri-
bution. Among patients with stones up to 12 mm in size, we
found a significant difference in the success rate between
the two groups (80.4% in group A and 97.8% in group B;
p Z 0.039). In contrast, among patients with stones bigger
than 12 mm in diameter, no significant increases occurred
in the stone clearance rate (68.4% in group A versus 76.0% in
group B; p Z 0.151; Table 2).

The stone location did not affect the stone clearance.
There was no statistically significant difference in the pain
experienced and the analgesic needed in the two groups.

Dizziness was reported by significantly high number of
patients in group A (16% vs. 4%; pZ 0.021), while other side
effects were not statistically different amongst the two
groups (Table 3).

Twenty patients (13 in group A and 7 in group B;
p Z 0.101) had steinstrasse (Table 4). The occurrence of
steinstrasse was significantly more in patients having stones
bigger than 12 mm and belonging to group A (p Z 0.041).
Amongst the patients with steinstrasse during the study, 13
patients (eight in group A and five in group B) were suc-
cessfully managed with conservative measures. The other
five patients in group A and two patients in group B had
severe ureteric colic refractory to conservative treatment
underwent double-J stenting. Apart from the patients with

steinstrasse, three patients in group A and one patient in
group B underwent double-J stenting for severe pain caused
by fragment impacted in the lower ureter.

4. Discussion

Since the identification of large number of alpha-1D and
alpha-1A adrenoceptors in the human ureter, pharmaco-
logic treatment with tamsulosin, a selective alpha-
adrenoceptor antagonist, has been established as a po-
tential treatment strategy that may lead to ureteric
relaxation and enhanced passage of stone fragments after
SWL [9,12e16]. Taher et al. [17] reported the presence of
PDE1, 2, 4, and 5 isoenzymes in cytosolic solutions of
human ureteral tissue, which suggested nonadrenergic
ureteral motility mechanisms and even mechanisms inde-
pendent of nitric oxide. Similar mechanism is reported to
regulate the human detrusor muscle tone [18]. A systemic
review by Cardona et al. [19] found PDE5 inhibitors were
effective as MET for distal ureteric stones. Kumar et al. [11]
showed that addition of tadalafil with tamsulosin increases
ureteric stone expulsion quite significantly along with sig-
nificant control of pain, significantly less analgesic
requirement and fewer hospital visits. The present study

Table 4 Incidence of steinstrasse.

Stone size Treatment group Total p-Value

Group A
(tamsulosin)

Group B
(tamsulosin
þtadalafil)

Up to 12 mm
Steinstrasse 2 2 4 0.692
No steinstrasse 44 44 88
Subtotal 46 46 92

>12 mm
Steinstrasse 11 5 16 0.041
No steinstrasse 12 20 32
Subtotal 23 25 48

Overall
Steinstrasse 13 7 20 0.101
No steinstrasse 56 84 120
Subtotal 69 71 140

Table 3 Comparison of drug side effects.

Drug side effect Treatment group p-Value

Group A (tamsulosin) Group B (tamsulosin þ tadalafil)

none 48 58 0.094
headache 6 8 0.612
dizziness 11 3 0.021
vomiting 1 1 1.000
nausea 3 1 0.397
Total 69 71 NA

NA, not applicable.
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compared the efficacy of tamsulosin versus tamsulosin plus
tadalafil in achieving stone clearance in patients with renal
stone after successful SWL.

Though it is logical to assume that longer follow-up of
patients after SWL will result in better stone expulsion
rates, it has been shown from some studies that stone
expulsion rate was not related to the follow-up duration
(61.0%, 93.0% and 78.5% in 3, 4 and 12 week follow-up)
[9,23e25]. In our study, we assessed stone clearance at the
end of 4 weeks and found that 140 patients (81%) had
achieved complete stone clearance by then. It was
observed in our study that group B patients had better
stone clearance (72% in group A and 90% in group B) that
was statistically significant (p Z 0.007). This finding may
possibly due to the combined spasmolytic action of the two
drugs on the ureter. However, in the subgroup analysis
based on stone size (stones up to 12 mm and stones larger
than 12 mm), there was no significant difference in the
stone free rate in patients having stones larger than 12 mm
(p Z 0.153), while significant clearance was seen in pa-
tients with stones up to 12 mm and receiving tamsulosin
and tadalafil (p Z 0.007). Maybe a longer follow-up period
could have resulted in better stone clearance rate even in
patients with stones larger than 12 mm. Kumar et al. [11]
have reported a significantly higher stone expulsion rate in
the tamsulosin and tadalafil combination group as
compared to tamsulosin group (83.6% vs. 65.5%; p Z 0.031)
when used for lower ureteric stones with a follow-up period
up to 4 weeks.

Zhu et al. [4], in their meta-analysis on the use of alfa-
blockers after SWL, have reported lower analgesic usage in
the tamsulosin group as compared to controls. Kumar et al.
[11] have also documented lower pain scores and analgesic
use in the tamsulosin and tadalafil combination group as
compared to tamsulosin group [11]. However, we did not
find any difference in the analgesic requirements amongst
Group A and group B.

The overall incidence of steinstrasse in our study group
was 16% (13 patients in group A and seven patients in Group
B, p Z 0.101). As expected, the occurrence of steinstrasse
(33.3%) was more in patients with stones larger than
12 mm. Bhagat et al. [13] reported 30% incidence of
steinstrasse in their series of 60 patients and most were
managed conservatively, though the mean clearance time
for steinstrasse was higher in placebo group as compared to
tamsulosin group. In the present study, 13 patients (eight
from group A and five from group B) were managed
conservatively while the remaining patients underwent
double-J stenting. Addition of tadalafil to tamsulosin did
not make any statistically significant difference in the
clearance of steinstrasse in our study. The patients in both
the groups in the present study tolerated the drugs well
although giddiness was reported by significantly higher
number of patients of group A. The limitations of the pre-
sent study include: It being an open-labelled study, the
absence of a placebo control group, and not evaluating the
stone expulsion percentage between men and women. As
the primary end-point of our study was stone clearance
rates, which was an objective outcome based on imaging
studies, the bias due to the absence of a placebo control
might be minimal. Also we have not evaluated the eco-
nomic implications between the two groups.

5. Conclusion

The results of the present prospective study show that in
patients receiving SWL for renal stones the addition of
tadalafil to tamsulosin results in significantly higher stone
clearance rate compared with tamsulosin alone. However,
larger, double-blinded, randomized, controlled multicenter
trials are needed to confirm these results and also assess
the economic benefit of using these drugs in after SWL.
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Abstract Arteriovenous malformations (AVMs) are most

commonly reported in the brain whereas in head and neck

region they are rare i.e. incidence is 0.1% of the general

population. Commonly managed by surgical excision,

embolization, sclerotherapy. Here we present a case of

18-year-old female with AV malformation within bucci-

nator muscle which was recurrent and was treated with

compartmentalization followed by sclerotherapy and sur-

gical excision.

Keywords AV malformation � Buccinator muscle �
Sclerotherapy � Compartmentalization � Case report

Introduction

Vascular malformation is the term used to describe blood

vessel anomalies formed by disruption in the angio-vas-

cular or lympho-vascular structures which are usually

present since birth and are insidious in nature [1], their

distinction from haemangiomas was 1st recognized by

James Wardrop in 1818. In AVM’s the capillary network

between the arteries and veins is usually bypassed. Direct

shunts cause a lack of normal down regulation in pressure

and have the potential to increase and recruit new vessels

[2]. These malformations are further divided into high flow

and low flow according to their haemodynamic nature and

according to vessels involved it is divided into venous

malformation (I:70%), lymphatic (I:15%), Arteriovenous

malformations (I:6%), capillary (I:9%). AVMs are com-

monly seen intracranially with 90% incidence. The

ISSAVA classification is now the most widely accepted for

vascular malformations. Extracranially sites which are

frequently involved in AVMs are oral cavity and the face

with 6.4% of incidence [3–5].

AVMs of head and neck are most aggressive and lead to

aesthetic deformity as well as functional abnormality and

hence increase in morbidity. They are usually present since

birth but clinically appreciated in adolescence and in

adulthood [6]. Diagnosis is confirmed by MR- angiography

or CTA. There are no reports of spontaneous resolution of

such lesions hence this relentless growth often requires

surgical approach. Different treatment options for this

lesion are excision, intravascular embolization, or phar-

macotherapeutic agents such as the use of sclerosants and

drugs such as propranolol. Combination of different treat-

ment modalities is used as recurrence rate varies from 8 to

93% [7].

Herein we report a case of 18 year old female with a

recurrent AV malformation of upper lip involving the

buccinator muscle.
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Case Report

Here is a case of an 18 years old female patient, who

presented to the out-patient department of plastic surgery

with complaints of a swelling of the upper lip, since a year,

insidious in onset and gradually progressive in size in the

last 4–5 months with a history of pain and difficulty in

speech and mastication associated with swelling and with

no history suggestive of any odontogenic aetiology. She

gave history of a similar swelling in the same region in

childhood which was managed by excision 4 years back at

a local hospital.

On examination there was a diffuse swelling over the

right side of the face and upper lip, horizontally extending

from the midline of the face up to right mid- pupillary line

and vertically from the level of the ala up to the angle of

the mouth, purplish discolouration of the vermillion of lip

was seen, on palpation the swelling was tender, soft to firm

in consistency, not fixed to underlying bone, with the

presence of minimal thrill and pulsation.

Oral cavity examination there was purple discolouration

of the right buccal mucosa extending till the labial vesti-

bule, as shown in Fig. 1. Blood investigations such as

complete blood count, liver function tests, renal parame-

ters, coagulation profile were within normal limits. Con-

trast enhanced MRI was done which showed ill-defined T2

hyperintense areas, along right buccinator space, premax-

illary, pre-alveolar space with extension into right half of

upper lip (shown in the Fig. 2). Anteriorly the lesion seen

reaching up-to the epidermis involving the nasolabial fold

on the right with no obvious bony involvement with few

areas of internal enhancement noted on contrast, s/o

residual or recurrent AV malformation.

Intra-operatively upon marking the lesion compart-

mentalisation was done followed by injection of sclerosant:

2 mL of 3% Sodium Tetradecyl Sulphate to reduce the size

and flow of the feeders, and then the feeding vessel which

was the superior labial branch of the facial artery which

was ligated and then excision was done with minimal blood

loss and following the excision (Fig. 3). the defect

involving Orbicularis Oris and Buccinator muscles was

repaired in layers so as to restore as much functionality for

mastication and speech as possible and also to obtain a

good aesthetic outcome for the patient and in 4th and 6th

week follow ups the patient showed complete recovery.

After 3 months of follow up it was seen that patient was

unable to inflate her cheeks on the right and blow air,

indicating involvement of buccinator muscle as well as

unable to pucker the lips showing involvement of Orbic-

ularis Orris, as shown on Fig. 4.

The excised specimen was sent for histopathological

examination as shown in the Fig. 5.

Discussion

AV malformations contribute to a small portion of vascular

malformations and among them further, extra-cranial AV

malformations are rare, an exact incidence and race or sex

predilection has not been demonstrated. Visser et al. [8] in

their study demonstrated that AVMs comprised only 4.7%

of their vascular anomalies practice. The occurrence of

AVMs in the buccinator space hasn’t been reported and In

that manner this case was a rare presentation.

A commensurate growth of an erythematous to purple

lesion with rapid sponge-like vascular rebound, in a child

or one with rapid growth in adolescence, is an indicator

that one is dealing with an AVM [9].

A clinical classification was described by Schobinger,

which is as shown in the Table 1, (as per the 8th edition of

Scott Brown’s otorhinolaryngology head and neck surgery)

according to which our lesion was in early stage II.

Fig. 1 Preoperative images
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Histopathology of AVM shows a pathognomic admix-

ture of malformed vessels such as capillaries, arteries and

venules with abrupt changes in thickness of medial and

elastic layers of vessels, abnormal vascular dilation, similar

typical features are seen in our slides as shown.

Fig. 2 Contrast enhanced MRI images in coronal and axial views

Fig. 3 Intra-operative images

showing compartmentalisation

and excsion after sclerosant

injection

Fig. 4 Postoperative images,

showing buccinator as well as

orbicularis oris muscle

functions compromised due to

excision of the AVM within the

muscle fibres
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The recurrence of AVM is around 14% with serial fol-

low up imaging and is said to occur around the average age

of 17.5 years, similar to the patient in our case report.

Pharmacotherapy for AVM has been developing

recently with drugs such as Marmistat which is a broad-

based matrix metalloproteinase inhibitor and it is thought

to control a potential mechanism of AVM progression but

upon cessation, recurrence has been noted most of the

times, thus for recurrent AVM surgical excision is the

preferred treatment of choice. Bevacizumab, a humanised

anti-VEGF antibody, has shown promising results in early

clinical trials to arteriovenous malformations of the liver.

Thalidomide, together with its second-generation successor

lenalidomide, has antiangiogenic properties as well as

immunomodulatory effects [2].

Injection of sclerosants has been a common practice,

agents such as Ethanol, Sodium Morrhuate or Sodium

tetradecyl sulphate can be used for sclerotherapy alone and

as well as prior to excision, which have shown to reduce

the haemorrhage [10].

As the complications of AV malformations are ulcera-

tion, local infiltration and infection and Most dreaded being

profuse haemorrhage, the early detection and management

is crucial, especially with recurrent AVM. The higher cure

rates and functional outcomes with surgeries i.e. excision

of the lesion in patients with both ruptured and unruptured

AVMs make this the ‘‘gold standard’’ method [11]. Local

hypoxia and inflammation, which are known stimulants of

angiogenesis through VEGF, basic fibroblast growth factor,

and MMP are induced due to operation and healing. Hence

to reduce local hypoxia and recurrence rate several authors

have recommended reconstruction and free tissue transfer

[2].

Hence in this case compartmentalization with injection

of sclerotherapy agent followed by excision was done so as

to minimize the possibility of recurrence of lesion in buc-

cinator space.

Conclusion

The chances of recurrence and complications make the

early diagnosis and management of an AV malformation

crucial. Surgical excision and regular serial imaging have

been shown to be ideal to reduce morbidity and mortality

with respect to AV malformations. Thus, in our case we

performed surgical excision after compartmentalisation

and use of sclerosant, which gave a superior outcome both

functionally and aesthetically.
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Fig. 5 Histopathological image

of H&E preparations

Table 1 Schobingers classification

Stage Clinical features

I (Quiscence) Warm pink -blue, shunting on doppler

II (Expansion) Enlargement, pulsation, thrill, bruit,

tortuous veins

III (Destruction) Dystrophic skin changes, ulceration,

bleeding and pain

IV (Decompensation) Cardiac failure
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ORIGINAL ARTICLE

Effect of heat stable carbetocin vs oxytocin for preventing postpartum
haemorrhage on post delivery hemoglobin–a randomized controlled trial.
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ABSTRACT
Objective: To compare the effect of heat-stable carbetocin 100lg IM versus oxytocin 10 IU IM
on post-delivery hemoglobin level.
Setting: Hospital based study in Southern India.
Population: Women delivering vaginally who were enrolled in the WHO CHAMPION trial in a
single facility in India. WHO CHAMPION Trial was a randomized, double-blind, noninferiority trial
comparing intramuscular injections of heat-stable carbetocin with oxytocin administered imme-
diately after vaginal birth in women across 23 sites in 10 countries.
Methods: This was a nested randomized controlled trial designed to compare the effect of
heat-stable carbetocin 100lg IM versus oxytocin 10 IU IM, administered within one minute of
vaginal delivery of the baby for prevention of postpartum hemorrhage, on post-delivery 48–72h
hemoglobin level, adjusted for pre-delivery hemoglobin level. 1,799 women from one hospital
in India participated in this study.
Results: Pre-delivery hemoglobin and postpartum blood loss were not significantly different
between carbetocin and oxytocin. Post-delivery hemoglobin, unadjusted or adjusted for pre-
delivery hemoglobin, was slightly lower for carbetocin (10.09g/dL) compared to oxytocin (10.21)
(p value of 0.0432). The drop in hemoglobin was slightly higher for carbetocin, although the dif-
ference was very small (1.2 g/dL for carbetocin, 1.1 g/dL for oxytocin) (p value of .0786). The pro-
portion of participants with a drop in hemoglobin of 2 g/dL or more, adjusted for pre-delivery
hemoglobin, was higher for carbetocin (RR ¼ 1.29, 95% CI 1.02–1.63). From the regression coef-
ficients it can be derived that post-delivery hemoglobin, adjusted for pre-delivery hemoglobin,
decreases on average 0.12 g/dL for each dL of blood lost, for the two treatments combined.
Conclusion: The present ancillary study showed that intramuscular administration of 100mg of
heat stable carbetocin can result in a slightly lower post-delivery hemoglobin, slightly higher
drop and higher percentage of women having a drop of 2 g/dL or larger, compared to 10 IU
of oxytocin.
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Introduction

Background

Maternal mortality continues to be unacceptably high

and in 2017, about 295,000 women died during and

following pregnancy and childbirth. Almost all of these

deaths occurred in low-resource settings, and most

could have been prevented [1]. The Sustained

Development Goals adopted by the United Nations in

2015 aims at improving maternal health by reducing

the global maternal mortality ratio to less than 70 per

100,000 livebirths by 2030 [1,2]. Postpartum hemor-
rhage (PPH) is one of the major causes of maternal
mortality in low- and middle-income countries. PPH
affects approximately 6% of all women who give birth
[2–4]. It is associated with nearly one-fourth of all
maternal deaths globally and uterine atony is the
most common cause of PPH [3]. PPH is commonly
defined as a blood loss of 500mL or more within 24 h
after birth, while severe PPH is defined as a blood loss
of 1000mL or more within the same timeframe. The
majority of deaths due to uterine atony resulting in
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PPH could be avoided through the use of prophylactic
good quality uterotonics during the third stage of
labor and by timely and appropriate management [5].
WHO recommendations, updated in 2018, mention
five effective drugs for the prevention of PPH namely
oxytocin, carbetocin, misoprostol, ergometrine/methyl-
ergometrine, and oxytocin with ergometrine fixed-
dose combination [3,6]. Oxytocin (IM/IV, 10 IU) is
recommended as the uterotonic drug of choice [3].
The use of heat-stable (HS) carbetocin has been rec-
ommended for the prevention of PPH in settings
where oxytocin is unavailable (or its quality cannot be
guaranteed) and where the cost of HS carbetocin is
comparable to other effective uterotonics [3,7,8]. HS
carbetocin is a long-acting synthetic agonist analogue
of the human oxytocin [9–11].

The World Health Organization conducted the WHO
CHAMPION trial which was a phase III, randomized,
double-blind, active controlled, multinational, multi-
centre, non-inferiority trial comparing the effectiveness
of HS carbetocin with oxytocin for the prevention of
postpartum hemorrhage during the third stage of
labor in women delivering vaginally. The study
showed that HS carbetocin was noninferior to oxyto-
cin for the prevention of blood loss of at least 500mL
or the use of additional uterotonic [5,12].

Although measured postpartum blood loss has
been used as the primary outcome in a number of tri-
als assessing the efficacy of strategies for prevention
and treatment of PPH, post-delivery hemoglobin and
decline from pre-delivery level have been regarded as
more appropriate alternatives because they are theor-
ized to be stronger indicators of risk for shock and
death than postpartum blood loss [13]. Secondary
analysis of data from three multi country randomized
trials done by Anger H showed that there was a cor-
relation between the blood loss after delivery and
post-partum drop in hemoglobin. The study also
showed that clinically meaningful drops in hemoglo-
bin did not occur until blood loss exceeded 1000mL
[14,15]. Mean drop in pre-to-post hemoglobin of 2 g/
dL or more is considered a clinically important value
to assess the correlation between blood loss and post-
partum drop in hemoglobin in previous studies
[13,16,17]. There are no studies assessing the effect of
heat stable carbetocin for prevention of postpartum
hemorrhage in low risk vaginal deliveries with post-
delivery hemoglobin as the primary outcome. Even
the large heat stable carbetocin trial coordinated by
WHO has not incorporated post-delivery hemoglobin
as an end point for assessing the efficacy of heat sta-
ble carbetocin. Hence, we conducted a nested

randomized controlled study under the WHO
CHAMPION Trial to compare the effect of heat-stable
carbetocin 100 lg IM versus oxytocin 10 IU IM on
post-delivery hemoglobin level in one of the partici-
pating facilities in India.

Material and methods

This is an ancillary study of the WHO CHAMPION trial
which collected data on pre and post-delivery hemo-
globin levels during the period of 12months. The pri-
mary outcome was post-delivery 48–72 h hemoglobin.
The secondary outcome was the proportion of women
with a drop in post-delivery hemoglobin �2 g/dL after
48–72 h of delivery [12].

The WHO CHAMPION trial was a randomized, dou-
ble-blind, non-inferiority trial comparing the effective-
ness of HS carbetocin with oxytocin for the prevention
of PPH after vaginal birth. The trial methods and
results are described in detail elsewhere [12]. This
ancillary study was conducted in one of the six partici-
pating sites in India, and it consisted of including the
additional measurement of pre- and post-delivery
hemoglobin to the WHO CHAMPION protocol. Design
and procedures are the ones described in the main
study [5,12].

After initial clinical assessment of women present-
ing for delivery to the KLES Dr Prabhakar Kore
Charitable Hospital & Medical Research Center,
Belgaum, a written informed consent was taken separ-
ately for the ancillary study along with the consent for
the main trial.

Pre-delivery hemoglobin of each participant was
recorded before she was randomized to the main trial.
Estimation of hemoglobin was done using the
HemoCue Hb 301 with the technology of absorbance
measurement of whole blood at Hb/HbO2 isobestic
point with a cuvette. Under aseptic conditions, 0.5mL
of the capillary blood was collected after finger prick
with a sterile lancet and placed on the cuvette. The
time required by the hemoglobinometer for the
hemoglobin estimation was approximately 10 s.
Hemoglobin values were recorded on a form specific-
ally designed for this study.

During the second stage of labor when vaginal
delivery was imminent, eligible women were random-
ized to receive either oxytocin 10 IU IM or HS carbeto-
cin 100 mg IM based on the random allocation
sequence generated centrally at WHO Headquarters
(the CHAMPION trial coordination center) using com-
puter-generated random numbers. During the third
stage of labor women received the randomly assigned

2 S. S. VERNEKAR ET AL.



treatment, and blood loss was measured for one hour
or two hours if bleeding continued after the first
hour [17].

Post-delivery hemoglobin was measured using the
same standard procedure used for estimation of pre-
delivery hemoglobin between 48 and 72h postpartum.

The present study was approved by JNMC
Institutional Ethics Committee for Human Subjects.
The trial was registered with Clinical Trial Registry of
India CTRI/2016/06/006996.

Statistical analysis

The main analysis was conducted with the modified
intention-to-treat population (as defined in Widmer
et al.) [12]. The modified intention-to-treat population
included all the participants who underwent random-
ization except those who withdrew consent, those
whose consent form was missing from source docu-
ments, and those who underwent cesarean section.

Descriptive statistics were calculated for characteris-
tics of women and those of babies at birth. The num-
ber of participants, number of events and percentages
in each category were calculated for the categorical
variables. Number of participants, median and inter-
quartile range (IQR) were calculated for the
numeric variables.

Univariate analyses were conducted with the varia-
bles: pre-delivery hemoglobin, post-delivery hemoglo-
bin, the drop from pre-delivery to post-delivery
hemoglobin, and blood loss, to compare the treat-
ments, using analysis of variance techniques. The stat-
istical distribution of the variables was examined to
decide whether a transformation was needed. The dif-
ference of means was used if the distribution was
close to normal. In the case of blood loss, the distribu-
tion was asymmetric and the logarithmic transform-
ation was used.

The primary outcome, post-delivery hemoglobin,
was analyzed using analysis of covariance to compare
treatments, with pre-delivery hemoglobin as covariate
to adjust the post-delivery hemoglobin for possible
differences in baseline values (Model 1). Analysis of
covariance is the preferred technique compared to the
analysis of post-pre-difference [18,19], and it is a spe-
cial case of regression analysis. Adjusted means of dif-
ferences in post-delivery hemoglobin were calculated,
with 95% confidence intervals.

The analysis of covariance in Model 2 was extended
to assess the association of post-delivery hemoglobin
and blood loss volume between the treatments, by
including a term for blood loss in the model

(Model 2). This association was further explored by
including an interaction term of blood loss by arm in
the model in order to allow the treatment regression
lines to have different slopes (Model 3). The associ-
ation between post-delivery hemoglobin and blood
loss was quantified by the treatment-specific regres-
sion coefficients

The proportion of women with a drop in post-deliv-
ery hemoglobin of 2 g/dL or more from pre-delivery
hemoglobin was calculated for each treatment and
compared using logistic regression and relative risk
(RR) with 95% confidence intervals and risk difference
with 95% confidence intervals. Both unadjusted and
adjusted analysis for pre-delivery hemoglobin
were conducted.

Results

The Belgaum site participated in the main study-
CHAMPION Trial and recruited 1799 women for this
sub-study. The trial profile is shown in Figure 1. After
randomization, two women underwent cesarean sec-
tion in each group. After excluding the missing values,
the participants included in final analysis were 890 in
the HS carbetocin group and 889 in the oxyto-
cin group.

Baseline characteristics of women at trial entry,
characteristics of women at labor and characteristics
of babies at birth were similar for the two treatment
groups (Table 1).

The mean pre-delivery hemoglobin and median
post-partum blood loss as shown in Table 2 were simi-
lar across the treatment groups. For post-delivery
hemoglobin unadjusted analysis the mean was slightly
lower for carbetocin compared to oxytocin (0.128 g/dL
lower, p-value¼ .0432). The drop in hemoglobin
between pre-delivery and post-delivery was slightly
higher for carbetocin (p-value¼ .0786). The results of
the adjusted analyses for post-delivery hemoglobin
(Model 1) are shown in Table 2. The adjustment for
pre-delivery hemoglobin showed similar results to the
unadjusted analysis (similar point estimate for the dif-
ference between treatments in post-delivery hemoglo-
bin means and p-value¼ .0334). Additionally, adjusting
for blood loss (Model 2) did not change the results.

From Model 3 (see Appendix Table A3) it can be
seen that the decrease in post-delivery hemoglobin
for each dL of blood lost, adjusted for pre-delivery
hemoglobin, is not significantly different between car-
betocin and oxytocin (p-value¼ .2171 for the inter-
action blood loss by treatment group). Then Model 2
(see Appendix Table A2) can be used to estimate the
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Table 1. Characteristics of women at trial entry and at labor, and of babies at birth.

Maternal characteristics
Carbetocin
(N¼ 897)

Oxytocin
(N¼ 898)

Age- yr
Median 23 23
Interquartile range 5 5

Nulliparous – number (%) 468 (52.2) 493 (54.9)
Previous miscarriages – number (%) 102 (11.4) 119 (13.3)
CS in previous deliveriesa – number (%) 21 (4.9) 26 (6.5)
Postpartum hemorrhage in previous pregnanciesa – number (%) 0 (0) 1 (0.2)
Gestational age (completed weeks) – n 897 898
Median 39 39
Interquartile range 2 2

Labor induced – number (%) 155 (17.3) 142 (15.8)
Labor augmented – number (%) 167 (18.6) 160 (17.8)
Instrument-assisted vaginal birth – number (%) 34 (3.8) 34 (3.8)
Perineal trauma leading to suture – number (%) 829 (92.4) 833 (92.8)
Occupation:
Home-maker- number (%) 883 (98.4) 884(98.4)
Education:
Illiterate- number (%) 35 (3.9) 47 (5.2)
Fetal characteristics
Baby alive- number (%) 849 (94.6) 850 (94.7)
Sex maleb- number (%) 446 (49.7) 453 (50.5)
Birthweight (grams)- n 897 898
Median 2800 2800
Interquartile range 610.0 600.0

aTwo values are missing for CS and Postpartum hemorrhage in previous pregnancies in the Oxytocin group.
bOne missing value for sex of baby in the Oxytocin group.

Screened pa�ents: n=2315 

Excluded for not being eligible: n=8 
Became not eligible between screening & 
delivery: n=508 
Eligible but not randomized: n=0 

Randomized: n=1799 

Allocated to oxytocin: n=900 Allocated to carbetocin: n=899 

Underwent Caesarean 
sec�on: n=2 

Underwent Caesarean 
sec�on: n=2 

Included in mITT popula�on: n=898 
Pre-delivery or post-delivery Hb not 
done: n=9 
Analyzed for post-delivery Hb 
adjusted for pre-delivery Hb: n=889 

Included in mITT popula�on: n=897 
Pre-delivery or post-delivery Hb not 
done: n=7 
Analyzed for post-delivery Hb 
adjusted for pre-delivery Hb: n=890 

Figure 1. Trial profile of study participants.
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aggregated decrease in post-delivery hemoglobin for
each dL of blood lost, given by the regression coeffi-
cient of blood loss, as 0.12 g/dL (95% CI 0.07–0.16).

A drop of �2 g/dL in hemoglobin from pre-delivery
to post-delivery after 48–72 h of delivery was seen in
27.9% of women in carbetocin group compared to
24.1% in the oxytocin group as shown in Table 3. The
relative risk of having this event among women
receiving carbetocin, compared to women receiving
oxytocin, was 1.16 (95% CI 0.99–1.36) in the
unadjusted analysis, not attaining significance at 5%
(p-value¼ .0682). When adjusted for pre-delivery
hemoglobin, the relative risk was 1.29 (95% CI
1.02–1.63), significant at 5% (p-value¼ .0337).

Discussion

In the present ancillary study, we were able to assess
the effect of HS carbetocin compared to that of oxyto-
cin on the post-delivery (48–72 h) hemoglobin and on
the drop in hemoglobin between pre-delivery and
post-delivery hemoglobin. There was a drop in hemo-
globin between pre-delivery and post-delivery of the
order of 1 g/dL, and even though the difference in this
drop between HS carbetocin (1.2 g/dL) and oxytocin
(1.1 g/dL) was close to significance (p-value¼ .0786),
the difference was clinically unimportant. Post-delivery
hemoglobin, adjusted for pre-delivery hemoglobin and

blood loss, was marginally lower for HS carbetocin
compared to oxytocin (0.13 g/dL lower), statistically
significant but not clinically relevant. Our study
showed that the decrease in post-delivery hemoglobin
for each dL of blood lost adjusted for pre-delivery
hemoglobin was not significantly different between
two groups, and it was on average 0.12 g/dL for each
dL of blood lost. The overall negative association
between post-delivery hemoglobin and blood loss was
statistically significant (p< .0001). The drop in post-
delivery hemoglobin �2 g/dL after 48–72 h of delivery
adjusted for pre-delivery hemoglobin was higher for
carbetocin (p value¼ .0337) although it was not clinic-
ally relevant.

A study done by Larciprete et al. comparing the
use of carbetocin versus oxytocin in cesarean section
with high risk of post-partum hemorrhage showed
that the post-partum drop in hemoglobin after 2 h
and 24 h was similar in both the groups [16]. Another
study done by Mark Boucher showed similar results
wherein no significant difference was seen in the drop
in hemoglobin and hematocrit values between the
two groups receiving carbetocin and oxytocin after
vaginal delivery [20]. In the parent CHAMPION trial
there was no significant difference between carbetocin
and oxytocin for blood loss 500mL or more and for
blood loss 1000mL or more (Widmer et al.; Table 2)
[12]. We did not estimate these outcomes in the

Table 2. Mean pre-delivery and post-delivery hemoglobin, mean drop in hb and median postpartum blood loss – univariate
unadjusted analysis.

Outcome
Carbetocin
N¼ 890

Oxytocin
N¼ 889 Difference or ratio (95% CI) p-value

Univariate analyses�
Pre- delivery Hemoglobin (g/dL, mean, difference) 11.3 11.3 –0.014 (–0.136 to 0.107) .8169
Post- delivery Hemoglobin (g/dL, mean, difference) 10.09 10.21 –0.128 (–0.251 to �0.004) .0432
Drop in Hb (g/dL, mean¼median, difference) 1.2 1.1 0.117 (–0.013 to 0.248) .0786
Postpartum blood loss (mL, median, ratio) 160.4 163.2 0.98 (0.92–1.05) .6214

Adjusted analyses for post-delivery hemoglobin
Post- delivery Hemoglobin adjusted for pre-delivery
hemoglobin (g/dL, mean, difference, Model 1��)

10.09 10.21 –0.12 (–0.23 to �0.01) .0334

Post- delivery Hemoglobin adjusted for pre-delivery
hemoglobin and blood loss (g/dL, mean, difference,
Model 2���)

10.09 10.22 –0.13 (–0.24 to �0.02) .0257

�Analysis of variance.
��Analysis of covariance to compare treatments, with pre-delivery hemoglobin as covariate to adjust the post-delivery hemoglobin for possible differen-
ces in baseline values.
��� Analysis of covariance to compare treatments, with pre-delivery hemoglobin and blood loss as covariates.

Table 3. Secondary outcome: proportion of women with a drop in post-delivery hemoglobin �2 g/dL after 48–72 h of delivery
(mITT Population).

CARB OXY

n N % n N % RR Lower CL Upper CL p-value
Risk

Difference % Lower CL Upper CL

Drop in Hb � 2 g/dL unadjusted 248 890 27.9 214 889 24.1 1.16 0.99 1.36 .0682 3.79 –0.28 7.86
Drop in Hb � 2 g/dL adjusted for pre-delivery Hb – 1.29 1.02 1.63 .0337 3.89 0.16 7.61

Results from logistic regression, with the log link to produce relative risks.
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present substudy because of lack of power. The com-
parison of carbetocin and oxytocin in terms of con-
tinuous blood loss in the present study showed no
significant difference in blood loss (p-value¼ .6214),
which is consistent with CHAMPION results.

Despite the slightly higher, but clinically insignifi-
cant, drop in post-delivery hemoglobin for HS carbeto-
cin compared to oxytocin, the former offers advantage
in being heat stable. This should be interpreted keep-
ing in mind the study implementation, where oxytocin
was maintained in the ideal conditions. The results
would have been different for oxytocin if it was used
under routine field conditions where studies have
reported unsatisfactory real-world efficacy due to sen-
sitivity to heat and quality issues of the drug [21].
Delayed diagnosis and treatment can lead to hypovol-
emic shock in women with severe postpartum hemor-
rhage. Hence, accurate measurement of blood loss
and timely diagnosis and management can prevent
avoidable morbidity and mortality associated with
cases of severe post-partum hemorrhage [14]. Based
on results from the present study, measurement of
drop in hemoglobin might be eventually used as a
proxy for post-partum blood loss. The use of heat sta-
ble carbetocin would be a boon for prevention of
post-partum hemorrhage in peripheral regions of low-
and middle-income countries where constant mainten-
ance of cold temperature for oxytocin is a difficulty.

Conclusion

Post-delivery hemoglobin was slightly lower for carbe-
tocin compared to oxytocin and the drop in hemoglo-
bin was slightly higher for carbetocin. The proportion
of participants with a drop in hemoglobin of 2 g/dL or
more, was higher for carbetocin. However, the magni-
tude of these differences was not clinically relevant.
The present study also showed that there is a
decrease in post-delivery hemoglobin with blood loss
which was not significantly different between carbeto-
cin and oxytocin groups. These data inform care of
women in settings with fragile cold chains.
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Appendix

Table A1. Results from the fit of Model 1: Parameter
Estimates (hbpre: Pre-delivery hemoglobin).
Term Estimate Std Error t Ratio Prob>jtj
Intercept 5.168484 0.248033 20.84 <.0001�
hbpre 0.4402135 0.021763 20.23 <.0001�
Arm [Carbetocin] �0.060572 0.028455 �2.13 0.0334�

Table A2. Results from the fit of Model 2: Parameter Estimates
(hbpre: Pre-delivery hemoglobin; bloss: Postpartum blood loss).
Term Estimate Std Error t Ratio Prob>jtj
Intercept 5.4463417 0.25103 21.70 <.0001�
hbpre 0.4357607 0.021598 20.18 <.0001�
Arm [Carbetocin] �0.062995 0.028223 �2.23 0.0257�
Bloss �0.001169 0.000211 �5.55 <.0001�
�Decrease in post-delivery hemoglobin for each dL of blood lost:
0.001169� 100¼ 0.12g/dL.

Table A3. Results from the fit of Model 3: Parameter
Estimates (hbpre: Pre-delivery hemoglobin; bloss: Postpartum
blood loss; bloss�arm: interaction of Postpartum blood loss
by Arm); see footnote� for derivation of decrease in post-
delivery hemoglobin for each dL of blood lost.
Term Estimate Std Error t Ratio Prob>jtj
Intercept 5.4687695 0.251649 21.73 <.0001�
hbpre 0.4337769 0.021655 20.03 <.0001�
Arm [Carbetocin] �0.062997 0.028219 �2.23 0.0257�
Bloss �0.001166 0.000211 �5.53 <.0001�
Bloss�arm[Carbetocin] 0.0002607 0.000211 1.23 0.2171
�Decrease in post-delivery hemoglobin for each dL of blood lost:
0.12 g/dL.
(Carbetocin: 0.0002607–0.001166 ¼ –0.0009053g/dL for each mL ¼
–0.09053 g/dL for each dL;
Oxytocin: �0.0002607 to 0.001166 ¼ –0.0014267g/dL for each mL ¼
–0.14267 g/dL for each dL)
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Figure A1. Plot of post-delivery hemoglobin (g/dL) versus blood loss (mL), by treatment:.
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Abstract Vestibular migraine (VM) is a disorder where

vestibular symptoms are causally related to migraine. It is

one of the common causes of recurrent vertigo in the

general population. It has often remained as an under-

recognized condition with largely unknown pathophysiol-

ogy. Accurate diagnosis is essential in vestibular patholo-

gies as it determines the management in each case. The aim

of this reasearch was to compare vestibular functions of

patients with VM and healthy controls using VNG and to

study the VNG patterns of patients diagnosed with VM.

This study is a retrospective analysis of subjects who have

undergone videonystagmography (VNG) testing from

October 2018 to October 2020 done in a tertiary referral

hospital. Those patients satisfying diagnostic criteria for-

vestibular migraine were subjected to VNG testing. Group

1 consisted of 35 vestibular migraine patients, and group 2

consisted of 35 age and sex-matched healthy controls.

Statistical comparison of parameters of these groups were

made.We found that the mean age of VM patients in the

study was 40 ± 9.9, and the females were predominantly

affected (Female: Male = 2.8:1). Statistically significant

difference was obtained between VM patients and healthy

controls in vertical smooth pursuit and in the positional

tests using the Dix Hallpike test on the right side (p value\
0.05). We conclude that a careful study of VNG patterns

can serve as a valuable tool in hard to diagnose cases of

vestibular migraine.

Keywords Vestibular migraine �
Videonystagmography (VNG) � Vertigo � Headache

Introduction

Vestibular migraine (VM) is a type of migraine charac-

terized by vertigo, dizziness and imbalance apart from the

typical migraine symptoms. It is a broad term used to

describe episodic vertigo or vestibular symptoms attributed

to migraine. The other terms used to describe this condition

are migraine-associated dizziness, migraine-related

vestibulopathy, migrainous vertigo and benign recurrent

vertigo.

VM is regarded as the second most frequent cause of

recurrent vertigo and is estimated to occur in 9% of

migraine patients [1]. As with migraine, VM has a female

preponderance and the usual onset of symptoms is between

8 and 50 years of age or even older. Clue to the diagnosis

of this condition is given by the presentation of migraine

symptoms and exclusion of other similar disorders. How-

ever, the exact diagnosis often remains difficult in a clin-

ician’s perspective because of its varied clinical

presentation and absence of ‘‘typical’’ migraine headache

during vestibular episodes [2].

Despite the various classification efforts, VM remains

clinically under diagnosed [3]. There has been a long-s-

tanding interest among the clinicians dealing with
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vestibular pathologies to study the etiology and pathogen-

esis of VM. However, the exact cause of VM is still not

fully understood. The uncertainties around diagnosis have

also made advances in the treatment modalities difficult.

Previous studies of vestibular function in the giddiness-free

period in VM patients have shown various inconsistent

abnormalities, indicating the involvement of both central

and peripheral vestibular structures [4]. Familial occur-

rence has been reported in some VM patients, with an

autosomal dominant pattern of inheritance and a decreased

penetrance noted in men [5]. There could be multiple

affected individuals within a family, some with VM and

some other migraine variants. There exists no pathog-

nomonic clinical sign or laboratory test that can prove the

diagnosis of VM conclusively. Vestibular laboratory

abnormalities are quite variable among VM patients, which

may reflect inconsistent findings regarding the existence of

a peripheral vestibular component. However, vestibular

testing is still helpful in ruling out other disorders consid-

ered in the differential diagnosis of VM.

Videonystagmography (VNG) is probably the most

effective tool currently available to analyze vestibular and

balance system. Battery of tests performed in VNG, along

with carefully elicited history, helps to clinch the diagnosis

in most cases.

Our study aims to compare vestibular functions of

patients with VM and healthy controls using VNG. This

study also intends to perform comprehensive evaluation of

the vestibular functions of patients diagnosed with VM

using VNG patterns. In cases where Magnetic Resonance

Imaging of brain was taken as part of the assessment was

also incorporated into the study to draw

suitable conclusions.

Materials and Methods

This case control study was conducted from October 2018

to October 2020. The study was approved by the institu-

tional ethics committee (IEC). The patients satisfying the

diagnostic criteria of VM were referred for VNG testing

[6]. European CE certified Cyclops BalanceEye device was

used for VNG testing. Informed consent was taken from

the participants before commencing VNG testing.

Subject Details

Inclusion Criteria

VM patients between the ages 20–60 years.

Exclusion Criteria

Neck problems such as arthritis, neck pain, spasms, sur-

gery, trauma, reduced range of motion, posture problems,

uncorrectable visual impairment and neurological

disorders.

Study Groups

Two groups were recruited—Group 1 comprising of 35

VM patients and Group 2 comprising of 35 age and gender

matched healthy controls. VM patients in the study also

included cases that could not be successfully treated by the

primary care physicians. The patients who used medication

underwent at least 3 days washout period from antivertig-

inous, anti-epileptic medication and triptans before

vestibular testing. This was essential to eliminate any

possible effect of these drugs in altering the test results.

All patients underwent pure tone audiometric evaluation

and VNG testing. The use of Infrared (IR) cameras in the

VNG increased the specificity and sensitivity of each tests.

The description of how each parameter of VNG was

assessed is described below:

Saccades: The subject is instructed to look at the white

square target as it moves to different locations. The subject

has to keep the eyes fixed on the target as long as it stays in

one location. The saccades are assessed in both horizontal

and vertical planes separately.

Smooth pursuit: This is done by asking the subject to

track the white square target as smoothly as possible while

it oscillates across the screen. The smooth pursuit is

assessed in both horizontal and vertical planes separately.

Optokinetic test: The subject is instructed to stare at the

stimulation screen which moves from left to right, right to

left, top to bottom and bottom to top. Each of these is

assessed for 30–60 s.

Spontaneous nystagmus: Spontaneous nystagmus is

assessed by asking the patient to look straight ahead.

Assessment in the dark is facilitated by closing the visor of

the infra red goggles.

High-frequency headshake: The range of head move-

ment of the patient is assessed by turning the head to left

and right. The head is then pitched forward by 20–30

degrees to bring the lateral canals into the horizontal plane.

The recording is done for 10 s before head shaking to

document any baseline nystagmus. Move the head along

with the goggles to the right and left, aiming for two cycles

per second. The head should move 20 degrees to the right

of midline and 20 degrees to the left of midline. Stop after

20 cycles. Record during the head shaking and for 1 min

after stopping the head shaking. It is important to record for

one full minute following head shaking so that any late

response or biphasic nystagmus response is not missed.
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Hyperventilation: Any history of seizure disorders or

cardiovascular problems, especially arrhythmias form

contraindications for testing by this method. This test is

performed under medical supervision as hyperventilation

can induce seizures in susceptible individuals. The subject

should take rapid and deep breaths with mouth open at the

rate of one breath per second for 30 s. Following this, the

subject is instructed to breathe normally. Continue the

recording during the hyperventilation and for 60 s fol-

lowing the hyperventilation. If nystagmus persists,

recording is continued till the nystagmus disappears or

reaches baseline level. In case of discomfort at any point

during the test, stop hyperventilation and breathe normally.

Gaze test (with fixation): Visor is open. The subject is

instructed to fixate on the white square target that appears

on the screen serially at different locations (Centre, Left,

Up, Right Down).

Gaze test (without fixation): Visor is closed. Instruct

the subject to look steadily in the direction indicated ver-

bally by the examiner (Centre, Left, Up, Right and Down).

Dix Hallpike test: Right and left ears were assessed

separately. Recordings were done for Sit head right, Supine

head extension and right and Sit head right. Similarly, for

the left ear, Sit head left, Supine head extension and left

and Sit head left recordings were done.

McClure Pagnini test: Recordings were done for Sit to

supine, Right lateral, Supine head neutral, Left lateral and

Supine head neutral positions.

Head Position tests: Recordings were done for Yaw

right, Yaw left, Pitch forward, Pitch backward, Roll right

and Roll left positions.

Subjective midpoint: The subject has to bring the

vertical line to the middle position between the two

eccentrically placed white bars. This was done by using the

right and left arrows on the remote to move the line right

and left respectively. Subjective midpoint was assessed in

left to right, right to left and blank background.

Subjective Visual Vertical (SVV): SVV is assessed by

asking the subject to place the given line along the vertical

orientation. The keys in the remotes are used to turn the

line clockwise and anticlockwise. SVV assessed in clock-

wise, anticlockwise, and blank background.

Head Impulse Test (HIT): The subject is instructed to

keep looking at the central dot that blinks red and green on

the screen. A rapid, small amplitude impulse is given to the

head to the right and left without touching the goggle. At

the end of the sideways impulse of twenty degrees, slowly

bring the head back to the neutral position. About five

impulses in each direction are recorded. The direction of

testing is randomly varied to prevent the subject from

guessing the direction of head impulse.

Statistical analysis was performed using IBM SPSS

version 20.0 software. Categorical variables were expres-

sed using frequency and percentage. Numerical variables

were presented using mean and Standard Deviation. Chi-

square test was used to study the statistical significance of

the association of all VNG parameters between VM

patients and healthy controls. Also Chi-square test with

continuity correction was used in the case of cells with

expected count less than 5. A p value of\ 0.05 was con-

sidered to be statistically significant.

Results

The mean age of VM patients in the study was 40 (Stan-

dard Deviation—SD = 9.9). The maximum proportion of

the patients was in the age group 31 to 40, i.e., 16 patients

(45.7%) (Fig. 1). The VM patient group comprised of 9

males (25.7%) and 26 females (74.3%) (Fig. 2). VM

patients showed female preponderance with the female to

male ratio being 2.8:1. For the visual—oculomotor func-

tion, eye movements were assessed for saccades, smooth

pursuit, and optokinetic movements. For smooth pursuit,

abnormal movements were seen in the horizontal direction

Fig. 1 Age distribution Fig. 2 Gender distribution
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in 3 VM patients (8.6%) and 2 (5.7%) healthy subjects,

whereas in the vertical direction abnormal movements

were seen in 14 VM patients (40%) and 5 controls (14.3%)

(Fig. 3). The results obtained for smooth pursuit in the

vertical direction showed statistically significant difference

with the control group. Optokinetic movements were

assessed from left to right, right to left, top to bottom and

bottom to top and the results of the two groups were not

significantly different statistically. Spontaneous nystagmus

was assessed for both groups in light and dark

Fig. 3 Vertical saccadic pursuit bidirectional

Fig. 4 High frequency head shaking nystagmus

Fig. 5 Hyperventilation induced nystagmus
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surroundings, which were also not statistically signifi-

cant.14 VM patients (41.2%) and 10 controls (28.6%)

showed nystagmus after the high-frequency headshake test

(Fig. 4), whereas 10 cases (29.4%) and 11 controls (31.4%)

showed nystagmus after hyperventilation (Fig. 5) which

was not statistically significant. The abnormal eye

movements were assessed by gaze tests, positional tests

(Dix Hallpike and McClure Pagnini) and head position in

yaw, pitch and roll movements. None of these tests showed

statistical significance except the Dix Hallpike test on the

right side. In the provocative position, that is when the

patient was made to lie supine and head hanging below the

Table 1 Number of abnormal findings in each parameter assessed for VNG testing

Tests Abnormal findings

Patients Controls

Saccade horizontal 0 0

Saccade vertical 0 0

Smooth pursuit horizontal 3 (8.6%) 2 (5.7%)

Smooth pursuit Vertical 14 (40%) 5 (14.3%)

Optokinetic (Left to Right) 0 0

Optokinetic (Right to left) 2 (5.7%) 0

Optokinetic (Top to bottom) 1 (2.9%) 0

Optokinetic (Bottom to top) 0 0

Spontaneous nystagmus in light 3 (8.8%) 0

Spontaneous nystagmus in dark 8 (23.5%) 11 (31.4%)

High frequency head shake test 14 (41.2%) 10 (28.6%)

Hyperventilation 10 (29.4%) 11 (31.4%)

Gaze with fixation 1 (2.9%) 1 (2.9%)

Gaze without fixation 12 (35.3%) 11 (31.4%)

Subjective midpoint left to right 1 (3%) 0

Subjective midpoint right to left 1 (3%) 0

Subjective midpoint blank 0 0

SVV (Clockwise) 7 (21.2%) 4 (11.4%)

SVV (Anticlockwise) 4 (12.1%) 9 (25.7%)

SVV (Blank) 0 1 (2.9%)

Dix Hallpike (DH) Sit head right 17 (48.6%) 6 (17.1%)

DH Supine head extension and right 21 (60%) 12 (34.3%)

DH Sit head right 18 (51.4%) 8 (22.9%)

DH Sit head left 12 (34.3%) 7 (20%)

DH supine head extension and left 15 (42.9%) 11 (31.4%)

DH Sit head left 12 (34.3%) 7 (20%)

DH Gross 28 (80%) 18 (51.4%)

Head position Yaw Right 6 (17.1%) 4 (11.4%)

Head position Yaw left 3 (8.6%) 7 (20%)

Head position Pitch forward 13 (37.1%) 11 (31.4%)

Head position Pitch backward 9 (25.7%) 9 (25.7%)

Head position Roll right 11 (31.4%) 11 (31.4%)

Head position Roll left 8 (22.9%) 8 (22.9%)

McClure-Pagnini (MP) Sit to supine 11 (31.4%) 7 (20%)

MP Right lateral 8 (22.9%) 9 (25.7%)

MP Supine head neutral 11 (31.4%) 7 (20%)

MP Left lateral 7 (20%) 9 (25.7%)

MP Supine head neutral 6 (17.1%) 5 (14.3%)

Head impulse test 0 0
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couch and turned to right side by 45 degree showed sta-

tistically significant results. Our study also revealed that the

initial sitting position with the head turned to right and the

final sitting position of Dix Hallpike test with head turn

maintained to right were statistically significant when

compared with control population. Subjective midpoint and

SVV assessed in clockwise, anticlockwise and blank

showed no statistical significance. The head impulse test

was not abnormal in any of the VM cases or controls. The

number of abnormal findings in the VNG parameters in

cases and controls are summarised in Table 1.

Discussion

The mean age of the VM patients in the study was

40 ± 9.9 years. In the study by Swain et al. (2020), the

mean age of the patients with VM was 43.52 years [7]. In

the study by Shin et al. (2013) that included 76 patients of

VM to compare the vestibular abnormality of patients of

VM with that of Meniere’s disease, the mean age of the

VM patients was 42 years [8]. The female to male ratio in

our study was 2.8:1. In the study involving 131 VM

patients to assess the clinical features, triggers and exam-

ination findings, the female preponderance was 4:1 [2]. VM

is more prevalent in individuals without aura and pre-

dominantly affects females with a female: male ratio up to

5:1 [9].

The saccadic pursuit was noted in 3 (8.6%) of our

patients in horizontal direction and 14 (40%) in vertical

direction. Vertical (48%) and horizontal (22%) saccadic

pursuits were noted in VM patients in the study by Dietrich

et al. [10]. Another study showed abnormal smooth pursuit

in electronystagmographic patterns of 3% of patients with

migraine-related vestibulopathy [11]. The incidence of

saccadic pursuit varies widely among reported studies due

to the use of eye-movement recordings and variations in

patient cooperation [2]. We found a statistically significant

difference (P\ 0.05) in the smooth pursuit abnormality

when assessed in the vertical direction between VM

patients and healthy controls. Optokinetic nystagmus was

found in 2 VM patients (5.7%) in the right to left direction

and 1 VM patient (2.7%) in the top to bottom direction.

Impaired optokinetic nystagmus was found in 2% of VM

patients in the study by Cass et al. [11]. There is no sta-

tistically significant difference in spontaneous nystagmus

observed between VM patients and healthy subjects in our

study. Boldingh et al. (2013) had compared the vestibular

abnormalities in 38 VM patients and 32 migraine patients

and found that there is no statistically significant difference

in spontaneous nystagmus in the two groups [12].

In our study, nystagmus was elicited after high-fre-

quency headshake in 41.2% and after hyperventilation in

29.4% of VM patients. However, the results in comparison

with healthy subjects were not statistically significant.

Head-shaking nystagmus (HSN) occurs due to the ampli-

fication of a peripheral vestibular asymmetry by the central

velocity storage mechanism; it typically indicates periph-

eral vestibulopathy, but can also be seen in central disor-

ders [13]. Hyperventilation usually reveals latent cerebellar

and vestibular diseases by raising serum pH and decreasing

serum ionized calcium levels [13, 14]. Head shaking nys-

tagmus was observed in 14 (41.2%) of VM cases and 10

(28.6%) healthy controls. Beh et al. found HSN occurred in

18.3%, whereas hyperventilation induced nystagmus was

found in 22.5% of VM patients [2]. Hyperventilation-in-

duced nystagmus was slightly higher than the 19.5%

reported in the study by Califano et al. [14].

In our study, we assessed gaze-induced nystagmus with

and without eye fixation. One VM patient and one healthy

subject showed gaze-induced nystagmus with fixation.

Nevertheless, when the fixation was removed, nystagmus

was observed in 12 (35.3%) VM patients and 11 (31.4%)

controls. No gaze induced nystagmus was observed in the

VM patient group and migraine patient group in the study

by Boldingh et al. [12].

Subjective visual horizontal (SVH) and subjective visual

vertical (SVV) are clinical tests to measure the otolith

function which may be compromised in patients with

peripheral and central vestibular disorders. We could not

find any statistically significant difference between VM

patients and healthy subjects in SVV and subjective mid-

point. Another study done by Kandemir et al. (2014) could

not find any significant difference in SVV measurement

[15]. A hospital-based prospective study was conducted by

Ashish et al. (2017) in 82 normal adults and 66 adults with

VM. Results were further analysed by stratifying cases and

controls into two age groups; 20–40 years and 41–60 years

and gender. The dynamic SVV and SVH in both age

groups and the static SVH in the 41–60 years age group

were significantly higher compared to normal individuals

(p\ 0.05). The dynamic SVV and SVH were significantly

higher in the cases compared to controls among both males

and females (p\ 0.05) [16]. There are no previous litera-

tures available describing the entity called subjective

midpoint which we believe to give more information about

vestibular disorders.

Nystagmus was noticed in 17 VM patients (48.6%) and

6 controls (17.1%) in sitting position and turning head to

right, 21 VM patients (60%) and 12 controls (34.3%) in

supine position with head extended and turned to right and

18 VM patients (51.4%) and 8 controls (22.9%) when

subject was brought back to the sitting position with head

turn maintained to right. Nystagmus was noticed in 12 VM

patients (34.3%) and 7 controls (20%) in sitting position

and turning head to left, 15 VM patients (42.9%) and 11
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controls (31.4%) in supine position with head extended and

turned to left and 12 VM patients (34.3%) and 7 controls

(20%) when subject was brought back again to the sitting

position with head turn maintained to left. The abnormal

nystagmus in VM may be due to altered processing of

cervical proprioceptive inputs probably causing a cervico-

ocular reflex. This cervico ocular response is perhaps a

major mechanism of nystagmus in VM than gravity related

response. Surprisingly we also found that the results on the

right side were statistically significant whereas on left side

it is not statistically significant due to some unknown

reasons. The nystagmus elicited during positional testing

did not fit into the criteria of Benign Paroxysmal Positional

Vertigo (BPPV) like the direction or type of nystagmus of

the canal being tested, lack of fatigability, latency and

habituation and absence of the crescendo- decrescendo

pattern of BPPV. The pathogenesis of positional nystagmus

may be related to the asymmetry of afferent vestibular

neurons in the central or peripheral nervous system. No

significant difference was noted between healthy subjects

and patients with VM in the positioning test results in the

study by Lofti et al. [17]. In the study by Hazaa and

Mowafy et al. (2016) involving 98 patients of VM during

the acute attack of dizziness irrespective of headache,

positional nystagmus was frequently recorded in 60% of

VM patients. The nystagmus was horizontal, horizontal

torsional or pure vertical (up beating), none fatigable,

abolished with fixation and with minimal subjective sense

of dizziness. Positional nystagmus was the most prevalent

VNG finding in their study, which is, in fact, non-localizing

for central or peripheral pathology [18]. Another study

done by Polensk et al. (2010) during the acute spell of VM

revealed that nystagmus was noted in all symptomatic

patients by positional testing by Dix Hallpike maneuver

with fixation blocked, although the characteristics of nys-

tagmus varied [19].

Several mechanisms have been proposed for the patho-

physiology of VM. There exists no single unifying

hypothesis which can conclusively explain the pathophys-

iology of VM or migraine itself. Dieterich and Brandt

suggested a spreading depression affecting brainstem

structures as they found mainly central vestibular disorders

in their patient group [10]. On the contrary, Baloh proposed

that sudden episodes of vertigo associated with migraine

could be explained based on vasospasm of the Internal

Auditory Artery in support of the peripheral vestibular

dysfunction hypothesis [20]. Nystagmus characteristic of

both peripheral and central vestibular deficits have been

observed in patients with VM, hence mechanisms involv-

ing both structures seem to be more a probable explanation

of the pathophysiology of VM. There is also another con-

cept of sensory dysmodulation, in which deficient habitu-

ation and potentiation of sensory responses are implicated

in migraine pathogenesis. This means exposure to one

sensory stimulus results in hypersensitivity that can extend

to other sensory stimuli.

None of the patients and healthy subjects in our study

showed abnormal head impulse tests. A retrospective

chart analysis performed on 81 VM patients by Kang et al.

(2016), 9 of 81(11%) exhibited abnormal Video HIT

results in the initial visit [21]. Blocking visual fixation

during examination with Frenzel lenses or video infrared

equipment may be necessary to observe the nystagmus,

since patients typically have normal gaze holding in the

light and nystagmus velocity is usually low. By examining

VM patients during the symptomatic day, the clinician can

look for positional nystagmus to aid in the accurate diag-

nosis of VM.

Limitations of the study: Caloric testing would have

yielded additional information but was not routinely per-

formed as a part of this study because we found that the

vertiginous feeling and emetic response occurring during

caloric testing may reduce the compliance of study popu-

lation. Post treatment VNG was not done as a part of our

study.

Conclusion

VM is one of the important differential diagnoses of ver-

tigo cases referred to a tertiary care centre. VNG helps in

ruling out other differential diagnoses of vertigo. Instead of

a single test, the application of a battery of tests as in VNG

helps to reach the diagnosis of VM. In this study, out of the

various VNG parameters, a statistically significant differ-

ence was observed between VM patients and healthy

control in smooth pursuit measured in the vertical direction

and positional tests using the Dix Hallpike test (right side).

An accurate diagnosis is crucial because management

approaches are different, and in case of incorrect diagnosis,

the patient may receive wrong treatment and management.

Correct diagnosis helps alleviate the patient’s anxiety and

improve the quality of life in patients suffering from VM.
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Intranatal (labor & child birth) and postnatal care services – Role of ASHAs 

Annapurna Kari *, Mubashir Angolkar 
Department of Public Health, J. N. Medical College, KAHER, Belgaum, 590010, Karnataka, India   

A R T I C L E  I N F O   

Keywords: 
Maternal health 
Intranatal 
Postnatal 
Accredited social health activist 

A B S T R A C T   

Background: Maternal mortality and neonatal mortality are substantial burden in developing countries. Every 
pregnant woman during all the 3 trimesters, during labor & postpartum period is at the risk of facing sudden, 
unpredictable complications that could end in death or injury to herself or to her infant. Complications like 
abortion, preeclampsia, eclampsia, ruptured uterus, puerperal sepsis, postpartum haemorrhage etc. which result 
in maternal mortality, morbidity and perinatal death are unpredictable. 
Objective: To assess the knowledge of ASHAs regarding intranatal and postnatal care services. 
Methodology: A cross sectional study was conducted on ASHAs of 2 PHCs and 1 CHC of Belagavi Rural area. All 
(100) ASHAs were included in the study. Ethical clearance and Informed consent was obtained. Data regarding 
the knowledge of ASHAs about their roles and responsibilities towards intranatal and postnatal care services was 
collected using questionnaire by JHPIEGO. 
Results: The findings of the study revealed that ASHAs had knowledge about high BP 75%, 64%, severe vaginal 
bleeding 82%, 95%, convulsions (43%) during Labor and Childbirth and during postpartum period respectively. 
They had very low knowledge regarding - prolonged labor (12%), retained placenta (7%). Early breastfeeding 
(93%), dry and wrap (100%) and exclusive breastfeeding (80%) were 3 basic cares provided to the baby. There 
was a significant linear association between knowledge and level of education of ASHAs (p-value - 0.0092). 
Conclusion: Knowledge of ASHAs about intranatal and postnatal care services was poor. Hence need of the hour is 
to train ASHAs regarding intranatal and postnatal care services.   

1. Introduction 

Maternal Mortality is a rampant problem of developing and less 
developed countries. Global maternal mortality ratio (MMR) of 216/ 
1,00,000 live births was seen in 2015 which resulted in a total of 
3,03,000 maternal deaths. India has progressed from 556 maternal 
deaths per 1,00,000 live births in 1990 to 130/1,00,000 live births in 
2016. India should achieve a target of an MMR below 70 by 2030 ac-
cording to Sustainable Development Goals (SDG).1 The current (year 
2021) infant mortality rate (IMR) in India is 29/1000 live births which 
has been declined 3.61% from the year 2020.3 

Every pregnant woman during pregnancy, labor & postpartum 
period is at the risk of facing sudden, unpredictable complications that 
could end in death or injury to herself or to her infant. Complications 
like abortion, preeclampsia, eclampsia, ruptured uterus, puerperal 
sepsis, postpartum haemorrhage etc. which result in maternal mortality, 
morbidity and perinatal death are unpredictable.3 Major barrier for 
reducing maternal morbidity and mortality is a delay in responding to 

the onset of complications and onset of labor.1 Most of maternal deaths 
are in low-resource settings, rural areas and poor communities. The 
presence of a skilled attendant at birth (SBA) is the key strategy to 
prevent the leading causes of maternal and neonatal mortality and 
morbidity.5 Preparing for birth and being ready for complications re-
duces all three phases of delays in – identifying the complication and 
deciding to seek care, identifying and reaching a health facility and 
receiving adequate and appropriate treatment at the health facility.6 

Government of India launched the National Rural Health Mission on 
5th April 2005. Accredited Social Health Activist (ASHA), a new band of 
community based grass root level health workers was proposed to escort 
and transport the client to reach the hospital and provide referral ser-
vices in case of complications. A time to time assessment of the knowl-
edge of ASHAs is essential as the success of government’s health 
programmes in rural areas depends on them.2,4 ASHAs also act as health 
activists in the community who will create awareness on health and its 
determinants, counsel mothers on key healthy behaviours and mobilize 
the community towards local health planning and increased utilization 
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and accountability of the existing health services.4 

There is scarcity of studies on ASHAs regarding their role in intra-
natal and postnatal care service provision at study area. Hence this study 
has been conducted to - assess the knowledge of ASHAs regarding 
intranatal (labor & child birth) and postnatal care services and to esti-
mate the association between knowledge of intranatal and postnatal 
care services and sociodemographic profile of ASHAs. 

2. Materials and method 

2.1. Study design: cross sectional study 

Source of Data: Rural area of Belagavi Taluka consists of 11 Primary 
Health Care Centres (PHCs) and one Community Health Care Centre 
(CHC). Two PHCs were selected by simple random sampling and a CHC 
was included in the study. . 

Study Period: May 2019 to December 2020. 
Study population: All ASHAs from three selected clusters were 

included in the study. Complete enumeration sampling technique was 
used. All ASHAs had completed 6 months in their job and they gave 
consent for study. 

Inclusion Criteria: 1. ASHA workers who had an experience of more 
than 6 months. 

2. AHSA workers who gave the consent 
Exclusion Criteria: Newly joined ASHA workers with less than 6 
months of experience. 

Data Collection Tool: A predesigned and structured questionnaire 
from JHPIEGO (Johns Hopkins Program for International Education in 
Gynecology and Obstetrics) was used for data collection. Questionnaire 
was validated and customized through pilot study. 

Ethical Considerations: Ethical approval was obtained from Ethical 
Committee (Human) for Ph.D Research, KAHER, Belagavi. Permission to 
collect data from ASHAs was obtained from Department of Health and 
Family Welfare Services (RCH). Informed consent was obtained from all 
the participants after providing detailed information. 

Data Collection Procedure: Data collectors were from Masters in 
Public Health (MPH) background and were trained thoroughly prior to 
data collection. Data regarding the knowledge of ASHAs about their 
roles and responsibilities towards intranatal and postnatal care services 
was collected through individual interview using questionnaire by 
JHPIEGO. Confidentiality of the study participants was maintained 
throughout the study. 

Statistical Analysis of Data: Data was entered by the researcher and 
was analyzed by the Biostatistician to maintain the accuracy and 
appropriateness. Descriptive analysis of the data is done using R i386 
3.6.3. Continuous variables are represented by mean ± standard devi-
ation form. Categorical variables are represented by frequency tables. 
Categorical variables are compared using chi-square test, p-value<0.05 
considered as significant. 

3. Results 

Table 1: Most of the subjects were of the age group 30–39 years. 
Majority of the subjects (86%) were married. About 98% of the subjects 
were Hindus. Around 69% of the subjects had secondary level of edu-
cation. Majority of the subjects (97%) belonged to BPL family. Around 
78% of the subjects had more than 3 years of working experience. 

Table 2: As per ASHA workers, high BP (75%), severe vaginal 
bleeding (82%), convulsions (43%) can occur during Labor and Child-
birth. They had very low knowledge regarding - prolonged labor (12%), 
retained placenta (7%), severe headache, high fever etc. Prepare clean 
items for birth (94%), save money for delivery & complication (82%) 
and mode of transportation (74%) were 3 common things a woman to 
prepare for the birth. Only 3% of them knew about identifying the blood 

donor and 6% knew about identifying skilled provider. 
Table 3: Majority of ASHAs knew about severe vaginal bleeding 

(95%) and high BP (64%) during the first 2 days after birth. Early 
breastfeeding (93%), dry and wrap (100%) and exclusive breastfeeding 
(80%) were 3 common basic cares provided to the baby. They advised 

Table 1 
Distribution of Subjects according to their Sociodemographic Data.  

Factors Sub-category Count 

Age group <30 years 9 (9%) 
30–39 years 64 (64%) 
40–49 years 24 (24%) 
≥50 years 3 (3%) 

Current Marital status Single 1 (1%) 
Married 86 (86%) 
Widowed 11 (11%) 
Divorced 0 (0%) 
Separated 2 (2%) 

Religion Hindu 98 (98%) 
Muslim 2 (2%) 
Christian 0 (0%) 
Others 0 (0%) 

Level of education Primary 18 (18%) 
Secondary 69 (69%) 
Undergraduate 12 (12%) 
Graduate 1 (1%) 
Post-graduate 0 (0%) 

Level of education of Husband NR 13 (13%) 
Primary 23 (23%) 
Secondary 44 (44%) 
Undergraduate 16 (16%) 
Graduate 4 (4%) 
Post-graduate 0 (0%) 

Income of the family 8995 ± 4352.22 
Family belongs to BPL 97 (97%) 

APL 3 (3%) 
Household structure Nuclear 53 (53%) 

Joint 47 (47%) 
Extended 0 (0%) 

Work experience of ASHAs 6–12 months 9 (9%) 
13–24 months 7 (7%) 
25–36 months 6 (6%) 
>36 months 78 (78%) 

Rounds of training 1 round 5 (5%) 
2 rounds 5 (5%) 
3–4 rounds 35 (35%) 
>4 rounds 55 (55%) 

Any training in last 3 months 39 (39%)  

Table 2 
Distribution of subjects by labor and childbirth – knowledge.  

What are some serious health problems that can occur during Labor and Childbirth? 

Key Danger signs Severe vaginal bleeding 82% 
Prolonged labor (>12 h) 12% 
Convulsions 43% 
Retained placenta beyond 30 
min 

7% 

Other Danger signs Severe headache 5% 
High fever 5% 
Loss of consciousness 16% 
High BP 75% 
Excessive water leakage 6% 

In your opinion could a woman die from any of the above-mentioned 
problems?* 

84% 

What are some things a woman can do to 
prepare for birth? 

Identify health facility 39% 
Identify skilled provider 6% 
Identify mode of 
transportation 

74% 

Save money for delivery, 
complications 

82% 

Identify birth companion 34% 
Identify blood donor 3% 
Prepare clean items for birth 94% 
Reports & documents 24%  
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about eating nutritious food (85%) and exclusive breastfeeding for 6 
months (83%). Only 15% of them advised regarding contraception 
methods, 17% regarding hygiene and 24% regarding cord care. 

Table 4: There was a significant increasing linear trend in proportion 
of Knowledge score “≥4” over level of education using Chi Square test 
(p-value - 0.0092). Receiving training within last 3 months was not 
significantly associated with knowledge about key danger signs. 

4. Discussion 

The present Cross Sectional Study was conducted with an objective 
to assess the knowledge of ASHAs regarding intranatal and postnatal 
care services and to estimate the association between knowledge and 
sociodemographic profile of ASHAs. In India, with the introduction of 
ASHA workers under the National Rural Health Mission (NRHM) from 
2005, utilization of healthcare services at the peripheral level has 

improved.9 ASHA is a female volunteer selected by the community, 
deployed in her own village (1/1000 population) after a short training 
on community health.8 Studies on intranatal and postnatal care services 
are very limited in India and nonexistent in the study area. 

Most of the ASHA workers are having very less knowledge regarding 
intranatal and postnatal care services. Skill based training is not pro-
vided to ASHA workers which is a hindrance for their knowledge and 
practice. Incentive provided for them is also negligible compared to 
their workload.1 They are overburdened with other works apart from 
Mother and Child Health services. There are many gaps in understand-
ing of intranatal and postnatal care services by health care workers and 
provision of essential services towards intranatal and postnatal care. 
Hence the current research is aimed to address gaps in understanding of 
intranatal and postnatal care services. 

The results of the present study showed that majority of the ASHA 
workers were middle aged and married. A study by Kochukuttan S et al. 
showed that mean age of ASHAs was 30–35 years, 90% were married.7 

Findings from a study conducted in Delhi also showed that majority of 
the participants were from the age group of 25–45 years and were 
married.11 

In the present study 69% of ASHAs completed secondary level of 
education. Similarly a study conducted by P. K. Garg et al. in rural 
Haryana showed most of ASHA workers had completed minimum 8th 
std.4 A study by Swati S. et all also showed 65% of secondary level of 
education.12 

A study from Aligarh showed that 88% ASHAs had knowledge about 
excessive vaginal bleeding.10 A study conducted by P. K. Garg et al. in 
rural Haryana showed 78% ASHAs had knowledge about excessive 
vaginal bleeding.4 Similarly in present study also more than 80% of the 
ASHAs were aware about excessive bleeding as complication. 

A study by Swati S. et all showed that majority (71%) of ASHA 
workers were aware about the fact that exclusive breastfeeding should 
be done up to 6 months.12 Similarly in our study also 83% of ASHAs 
were aware of exclusive breastfeeding. Present study revealed that 93% 

Table 3 
Distribution of subjects by postpartum care – knowledge.  

Some serious health problems that can occur during the first 2 days after birth that 
could endanger the life of the woman: 

Key Danger Signs Severe vaginal bleeding 95% 
Malodorous vaginal 
discharge 

17% 

High fever 22% 
Other Danger signs Convulsions 19% 

Severe headache 19% 
Blurred vision 5% 
Loss of consciousness 21% 
Difficulty breathing 1% 
Severe weakness 21% 
Swollen hands/face 4% 
High BP 64% 
Infection of stitches 12% 

In your opinion could a woman die from any of the above-mentioned 
problems? 

88% 

Basic care that can be provided to a 
newborn baby immediately after birth 

Early breastfeeding (within 
1 h) 

94% 

Exclusive breastfeeding 55% 
Dry and wrap 88% 
Cord care 15% 
Kangaroo Mother Care 
(KMC) for LBW babies 

12% 

Feeding the first milk 
(colostrum) to the baby 

9% 

Postpartum checkup after childbirth Once at 3 weeks 33% 
Once at 6 weeks 1% 
3 times: at 6 h, 6 days, and 6 
weeks 

3% 

Any time she has danger 
signs 

28% 

Only if she has danger sign 35% 
Advise to the mother during postpartum 

visit 
Rest for at least 6 weeks 27% 
Eat more nutritious food 85% 
Exclusive breastfeeding for 6 
months 

83% 

Need for contraception 
methods 

15% 

Personal hygiene 36% 
Advice regarding baby care after 

childbirth 
Dry the baby and keep the 
baby warm 

100% 

Delay first bath for the baby 
for at least 6 h 

33% 

Cord care 24% 
Hygiene 17% 

Advice regarding breastfeeding Start breastfeeding within 1 
h after birth 

93% 

Exclusive breastfeeding for 6 
months 

80% 

Breastfeed as and when the 
baby needs it 

70% 

Correct position for 
breastfeeding 

58% 

Burping after breastfeeding 21%  

Table 4 
Association between knowledge of intranatal and postnatal care services and 
sociodemographic profile of ASHAs.  

Factors Sub-category Scores for knowledge of 
key danger signs 

P-value 

≥4 (n =
46) 

<4 (n =
54) 

Age <30 years 4 (44.44%) 5 (55.56%) 0.9147 
30–39 years 30 

(46.88%) 
34 
(53.13%) 

40–49 years 10 
(41.67%) 

14 
(58.33%) 

≥50 years 2 (66.67%) 1 (33.33%) 
Level of education Primary 4 (22.22%) 14 

(77.78%) 
0.0092* 

Secondary 34 
(49.28%) 

35 
(50.72%) 

Undergraduate 7 (58.33%) 5 (41.67%) 
Graduate 1 (100%) 0 (0%) 

Work experience of 
ASHA 

6–12 months 3 (33.33%) 6 (66.67%) 0.1127 
13–24 months 2 (28.57%) 5 (71.43%) 
25–36 months 1 (16.67%) 5 (83.33%) 
>36 months 40 

(51.28%) 
38 
(48.72%) 

Rounds of training 1 round 3 (60%) 2 (40%) 0.2486 
2 rounds 1 (20%) 4 (80%) 
3–4 rounds 12 

(34.29%) 
23 
(65.71%) 

>4 rounds 30 
(54.55%) 

25 
(45.45%) 

Any training in last 3 
months 

Yes 20 
(51.28%) 

19 
(48.72%) 

0.3968 

No 26 
(42.62%) 

35 
(57.38%)  
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of ASHAs knew about early initiation of breastfeeding, similarly 83.5% 
of ASHAs knew in a study conducted by Fatima F. N. et al.16 

In a study by Baghel A et al., 58.9% of ASHAs reported to have 5–10 
years of work experience.13 Similarly in present study also 78% of 
ASHAs had 3–10 years of experience. 

Present study showed that only 15% of ASHAs had postpartum 
knowledge about contraceptive methods. Similarly Das A. et al. showed 
that only 20% ASHAs had contraceptive knowledge.14 

Present study revealed that only 12% of ASHAs had knowledge about 
prolonged or obstructed labor whereas Kori S. et al. showed that 88.6% 
ASHAs were aware about obstructed labor which is in contrast with 
present study.15 

Strengths of the study: Present study was carried out in an appro-
priate manner following all the necessary steps. Ethical approval 
(Human) and permission from Department of Health and Family Wel-
fare Services (RCH), Karnataka was obtained to conduct the study. 

Limitation of the study: Due to resource constraints only 2 PHCs 
and 1 CHC was included and limited number of participants were 
interviewed. 

This study is an initiation to carry out an interventional study which 
will be conducted by the researcher in near future. 

5. Conclusion 

ASHAs are the most important activists/key workers in maintaining 
the health of women during pregnancy, childbirth and postpartum 
period especially in rural areas where health facilities are scarce. More 
than 80% of ASHAs were aware of severe bleeding as key danger sign, 
more than 65% were aware about high BP but their knowledge 
regarding other key danger signs like - prolonged labor, retained 
placenta, swollen hands/face, blurred vision, convulsions, high fever, 
severe headache was negligible. Knowledge regarding cord care, Kan-
garoo Mother Care, colostrum feeding, contraception, burping and hy-
giene was also very low. Hence need of the hour is to train ASHAs 
regarding intranatal and postnatal care services. 
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Abstract
Methaemoglobinemia was detected incidentally in the operating room before major aortic surgery. It was treated successfully 
with methylene blue, and successful replacement of the descending thoracic aorta was done the next day under cardiopul-
monary bypass and circulatory arrest.

Keywords Methemoglobinemia · Aneurysm · Aorta

A 41-year-old male, non-marfanoid and non-hyperten-
sive, who was to undergo repair for impending rupture of 
descending thoracic aortic aneurysm (Fig. 1A, B, C and 
D), was found to have brownish coloured blood on inser-
tion of the arterial line [1, 2]. Pulse oximetry on room air 
was 85%. Arterial blood gas showed  PaO2 164.6 mmHg 
and MetHb 33.4% (range 0.0–1.5) on 10 l mask  O2. He 
was administered single-dose intravenous methylene blue, 
150 mg over 5 h. Repeat arterial blood gas showed  PaO2 
320.4 mmHg and MetHb 0.9%, and he underwent unevent-
ful, complete replacement of the thoracic aorta under car-
diopulmonary bypass and deep hypothermic circulatory 
arrest the next day (Fig. 2A and B). Del Nido cardioplegia 
was used without any modification of the lidocaine con-
tent. The colour of the urine after methylene blue was 
emerald green which gradually cleared after 48 h (Fig. 3). 
There were no other systemic effects of methaemoglobine-
mia during the course of treatment. The only drug he had 
used was the non-steroidal anti-inflammatory ibuprophen 
with paracetamol 1 twice a day for 5 days, for the intrac-
table back pain due to the aneurysm eroding into the spine 
prior to admission. This appears to be an acquired methae-
moglobinemia, possibly non-steroidal anti-inflammatory 
drugs (NSAIDs) induced. No special care was taken dur-
ing surgery, and we avoided NSAID’s postoperatively.

Methaemoglobinemia is a rare occurrence. Following treat-
ment with methylene blue, cardiopulmonary bypass and deep 
hypothermic circulatory arrest can be carried out without any 
change in strategy and safely without any adverse effects.

 * Richard Saldanha 
 rsaldanha5662@gmail.com

1 Department of Cardiovascular & Thoracic Surgery, 
Jawaharlal Nehru Medical College, Nehru Nagar, Belagavi, 
Karnataka 590010, India

Fig. 1  A, B Preoperative CT angiogram showing aneurysmal distal 
thoracic aorta with maximal diameter at the level of the diaphragm. 
C Pulsatile aneurysm mass from descending thoracic aorta. D Left 
posterolateral thoracotomy showing aneurysm bulging through inter-
costal space

Published online: 9 September 2021/

http://orcid.org/0000-0002-3434-6523
http://crossmark.crossref.org/dialog/?doi=10.1007/s12055-021-01244-8&domain=pdf


Indian Journal of Thoracic and Cardiovascular Surgery (November–December 2021) 37(6):710–711 

Funding None.

Declarations 

Ethics Committee Approval Not required.

Research involving human participants and/or animals Not applicable.

Consent to participate Written consent.

Conflict of interest The authors declare no competing interests.

References

 1. Donnelly GB, Randlett D. Images in clinical medicine. Methemo-
globinemia. N Engl J Med. 2000;343:337.

 2. Warren OU, Blackwood B. Acquired methemoglobinemia. N Engl 
J Med. 2019;381:1158.

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Fig. 2  A, B Postoperative CT 
angiogram showing the distal 
thoracic aorta replaced with 
26-mm Dacron graft

Fig. 3  Emerald green coloured 
urine following administration 
of methylene blue
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Abstract

Objectives:

Prostate cancer (PCa) is a common malignancy affecting elderly male. At present, PCa is estimated
using serum prostate-specific antigen (PSA). Prostate biopsy remains the gold standard to confirm the
diagnosis of PCa. In this preliminary study, we have assessed the feasibility of detecting PCa using
voided urine by targeting the genomic vasoactive intestinal peptide receptor (VPAC) expressed on
malignant PCa cells.

Material and Methods:

Patients ≥40 years old, with no lower urinary tract symptoms (LUTS) and serum PSA levels of <1.6
ng/mL formed the control group and patients ≥40 years old, with LUTS and serum PSA >2.6 ng/ mL
formed the study group. Patients were advised to give the first 50 mL of voided urine sample for the
detection of malignant markers by targeting the VPAC. The results of histopathological studies were
then compared to the results of urine biomarker.

Results:

The study revealed absence of malignant markers in 75 patients (control group). In the study group, all
the 33 patients with adenocarcinoma were positive for malignant markers in the biomarker study and
absence of malignant markers in the 32 patients with benign histology. The results of the biomarker
studies and histopathology were consistent with each other.

Conclusion:

This preliminary study validates our belief that patients with PCa do shed malignant cells in the urine
which can be identified by targeting the VPAC. The investigation is easy and our data appear to be
highly encouraging and further serve as a simple, reliable, and a non-invasive tool in the detection of
PCa.

Keywords: Prostate cancer, Biomarker, Voided urine, Non-invasive
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INTRODUCTION

Prostate cancer (PCa) is a common non-cutaneous malignancy affecting men all over the world. In the
United States alone, it accounts for 29% of all diagnosed cancers in the male and remains the second
most common cause of mortality due to cancer. It accounts for 13% of all cancer deaths.  In the year
2021, ~248,530 men in the United States were diagnosed with cancer of the prostate and ~34,130 men
died due to prostate malignancy.  Many centers in India have reported a rising incidence of PCa.
Estimation of serum prostate-specific antigen (PSA) test is commonly used both to detect and follow-
up patients with PCa. This test of estimation of serum PSA is quick, cheap, and easily performed at all
laboratories.

Clinical uro-oncologists across the globe have been using this test and can easily analyze the results
and formulate risk levels of the disease and risk of cancer progression. Disease-specific mortality has
reduced using serum PSA test for screening.  However, this gain has come at a considerable cost
leading to unnecessary prostatic biopsies in 70–80% of the suspected populations based on the cutoff
values for serum PSA.  PSA-based diagnosis/screening leads to overdiagnosis of cancer, especially
the detection of “non-life-threatening” disease, which often results in overtreatment in such patients.

As of today, PCa is suspected whenever digital rectal examination (DRE) findings are abnormal or
serum PSA levels are elevated. Confirmation of PCa is based on performing biopsies in all patients
having either an elevated serum PSA value and/or abnormal DRE. Prostate biopsy be it transrectal or
transperineal is associated with risks, including local infection, systemic sepsis, and hemorrhage.
Prostate biopsy as of today is the most commonly used procedure to detect the disease, grade the
lesion, and estimate the volume of the disease. At times, cancers can also be missed due to
inadequacies associated with the sampling of the prostate tissue and that may result in poor sensitivity
(false negatives).

A non-invasive and definitive test for PCa would be most welcome to patients and clinicians, whether
by imaging or molecular biofluid analysis. New biomarkers for the detection and staging of PCa have
become an absolute must. Urinary biomarkers for PCa are subject of ongoing research and represent a
promising alternative or addition to serum-based biomarkers.  Urine-based tests being non-invasive
might be suitable for both clinical and (mass) screening purposes, and also for prediction and to gain
prognostic information.

Prostatic cancer cells are known to get shed into the prostatic urethra and hence get collected through
voided urine sample. These cells could then be imaged optically, by specifically targeting the
vasoactive intestinal peptide receptor (VPAC)1 (combined vasoactive intestinal peptide and pituitary
adenylate cyclase activating peptide family of cell surface receptors) with the same peptide labeled
fluorophore. Trabulsi et al.  reported their preliminary study on detection of PCa noninvasively, by a
simple and reliable assay by targeting genomic VPAC expressed on malignant PCa cells shed in voided
urine. The assay detected VPAC positive cells in 98.6% of the patients having a PCa diagnosis, (n =
141), and none (0%) of the males with benign prostatic hyperplasia (BPH) (n = 10). In this preliminary
prospective study, we have assessed the feasibility of detecting cancer of the prostate using voided
urine sample and targeting the genomic VPAC expressed on malignant PCa cells.

MATERIAL AND METHODS

This study was conducted with the consent obtained from the university/institutional ethical committee.
Patients attending urological services ≥40 years old, with no lower urinary tract symptoms and serum
PSA levels of <1.6 ng/ml formed the control group and patients ≥40 years old, with lower urinary tract
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symptoms and serum PSA >2.6 ng/ml formed the study group. Patients with urinary tract infection,
hematuria, history of urothelial carcinoma, and radiotherapy were excluded from the study. All the
patients in the control and study groups were advised to give the first 50 ml of voided urine sample for
testing. The urine samples were stored and processed at 22°C for up to 4 h. However, if the processing
was likely to be delayed due to some reason for more than 4 h of urine collection, then the samples
could be stored at −10°C for up to 72 h.

Processing of urine samples

These samples were labeled with the hospital identification number, date of collection, and the clinical
diagnosis. The samples of urine were centrifuges using a cytocentrifuge 2000 ×g for 10 min. Except for
250 μL of supernatant, the rest was discarded. The cells were then resuspended, cytocentrifuged, and
fixed in 97% ethanol. A cell area of approximately 1 cm in diameter was covered with TP4303 solution
(0.5 μg). The slide was then incubated in dark, at 22°C for 20 min and then thoroughly rinsed with
deionized water and the slide was air dried. The dried slide was then added with 20 μL of 4,6-
dimidino-2-phenylindole, dihydrochloride (DAPI) (Fisher Scientific, PA) which strongly binds to A-T
rich region of DNA in the cell nucleus.

The slide was covered with a coverslip and observed using a fluorescent microscope [Figure 1a]. Cells
stained with TP4303 interaction appeared with dark orange fluorescence around the nucleus and
thereby indicated the presence of VPAC molecules around the cell surface [Figure 2]. In the absence of
VPAC, the cell nucleus that was bound only with DAPI appeared dark blue [Figure 3]. However,
normal epithelial cells that may only have minimal or no expression of VPAC do not interact with
TP4303 and therefore show only cell nucleus.

[11]
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Figure 1:

(a) Fluorescence microscope instrument. (b) Hitachi™ HI VISION Avius® ultrasound scanner ((Hitachi
Ltd., Tokyo, Japan). (c) Schematic diagram showing a template of 12-core biopsy labeled as zones (Z1 to
Z12).

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8571200_Cytojournal-18-26-g001.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/figure/F1/
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Open in a separate window
Figure 2:

Fluorescence imaging of cells prepared from voided urine. Each image is presented in four subsections. (a)
Cell morphology. (b) Subsections are the cell nucleus in blue, (c) The bottom left is the orange
fluorescence of TP4303 bound to vasoactive intestinal peptide receptor expressed the cell membrane. (d)
The bottom right fusion of the two filters (DAPI-Cy5) showing the orange fluorescence around the
malignant cells.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/figure/F2/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/figure/F2/
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Figure 3:

(a and b) Fluorescence imaging of cells prepared from voided urine. Again each image is presented in two
subsections as described. This subject had a negative biopsy and was prostate cancer free. The absence of
the orange fluorescence indicates the absence of vasoactive intestinal peptide receptor.

All patients in the study group underwent a standard 12 core prostate biopsy using a transrectal
ultrasonography (TRUS) guidance [Figure 1b]. The specimens were labeled properly denoting the zone
of the prostate [Figure 1c] and sent for histopathological estimation. The results of the
histopathological studies were then compared to the results of urine biomarker.

RESULTS

During the study period November 1, 2019–May 31, 2020, a total of 75 males were included into the
control group. The mean age was 57.37±9.83 (range 41–76) years and mean serum PSA was 0.87±0.34
(range 0.41–1.59) ng/mL. All these patients were admitted for the management of either renal and/or
ureteric calculi.

During the same period, 65 patients were included in the study group. The mean age of these patients
was 70.1±6.36 (range 43–85) years and mean serum PSA was 9.41±6.55 (range 2.68–1200) ng/mL t [
Table 1]. Twelve core TRUS-guided prostate biopsy revealed adenocarcinoma in 33 patients and BPH
in the remaining 32 patients. The biomarker study revealed absence of malignant markers in all the 75
patients in the control group. In the study group, all the 33 patients with adenocarcinoma were positive
for malignant markers in the biomarker study and absence of malignant markers in the 32 patients with
benign histology. The results of the biomarker studies and histopathology were consistent with each
other [Table 2].

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8571200/table/T2/
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Table 1:

Clinical demographics of patients in the control and study groups.

Mean age yrs. Mean PSA ng/mL Benign histology Adenocarcinoma Total

Control group (75) 60.66±9.5 1.08±0.66 – – –

Study group (65) 72.6±8.15 23.10±28.75 32 33 65

Open in a separate window

PSA: Prostate-specific antigen

Table 2:

Biomarkers results of patients in the control and study groups.

Malignant markers
positive

Malignant markers
negative

False positive
(%)

False negative
(%)

Total

Control group
(75)

- 75 0 - 75

Study group
(65)

33 32 0 0 65

Open in a separate window

DISCUSSION

Urine is a naturally available fluid medium, containing salts, acids, and substances that are filtered by
the glomerulus, as well as proteins (<20 kDa) that are secreted by cells, and cells that originate from
urinary tract downstream of glomerular filtration.  Solid components of urine can be easily separated
from the liquid portion using low-speed centrifugation. The resulting solid pellet consists of cells, casts,
mucin, and debris, whereas the liquid portion contains the soluble components including proteins,
exosomes, biochemicals, and cell-free nucleic acids. The composition of urine is highly variable across
individuals due to numerous factors such as age, diet, gender, and physical activity.

Using urine for clinical assays has its own advantages. Collection of urine is non-invasive and carries
no risk or harm to the patient. Urinary samples can be collected in large volumes at frequent intervals,
making it possible to examine the urine sample repeatedly. Urine also contains secretions from the
prostate and exfoliated prostate epithelial cells due to its close proximity with the rest of the urinary
tract.  A number of prostatic biomarkers are also released into the urine, including cell-associated

[12]

[13,14]

[14,15]
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markers and secreted cell-free markers. DRE of the prostate or prostatic massage can enrich the
presence of prostatic biomarkers in urine. Urine is better suited than blood as a source of biomarker for
localized and early stage PCa, as blood contains markers from virtually all body tissues, leading to high
background interference that can hinder detection ability, whereas urine is enriched in material coming
directly from the prostate gland.

Prostate cells that appear in the urine are luminal epithelial cells that have been shed from the gland,
however, it is not fully understood the exact nature of urinary prostate cells and as to how these cells
are released into urine. Normal cell turnover leads to shedding of prostate cell. There is limited
investigation available on the intactness of the prostate cells. The morphological features of prostate
cells have been well defined in several cytological studies.  Microscopic studies using
conventional cytology staining methods revealed that prostate cells found in the urine sediment have a
distinct appearance; they generally are round with a high nuclear to cytoplasm ratio, prominent
nucleoli, and often present in small clusters. Identification of prostate cells merely based on the
morphology is challenging even for the trained cytopathologists because of the overlapping appearance
with other cell types found in the urine sediment as well as their scarcity in regularly voided urine
specimens.

The study reported by Trabulsi et al.  targeted that the VPAC is known to express in elevated density
on PCa cells at the beginning of oncogenesis so as to develop a simple, completely non-invasive,
inexpensive, and reliable test to screen or detect PCa. It has been reported that 1 g of a growing tumor
sheds nearly 0.4% (3.4 × 10  cells) every 24 h.  Complete or parts of these cells pass through the
prostatic ducts and appear in the urine even without performing DRE. It has been demonstrated that the
genomic VPAC is expressed on the cell surface of the PCa cells.  TP4303 is known to specifically
target the cell surface VPAC and help in identifying PCa cells.  It has also been seen that the cells
that are targeted by TP4303 were truly PCa cells.

Our preliminary study has shown that the patients with adenocarcinoma of the prostate shed cancer
cells in the urine that could be easily identified by targeting the VPAC. The results of the biomarker
study and histopathology correlated in 100% of the cases. There were no false-positive or false-
negative results. Trabulsi et al.  reported detection of VPAC positive cells in 98.6% of the patients
having a PCa diagnosis, (n = 141), and none (0%) of the males with BPH (n = 10).

This preliminary study of ours validates our belief that patients with PCa shed malignant cells in the
urine that can be identified by targeting the VPAC. Our study is simple and can be feasible in most
centers dealing with patients of PCa. Our study is a small preliminary study and the results need to be
validated by a multicentric study with a large number of patients. If validated, this study could form the
basis in future (i) to indicate a repeat prostate biopsy in patients with an elevated serum PSA and
negative TRUS-guided biopsy and (ii) to indicate a reduced number of cores on TRUS-guided biopsy.

CONCLUSION

This preliminary study of ours validates our belief that patients with prostate cancer shed malignant
cells in the urine that can be identified by targeting the VPAC receptors. Our study is simple and can be
feasible in most centres dealing with patients of prostate cancer. Our study is a small preliminary study
and the results need to be validated by a multicentric study with a large number of patients. If validated
this study could form the basis in future i) to indicate a repeat prostate biopsy in patients with an
elevated serum PSA and negative TRUS guided biopsy, and ii) to indicate a reduced number of cores
on TRUS guided biopsy.
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Abstract

Background

Obstetric haemorrhage continues to be a leading cause of maternal mortality, contributing to more than a quarter of
the 2,443,000 maternal deaths reported between 2003 and 2009. During this period, about 70% of the haemorrhagic
deaths occurred postpartum. In addition to other identifiable risk factors for greater postpartum blood loss, the
duration of the third stage of labour (TSL) seems to be important, as literature shows that a longer TSL can be
associated with more blood loss. To better describe the association between the duration of TSL and postpartum
blood loss in women receiving active management of third stage of labour (AMTSL), this secondary analysis of the
WHO CHAMPION trial data has been conducted.

Methods

This was a secondary analysis of the WHO CHAMPION trial conducted in twenty-three sites in ten countries. We
studied the association between the TSL duration and blood loss in the sub cohort of women from the CHAMPION
trial (all of whom received AMTSL), with TSL upto 60 min and no interventions for postpartum haemorrhage. We
used a general linear model to fit blood loss as a function of TSL duration on the log scale, arm and center, using a
normal distribution and the log link function. We showed this association separately for oxytocin and for Heat
stable (HS) carbetocin.

ResultsResults

For the 10,040 women analysed, blood loss rose steeply with third stage duration in the first 10 min, but moreFor the 10,040 women analysed, blood loss rose steeply with third stage duration in the first 10 min, but more
slowly after 10 min. This trend was observed for both Oxytocin and HS carbetocin and the difference in the trendsslowly after 10 min. This trend was observed for both Oxytocin and HS carbetocin and the difference in the trends
for both drugs was not statistically significant (p-value = 0.2070).for both drugs was not statistically significant (p-value = 0.2070).

Conclusions

http://orcid.org/0000-0002-0635-8041
https://reproductive-health-journal.biomedcentral.com/
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/metrics
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There was a positive association between postpartum blood loss and TSL duration with either uterotonic. Blood
loss rose steeply with TSL duration until 10 min, and more slowly after 10 min.

Study registration The main trial was registered with Australian New Zealand Clinical Trials Registry
ACTRN12614000870651 and Clinical Trial Registry of India CTRI/2016/05/006969

Plain Language Summary

The duration of the third stage of labour (TSL) seems to be an important risk factor for greater postpartum blood
loss, as literature shows that a longer TSL can be associated with more blood loss. Active management of third
stage of labour (AMTSL), included in the WHO guidelines for prevention of postpartum haemorrhage (PPH), is
effective in reducing both the amount of postpartum blood loss and the duration of the third stage. To better
describe the association between duration of TSL and postpartum blood loss in women receiving AMTSL, we
conducted this secondary analysis of WHO CHAMPION trial data.

To assess the association between the duration of third stage of labour and postpartum blood loss, a subcohort of
the CHAMPION modified ITT population was selected by excluding women with missing blood loss or missing
TSL duration or TSL duration more than 60 min and women with interventions. Thus, the subcohort consisted of
10,040 women.

In women with vaginal birth and not receiving interventions for treating atonic PPH or other sources of bleeding,
and with TSL duration up to 60 min, there was a positive association between duration of the TSL and postpartum
blood loss. The blood loss rose steeply with duration in women with TSL of 10 min or less, while in women with
longer TSL duration the slope was less steep.

There was no evidence of a difference between oxytocin and HS carbetocin in the pattern of association of duration
of the TSL and blood loss.

Peer Review reports

Background

Obstetric haemorrhage continues to be a leading cause of maternal mortality, contributing to more than a quarter of
the 2,443,000 maternal deaths reported between 2003 and 2009. During this period, about 70% of the haemorrhagic
deaths occurred postpartum [1]. In addition to other identifiable risk factors for greater postpartum blood loss, the
duration of the third stage of labour (TSL) seems to be important, as literature shows that a longer TSL can be
associated with more blood loss [2].

The delivery of the placenta is usually a rapid event, but the TSL may exceed 30 min in about 3% of women [2],
which is traditionally accepted as the cut off for a prolonged TSL. Combs and Laros observed that there was no
difference in the risk of haemorrhage, blood transfusion or curettage with TSL lasting less than 30 min, but the risk
of these interventions rose progressively with the TSL lasting more than 30 min [2]. Other authors have noted that
the risk of PPH increases with increasing TSL and starts even before 30 min. Magann et al. found that the risk rises
after a TSL of 18 min and the odds of having PPH are 6 times higher when the TSL is more than 30 min [3].

AMTSL, included in the WHO guidelines for prevention of postpartum haemorrhage (PPH), is effective in
reducing both the amount of postpartum blood loss and the duration of the third stage [4].

To better describe the association between the duration of TSL and postpartum blood loss in women receiving
AMTSL, this secondary analysis of the WHO CHAMPION trial data has been conducted. The WHO CHAMPION
trial was a large study enrolling 29,645 women across 23 sites in 10 countries in a randomized, double-blind,
noninferiority trial comparing intramuscular injections of HS carbetocin (at a dose of 100 μg) with oxytocin (at a
dose of 10 IU) administered immediately after vaginal birth [5]. The primary outcomes of the WHO CHAMPION

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/peer-review
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trial were the proportion of women who experienced > 500 ml blood loss or had use of additional uterotonics; and
the proportion of women who experienced > 1000 ml blood loss. The secondary outcomes included the proportion
of women requiring use of additional interventions to stop bleeding and those having anticipated side effects
amongst several others. The trial showed that HS carbetocin was noninferior to oxytocin for the prevention of
blood loss of at least 500 ml or the use of additional uterotonic agents and failed to show noninferiority for the
outcome of blood loss of at least 1000 ml. This paper aims to characterize the duration of the third stage of labour
with AMTSL and to examine the association between the duration of TSL and postpartum blood loss among
women with vaginal delivery, without interventions and with duration of TSL up to 60 min.

Methods

This is a secondary analysis of the data from the WHO CHAMPION trial. The primary aim of this analysis was to
describe the association between the duration of TSL and postpartum blood loss among women with AMTSL with
vaginal delivery, without interventions and with duration of TSL up to 60 min, particularly to see whether there is a
critical duration above which blood loss increases. The secondary aim of the analysis was to define the association
described above separately for women receiving Oxytocin and for women receiving HS carbetocin.

For the purpose of this analysis, the duration of the TSL was defined as the time interval from the birth of the baby
until the delivery of the placenta.

Analysis Population To assess the association between the duration of third stage of labour and postpartum blood
loss, a subcohort of the CHAMPION modified ITT population (29,539 women with vaginal delivery and confirmed
consent) was selected by excluding women with missing blood loss (69), with missing TSL duration (6) or TSL
duration more than 60 min (106) and women with interventions (19,319) (Fig. 1). Thus, the subcohort consisted of
10,040 women.

Fig. 1
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Study flowchart showing the selection of the sub cohort from the CHAMPION trial for the analysis of
duration and blood loss

Full size image

The rationale for excluding women with interventions was as follows: TSL duration may be influenced by
interventions to treat excessive bleeding. For example, excessive bleeding in the context of a retained placenta will
induce treatment with uterotonics and probably a manual removal of placenta, which will determine the actual TSL
duration according to the definition. To prevent this bias, the subcohort analyzed excluded women that had received
any of the following interventions: episiotomy or perineal tear requiring suturing, use of additional uterotonics,

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/1
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/1
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manual removal of placenta, suturing cervical/ high vaginal tear, bimanual uterine compression, intrauterine
balloon tamponade, exploration of the uterine cavity under anaesthesia, uterine or hypogastric artery ligation,
uterine compression sutures, hysterectomy, manual/ surgical correction of uterine inversion, admission to Intensive
Care Unit (ICU), or blood transfusion.

The rationale for excluding women with TSL duration > 60 min is explained under Statistical methods.

Statistical analyses

The uterotonic received had been assigned at random in the CHAMPION trial within centers, to Oxytocin or HS
carbetocin. As both the duration of TSL and the delivery with or without intervention were variables collected after
the randomization took place, the relationship between blood loss and these factors was studied to explore the
association and not to establish cause-effect relationships.

A generalized linear model was used to fit blood loss as a function of duration of TSL in minutes, center and arm,
with the normal distribution and the log link function. The logarithmic transformation for blood loss was used
based on the results from Carvalho et al. 2018 [6] showing that postpartum blood loss has a lognormal distribution.
For TSL duration, the logarithmic transformation was used because the distribution of duration was very
asymmetric. In a study of outliers including all data in the whole range of TSL duration, TSL duration values above
60 min (106 women, 0.36% of the CHAMPION modified intention-to-treat population) were found to have high
leverage [7] and thus justified their exclusion from the analysis. As a first step, a model was fitted including the
three two-factor interactions and the three-factor interaction, for the factors center, arm and TSL duration. Then,
except for the interaction arm by TSL duration, only the interactions that were significant at the 5% level were kept
in the final models. The interaction arm by TSL duration was kept in the model to obtain predicted values
separately for the two drugs. Analysis of residuals was used to assess the quality of the fits.

Plots of the blood loss fitted values from the above models versus TSL duration were constructed, by arm, with
95% confidence bands obtained from the models by maximum likelihood. A test of interaction of TSL duration by
arm was conducted.

Results

Figure 2 shows the distribution of TSL duration within 60 min. The median duration of TSL was 5 min
(interquartile range 3–7 min). Among the 10,040 women analyzed, there were 8927 (88.9%) women with duration
within 10 min, 1074 (10.7%) with duration > 10–30 min and 39 (0.4%) with duration > 30–60 min.

Fig. 2
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Distribution of the duration of the third stage of labour in minutes, from 0 to 60 min

Full size image

To describe the pattern of blood loss with respect to TSL duration, a scattergram of blood loss versus duration, by
arm, is presented in Fig. 3 for the range of 0–60 min.

Fig. 3
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Scattergram of blood loss versus duration of the third stage of labour, by arm, in the range of duration
0–60 min for women delivering without interventions

Full size image

The results of fitting a general linear model of the logarithm of blood loss on center, arm and logarithmic-
transformed TSL duration is shown in Table 1. The predicted blood loss as a function of duration of TSL, for
women delivering without interventions, by arm, is shown in Fig. 4. It can be seen that there is a positive
association between blood loss and TSL duration in both arms (p-value = 0.0011 for the logarithm of duration). In
the range of TSL duration within 10 min, corresponding to 88.9% of the women analyzed, the association between
blood loss and TSL duration is very strong. After 10 min of TSL duration, the association curve is less steep. There
is no suggestion of a critical duration above which blood loss increases, as the relationship seems smooth. The
general pattern is similar for Oxytocin and Carbetocin, as shown by the overlapping confidence bands and the non-
significance of the interaction of log duration by arm (p-value = 0.2070).

Table 1 Results of fitting a general linear model of the logarithm of blood loss on center, arm and
logarithmic-transformed TSL duration
Full size table

Fig. 4

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/3
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Predicted blood loss (median and 95% confidence limits) as a function of duration of TSL, by arm, for
women delivering ‘without interventions’

Full size image

Discussion

Main findings Blood loss is affected by conditions causing increased bleeding, like episiotomy requiring suturing,
genital trauma or surgical interventions [8]. We handled this source of variation by restricting the analysis in
women having deliveries “with no interventions”.

There was a positive association between TSL duration and blood loss, among this group of women. The predicted
value for blood loss increased steeply with TSL duration of at least 10 min (in which almost 90% of women are
included), and more slowly after 10 min.

Regarding the association pattern of the two agents used in this study, differences might be expected due to the
shorter half-life of oxytocin than HS carbetocin. Both Oxytocin and HS carbetocin seemed to have the same
association curve up to 10 min, corresponding to almost 90% of the women. In women with a TSL of more than
10 min a slightly higher increase in blood loss for the same TSL duration was observed with Oxytocin than with
HS carbetocin. However, the confidence bands overlap and the interaction of duration by arm is not significant,
suggesting no evidence of a difference between the two drugs regarding association between duration of TSL and
blood loss.

Strengths and limitations There are several strengths of this analysis. Our study included data of a large cohort of
women delivering vaginally within the WHO CHAMPION trial, which is the largest PPH prevention study
conducted to date. The multi-country, multi-center enrolments, the accurate postpartum blood loss measurement
and high-quality data collection techniques employed, ensured a reliable database being available for this analysis.

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/4
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/4
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However, there are also some limitations. We were not able to assess the association between blood loss and
duration of the TSL beyond 60 min because of scarce data, as the proportion of women having a TSL lasting more
than 60 min was very low (0.36%). Secondly, the models shown cannot be used for individual prediction: the 95%
confidence bands shown in Fig. 4 are for predicted means. In the third place, since this was a post- hoc analysis, the
study results should be interpreted with caution.

Interpretation Traditionally, TSL duration more than 30 min has been considered prolonged. Various authors have
shown that the risk of PPH increases with an increasing duration of TSL and this happens at a much shorter
duration than 30 min [9,10,11]. This was evident in our study too, as many women experienced very heavy blood
loss with TSL of less than 10 min duration.

Our study explored the association between TSL duration and blood loss considering both variables as continuous,
acknowledging the limitations to establish a causal relationship between TSL duration and more blood loss.
Therefore, we did not compare the risk of PPH for different categories of TSL duration. We did not find a critical
duration beyond which blood loss increases more steeply than before, on average. This is in contrast with results by
other authors, where a longer duration of TSL was associated with a significantly higher risk of PPH. Studies have
also described that a TSL longer than a particular duration is more likely to be associated with complications.
According to Combs and Laros, with spontaneously delivered placentae, the incidence of PPH and blood
transfusion is rather uniform in the first 30 min after delivery, after which it rises progressively [2]. Magann et al.
found a significantly increased risk of PPH with a TSL beyond 18 min and Frolova et al. found a significant rise in
PPH risk starting at TSL duration 20 min (15.9% at 20–24 min compared with 8.5% at less than 20 min) [3, 11]. In
the current analysis, blood loss rose steeply with TSL duration up to 10 min, with the median blood loss in both
arms at about 200 ml at TSL 10 min. With TSL duration between 10 and 60 min, the association curve was less
steep, with median blood loss not exceeding 350 ml in either arm. Blood loss was not noted to be significantly
heavier beyond any particular TSL duration and we did not identify any critical TSL duration threshold for
increased blood loss.

Our findings of the association between blood loss and duration of the TSL by study drug should be interpreted in
the context of the potential impact on clinical practice. The medications used in this study were stored under ideal
temperatures, which is important for maintaining the potency of Oxytocin and which may not always be the case in
actual clinical practice.

Conclusion

In women with vaginal birth and not receiving interventions for treating atonic PPH or other sources of bleeding,
and with TSL duration up to 60 min, there was a positive association between duration of the TSL and postpartum
blood loss. The blood loss rose steeply with duration in women with TSL of 10 min or less, while in women with
longer TSL duration the slope was less steep.

There was no evidence of a difference between Oxytocin and HS carbetocin in the pattern of association of
duration of the TSL and blood loss.

The current study results should be interpreted with caution due to the fact that this was a post hoc analysis.

Availability of data and materials

The datasets generated during and/or analysed during the current study are available in the World Health
Organization repository. The link to datasets can be requested to Mariana Widmer at widmerm@who.int.
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Postpartum haemorrhage

HS:

Heat stable

TSL:

Third stage of labour

AMTSL:

Active management of the third stage of labour

References

1. 1.

Say L, Chou D, Gemmill A, et al. Global causes of maternal death: a WHO systematic analysis. Lancet Glob
Health. 2014;2(6):e323–33.

Article  Google Scholar 

2. 2.

Combs CA, Laros RK. Prolonged third stage of labor: morbidity and risk factors. Obstet Gynecol.
1991;77:863–7.

CAS  PubMed  Google Scholar 

3. 3.

Magann EF, Evans S, Chauhan SP, Lanneau G, Fisk AD, Morrison JC. The length of the third stage of labor
and the risk of postpartum hemorrhage. Obstet Gynecol. 2005;105(2):290–3.

Article  Google Scholar 

4. 4.

World Health Organization. WHO recommendations for the prevention and treatment of postpartum
haemorrhage, 2012.

5. 5.

Widmer M, Piaggio G, Nguyen TMH, Osoti A, Owa OO, Misra S, et al. Heat-stable carbetocin versus
oxytocin to prevent hemorrhage after vaginal birth. N Engl J Med. 2018;379(8):743–52.
https://doi.org/10.1056/NEJMoa1805489.

CAS  Article  PubMed  Google Scholar 

6. 6.

Carvalho JF, Piaggio G, Wojdyla D, Widmer M, Gülmezoglu AM. Distribution of postpartum blood loss:
modeling, estimation and application to clinical trials. Reprod Health. 2018;15:199.
https://doi.org/10.1186/s12978-018-0641-1.

https://doi.org/10.1016%2FS2214-109X%2814%2970227-X
http://scholar.google.com/scholar_lookup?&title=Global%20causes%20of%20maternal%20death%3A%20a%20WHO%20systematic%20analysis&journal=Lancet%20Glob%20Health&volume=2&issue=6&pages=e323-e333&publication_year=2014&author=Say%2CL&author=Chou%2CD&author=Gemmill%2CA
https://reproductive-health-journal.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK3M3jt1OksQ%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2030858
http://scholar.google.com/scholar_lookup?&title=Prolonged%20third%20stage%20of%20labor%3A%20morbidity%20and%20risk%20factors&journal=Obstet%20Gynecol&volume=77&pages=863-867&publication_year=1991&author=Combs%2CCA&author=Laros%2CRK
https://doi.org/10.1097%2F01.AOG.0000151993.83276.70
http://scholar.google.com/scholar_lookup?&title=The%20length%20of%20the%20third%20stage%20of%20labor%20and%20the%20risk%20of%20postpartum%20hemorrhage&journal=Obstet%20Gynecol&volume=105&issue=2&pages=290-293&publication_year=2005&author=Magann%2CEF&author=Evans%2CS&author=Chauhan%2CSP&author=Lanneau%2CG&author=Fisk%2CAD&author=Morrison%2CJC
https://doi.org/10.1056/NEJMoa1805489
https://reproductive-health-journal.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC1cXhs1eqsrbE
https://doi.org/10.1056%2FNEJMoa1805489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29949473
http://scholar.google.com/scholar_lookup?&title=Heat-stable%20carbetocin%20versus%20oxytocin%20to%20prevent%20hemorrhage%20after%20vaginal%20birth&journal=N%20Engl%20J%20Med&doi=10.1056%2FNEJMoa1805489&volume=379&issue=8&pages=743-752&publication_year=2018&author=Widmer%2CM&author=Piaggio%2CG&author=Nguyen%2CTMH&author=Osoti%2CA&author=Owa%2COO&author=Misra%2CS
https://doi.org/10.1186/s12978-018-0641-1


1/19/22, 2:28 PM Duration of third stage labour and postpartum blood loss: a secondary analysis of the WHO CHAMPION trial data | Reproductive …

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8#:~:text=Results,p-value %3D 0.2070). 12/19

Article  PubMed  PubMed Central  Google Scholar 

7. 7.

Belsley DA, Kuh E, Welsch E. Regression diagnostics: identifying influential data and sources of
collinearity. John Wiley & Sons; 1980.

Book  Google Scholar 

8. 8.

Homsi R, Daikoku NH, Littlejohn J, Wheeless CR Jr. Episiotomy: risks of dehiscence and rectovaginal
fistula. Obstet Gynecol Surv. 1994;49:803–8.

CAS  Article  Google Scholar 

9. 9.

Dombrowski MP, Bottoms SF, Saleh AA, Hurd WW, Romero R. Third stage of labor: analysis of duration
and clinical practice. Am J Obstet Gynecol. 1995;172:1279–84.

CAS  Article  Google Scholar 

10. 10.

Helmy ME, Sayyed TM, Abdo AA. The effect of the duration of the third stage of labour on the amount of
maternal blood loss. Menoufia Med J. 2018;31:1244–52.

Google Scholar 

11. 11.

Frolova AI, Stout MJ, Tuuli MG, López JD, Macones GA, Cahill AG. Duration of the third stage of labor
and risk of postpartum hemorrhage. Obstet Gynecol. 2016;127(5):951–6.
https://doi.org/10.1097/AOG.0000000000001399.

Article  PubMed  Google Scholar 

Download references

Acknowledgements

Not applicable.

Funding

The main trial and the conduct of the secondary analysis were supported by funding from MSD, through its MSD
for Mothers program and is the sole responsibility of the authors. MSD for Mothers is an initiative of Merck & Co.,
Inc., Kenilworth, NJ, U.S.A.

Author information

Affiliations

https://doi.org/10.1186%2Fs12978-018-0641-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=30514326
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6280488
http://scholar.google.com/scholar_lookup?&title=Distribution%20of%20postpartum%20blood%20loss%3A%20modeling%2C%20estimation%20and%20application%20to%20clinical%20trials&journal=Reprod%20Health&doi=10.1186%2Fs12978-018-0641-1&volume=15&publication_year=2018&author=Carvalho%2CJF&author=Piaggio%2CG&author=Wojdyla%2CD&author=Widmer%2CM&author=G%C3%BClmezoglu%2CAM
https://doi.org/10.1002%2F0471725153
http://scholar.google.com/scholar_lookup?&title=Regression%20diagnostics%3A%20identifying%20influential%20data%20and%20sources%20of%20collinearity&publication_year=1980&author=Belsley%2CDA&author=Kuh%2CE&author=Welsch%2CE
https://reproductive-health-journal.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK2M7ptFyltw%3D%3D
https://doi.org/10.1097%2F00006254-199412000-00002
http://scholar.google.com/scholar_lookup?&title=Episiotomy%3A%20risks%20of%20dehiscence%20and%20rectovaginal%20fistula&journal=Obstet%20Gynecol%20Surv&volume=49&pages=803-808&publication_year=1994&author=Homsi%2CR&author=Daikoku%2CNH&author=Littlejohn%2CJ&author=Wheeless%2CCR
https://reproductive-health-journal.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK2M3ktlegtw%3D%3D
https://doi.org/10.1016%2F0002-9378%2895%2991493-5
http://scholar.google.com/scholar_lookup?&title=Third%20stage%20of%20labor%3A%20analysis%20of%20duration%20and%20clinical%20practice&journal=Am%20J%20Obstet%20Gynecol&volume=172&pages=1279-1284&publication_year=1995&author=Dombrowski%2CMP&author=Bottoms%2CSF&author=Saleh%2CAA&author=Hurd%2CWW&author=Romero%2CR
http://scholar.google.com/scholar_lookup?&title=The%20effect%20of%20the%20duration%20of%20the%20third%20stage%20of%20labour%20on%20the%20amount%20of%20maternal%20blood%20loss&journal=Menoufia%20Med%20J&volume=31&pages=1244-1252&publication_year=2018&author=Helmy%2CME&author=Sayyed%2CTM&author=Abdo%2CAA
https://doi.org/10.1097/AOG.0000000000001399
https://doi.org/10.1097%2FAOG.0000000000001399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27054942
http://scholar.google.com/scholar_lookup?&title=Duration%20of%20the%20third%20stage%20of%20labor%20and%20risk%20of%20postpartum%20hemorrhage&journal=Obstet%20Gynecol&doi=10.1097%2FAOG.0000000000001399&volume=127&issue=5&pages=951-956&publication_year=2016&author=Frolova%2CAI&author=Stout%2CMJ&author=Tuuli%2CMG&author=L%C3%B3pez%2CJD&author=Macones%2CGA&author=Cahill%2CAG
https://citation-needed.springer.com/v2/references/10.1186/s12978-021-01284-8?format=refman&flavour=references


1/19/22, 2:28 PM Duration of third stage labour and postpartum blood loss: a secondary analysis of the WHO CHAMPION trial data | Reproductive …

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8#:~:text=Results,p-value %3D 0.2070). 13/19

1. Department of Obstetrics and Gynaecology, S Nijalingappa Medical College, Bagalkot, Karnataka, India

Sumangala B. Chikkamath, Geetanjali M. Katageri & Ashalata A. Mallapur

2. Women’s and Children’s Health Research Unit JN Medical College, KLE Academy of Higher Education and
Research, Belagavi, Karnataka, India

Sunil S. Vernekar, Manjunath S. Somannavar & Shivaprasad S. Goudar

3. Statistika Consultoria, Campinas, São Paulo, Brazil

Gilda Piaggio & José Ferreira de Carvalho

4. Centro Rosarino de Estudios Perinatales (CREP), Rosario, Argentina

Guillermo Carroli

5. Reproductive Health and Research, World Health Organization, Geneva, Switzerland

Fernando Althabe

6. The Effective Care Research Unit, University of Witwatersrand and Walter Sisulu University, East London,
South Africa

G. Justus Hofmeyr

7. Maternal and Perinatal Health, World Health Organization, Geneva, Switzerland

Mariana Widmer

8. Concept Foundation, Geneva, Switzerland

Ahmet Metin Gulmezoglu

9. University of Botswana, Gaborone, Botswana

G. Justus Hofmeyr

Authors

1. Sumangala B. Chikkamath
View author publications

You can also search for this author in PubMed Google Scholar

2. Geetanjali M. Katageri
View author publications

You can also search for this author in PubMed Google Scholar

3. Ashalata A. Mallapur
View author publications

You can also search for this author in PubMed Google Scholar

4. Sunil S. Vernekar
View author publications

https://www.biomedcentral.com/search?query=author%23%22Sumangala%20B.+Chikkamath%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Sumangala%20B.+Chikkamath
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Sumangala%20B.+Chikkamath%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Geetanjali%20M.+Katageri%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Geetanjali%20M.+Katageri
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Geetanjali%20M.+Katageri%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Ashalata%20A.+Mallapur%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Ashalata%20A.+Mallapur
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Ashalata%20A.+Mallapur%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Sunil%20S.+Vernekar%22


1/19/22, 2:28 PM Duration of third stage labour and postpartum blood loss: a secondary analysis of the WHO CHAMPION trial data | Reproductive …

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8#:~:text=Results,p-value %3D 0.2070). 14/19

You can also search for this author in PubMed Google Scholar

5. Manjunath S. Somannavar
View author publications

You can also search for this author in PubMed Google Scholar

6. Gilda Piaggio
View author publications

You can also search for this author in PubMed Google Scholar

7. Guillermo Carroli
View author publications

You can also search for this author in PubMed Google Scholar

8. José Ferreira de Carvalho
View author publications

You can also search for this author in PubMed Google Scholar

9. Fernando Althabe
View author publications

You can also search for this author in PubMed Google Scholar

10. G. Justus Hofmeyr
View author publications

You can also search for this author in PubMed Google Scholar

11. Mariana Widmer
View author publications

You can also search for this author in PubMed Google Scholar

12. Ahmet Metin Gulmezoglu
View author publications

You can also search for this author in PubMed Google Scholar

13. Shivaprasad S. Goudar
View author publications

You can also search for this author in PubMed Google Scholar

Contributions

SBC conceived of the manuscript and wrote the first draft with input from SBC, GMK, AAM, SSV, MSS, GP,
GJH, GC, JFC, FA, GJH, MW, AMG, SSG. SBC, GMK, AAM, SSV, MSS and SSG oversaw study
implementation, data collection and quality monitoring. GP and JFC performed the statistical analyses. All authors
reviewed and approved the final manuscript. All authors read and approved the final manuscript.

Corresponding author

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Sunil%20S.+Vernekar
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Sunil%20S.+Vernekar%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Manjunath%20S.+Somannavar%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Manjunath%20S.+Somannavar
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Manjunath%20S.+Somannavar%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Gilda+Piaggio%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Gilda+Piaggio
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Gilda+Piaggio%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Guillermo+Carroli%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Guillermo+Carroli
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Guillermo+Carroli%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Jos%C3%A9%20Ferreira+de+Carvalho%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Jos%C3%A9%20Ferreira+de+Carvalho
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Jos%C3%A9%20Ferreira+de+Carvalho%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Fernando+Althabe%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Fernando+Althabe
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Fernando+Althabe%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22G.%20Justus+Hofmeyr%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=G.%20Justus+Hofmeyr
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22G.%20Justus+Hofmeyr%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Mariana+Widmer%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Mariana+Widmer
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Mariana+Widmer%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Ahmet%20Metin+Gulmezoglu%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Ahmet%20Metin+Gulmezoglu
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Ahmet%20Metin+Gulmezoglu%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://www.biomedcentral.com/search?query=author%23%22Shivaprasad%20S.+Goudar%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Shivaprasad%20S.+Goudar
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Shivaprasad%20S.+Goudar%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en


1/19/22, 2:28 PM Duration of third stage labour and postpartum blood loss: a secondary analysis of the WHO CHAMPION trial data | Reproductive …

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8#:~:text=Results,p-value %3D 0.2070). 15/19

Correspondence to Sunil S. Vernekar.

Ethics declarations

Ethics approval and consent to participate

This study was reviewed and approved by institutional ethics committee of each of the participating sites of the
WHO CHAMPION trial. All women provided informed consent for participation in the study.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Additional information

Publisher's Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Rights and permissions

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article's
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication
waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated in a credit line to the data.

Reprints and Permissions

About this article

Cite this article

Chikkamath, S.B., Katageri, G.M., Mallapur, A.A. et al. Duration of third stage labour and postpartum blood loss: a
secondary analysis of the WHO CHAMPION trial data. Reprod Health 18, 230 (2021).

mailto:drsunilsvernekar@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://s100.copyright.com/AppDispatchServlet?title=Duration%20of%20third%20stage%20labour%20and%20postpartum%20blood%20loss%3A%20a%20secondary%20analysis%20of%20the%20WHO%20CHAMPION%20trial%20data&author=Sumangala%20B.%20Chikkamath%20et%20al&contentID=10.1186%2Fs12978-021-01284-8&copyright=The%20Author%28s%29&publication=1742-4755&publicationDate=2021-11-14&publisherName=SpringerNature&orderBeanReset=true&oa=CC%20BY%20%2B%20CC0
https://crossmark.crossref.org/dialog/?doi=10.1186/s12978-021-01284-8


1/19/22, 2:28 PM Duration of third stage labour and postpartum blood loss: a secondary analysis of the WHO CHAMPION trial data | Reproductive …

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8#:~:text=Results,p-value %3D 0.2070). 16/19

https://doi.org/10.1186/s12978-021-01284-8

Download citation

Received: 16 May 2021

Accepted: 02 November 2021

Published: 14 November 2021

DOI: https://doi.org/10.1186/s12978-021-01284-8

Share this article

Anyone you share the following link with will be able to read this content:

Get shareable link

Provided by the Springer Nature SharedIt content-sharing initiative

Keywords

Third stage of labour
Postpartum blood loss
Duration
Heat-stable carbetocin
Uterotonics
Oxytocin

Download PDF 

Sections
Figures
References

Abstract
Plain Language Summary
Background
Methods
Results
Discussion
Conclusion
Availability of data and materials
Abbreviations
References
Acknowledgements
Funding
Author information
Ethics declarations
Additional information
Rights and permissions
About this article

Advertisement

https://citation-needed.springer.com/v2/references/10.1186/s12978-021-01284-8?format=refman&flavour=citation
https://reproductive-health-journal.biomedcentral.com/track/pdf/10.1186/s12978-021-01284-8.pdf


1/19/22, 2:28 PM Duration of third stage labour and postpartum blood loss: a secondary analysis of the WHO CHAMPION trial data | Reproductive …

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8#:~:text=Results,p-value %3D 0.2070). 17/19

Fig. 1
figure 1

View in articleFull size image

Fig. 2
figure 2

View in articleFull size image

Fig. 3
figure 3

View in articleFull size image

Fig. 4
figure 4

View in articleFull size image

1. Say L, Chou D, Gemmill A, et al. Global causes of
maternal death: a WHO systematic analysis. Lancet
Glob Health. 2014;2(6):e323–33.

Article  Google Scholar 

2. Combs CA, Laros RK. Prolonged third stage of labor:
morbidity and risk factors. Obstet Gynecol.
1991;77:863–7.

CAS PubMed  Google Scholar 

3. Magann EF, Evans S, Chauhan SP, Lanneau G, Fisk
AD, Morrison JC. The length of the third stage of
labor and the risk of postpartum hemorrhage. Obstet
Gynecol. 2005;105(2):290–3.

Article  Google Scholar 

https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstFQL0Cplk6qq3YZ6BN9ThCJ3l31Ht2xgbLPgbFFZnRergCvl2hDL3PdRQ3UpZIdrNdPFbSQiiVCuFQv8vvR-U2vPFrFoCUgbrNQzf0KckSDPfZRwFHpbupAZqUxt5VpGsAc5Pl8u14BT_3iFm4MgFn5bfWKCeDqDwlmzEqMJxQpU80rggTCZ9xyq03wcLyk_zd4qgJhb0ANorG_s8sjh89FVwPMkIshkm6AIhdlvFhKhssv-oU_N9pxoS4MLxHhbhYaM2Sq31ux-s-8UqPfm5syY53XtulsmXIcJLkDDH3blORbR9QKRJ5pris-X8QeW_XY1Xk1AsG16KsPqR19Z-uwQh3HZb4n7aqv4C0HZ0ZpGIZblxt7X4X1MpLqscz-rM&sig=Cg0ArKJSzBwpZm-orhxD&fbs_aeid=[gw_fbsaeid]&adurl=https://www.springernature.com/gp/campaign/SNExperiments%3Futm_source%3DBMC%26utm_medium%3DSNwebbanner%26utm_campaign%3DACGO_SNEXP_AWA1_GL_PB2B_PS_04_SNExp%26utm_id%3DPS_SNE&nm=1
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/1
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/2
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/3
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8/figures/4
https://doi.org/10.1016%2FS2214-109X%2814%2970227-X
http://scholar.google.com/scholar_lookup?&title=Global%20causes%20of%20maternal%20death%3A%20a%20WHO%20systematic%20analysis&journal=Lancet%20Glob%20Health&volume=2&issue=6&pages=e323-e333&publication_year=2014&author=Say%2CL&author=Chou%2CD&author=Gemmill%2CA
https://reproductive-health-journal.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK3M3jt1OksQ%3D%3D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2030858
http://scholar.google.com/scholar_lookup?&title=Prolonged%20third%20stage%20of%20labor%3A%20morbidity%20and%20risk%20factors&journal=Obstet%20Gynecol&volume=77&pages=863-867&publication_year=1991&author=Combs%2CCA&author=Laros%2CRK
https://doi.org/10.1097%2F01.AOG.0000151993.83276.70
http://scholar.google.com/scholar_lookup?&title=The%20length%20of%20the%20third%20stage%20of%20labor%20and%20the%20risk%20of%20postpartum%20hemorrhage&journal=Obstet%20Gynecol&volume=105&issue=2&pages=290-293&publication_year=2005&author=Magann%2CEF&author=Evans%2CS&author=Chauhan%2CSP&author=Lanneau%2CG&author=Fisk%2CAD&author=Morrison%2CJC


1/19/22, 2:28 PM Duration of third stage labour and postpartum blood loss: a secondary analysis of the WHO CHAMPION trial data | Reproductive …

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8#:~:text=Results,p-value %3D 0.2070). 18/19

4. World Health Organization. WHO recommendations
for the prevention and treatment of postpartum
haemorrhage, 2012.

5. Widmer M, Piaggio G, Nguyen TMH, Osoti A, Owa
OO, Misra S, et al. Heat-stable carbetocin versus
oxytocin to prevent hemorrhage after vaginal birth. N
Engl J Med. 2018;379(8):743–52.
https://doi.org/10.1056/NEJMoa1805489.

CAS Article PubMed  Google Scholar 

6. Carvalho JF, Piaggio G, Wojdyla D, Widmer M,
Gülmezoglu AM. Distribution of postpartum blood
loss: modeling, estimation and application to clinical
trials. Reprod Health. 2018;15:199.
https://doi.org/10.1186/s12978-018-0641-1.

Article PubMed PubMed Central  Google Scholar 

7. Belsley DA, Kuh E, Welsch E. Regression
diagnostics: identifying influential data and sources of
collinearity. John Wiley & Sons; 1980.

Book  Google Scholar 

8. Homsi R, Daikoku NH, Littlejohn J, Wheeless CR Jr.
Episiotomy: risks of dehiscence and rectovaginal
fistula. Obstet Gynecol Surv. 1994;49:803–8.

CAS Article  Google Scholar 

9. Dombrowski MP, Bottoms SF, Saleh AA, Hurd WW,
Romero R. Third stage of labor: analysis of duration
and clinical practice. Am J Obstet Gynecol.
1995;172:1279–84.

CAS Article  Google Scholar 

10. Helmy ME, Sayyed TM, Abdo AA. The effect of the
duration of the third stage of labour on the amount of
maternal blood loss. Menoufia Med J. 2018;31:1244–
52.

Google Scholar 

11. Frolova AI, Stout MJ, Tuuli MG, López JD, Macones
GA, Cahill AG. Duration of the third stage of labor
and risk of postpartum hemorrhage. Obstet Gynecol.
2016;127(5):951–6.
https://doi.org/10.1097/AOG.0000000000001399.

Article PubMed  Google Scholar 

https://doi.org/10.1056/NEJMoa1805489
https://reproductive-health-journal.biomedcentral.com/articles/cas-redirect/1:CAS:528:DC%2BC1cXhs1eqsrbE
https://doi.org/10.1056%2FNEJMoa1805489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29949473
http://scholar.google.com/scholar_lookup?&title=Heat-stable%20carbetocin%20versus%20oxytocin%20to%20prevent%20hemorrhage%20after%20vaginal%20birth&journal=N%20Engl%20J%20Med&doi=10.1056%2FNEJMoa1805489&volume=379&issue=8&pages=743-752&publication_year=2018&author=Widmer%2CM&author=Piaggio%2CG&author=Nguyen%2CTMH&author=Osoti%2CA&author=Owa%2COO&author=Misra%2CS
https://doi.org/10.1186/s12978-018-0641-1
https://doi.org/10.1186%2Fs12978-018-0641-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=30514326
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6280488
http://scholar.google.com/scholar_lookup?&title=Distribution%20of%20postpartum%20blood%20loss%3A%20modeling%2C%20estimation%20and%20application%20to%20clinical%20trials&journal=Reprod%20Health&doi=10.1186%2Fs12978-018-0641-1&volume=15&publication_year=2018&author=Carvalho%2CJF&author=Piaggio%2CG&author=Wojdyla%2CD&author=Widmer%2CM&author=G%C3%BClmezoglu%2CAM
https://doi.org/10.1002%2F0471725153
http://scholar.google.com/scholar_lookup?&title=Regression%20diagnostics%3A%20identifying%20influential%20data%20and%20sources%20of%20collinearity&publication_year=1980&author=Belsley%2CDA&author=Kuh%2CE&author=Welsch%2CE
https://reproductive-health-journal.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK2M7ptFyltw%3D%3D
https://doi.org/10.1097%2F00006254-199412000-00002
http://scholar.google.com/scholar_lookup?&title=Episiotomy%3A%20risks%20of%20dehiscence%20and%20rectovaginal%20fistula&journal=Obstet%20Gynecol%20Surv&volume=49&pages=803-808&publication_year=1994&author=Homsi%2CR&author=Daikoku%2CNH&author=Littlejohn%2CJ&author=Wheeless%2CCR
https://reproductive-health-journal.biomedcentral.com/articles/cas-redirect/1:STN:280:DyaK2M3ktlegtw%3D%3D
https://doi.org/10.1016%2F0002-9378%2895%2991493-5
http://scholar.google.com/scholar_lookup?&title=Third%20stage%20of%20labor%3A%20analysis%20of%20duration%20and%20clinical%20practice&journal=Am%20J%20Obstet%20Gynecol&volume=172&pages=1279-1284&publication_year=1995&author=Dombrowski%2CMP&author=Bottoms%2CSF&author=Saleh%2CAA&author=Hurd%2CWW&author=Romero%2CR
http://scholar.google.com/scholar_lookup?&title=The%20effect%20of%20the%20duration%20of%20the%20third%20stage%20of%20labour%20on%20the%20amount%20of%20maternal%20blood%20loss&journal=Menoufia%20Med%20J&volume=31&pages=1244-1252&publication_year=2018&author=Helmy%2CME&author=Sayyed%2CTM&author=Abdo%2CAA
https://doi.org/10.1097/AOG.0000000000001399
https://doi.org/10.1097%2FAOG.0000000000001399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27054942
http://scholar.google.com/scholar_lookup?&title=Duration%20of%20the%20third%20stage%20of%20labor%20and%20risk%20of%20postpartum%20hemorrhage&journal=Obstet%20Gynecol&doi=10.1097%2FAOG.0000000000001399&volume=127&issue=5&pages=951-956&publication_year=2016&author=Frolova%2CAI&author=Stout%2CMJ&author=Tuuli%2CMG&author=L%C3%B3pez%2CJD&author=Macones%2CGA&author=Cahill%2CAG


1/19/22, 2:28 PM Duration of third stage labour and postpartum blood loss: a secondary analysis of the WHO CHAMPION trial data | Reproductive …

https://reproductive-health-journal.biomedcentral.com/articles/10.1186/s12978-021-01284-8#:~:text=Results,p-value %3D 0.2070). 19/19

 Reproductive Health

ISSN: 1742-4755

Contact us

Submission enquiries: Access here and click Contact Us
General enquiries: info@biomedcentral.com

Read more on our blogs
Receive BMC newsletters
Manage article alerts
Language editing for authors
Scientific editing for authors

Policies
Accessibility
Press center

Support and Contact
Leave feedback
Careers

Follow BMC

BMC Twitter page 
BMC Facebook page 
BMC Weibo page 

By using this website, you agree to our Terms and Conditions, California Privacy Statement, Privacy statement and
Cookies policy. Manage cookies/Do not sell my data we use in the preference centre.

© 2022 BioMed Central Ltd unless otherwise stated. Part of Springer Nature.

 

https://www.editorialmanager.com/reph/
mailto:info@biomedcentral.com
http://blogs.biomedcentral.com/
https://www.biomedcentral.com/login
https://www.biomedcentral.com/account
https://authorservices.springernature.com/go/10BMC
http://authorservices.springernature.com/scientific-editing/
https://www.biomedcentral.com/about/policies
https://www.biomedcentral.com/accessibility
https://www.biomedcentral.com/about/press-centre
https://support.biomedcentral.com/support/home
https://biomedcentral.typeform.com/to/VLXboo
https://www.biomedcentral.com/about/jobs
https://twitter.com/biomedcentral
https://www.facebook.com/BioMedCentral
http://www.weibo.com/biomedcentral
https://www.biomedcentral.com/terms-and-conditions
https://www.springernature.com/ccpa
https://www.biomedcentral.com/privacy-statement
https://www.biomedcentral.com/cookies
javascript:void(0);
https://www.springernature.com/


Vol.:(0123456789)1 3

Indian Journal of Pediatrics 
https://doi.org/10.1007/s12098-021-03909-z
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Role of Antiplatelet Therapy in Pediatric Stroke with Mineralizing 
Angiopathy
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To the Editor: Mineralizing angiopathy (MA) is emerging 
as a common cause of stroke in otherwise healthy children 
less than 3–4 y of age [1]. Extrapolating the data from other 
causes of stroke in children, many physicians prescribe 
antiplatelet drugs like aspirin for 1–2 y. However, there is 
no theoretical basis for use of aspirin in MA, as there is 
no arteriopathy/on-going inflammation or a prothrombotic 
condition in MA. Hence as a policy, from 2017 onwards, 
we did not treat children with antiplatelet drugs other than 
supportive care.

A total of 17 children out of 54 cases of arterial ischemic 
strokes had a diagnosis of MA in the last 8 y. While 6 of 
17 children, who presented before 2017 had received aspi-
rin for varying periods ranging from 2 to 18 mo duration, 
11 children, who presented after 2017 were not given any 
antiplatelet therapy. The mean follow-up age was 50.3 mo 
(range: 12–96 mo). None of the children had stroke recur-
rence whether they received or did not receive antiplatelet 
therapy.

In the study by Lingappa et al., all 22 children with MA 
were treated with aspirin and were followed up for a mean 
duration of 11 mo. Five of these experienced stroke recur-
rences while on aspirin therapy [2]. In a similar study con-
ducted by Goraya et al., all infants with acute stroke asso-
ciated with MA were treated with low-molecular-weight 
heparin succeeded by aspirin for 12-mo. None had stroke 
recurrence [3]. Yang et al. found that only 1 out of the 13 
children with basal ganglia infarct presented with recurrent 

stroke following minor head trauma despite no aspirin ther-
apy [4]. In our study also, none had recurrence of stroke 
irrespective of antiplatelet therapy. Therefore, probably there 
is no role of antiplatelet therapy in MA. Further studies are 
needed in this direction.
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cryotherapy device for cervical dysplasia in
low- and middle-income countries: study
protocol for a multicenter open-label non-
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Abstract

Background: Cervical cancer is the fourth most common cancer in the world, affecting mainly women residing in
low- and middle-income countries. Progression from a pre-invasive phase to that of an invasive phase generally
takes years and provides a window of opportunity to screen for and treat precancerous lesions.

Methods: This study is being conducted at four sites in north Karnataka, India. Community sensitization activities
have been organized in the study areas to create awareness among stakeholders, including elected representatives,
physicians, health care workers, and potential participants. Organized community based as well as hospital-based
screening is being conducted using visual inspection with acetic acid (VIA). Screen positive women are referred to
respective study hospitals for colposcopy and directed biopsy. Participants with confirmed high-grade cervical
dysplasia (high-grade squamous intraepithelial lesions or HSIL) who fit all other eligibility criteria will be recruited to
the study and will receive cryotherapy using CryoPop®, an innovative new cryotherapy device.

Discussion: There is a need to develop an inexpensive, simple, and effective cryotherapy device for use by frontline
health care providers at locations where screening and timely treatment can be given, accelerating access to
cervical cancer prevention services and minimizing loss to follow-up of women with precancerous lesions who
need treatment.
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Trial registration: Clinical Trial Registry - India CTRI/2019/01/017289 ClinicalTrials.Gov number NCT04154644.
Registered on November 6, 2019.

Keywords: CryoPop®, Cryotherapy, Cervical dysplasia, Low- and middle-income countries

Background
Globally, cervical cancer is the fourth most common
cancer in women and was responsible for 311,000 female
deaths in 2018. In the next 12 years, the number of
women dying annually from this preventable disease is
expected to grow by another 100,000 [1]. An over-
whelming majority (90%) of cervical cancer deaths occur
in low- and middle-income countries (LMICs), with only
5% of global cancer resources allotted to these settings.
Investments in scaled up prevention and control mea-
sures are far outstripped by the needs [2]. Cervical can-
cer is relatively unique in that there is a recognizable
pre-invasive phase in which progression from oncogenic
strains of human papilloma virus (HPV) infection—the
primary causative agent of cervical cancer—to invasive
disease evolves over several years, passing through dis-
tinct precancerous phases known as cervical dysplasia or
squamous intraepithelial lesions. This prolonged natural
history offers an extended window to detect the pres-
ence of precancerous lesions which, when promptly
treated, prevent progression to invasive cancer [3–5]. In
November 2020, the World Health Organization
(WHO) launched its global strategy to accelerate the
elimination of cervical cancer. The goal to be achieved
by year 2030 includes screening 70% of women by 35
years of age (and again by 45 years of age) and treating
90% of those with precancerous changes [6]. Scalable
screening and cost-effective treatment technologies will
be required to meet this ambitious goal.
The WHO guidelines for screening and treatment of

precancerous cervical lesions [7] recommend a screen-
and-treat approach to prevent cervical cancer disease
progression, with cryotherapy being designated the first
choice of treatment for women who present with a posi-
tive screening test. With cryotherapy, observational stud-
ies have shown a relative risk reduction in cervical
cancer of 86% [8]. Cryotherapy using nitrous oxide
(N2O) or carbon dioxide (CO2) to induce cryonecrosis
of dysplastic tissues followed by regeneration of normal
cervical epithelium is the most common intervention
used in LMICs because it is simple to administer and
safe enough for competently trained mid-level practi-
tioners such as nurses and midwives to utilize and can
be performed without anesthesia or electricity [9].
Cost, reliability, durability, portability, and reparability

are all factors that presently limit the scale-up of treat-
ment necessary to match the volume of population-
based screening needed in order to achieve a marked

decrease in cervical cancer morbidity and mortality.
Each cryotherapy unit costs $2000-$7500, resulting in
approximately 80% or more of the treatment cost being
directly attributed to equipment cost [10]. Additionally,
the current technology requires significant amounts of
N2O or CO2 from large gas cylinders which are heavy
and costly—the cost to refill a N2O tank can be as high
as $930 [11].
CryoPop® (see Fig. 1) is a new cryotherapy device de-

veloped as a collaboration between Jhpiego, a Johns
Hopkins University global health affiliate, and the Johns
Hopkins Center for Bioengineering Innovation and De-
sign (CBID) as part of a challenge initiative to address
some of the key drawbacks with existing cryotherapy
equipment. This device uses the liquid component of
CO2 to form dry ice as the freezing element. The device
is simple, durable, and portable; mechanical problems
can easily be repaired on site. As with other cryotherapy
devices, it can be utilized by physicians but also task-
shared with nurses and midwives. Compared to other
cryotherapy equipment, it does not require a tether to a
CO2 or N2O tank; is approximately one-half the cost of
standard cryotherapy devices; and is more CO2 efficient,
using one tenth of the CO2 per procedure compared to
standard cryosurgery equipment.
The phase 1 of this study (data not shown-paper in

progress), completed in the Philippines, was primarily
focused on determining the performance characteristics
of the CryoPop® as compared to standard cryotherapy
equipment. Women with normal cervical cytology
scheduled for hysterectomy for benign conditions re-
ceived cryotherapy 24–48 h before their operation. In a
total of 60 women who received cryotherapy with Cryo-
Pop® and 20 women who were treated with standard
cryotherapy, analysis indicated that CryoPop® was non-
inferior to standard cryotherapy in attaining maximum
depth of necrosis on the anterior and posterior cervix,
the measures used as surrogates for efficacy in published
literature [12, 13]. The last 40 women who received
cryotherapy with CryoPop® had the length of the freeze-
thaw-freeze cycle vary with factor analysis suggesting
that longer thaw and longer second freeze were associ-
ated with greater depth of necrosis measurements.
This paper presents the CryoPop® Phase 2 clinical trial

protocol for the multicenter open-label non-inferiority
clinical trial with the objective to compare the safety and
efficacy of the CryoPop® device in LMICs with historical
controls when treating women with histopathologically
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confirmed high-grade squamous intraepithelial lesions
(HSIL). The original protocol (Protocol version 1.0,
January 15, 2019) was approved in 2019 for the
Philippines and a current version (Protocol version 2.0,
November 20, 2020) reflects approval for India in 2020,
with two primary health centers added for colposcopy.
All protocol amendments were approved by the ethics
boards and any future modifications will be communi-
cated to all relevant parties.

Methods/design
Study setting
The study is conducted through a grant from the U.S.
National Institutes of Health (NIH) National Cancer In-
stitute as part of the Affordable Cancer Technologies
(ACT) Program awarded to the Johns Hopkins Univer-
sity (JHU) and implemented by the Jhpiego Corporation,
a global affiliate of Johns Hopkins University, with a
sub-contract to the KLE Academy of Higher Education
and Research (KAHER) at the Jawaharlal Nehru Medical
College (JNMC) in Belagavi, Karnataka, India. KAHER
has a longstanding history of successful implementation
of NIH-funded research. They have identified additional
sites for study implementation in two other cities, Hub-
balli and Vijayapur. A list of study sites may be obtained
by contacting India research coordinator (YK). Strengths
of Indian and specifically KLE-affiliated sites include a
high prevalence and incidence of cervical cancer; low
HIV prevalence (HIV infection associated with greater
likelihood of ineligibility for cryotherapy), experience
with visual inspection with acetic acid (VIA) for cervical
screening and with cryotherapy, availability of experi-
enced colposcopists and pathologists, strong systems in
place for community sensitization and mobilization, and
good infrastructure and clinical capacity for suspect can-
cer cases and procedure complications.
The study schedule of enrollment, intervention, and

assessments is shown in Fig. 2.

Participants recruitment and selection criteria
Community sensitization/awareness sessions by Accre-
dited Social Health Activists (ASHA) and important

stakeholders will be conducted in study areas of Bela-
gavi, Hubballi, and Vijayapur. Following the community
awareness sessions, screening camps will be conducted
at the community level at primary and urban health cen-
ters in Belagavi, Hubballi, and Vijayapur. After informed
consent is obtained, visual inspection of the cervix with
acetic acid (VIA) will be offered and women who are
VIA positive will be referred to the JNMC Karnataka In-
stitute of Medical Sciences (KIMS), The Karnataka Can-
cer Therapy and Research Institute (KCTRI), or Shri B.
M. Patil Medical College, Hospital and Research Centre
to undergo colposcopy and biopsy. To meet the required
sample size, it is estimated that screening approximately
10,000 women across all the four sites is required as the
prevalence of HSIL is reported to be less than one per-
cent in India [14].
At the time of colposcopy, VIA-positive patients will

be counseled about possible treatment options available,
pending biopsy results, and details of the research study
will be introduced.
Those interested in learning more about the study or

interested in participating will be referred to a study
team member who will meet with them in person for
further discussion.
Posters and/or flyers outlining the study in the local

language and in English will also be posted in appropri-
ate areas in selected hospitals and health centers, so
women who are interested in learning more about the
study will have information as to how to contact a staff
member. Women who continue to express an interest in
the study will also be given the opportunity to meet pri-
vately with a study team member and have her questions
addressed. Only women who have histologically con-
firmed HSIL will meet eligibility requirements for the
study and will be presented with the consent form.
The inclusion criteria for the study are women be-

tween 30 and 49 years, with HSIL of the cervix (cervical
intraepithelial neoplasia 2/3) confirmed on histology, eli-
gible for cryotherapy based on size of lesion (occupies <
75% of cervix) and fully visible on colposcopy or VIA
and willing to provide consent. Exclusion criteria include
the following: menopausal status, have history of

Fig. 1 CryoPop® Device (Pregna. Accessed 15 April 2021 https://tinyurl.com/yzrpqwrh)
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hysterectomy, known HIV infection or active cervical in-
fections, pregnancy, or those with lesions ineligible for
cryotherapy.

Consent process
Women who express interest in the study will be for-
mally screened for eligibility using an inclusion/exclu-
sion checklist and consented for the study prior to any
research related interventions. The informed consent
form approved by the JHU Institutional Review Board
(IRB) was translated from English into Hindi, Marathi,
and Kannada (English version is included in the appen-
dix). Informed consent will be obtained by a trained and
approved study team member who has successfully com-
pleted institutionally required certification in the ethical
conduct of human subjects’ research. Understanding of
the consent will be assessed using a specially designed
consent assessment form. If a woman cannot read, the
consent form will be read to her either by a member of
the study team or a literate witness of her choosing. For
those women who cannot write, they may use a thumb-
print to sign the consent form. The consent form will

then be signed by the witness and the study team
member.

Study intervention
Once enrolled, participants will be scheduled to have a
cryotherapy procedure performed with CryoPop®. It is
currently standard procedure for cryotherapy to be
scheduled within 1 month of a biopsy to confirm the
presence of a HSIL. An HPV test and point-of-care urine
pregnancy test will also be performed at the time of the
procedure. Cryotherapy with CryoPop® will be per-
formed by a skilled clinician previously trained on using
this device. Based on findings during the phase 1 of this
study, the freeze-thaw-freeze cycle was altered from the
standard time of 3 min, 5 min, 3 min to 1-min freeze, 7-
min thaw, and 3-min freeze. During the procedure, per-
formance of the CryoPop® will be monitored to ensure
the device functions as intended. After the procedure,
participants will be instructed to return for a follow-up
visit 6 (± 2) weeks after cryotherapy in order to assess
healing and interval complications. The woman will be
counseled to return at any time prior to this if she has

Fig. 2 CryoPop® study schedule of enrollment, intervention, and assessments
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signs or symptoms of complications. Subsequent follow-
up visits will occur at three and six months (± 3 weeks).
Pap smears will be performed at 3 months and Pap
smears, as well as HPV testing, colposcopy, and biopsy
of any abnormal areas will occur at the 6-month visit. At
follow-up visits, pregnancy testing may be done by a
provider based on last menstrual period (LMP) and
current contraceptive use. After the trial and post-
procedure follow-up are completed, longer term follow-
up will be recommended based on current national
guidelines for follow-up after treatment for HSIL.
Participants who fail to come to scheduled visits will

be contacted by phone or by home visits by the ASHAs
to identify concerns or difficulties with follow-up and to
assist in addressing these problems. Participants who
discontinue participation in the study after undergoing
the intervention may be evaluated based on screening,
baseline information, and outcomes to the follow-up
point reached. Any ancillary care or interventions
needed during the study period will be allowed.

Primary and secondary outcomes
The primary variables of interest are efficacy, safety,
healing process, and acceptability. For efficacy, the pri-
mary outcome will be the proportion of pap smears and
biopsies (if performed) that are negative (have no dyspla-
sia or cancer) at 6 months. It is hypothesized that > 85%
of women will have negative Pap smears and colpos-
copy/biopsy at the 6-month follow-up visit; Pap smears
and cervical biopsies will be read by qualified patholo-
gists and will be graded according to accepted and stan-
dardized cytologic and histologic criteria.
If there is discordance between the Pap smear report

and biopsy readings, the reading with the greater abnor-
mality will have priority as an endpoint. All cytology
specimens will be independently read by two nationally
and internationally board-certified pathologists whose
sub-specialties and work experiences include gyneco-
logic pathology. The JHU pathologist will act as the tie-
breaker if there is disagreement. Ten percent of normal
cytology readings will also be re-read by the JHU gyne-
cologic pathologist for quality assurance. Histopatho-
logic examinations will be performed on all cervical
biopsy samples by the same two pathologists and results
will be categorized as normal or negative, low-grade le-
sions (LSIL), HSIL, invasive cancer, or other. For the
purpose of this study, results other than normal or other
(not involving dysplasia) will be combined for analysis. If
the Pap smear at 3 months shows dysplasia of any grade,
colposcopy and biopsy will be performed. A biopsy
showing HSIL or invasive cancer will be considered a
failure of the procedure and the participant will be re-
moved from the study and standard care arranged and
initiated. If the biopsy shows LSIL, the participant will

remain in the study and, as per protocol, will have a re-
peat Pap smear and colposcopy performed at 6 months.
Safety outcomes include the presence of serious ad-

verse events during or within 6 weeks of the procedure
(e.g., injury to adjacent structures, infection, excessive
bleeding requiring further medical care or transfusion,
excessive pain requiring additional medical care, cervical
stenosis, etc.)—such anticipated side effects are expected
to occur at frequency < 1%. Expected side effects, such
as light bleeding or spotting, mild cramping, and vaginal
discharge during healing, will also be noted. Type, sever-
ity, and timing of side effects and any interventions re-
quired will be recorded. Data analysis will include
numbers and percentages of any adverse effects, and
these will be classified as major or minor, according to
pre-existing criteria. Results will be compared to previ-
ously noted adverse effects reported in the literature.
Healing at follow-up visit will be assessed subjectively

by provider assessment in a dichotomous fashion (com-
pletely healed/not completely healed). Performance is-
sues before or during procedures (e.g., adequate fill of
applicator with dry ice) will be assessed by the provider
using a checklist and scoring system. The provider and
participant acceptability will be assessed by the provider
and with the use of the participant checklists and score.

Statistical analysis
The decision was made to perform an open-label uncon-
trolled clinical trial with comparison to historical con-
trols due to funding constraints for the project. The
primary outcome is proportion of women with normal
Pap smear (and biopsy if performed) at 6 months post
treatment. Sample size was calculated to have at least
80% statistical power to detect non-inferiority of the
CryoPop® compared to the historical efficacy of standard
cryotherapy devices for the primary outcome at 0.05
one-sided level of statistical significance. For this pur-
pose, a one-sample Z test will be used to compare pro-
portion of women with normal Pap smear after using
CryoPop® against the previously reported proportion for
commercially available devices. It is postulated that ap-
proximately 90% of women will have a negative Pap
smear at 6 months of follow-up after CryoPop®. Sample
size calculations indicate that an enrollment of 82 pa-
tients in the CryoPop® arm is required to show a 10-
percentage point difference non-inferiority margin. We
plan to recruit an additional 10 patients (12%) to ac-
count for potential drop-out of participants post-
procedure. It was estimated that screening of 10,000
women would be required to identify adequate enrollees.

Unanticipated problems/adverse events
Adverse events (AEs) will be captured on a case report
form (CRF) which will be completed by a trained study
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team member. All adverse events will be immediately
communicated to principal investigator (PI) and site PI.
The site PI will make an initial judgment about whether
the AE is unanticipated, poses risk or harm to the partic-
ipants or others, and is related to the study. Final deter-
mination regarding which events require submission to
the IRB and NIH will be made by the PI upon discussion
with the site PI) within 24 h of the event. Any suspected
abuse or illegal activity will be communicated immedi-
ately to the PI and site PI.
In case of an injury relating to trial participation, free

medical management will be given until resolution. In
case of trial related injury or death, KLE University’s
Jawaharlal Nehru Medical college, Belagavi, will provide
financial compensation, determined as per the relevant
law and regulations.

Data collection, management, and analysis
The study has a data monitoring plan to obtain and re-
view data, to confirm the accuracy and completeness of
the data collected, including informed consent forms,
source documentation, and CRFs, and to verify that the
correct data is entered into REDCap. All processes have
specific standard operating procedures (SOPs) to
harmonize the processes across all sites and within study
teams. All study personnel received a 2-day remote
training at the initiation of the study to review study
protocol, SOP, CRFs, and overall ethical conduct of the
study and management of data. A subsequent review of
VIA procedures and interpretation was conducted by
the Indian PI. A schedule of CRFs by visit is shown in
Fig. 3.
Personal identifiable information (PII) will be collected

in hard copy, and all participants will be issued a unique
study ID for use on CRFs. All data with PII will be
stored separately from CRFs and data with study IDs.
Data will be stored in a locked cabinet in a locked room

in the study office and accessible only to trained study
staff. Data will be entered in REDCap using a secure line.
All CRFs and data forms will be stored for 5 years after
the completion of the study and then disposed of appro-
priately per institutional policy.
All de-identification will be performed by KLE Univer-

sity’s JNMC Data Manager, as the Indian Council of
Medical Research (ICMR) mandates that India’s site PI
retains full ownership of the data.
Some de-identification methods include removing all

tagged identifier fields, hashing record IDs, removing
notes/essay box fields and date. No identifiable data will
leave India. Supplemental de-identification scripts may
be run on the de-identified data provided by the India
site prior to publishing.
Since the intervention is at a single point of time, the

only modifications potentially needed relate to evidence
of inferiority of the CryoPop® procedure compared to
historical cryotherapy outcomes, as described above. If
that occurs, all stakeholders will be notified and the trial
stopped. Participants who underwent treatment with the
CryoPop® device will be contacted and appropriate
follow-up arranged.
There is provision in the consent form for screening

that de-identified data from screening efforts may be
shared with other investigators conducting future stud-
ies. Further details about data management may be ob-
tained by contacting the PI in the US (JA) or Indian PI
(AD).

Study oversight
The PI and the Indian site PI have overall responsibility
for the conduct of the study. There is also a Trial Steer-
ing Committee, composed of the PI, Indian site PI, re-
search coordinators for India and the USA, study
consultants in cervical cancer prevention and women’s
health, and the director of research at KAHER. This

Fig. 3 CryoPop® study schedule of case report forms by visits
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group meets on Zoom 1–2 times/month to review
screening and recruitment, address problems identified,
and review data monitoring findings. The data manage-
ment team consists of a statistician and two data man-
agers (one based in India) who are responsible for
uploading and managing data in REDCap and for pro-
viding leadership team with basic statistics and identify-
ing missing or inconsistent data elements.

Data safety monitoring board
A Data Safety Monitoring Board (DSMB) has been
established with three members having expertise in epi-
demiology, pathology, and clinical gynecology, to moni-
tor the safety of the interventions and the validity and
integrity of the data from the clinical study. Additionally,
the DSMB will evaluate the pace of recruitment and will
make recommendations to the PI regarding the continu-
ation, modification, or termination of the study. There
will be an interim analysis after 50% of participants have
reached the 3-month follow-up point; the study will be
terminated if the CryoPop® arm is found to be inferior to
the historical controls.

Dissemination of results
Dissemination of trial results will be through presenta-
tion at stakeholder and scientific meetings and through
journal publications. Data sharing will be granted in ac-
cordance with the details registered with the Clinical
Trial Registry of India (CTRI). Individual participant
data that underlie the results reported in specific publi-
cation arising out of the trial, after de-identification
(text, tables, figures, and appendices) will be shared.
Additionally, the study protocol, statistical analysis plan,
and informed consent forms will be shared. These files
will be viewable by researchers whose proposed use of
the data has been approved by the Trial Steering Com-
mittee. Data will be available beginning 3 months and
ending 5 years following article publication.

Ethical approvals
This study received ethical approval from the Johns
Hopkins University’s Bloomberg School of Public Health
IRB in Baltimore, United States of America, and the
Institutional Ethics Committee of the collaborative
partner in India Jawaharlal Nehru Medical College,
KLE Academy of Higher Education and Research.
Ethical approvals of Karnataka Institute of Medical
Sciences (KIMS), The Karnataka Cancer Therapy and
Research Institute (KCTRI), or the Shri B. M. Patil
Medical College, Hospital and Research Centre, have
been obtained. The clinical trial has been registered
both in the USA and in India (ClinicalTrials.Gov
number NCT04154644 and Clinical Trial Registry -
India CTRI/2019/01/017289).

Study modifications due COVID-19 pandemic
While the study prepared for initiation in April 2020, all
human subject research endeavors were paused due to
the COVID-19 pandemic. The PI was required to submit
plans for protecting the study team members, research
participants, and community members and to redesign
data collection procedures to meet prevention require-
ments, including defining occupancy limits in research
spaces, imposing physical distancing measures, providing
personal protective equipment, establishing protocols for
cleaning research spaces, and training study teams on all
these procedures.
The study sites are following the local requirements

for social distancing, providing N95 masks, gloves,
gowns, face shields, and sanitizers for all staff, screening
for COVID symptoms of both site staff and participants,
and for providing adequate sanitization of all areas at
each site. COVID-19 testing is performed on study staff
or participants if they are positive on symptom screen-
ing, thermal screening or have known contact with
COVID-19 +ve person. Local guidance is followed for
contact identification, self-isolation, and return to work
plans for exposed staff. Social distancing from partici-
pants is observed to the extent feasible. A list of docu-
ments generated by the India Ministry of Health to
provide guidance is filed within Standard Operating
Procedures.
Due to COVID-19 travel restrictions, onsite monitor-

ing of the data cannot currently take place, so necessary
monitoring will be completed remotely until travel re-
strictions are lifted.

Discussion
The main objective of this trial is to determine whether
the CryoPop® device is safe and effective in the treatment
of high-grade cervical dysplasia or HSIL. Most cancer
screening activities in India are still in their infancy, ei-
ther conducted on an ad-hoc basis by some Non-
Governmental Agencies (NGOs) or in some of the re-
puted cancer centers. As LMICs move towards achieving
WHO target goals for prevention of cervical cancer, a
range of treatments options will be needed, including
cryotherapy, thermal ablation, and loop electrosurgical
excisional procedure (LEEP). Decisions regarding spe-
cific treatment modalities adopted will include consider-
ations such as cost of equipment and supplies, need for
electricity or anesthesia, ease of use, durability of equip-
ment, and ability to scale up in a variety of provider
cadres. CryoPop® is inexpensive, CO2 efficient, portable,
and can be used by midlevel provider cadres and as such
can be a valuable addition to available resources for pre-
venting cervical cancer. It can help ensure a screen and
treat approach for cervical precancerous lesions,
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improving coverage at the community level and reducing
loss to follow-up.
Preclinical testing with temperature assessment using

ballistic gel with CryoPop® in head-to-head comparison
with some currently used cryotherapy devices demon-
strated that the average tip temperature achieved with
CryoPop® is lower than commercially available devices
using CO2 with good performance over the entire freeze
cycle and with significantly lower variation in
temperature. Animal testing with CryoPop® showed that
the device produced effective necrosis in live tissue and
confirmed that the temperatures produced at the Cryo-
Pop® tip are in the appropriate range for effective epithe-
lial layer ablation.
Because this device is not considered substantially dif-

ferent from existing cryotherapy equipment from a regu-
latory perspective, it is able to be commercially
manufactured and marketed without additional data.
However, it is hoped that the data on efficacy will
strengthen the evidence base on the effectiveness of
cryotherapy and more specifically on the utility for use
of this new and simple device.
In conclusion, the ultimate goal is to assess the safety

and efficacy of an inexpensive, simple, and efficient new
cryotherapy device which can be implemented at the
frontlines of patient care where screening and immediate
treatment can best be given. Accelerating access to cer-
vical cancer prevention services and providing another
alternative for India and other LMICs to consider in
their work to ultimately eliminate cervical cancer as a
leading cause of morbidity and mortality should remain
a high priority.

Trial status
Participant recruitment started in July 2020, after delays
due to COVID-19. Anticipated study completion period
is October 2021. Trial registration: ClinicalTrials.gov
number: NCT04154644; Clinical Trial Registry - India
CTRI/2019/01/017289
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Background. Review of data from multiple sources is often necessary to determine cause of death for stillbirths and neonatal 
deaths, especially in low- to middle-income countries (LMICs) where available data may vary. The minimally invasive tissue sam-
pling (MITS) procedure provides granular histologic and microbiologic data that clinical reports and verbal autopsies cannot pro-
vide. Expert panel evaluation of data from individual deaths can be resource-intensive but remains essential to accurately infer 
causes of death.

Methods. The Project to Understand and Research Preterms and Stillbirths in South Asia (PURPOSe) study uses review panels 
to evaluate causes of death in 2 LMICs. To make the process manageable, a subset of the study variables was selected with profes-
sional input and organized into case reports. Case reports include clinical information, laboratory results, fetal or neonatal organ 
histology and polymerase chain reaction results from tissue obtained by MITS. Panelists evaluated the complete case report forms 
and then determined the cause of death based on available data.

Results. Computerized case reports averaged 2 to 3 pages. Approximately 6 to 8 cases were reviewed and discussed per 1-hour 
panel meeting. All panelists were provided the same information; missing data were noted. This limited bias between panelists and 
across meetings. Study teams notably took ownership of data quality.

Conclusions. Standardized case reports for cause-of-death determination panel evaluation improve the efficiency of the review 
process, clarify available information, and limit bias across panelists, time, and location.

Keywords.  cause-of-death determination; data management; minimally invasive tissue sampling (MITS); neonatal mortality; 
stillbirths.

Of all stillbirths and neonatal deaths worldwide, it is estimated 
that 98%–99% occur in low- to middle-income countries 
(LMICs) [1, 2]. Based on a review of available clinical infor-
mation, a determination by a panel of experts is considered the 
preferred method to determine the cause of death [3]. However, 
panel reviews historically have been a time-consuming process 
when the entire medical record must be evaluated.

Clinical and research assessments that are understood to 
inform cause-of-death (COD) determination can include ob-
stetric history, clinical course for the mother, clinical status 
of the fetus, newborn intensive care unit (NICU) evaluation 
for admitted preterm births, placental pathology, laboratory 

reports, complete diagnostic autopsy (CDA) or minimally 
invasive tissue sampling (MITS), molecular or culture-based 
microbiological test results, and verbal autopsies. MITS is a 
post-mortem biopsy technique that is an acceptable alternative 
to the gold standard of CDA that can facilitate COD determi-
nation by providing materials for histology and microbiology 
evaluations. MITS has been shown to be of particular utility in 
LMICs where CDA is seldom performed [4, 5]. Furthermore, 
the available information to determine COD in these low-
resource settings, most commonly clinical records and verbal 
autopsies, are often unreliable; clinical record review and 
verbal autopsy alone may actually mislead accurate COD clas-
sification [6–8]. By establishing an expert review panel, re-
searchers can address these discrepancies and improve COD 
determination.

Review panels have been used for the COD determination in 
the US Stillbirth Collaborative Research Network study, Study 
of Illness in Preterms in Ethiopia, and in the Cause of Death 
Determination Using Minimally Invasive Autopsy (CaDMIA) 
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study, which was extended under the name CaDMIA-Plus  
[3, 9, 10]. The Child Health and Mortality Prevention 
Surveillance Network (CHAMPS) also used Determination of 
Cause of Death (DeCoDe) panels [11]. In these examples, the 
review panel required substantial time and resources because 
the available information was denser and lacked summary data.

The Project to Understand and Research Preterms and 
Stillbirths in South Asia (PURPOSe) study is a large study 
funded by the Bill and Melinda Gates Foundation to determine 
the COD for stillbirths and preterm neonatal deaths that was 
conducted in India and Pakistan. In preparation to efficiently 
ascertain the COD for 1400 cases of which there were 700 
stillbirths and 700 neonatal deaths, we built on the CHAMPS 
DeCoDe process, which included defined criteria for ascribing 
causality for CODs and a process for panelists to convene and 
evaluate cases [11]. In addition to tailoring the methodology to 
the population of stillbirths and preterm births, we developed a 
standardized case report summary for PURPOSe [11, 12]. 

Here, we present the methodology used to produce standard-
ized case reports with a sufficient but minimal set of data from 
clinical records, as well as the research data, including the re-
sults from MITS and the molecular analysis of resulting clinical 
samples for pathogens and toxins using polymerase chain reac-
tion (PCR) TaqMan array cards. We also present the processes 
established to organize the panel review of the reports to inform 
COD determination across 2 LMICs for the PURPOSe study.

METHODS

Developing Streamlined Standardized Case Reports
Data Selection
As a first step, a conceptual framework was developed to define 
the data likely necessary for each COD determination using the 
PURPOSe study data collection forms [1]. All variables were 
evaluated to see if they could potentially inform COD for still-
births, preterm neonatal deaths, or both. Potential biases in 
the selection of information to present were restricted by con-
sulting a multidisciplinary team that consisted of clinicians, 
pathologists, epidemiologists, and public health analysts. Prior 
to initiating the reviews, the study team convened for roughly 
2 hours to determine which data from each study form would 
be necessary to inform COD. The data included in the reports 
were limited to those deemed essential with the understanding 
that review panelists could request additional information, 
if necessary, including photographs captured during the ex-
ternal physical examination. Programs were then developed to 
generate case reports by organizing the selected information, 
deriving helpful information to add to the reports, and ad-
dressing missing data.

Data Presentation
To limit the quantity of information that would be presented 
within the targeted 2–3 pages per case, the report was organized 

in a consistent, easy-to-read layout and divided into 8 distinct 
sections (see Figure 1) starting with a summary of the death fol-
lowed by a chronological overview of the chain of events related 
to each case.

The first section summarized basic birth characteristics such 
as birth weight, gestational age, and gender. The second section 
included obstetric data; the third section included the fetal or 
neonatal description, including pertinent conditions. An addi-
tional section was included for admitted preterm births and/
or home deaths. The final sections included information from 
any completed research evaluations, including CDA (only for 
neonatal deaths in hospital from the India site), MITS, and lab-
oratory findings.

In general, the format for displaying the clinical information 
was the characteristic followed by the case-specific data (eg, 
“birth weight (grams): 1800”). Certain groups of variables were 
combined into lists, by displaying all relevant conditions that 
were present or clinically abnormal. For example,

• “Positive tests: Rh factor, Active tuberculosis”
o A negative Rh factor test signifies a clinically abnormal re-

sult, which triggers its appearance in the list for “positive” 
or clinically relevant tests.

• “Medical and obstetric disorders: Hypertensive disorders 
(Pre-eclampsia), Clinical chorioamnionitis”

o Because hypertensive disorder is present, the type of dis-
order is followed in parentheses. Clarifying informa-
tion from study subquestions is introduced only where 
applicable.

In many cases, the absence of a condition may be as informa-
tive as the presence of one. For example, group B Streptococcus 
(GBS) test results were shown regardless of result; a negative 
GBS test was determined to be a key important piece of data. 
Similarly, the absence of meconium at delivery was as informa-
tive as the presence of meconium. Other absent or “negative” 
test data were entirely omitted. For example, the PCR data pro-
vided results on 80 organisms for each sample tested, and each 
case had up to 8 samples. It was not helpful to list all organisms; 
therefore, we only listed the positive test results for each tissue 
sample. Clarifying how the data could inform COD was part of 
the initial review process after potentially informative variables 
were chosen.

Data-Driven Features
As previously mentioned, the preterm neonatal death cases in-
cluded data from NICU visits that spanned the time from ad-
mission to final discharge. An infant may have multiple NICU 
visits with varying lengths of stay. Crucial data from each 
day in the NICU, including diagnoses, appearance, signs and 
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symptoms, and treatments, were abstracted and presented. 
Summary data, such as total days in the NICU and age at death, 
were calculated and presented.

The reports also included reference information such as the 
International Fetal and Newborn Growth Consortium for the 
21st Century 10th percentile birthweight based on gestational 
age and gender as well as the mean placental weight, which al-
lowed the panel members to judge the case data in comparison 
to the published standards [13].

Missing Data

It was critical to distinguish between the absence of a condition 
or characteristic and missing data. For all missing variables, 
“not answered” was displayed. Lists without any variables an-
swered “yes” on the study forms showed “none” to indicate the 
lack of positive findings. The reduced information on the case 
report was organized by the study forms, and all variables were 
missing if an entire study form was not completed. In this case, 
only the section title that contained the name of the study form 
was printed along with the reason why (eg, if consent was not 
obtained or sample was not collected).

Organizing the Expert Review Panels

Membership of the review panels consisted of obstetricians, 
neonatologists, pediatricians, and study staff, when clarification 
was needed.

Two members of the review panel performed the initial 
COD review for each case report. Their recommendation 
was considered the final COD unless there was a conflict 
or question. If so, the case in question was presented to the 
larger full panel for review. The final determination of COD 
used in the PURPOSe study was the responsibility of the 
review panel.

To standardize usage and improve quality of COD determi-
nation, all panel members attended an in-depth training work-
shop to ensure they understood how to interpret the findings 
presented on the standardized case report [14]. The workshop 
included a review of the format and data to be included in the 
reports with example scenarios and then practice cases. This 
process mirrored the CHAMPS DeCoDe training.

To effectively facilitate the expert review of 1400 cases, we 
established a comprehensive schedule of recurring panel pair 
conference calls. In advance of each call, the reviewers were 

Figure 1. Case report overview. Abbreviations: MITS, minimally invasive tissue sampling; NICU, newborn intensive care unit; PCR, polymerase chain reaction.
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expected to review the assigned reports and join the review call 
ready to determine COD for the assigned cases.

Circulating Case Reports: Data Flow and Quality

Case reports were sent to the data management teams at each 
local site for review of completion and accuracy before finali-
zation for the panelists. The dates each report was sent to the 
sites and subsequently sent to the panelists were automatically 
tracked in a comprehensive Microsoft Excel workbook. This 
workbook detailed additional key case characteristics such as 
which study forms and analyses were completed to ensure that 
only cases with complete data were sent to panelists. Because the 
panelists thought it appropriate to review both infants of a mul-
tiple birth together, pregnancy fatalities of multiple pregnancies 
were reviewed together. Figure 2 describes the data flow.

Assigning Cause of Death

The COD results were standardized as well. The PURPOSe study 
used the World Health Organization International Classification 
of Diseases, Tenth Revision (ICD-10), application to perinatal 
mortality (ICD-PM), as a basis for its coding [15]. In PURPOSe, 
however, we asked the panelists to determine a primary maternal 
cause, a primary placental cause, and a primary fetal or neonatal 
cause, assuming one was present. Multiple contributing causes 
for each of these primary causes could be assigned to ensure 
that these data were not lost and to avoid forcing the panelists to 
choose between various causes. For example, where the mother 
had preeclampsia, the placenta had vascular malperfusion le-
sions, and the fetus had an asphyxia episode, all of this important 
information could be captured as primary causes without forcing 
the panelists to choose among them. In addition, panelists could 
assign a level of certainty based on the available evidence to sup-
port the cause (ie, laboratory-based findings vs clinical symp-
toms). Finally, panelists noted whether the death could have 
theoretically been prevented, had evidence-based preventions, or 
treatments been applied.

RESULTS

While it took approximately 2 days to initially abstract poten-
tially useful data for COD determination and an additional 

month to create and refine the program to systematically ab-
stract the data, the resulting consolidated, standardized case 
report summaries likely allowed for even more time saved. 
Using such summary reports, an average of 6 to 8 cases were 
reviewed and discussed per 1-hour meeting with panelists. For 
the PURPOSe study that has a total of approximately 1400 still-
births and neonatal deaths, all eligible cases could be reviewed 
in about 200 panel hours, a manageable amount of time over the 
period of the project.

Panelists rarely requested other data or after discussion dis-
agreed on the final determination, suggesting that the selected 
information on the summaries was sufficient. Throughout the 
review processes, we received positive feedback from our ex-
perts. They particularly appreciated the consistent format of 
each case report, which contributed to the ease of completing 
their review. Panelists had guidance on the information to ex-
pect in the cases for assigning COD, which aided in the review 
process and likely increased productivity over time as they be-
came increasingly familiar with the organization of the report. 
Missing data, which can be challenging to verify with larger 
amounts of data, were made transparent by removing blank and 
unrelated information that may be typical on raw clinical forms 
from the case reports.

Information was prospectively selected for the case report 
based on its potential to inform COD without regard for the na-
ture of the study. Some variables in the reports were not helpful 
in determining COD because they were rarely completed or 
clinically positive. For example, only 9 infants were screened for 
karyotype and zero infants were screened for any metabolic dis-
orders. In retrospect, those variables could have been excluded, 
but they would have been relevant had the tests been ordered.

Furthermore, the addition of objective references for birth 
weight for gestational age and mean placenta weight limited pos-
sible bias from different medical trainings and cultural percep-
tions of mass and height across the 2 countries. Pulling together 
these references with clinical and pathological data in a digestible 
report facilitated the process of assigning COD by highlighting 
the complementary nature of the various sources of information. 
For example, a case may have a histologically normal placenta, but 
its small weight could suggest maternal vascular malperfusion.

Figure 2. Case report data flow. Abbreviations: COD, cause of death; RTI, RTI International.
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Certain selected variables were found to be more helpful in 
assigning COD than others. Panelists considered the results 
of the MITS evaluation to be instrumental, especially in cases 
with limited clinical data. For example, panelists could con-
firm a case of respiratory distress syndrome (hyaline membrane 
disease) with the histological evaluation of the lung biopsy or 
could confirm suspected intrauterine hypoxia (asphyxia) if as-
pirated amniotic fluid or meconium was present in the lung bi-
opsy, indicating the fetus was gasping in utero. Panelists noted 
that the placenta evaluation was particularly helpful in assigning 
COD for stillbirths.

An indirect benefit was the enhanced collaboration between 
diverse professionals (eg, pathologists, neonatologists) by pro-
viding digestible content to facilitate discussion. The cases were 
perceived as products of each site’s data, and the local study 
teams were encouraged to take ownership and responsibility of 
their data quality.

DISCUSSION

Expert panel evaluation is the preferred method for COD de-
termination, but it can be subjective and time-consuming [16]. 
The variation in available medical records, especially in LMICs, 
can make that process challenging. Developing a standardized 
case report that is specific to stillbirths and neonatal deaths and 
that systematically summarizes limited but sufficient and rel-
evant information in a reproducible manner for the panelists 
to review in a timely manner, seems to address these concerns. 
All variables were first evaluated for the likelihood of contrib-
uting to the COD determination. The chosen information from 
various sources of data was then concisely organized. For com-
pleted cases, a draft report was sent to sites for initial quality 
review. Necessary changes to the data were made, and then the 
case report was finalized for the panelists’ review.

The case reports for the PURPOSe study had several unique 
features that helped improve efficiency of the panel review: 
most reports were only 2–3 pages; the formatting and order of 
information was consistent; missing data were clearly labeled; 
and despite the shortened length, the reports combined clin-
ical, histologic, and microbiologic data. These elements allowed 
adequate time for panelists to review each report and were par-
ticularly important for a subjective task like determining COD. 
Furthermore, site staff were motivated to produce quality case 
reports and carefully reviewed the data and, if possible, ad-
dressed missing data.

The PURPOSe data entry process accelerated the consolida-
tion of the multiple types of information we had available for each 
case. Data managers at each site and their teams completed the 
PURPOSe study forms, which required pulling information from 
different locations (eg, clinical records and microbiology results 
likely come from separate parts of the hospital). Other studies that 
use raw data forms and do not have a document management 
system in place would especially benefit from standardization of 

variables, though it may require greater initial effort to create the 
program to systematically produce case reports.

Developing a standardized format for organizing and reviewing 
clinical and research data appears to make the panel’s COD evalu-
ation more efficient and, importantly, allows each of the panelists 
to have the same data at their disposal when cases are reviewed. 
The improvement is clear when comparing the COD review pro-
cess between PURPOSe, CHAMPS, and CaDMIA. CHAMPS 
provided all forms to the panelists, which could total more than 
90 pages and required considerable time to review. PURPOSe al-
tered this process by abstracting relevant information and pre-
senting it in 2–3 pages. Moreover, these summaries included not 
only the clinical chain of events for each infant death but also the 
histology and microbiology results in the same format, unlike the 
CaDMIA study that condensed clinical information and required 
references to additional databases for laboratory results. We ac-
knowledge that the short length of the PURPOSe case reports 
was, in part, due to the limited data and short medical history of 
stillbirths and neonates, and that case reports for children, adults, 
and those with complicated medical histories would have more 
data and be inherently longer. However, the same data consol-
idation and streamlining process can be applied to these cases 
and may be even more helpful to clinicians who review these case 
reports in an objective and efficient manner.

While the reports offer standardization in the presentation 
of data, it is equally important to standardize the interpretation 
of the information. This classification system in place, based 
on ICD-PM, with the addition of placental causes, can reduce 
errors and improve accuracy of determining causes of stillbirths 
and neonatal deaths.

Understanding the causes for the high rates of stillbirths and 
neonatal deaths across LMICs can lead to interventions to re-
duce these deaths. Similar methods for case report creation, re-
view, and interpretation when applied to future COD studies 
will increase efficiency of COD attribution, especially if paired 
with an evaluation of the usefulness of each type of information 
in determining COD. Standardization should improve compa-
rability of resulting data.
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Background. Minimally invasive tissue sampling (MITS) is a noninvasive technique used to determine the cause of deaths. Very 
little is known about the factors that affect MITS acceptance or refusal. We present findings from a prospective study conducted in 
Southeast Asia on the reasons for accepting or refusing MITS.

Methods. This substudy was conducted in India and Pakistan to determine the acceptability of MITS in women who had a still-
birth or preterm live birth who later died. A formal questionnaire was used to gather observations during the consent for MITS, such 
as reasons for acceptance or refusal of MITS, as well as which family members were involved in the decision process.

Results. In Pakistan, the MITS acceptability forms were completed for 470 of 477 women (98.5%) with an eligible stillbirth for 
this substudy, and 334 of 337 (99.1%) with an eligible preterm neonatal death. In India, MITS acceptability forms were completed 
in 219 of 305 women (71.8%) with an eligible stillbirth and 260 of 264 (98.4%) with an eligible preterm neonatal death. In India, the 
most common reasons for MITS refusal for both stillbirths and preterm neonatal deaths were cultural concerns, while in Pakistan, 
the most common reason for MITS refusal was a potential delay in the funeral. The primary reason for accepting MITS was that the 
parents wanted to understand the cause of death. At both sites, fathers, mothers, and relatives, often in consultation, choose whether 
or not to accept MITS to determine the cause of death in stillbirths and preterm neonatal deaths.

Conclusions. MITS was more commonly accepted in India than in Pakistan. Cultural concerns in India and funeral delays in 
Pakistan were common reasons for refusal. Parents from both sites were curious to know the cause of stillbirths and preterm neo-
natal deaths. The father, mother, and relatives were key decision makers for consenting to or declining MITS.

Keywords.  Acceptance; Minimally invasive tissue sampling; neonatal death; Stillbirth.

In many low-and middle-income countries, especially in south 
Asia and sub-Saharan Africa, despite governmental efforts, the 
stillbirth and neonatal mortality rates remain high [1]. To re-
duce the burden of stillbirths and neonatal deaths in low-and 
middle-income countries, it is imperative to determine the fac-
tors leading to these high mortality rates.

The standard methods of identifying the cause of death have 
certain challenges. For deaths occurring at home, there is often 
too little information to assign the cause of death [2]. Verbal au-
topsy is a commonly used tool to identify the causes of stillbirth 
and neonatal death. The limitations of this approach, based 

on an interview with a mother or family members on clinical 
events leading to stillbirth and neonatal deaths, include incom-
plete data, recall bias, and subjectivity of physicians who assign 
the cause of death based on verbal autopsy [2].

The reference standard for assessing the cause of death in 
institutional deaths is complete diagnostic autopsy (CDA) [3]. 
However, CDA is rarely performed in low-and middle-income 
countries, for reasons including limited human resources, par-
ticularly of trained personnel with the technical expertise 
required to carry out this procedure [4]. CDA is relatively expen-
sive to perform, and in many areas the needed resources are not 
available. In addition, CDA may be refused for cultural and/or 
religious reasons [5, 6]. As a consequence, effective public health 
initiatives to reduce stillbirth and neonatal death are not optimal 
as the causes of death often remain unknown. As an alternative 
to CDA, minimally invasive tissue sampling (MITS), also called 
minimally invasive autopsy, may be a more suitable option to 
determine the causes of death in stillbirths and neonatal deaths 
[7]. The MITS procedure involves using biopsy needles to col-
lect tissue samples (eg from the liver, lungs, and brain) and also 
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may collect body fluids (eg, heart blood and cerebrospinal fluid). 
Because there are no incisions, there is no body disfigurement. 
Therefore, MITS may be an alternate acceptable procedure to in-
form the causes of fetal and neonatal deaths [4, 8].

The hypothetical acceptability of MITS to parents and re-
latives, as a way to learn cause of death, has been reported in 
some qualitative studies [6]. In a multicountry mixed-method 
study, including Pakistan, the overall hypothetical acceptability 
of MITS to determine the cause of death was 73%, slightly lower 
(54.3%) in Pakistan [6].

In a qualitative study to investigate healthcare providers’ 
perspectives on the acceptability of the MITS procedure, most 
healthcare providers believed that the MITS procedure might 
be appropriate for parents owing to its lack of disfigurement 
and that it would be preferred by parents who had already 
experienced unexplained infant death or stillbirth [9]. In an-
other qualitative study, effective counseling, building trust with 
parents, fast procedure time, and approaching families within a 
few hours of death were believed to facilitate the acceptability 
of MITS [10, 11]. Couples who had experienced multiple still-
births, neonatal deaths, and miscarriages were believed to be 
more likely to accept the MITS procedure [10].

We present the results of a prospective study on the reasons 
for acceptance or refusal of the MITS procedure from a study 
conducted in south Asia to understand the cause of death of 
stillbirths and preterm neonatal deaths, known as the Project 
to Understand and Research Preterm Pregnancy Outcomes and 
Stillbirths in South Asia (PURPOSe) [12].

METHODS

Study Setting and Design

PURPOSe, a prospective observational study, was carried out in 
Pakistan and India. In India, the study recruitment took place in 
3 hospitals in Davengere, Karnataka, south India. In total, these 
hospitals have about 16 000 deliveries per year, with about 30% 
preterm births. The estimated rate of stillbirths was 25 per 1000 
births. In Pakistan, recruitment took place in 2 major public 
sector tertiary care hospitals: Jinnah Post Graduate Medical 
Center (JPMC) and the National Institute of Child Health in 
Karachi, Pakistan. JPMC has about 15 000 deliveries per year 
with about 35% preterm births, while the estimated rate of still-
births was 35 per 1000 births.

PURPOSe sought to determine the cause of death among 
stillbirths and preterm neonatal deaths, using MITS and other 
clinical data collected during the hospital or neonatal intensive 
care unit admission [12]. A  senior research assistant enrolled 
women during labor or after delivery after obtaining initial con-
sent to participate in the primary study on the causes of death.

For this substudy on the acceptability of MITS, women who 
delivered a stillborn infant or had a preterm live-born infant 
who later died were eligible. Observations during the consent for 

the MITS procedure, such as reasons for acceptance or refusal 
of MITS, and which family members participated in the deci-
sion process, were collected using a structured questionnaire.

Among all women with a stillbirth or preterm neonatal 
death, additional consent to undertake the MITS procedure was 
obtained from parents or caregivers in their native language. 
The consent to perform the MITS procedure was obtained 
from parents or caregivers but first required counseling by 
trained counselors. At both sites, the counselors, in addition 
to obtaining consent, also responded to questions raised from 
parents or guardians relating to the MITS procedure and cul-
tural and religious beliefs. In a few cases, attending physicians 
also responded to questions from the parents [13].

Questionnaire

The questionnaire was designed to determine whether MITS 
was acceptable to families that experience a stillbirth or preterm 
neonatal death and to determine the reasons for willingness or 
unwillingness to provide consent. The questionnaire was de-
veloped through a 2-step consultative process: (1) a literature 
review to identify factors that affect a general consent process 
and (2) the findings of a qualitative exploratory study to de-
termine the hypothetical acceptability of the MITS procedure 
among parents, religious leaders, and healthcare providers [10, 
11]. After the questionnaire was developed, the domain experts 
provided external review. Some questions required binary re-
sponses, and others required multiple responses.

Statistical Analysis

All data were entered into a data management system at each 
of the study sites, where data quality checks were applied. Data 
were then transmitted to a central data management center, 
where additional edits were performed. Descriptive statistics 
summarized the variables of interest by site. Among deliveries 
with a stillbirth or neonatal death, univariate analyses were per-
formed to determine the unadjusted relative risk (RR) and 95% 
confidence intervals (CIs) between the association of maternal 
and fetal/neonatal characteristics and the acceptance of MITS. 
SAS software (version 9.4; SAS Institute) was used for analysis. 
Because not all questions were answered by all respondents, at 
both sites, the denominators differ for some variables.

Ethical Approval

The study was approved by the ethical review committees of 
Aga Khan University, JPMC, the National Institute of Child 
Health and the National Bioethics Committee (Karachi, 
Pakistan), KLE Academy of Higher Education and Research 
(Belagavi, India), and J.  J. M.  Medical College (Davangere, 
India) and at Research Triangle Institute (RTI International) 
(Durham, North Carolina). All women provided informed con-
sent before participating in the study. PURPOSe was registered 
in ClinicalTrials.gov (NCT03438110).
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RESULTS

In Pakistan, during the study period, 605 women experience 
a stillbirth, and 477 a preterm neonatal death. Among those 
women, the counselors approached 477 (78.8%) with a stillbirth 
and 337 (70.6%) with a preterm neonatal death. The MITS ac-
ceptability forms were completed for 470 of 477 women (98.5%) 
approached with a stillbirth and 334 of 337 (99.1%) approached 
with a preterm neonatal death (Figure 1).

In India, during the study period, 376 women had a stillbirth, 
and 329 women had a preterm neonatal death. Of these, the 
counselors approached 305 women (81.1%) with a stillbirth and 
264 (80.2%) with a preterm neonatal death. The MITS accepta-
bility forms were completed for 219 of 305 women (71.8%) with 
a stillbirth who were approached and 260 of the 264 (98.4%) 
with a preterm neonatal death who were approached (Figure 1). 
At both sites, some parents refused to answer the MITS accepta-
bility questions because they were in hurry to leave the hospital 
or were emotionally upset.

Among those who completed the questionnaire on MITS 
consent, we first evaluated the maternal demographics of 
those women with a stillbirth who consented or refused con-
sent for MITS (Table 1). We did not observe statistically sig-
nificant differences by maternal age at either site; however, at 
the Pakistani site, women with no formal schooling were more 
likely to consent to MITS than those with higher educational 
levels (RR, 1.49 [95% CI, 1.13–1.96]). We did not observe an 
increased likelihood to consent for MITS associated with prior 
abortion or stillbirth. Women with multiple pregnancies were 
more likely to consent to MITS at both sites, although the num-
bers were small. In Pakistan, having more antenatal care (ANC) 
visits was also associated with a higher likelihood of MITS re-
fusal, compared with those with no ANC visits. At the Indian 

site, a greater likelihood of refusal was observed only for women 
having >4 visits. Finally, at the Pakistani site, we noted that 
women experiencing hemorrhage were more likely to consent 
to MITS than those with no hemorrhage (RR, 1.34 [95% CI, 
1.06–1.69]).

In Table 2, we present the relationships between the mother’s 
demographic characteristics and consent for women with a pre-
term neonatal death. In Pakistan, lower educational levels were 
associated with a higher likelihood of consenting to MITS (RR, 
1.73 [95% CI, 1.14–2.64]), while having more ANC visits was 
associated with a greater likelihood of refusing MITS. No other 
characteristic was significantly associated with acceptance or 
refusal of MITS.

In Table 3, we present the characteristics of the stillbirths and 
preterm neonatal deaths to determine whether any were asso-
ciated with the likelihood of consenting to MITS. In Pakistan, 
there was a higher likelihood (RR 1.37 [95% CI, 1.05–1.79]) of 
accepting MITS for multiple births and a higher likelihood of 
refusing MITS for preterm neonatal deaths with a lower birth-
weight (<1500 g) or a lower gestational age (<32 weeks). At the 
Indian site, we did not observe any differences in likelihood to 
consent for MITS associated with fetal or infant characteristics.

Table 4 shows parents’ perceptions of MITS. In Pakistan, 
271 women with a stillbirth and 198 with a preterm neonatal 
death refused the MITS procedure. The main reasons given 
for refusing the procedure in Pakistan were because it would 
delay the funeral (20.8% for stillbirths and 32.4% for preterm 
neonatal deaths), because the parents did not consider it nec-
essary or useful (27.4% for stillbirths and 15.6% for preterm 
neonatal deaths), or because it was believed to be prohibited 
by the mother’s religion (12.3% for stillbirths and 7.3% for pre-
term neonatal deaths). In addition, a large proportion of parents 
with preterm neonatal deaths (21.2%) expressed mistrust in the 

Figure 1. Flow diagram. Abbreviation: MITS, minimally invasive tissue sampling.
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hospital related to the MITS procedure. On the other hand, 115 
parents with stillbirths (57.8%) consented to MITS because 
they wanted to know the cause of stillbirth. Similarly, 56.6% 
of parents with a preterm neonatal death wanted to know the 
cause of death; 33.2% of parents with a stillbirth and 27.9% with 
a preterm neonatal death did not specify any reason for con-
senting to MITS (Table 4).

At the Indian site, 39 parents who had a stillbirth and 74 who 
had a neonatal death refused consent for the MITS procedure. The 
main reasons for refusing MITS in India, for both stillbirths and 
neonatal deaths, were cultural concerns (58.1% for stillbirths and 
62.7% for preterm neonatal deaths). Among parents consenting 
to MITS, 172 parents (95.6%) with a stillbirth and 166 (89.2%) 
with a preterm neonatal death consented to MITS because they 
wanted to know the cause of the stillbirth or preterm neonatal 
death. Another reason often given for accepting MITS was that 
the mother’s family/in-laws were supportive of the decision.

In Pakistan, the decision to allow or refuse the MITS pro-
cedure for stillbirths was often made in consultation with the 

father, mother, and relatives. In India, the decision to allow or 
refuse the MITS procedure for both stillbirths and preterm ne-
onatal deaths was also made mostly in consultation with the fa-
ther, mother, and relatives (Table 4).

DISCUSSION

In the current study, we observed that the MITS procedure 
for both stillbirths and preterm neonatal deaths was more ac-
ceptable to the parents in India than in Pakistan. The high ac-
ceptability of MITS in India could be related to the enrollment 
of study participants from multiple hospitals serving a well-
defined catchment area [12]. We assume that community sen-
sitization before the start of the study in the hospital catchment 
areas and more time given to counseling parents in the hospitals 
might have provided better opportunities for parents in India to 
understand the importance of the procedure, thus resulting in 
better acceptability rates. However, in Pakistan, the study was 
carried out in a large public sector hospital that serves the en-
tire province, where community sensitization was not possible 

Table 1. Maternal and Pregnancy Characteristics of Mothers With Stillbirth in Pakistan and India Approached for Minimally Invasive Tissue Sampling 
Evaluation

Characteristic

India Pakistan

Consented for MITS (SB),  
No. (%) 

Unadjusted  
RR (95% CI)

Consented for MITS (SB),  
No. (%)

Unadjusted  
RR (95% CI)Yes (n = 179) No (n = 37) Yes (n = 196) No (n = 258)

Maternal demographics       

 Age group n = 178 n = 37  n = 195 n = 258  

  <20 y 12 (6.7) 2 (5.4) 1.04 (.83–1.30) 11 (5.6) 13 (5.0) 1.11 (.71–1.76)

  20–30 y 149 (83.7) 32 (86.5) 1 130 (66.7) 186 (72.1) 1

  >30 y 17 (9.6) 3 (8.1) 1.03 (.85–1.26) 54 (27.7) 59 (22.9) 1.16 (.92–1.47)

 Educational level n = 179 n = 37  n = 192 n = 254  

  No formal schooling 28 (15.6) 3 (8.1) 1.09 (.94–1.25) 120 (62.5) 112 (44.1) 1.49 (1.13–1.96)

  1–8 y 57 (31.8) 15 (40.5) 0.95 (.82–1.10) 31 (16.1) 65 (25.6) 0.93 (.64–1.36)

  >8 y 94 (52.5) 19 (51.4) 1 41 (21.4) 77 (30.3) 1

 Occupation n = 179 n = 37  n = 195 n = 256  

  Homemaker 162 (90.5) 34 (91.9) 1 192 (98.5) 247 (96.5) 1

  Other 17 (9.5) 3 (8.1) 1.03 (.85–1.25) 3 (1.5) 9 (3.5) 0.57 (.21–1.53)

Pregnancy history       

 Gravida n = 179 n = 37  n = 195 n = 258  

  Primigravida 78 (43.6) 20 (54.1) 0.93 (.82–1.05) 57 (29.2) 73 (28.3) 1.03 (.81–1.29)

  Multigravida 101 (56.4) 17 (45.9) 1 138 (70.8) 185 (71.7) 1

 Previous abortion 22 (21.8) 4 (23.5) 0.99 (.82–1.18) 46 (33.3) 67 (36.4) 0.92 (.71–1.21)

 Previous stillbirth 10 (9.9) 2 (11.8) 0.97 (.75–1.26) 40 (29.0) 51 (27.6) 1.04 (.79–1.37)

 Previous live birth 88 (87.1) 15 (88.2) 0.99 (.80–1.22) 123 (89.1) 162 (87.6) 1.09 (.72–1.66)

Current pregnancy characteristics       

 Multiple pregnancy 3 (1.7) 0 (0.0) 1.21 (1.14–1.29) 8 (4.1) 4 (1.6) 1.57 (1.04–2.37)

 ANC received n = 179 n = 37  n = 194 n = 256  

  None 1 (0.6) 0 (0.0) 1 41 (21.1) 24 (9.4) 1

  1–3 visits 32 (17.9) 4 (10.8) 0.89 (.79–1.00) 69 (35.6) 91 (35.5) 0.68 (.53–.88)

  ≥4 visits 146 (81.6) 33 (89.2) 0.82 (.76–.87) 84 (43.3) 141 (55.1) 0.59 (.46–.76)

 Clinical conditions       

  Any hypertensive disorder 61 (34.1) 20 (54.1) 0.86 (.75–.99) 84 (43.1) 92 (35.8) 1.19 (.96–1.47)

  Any antepartum hemorrhage 32 (17.9) 10 (27.0) 0.90 (.75–1.08) 44 (22.7) 37 (14.5) 1.34 (1.06–1.69)

Abbreviations: ANC, antenatal care; CI, confidence interval; MITS, minimally invasive tissue sampling; RR, relative risk.
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and the counseling provided to parents was not as rigorously 
performed [12], perhaps resulting in a lower acceptance rate in 
Pakistan.

Indian women with a stillbirth or preterm neonatal death 
who consented to the MITS procedure were younger, more 
educated, and had received ≥4 ANC visits. In Pakistan, the 
majority of women who consented to MITS for a stillbirth or 
a preterm neonatal death were >30 years of age, with the ma-
jority having no formal education and not having ANC visits. 
Women who had a stillbirth and had antepartum hemorrhage 
in Pakistan were more likely to accept MITS than women with 
an antepartum hemorrhage in India. Among women who had 
multiple births, more in Pakistan gave consent for MITS, com-
pared with India.

In a prior qualitative study, both healthcare professionals 
and parents perceived that parents with a previous history of 
neonatal deaths, miscarriages, or stillbirths would be more 

likely to accept the MITS procedure [10, 14]. However, we did 
not find that these histories affected the likelihood of consent 
for MITS.

For both India and Pakistan, and for both stillbirths and 
preterm neonatal deaths, sex, birthweight, and gestational age 
did not affect parents’ acceptance of MITS. The main persons 
deciding whether to accept or refuse the MITS procedure 
were fathers and mothers. In some cases, relatives also played 
an active role, in both India and Pakistan. The main reason 
given by parents for consenting to MITS was to know the 
cause of death in their stillborn or deceased preterm neonate. 
Similarly, in a study in Kenya, 97% of parents who had agreed 
to a MITS procedure wanted to know the cause of their child’s 
death [15].

The main reasons given for refusing MITS in India were 
mostly cultural concerns, whereas in Pakistan the main 
reasons for refusal were related to religious prohibition and 

Table 2. Maternal and Pregnancy Characteristics Among Mothers With Preterm Neonatal Deaths in Pakistan and India Approached for Minimally 
Invasive Tissue Sampling Evaluation

Characteristic

India Pakistan

Consented for MITS (ND),  
No. (%)

Unadjusted  
RR (95% CI)

Consented for MITS (ND),  
No. (%)

Unadjusted  
RR (95% CI)Yes (n = 162) No (n = 68) Yes (n = 112) No (n = 179)

Maternal demographics       

 Age group n = 162 n = 68  n = 112 n = 178  

  <20 y 17 (10.5) 5 (7.4) 1.11 (.87–1.42) 11 (9.8) 11 (6.2) 1.32 (.84–2.08)

  20–30 y 133 (82.1) 58 (85.3) 1 82 (73.2) 135 (75.8) 1

  >30 y 12 (7.4) 5 (7.4) 1.01 (.74–1.40) 19 (17.0) 32 (18.0) 0.99 (.66–1.46)

 Educational level n = 161 n = 67  n = 112 n = 179  

  No formal schooling 8 (5.0) 5 (7.5) 0.83 (.53–1.28) 53 (47.3) 80 (44.7) 1.44 (.96–2.16)

  1–8 y 51 (31.7) 27 (40.3) 0.88 (.73–1.06) 36 (32.1) 39 (21.8) 1.73 (1.14–2.64)

  >8 y 102 (63.4) 35 (52.2) 1 23 (20.5) 60 (33.5) 1

 Occupation n = 162 n = 68  n = 112 n = 178  

  Homemaker 154 (95.1) 65 (95.6) 1 107 (95.5) 170 (95.5) 1

  Other 8 (4.9) 3 (4.4) 1.03 (.71–1.50) 5 (4.5) 8 (4.5) 1.00 (.49–2.01)

Pregnancy history       

 Gravida n = 162 n = 68  n = 112 n = 179  

  Primigravida 71 (43.8) 32 (47.1) 0.96 (.81–1.14) 37 (33.0) 52 (29.1) 1.12 (.83–1.52)

  Multigravida 91 (56.2) 36 (52.9) 1 75 (67.0) 127 (70.9) 1

 Previous abortion 32 (35.2) 13 (36.1) 0.99 (.79–1.24) 30 (40.0) 42 (33.1) 1.20 (.84–1.73)

 Previous stillbirth 11 (12.1) 3 (8.3) 1.11 (.82–1.50) 10 (13.3) 23 (18.1) 0.79 (.45–1.37)

 Previous live birth 74 (81.3) 31 (86.1) 0.91 (.70–1.18) 65 (86.7) 113 (89.0) 0.88 (.53–1.46)

Current pregnancy characteristics       

 Multiple pregnancy 19 (11.7) 5 (7.4) 1.14 (.91–1.43) 17 (15.2) 20 (11.2) 1.23 (.84–1.80)

 ANC received n = 162 n = 68  n = 112 n = 177  

  None 0 (0.0) 0 (0.0)  13 (11.6) 11 (6.2) 1

  1–3 visits 11 (6.8) 5 (7.4) 1 44 (39.3) 87 (49.2) 0.62 (.40–.96)

  ≥4 visits 151 (93.2) 63 (92.6) 1.03 (.73–1.44) 55 (49.1) 79 (44.6) 0.76 (.50–1.15)

 Clinical conditions       

  Any hypertensive disorder 62 (38.3) 18 (26.5) 1.16 (.99–1.37) 31 (27.7) 50 (27.9) 0.99 (.72–1.37)

  Any antepartum hemorrhage 16 (9.9) 5 (7.4) 1.09 (.85–1.41) 19 (17.0) 25 (14.0) 1.14 (.79–1.66)

Abbreviations: ANC, antenatal care; CI, confidence interval; MITS, minimally invasive tissue sampling; RR, relative risk.
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possible delay in funeral services. However, our prior study 
found that religious leaders support the MITS procedure if it 
is done for the benefit of saving other lives, provided that re-
spect is shown for the body and permission is obtained from 
parents [10].

In India, the main reasons for refusing for MITS after pre-
term neonatal deaths again related to cultural considerations 
and parents viewing MITS as unnecessary. In a study from 
Kenya, parents declined MITS because they thought there 
was no need for further examination after the death of their 
child [15]. In Pakistan, however, most women with preterm 
neonatal deaths who refused MITS noted a delay in the fu-
neral as a reason for refusal. Some women in Pakistan de-
clined MITS owing to lack of trust in the hospital, with a 
belief that the infant’s organs would be removed. In a study 
from Bangladesh, the MITS procedure was deemed accept-
able because of its shorter duration (compared with CDA) 
and because there was no removal of organs or cutting and 
stitching of the body [16].

To the best of our knowledge, this is the first study 
documenting the frequency and factors influencing MITS ac-
ceptance. The data were prospectively collected by trained mid-
wives, with a qualitative study preceding the actual study and 

with data quality monitored by observing the process of MITS 
consent.

This study has some limitations. In Pakistan, it was conducted 
at 2 large public sector tertiary care referral hospitals. Had they 
a choice, most of the families would have sought care in other 
healthcare facilities before arriving at the study hospitals and 
they may have had different attitudes and expectations about 
understanding the cause of death of their preterm or stillborn 
child. In India, study participants were provided care in mul-
tiple hospitals from well-defined catchment areas. Furthermore, 
because of the descriptive study design, the cause-and-effect re-
lationship could not be studied.

In conclusion, MITS was more commonly accepted in India 
than in Pakistan. Cultural concerns in India and funeral delays 
in Pakistan were common reasons for refusal. Parents from 
both sites were curious to know the cause of stillbirths and pre-
term neonatal deaths. Fathers, mothers, and relatives were the 
key decision makers regarding consent for MITS.

Notes
Acknowledgments. We acknowledge the senior research assistants for 

collecting data and the parents who took part in this study. S. S. T. dedicates 
this article to his late father Professor Pirbhulal Tikmani and late mother 
Asha Devi (Revti).

Table 3. Characteristics of Stillbirths and Preterm Neonatal Deaths

Characteristic

India Pakistan

Consented for MITS,  
No. (%)

Unadjusted  
RR (95% CI)

Consented for MITS,  
No. (%)

Unadjusted  
RR (95% CI)Yes No Yes No

Characteristics of Stillbirths

Stillbirths, no. 180 39  199 271  

Male sex 93 (51.7) 25 (64.1) 1.09 (.97–1.23) 107 (54.3) 123 (48.6) 0.88 (.71–1.09)

Multiple birth 4 (2.2) 2 (5.1) 0.81 (.46–1.43) 11 (5.5) 17 (6.3) 0.92 (.58–1.48)

Birthweight n = 180 n = 39  n = 199 n = 257  

 <1500 g 58 (32.2) 13 (33.3) 1.00 (.85–1.18) 55 (27.6) 150 (58.4) 0.46 (.34–.61)

 1500–2499 g 74 (41.1) 15 (38.5) 1.02 (.88–1.19) 91 (45.7) 70 (27.2) 0.96 (.77–1.20)

 ≥2500 g 48 (26.7) 11 (28.2) 1 53 (26.6) 37 (14.4) 1

Gestational age n = 180 n = 39  n = 173 n = 260  

 ≤32 wk 55 (30.6) 10 (25.6) 1.03 (.89–1.18) 59 (34.1) 138 (53.1) 0.56 (.42–.73)

 32.0–36.6 wk 50 (27.8) 13 (33.3) 0.96 (.82–1.13) 59 (34.1) 75 (28.8) 0.82 (.63–1.06)

 ≥37 wk 75 (41.7) 16 (41.0) 1 55 (31.8) 47 (18.1) 1

Signs of maceration 86 (48.6) 15 (38.5) 1.08 (.95–1.22) 87 (44.2) 145 (56.4) 0.76 (.61–.94)

Characteristics of Preterm Neonatal Deaths

Preterm neonatal deaths in facility, no. 186 74  136 198  

Male sex 107 (57.5) 42 (56.8) 0.99 (.85–1.16) 68 (50.4) 108 (55.1) 1.12 (.86–1.45)

Multiple birth 43 (23.1) 11 (14.9) 1.15 (.98–1.35) 41 (30.1) 39 (19.7) 1.23 (0.84, 1.80)

Birthweight n = 185 n = 74  n = 136 n = 197  

 <1500 g 140 (75.7) 47 (63.5) 1.31 (.69–2.50) 94 (69.1) 110 (55.8) 1.61 (.70–3.74)

 1500–2499 g 41 (22.2) 24 (32.4) 1.10 (.57–2.15) 38 (27.9) 77 (39.1) 1.16 (.49–2.76)

 ≥2500 g 4 (2.2) 3 (4.1) 1 4 (2.9) 10 (5.1) 1

Gestational age n = 186 n = 74  n = 136 n = 198  

 ≤32 wk 139 (74.7) 51 (68.9) 1.09 (.91–1.31) 112 (82.4) 161 (81.3) 1.04 (.74–1.47)

 32.0–36.6 wk 47 (25.3) 23 (31.1) 1 24 (17.6) 37 (18.7) 1

Abbreviations: CI, confidence interval; MITS, minimally invasive tissue sampling; RR, relative risk.
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Mixed-methods, descriptive and observational cohort study examining
feeding and growth patterns among low birthweight infants in India,
Malawi and Tanzania: the LIFE study protocol
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Abstract

Introduction

Ending preventable deaths of newborns and children under 5 will not be possible without evidence-
based strategies addressing the health and care of low birthweight (LBW, <2.5 kg) infants. The majority
of LBW infants are born in low- and middle-income countries (LMICs) and account for more than
60%–80% of newborn deaths. Feeding promotion tailored to meet the nutritional needs of LBW infants
in LMICs may serve a crucial role in curbing newborn mortality rates and promoting growth. The Low
Birthweight Infant Feeding Exploration (LIFE) study aims to establish foundational knowledge
regarding optimal feeding options for LBW infants in low-resource settings throughout infancy.

Methods and analysis

LIFE is a formative, multisite, observational cohort study involving 12 study facilities in India, Malawi
and Tanzania, and using a convergent parallel, mixed-methods design. We assess feeding patterns,
growth indicators, morbidity, mortality, child development and health system inputs that facilitate or
hinder care and survival of LBW infants.
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This study was approved by 11 ethics committees in India, Malawi, Tanzania and the USA. The results
will be disseminated through peer-reviewed publications and presentations targeting the global and
local research, clinical, programme implementation and policy communities.

Trial registration numbers

NCT04002908 and CTRI/2019/02/017475.

Keywords: epidemiology, neonatology, nutrition & dietetics, public health, qualitative research

Strengths and limitations of this study

Our convergent parallel, mixed-methods study design will yield detailed and unique data on
supply and demand side aspects of infant care, feeding and growth at the facility and
community levels throughout the first year of life.

The LIFE (Low Birthweight Infant Feeding Exploration) study focuses on low birthweight
(LBW) infants with birth weights between 1.5 kg and <2.5 kg given limited data on this
birthweight group.

The multisite approach enables the comparison of results within and across three countries in
sub-Saharan Africa and South Asia, where the phenotypes of LBW infants may vary.

The main limitation of this study is that enrolment is facility-based, missing the population of
small infants who are born outside the health facility or delay presentation for care within the
health system.

Introduction

Challenge

Although improvements in child health and survival have been achieved in the past two decades, a
significant decline in neonatal mortality is needed to attain Sustainable Development Goal 3.2 by
2030.  Focusing attention on the most vulnerable small and sick newborns, namely those born low
birthweight (LBW, <2.5 kg), can reduce risk and poor outcomes in the first days, weeks and months of
life. LBW, resulting from preterm birth and/or intrauterine growth restriction, accounts for 14.6% of
newborn births, but represents 60%–80% of newborn deaths.  This burden is disproportionately
concentrated in low- and middle-income countries (LMICs).  For at least the last 5 years, prematurity
has been the predominant cause of mortality for children under 5 years of age.  The mortality risk
among infants born preterm and small-for-gestational age is more than 15 times greater than those born
term and appropriate-for-gestational age.

Additionally, LBW infants face increased risks for morbidity, neurodevelopmental impairments and
growth faltering as well as challenges related to breast feeding, particularly its initiation and exclusivity
in early infancy.  Inadequate and insufficient feeding contributes to poor growth outcomes, such
as stunting, wasting and underweight, for which the risk among LBW infants is already increased.
Without close monitoring of growth and guidance on optimal feeding, LBW infants may not
appropriately catch up to their non-LBW peers.

1

2

2

3

2 4–7

2 8–12

13

https://clinicaltrials.gov/ct2/show/NCT04002908


1/19/22, 2:31 PM Protocol: Mixed-methods, descriptive and observational cohort study examining feeding and growth patterns among low birthweig…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8640640/ 3/20

Design, testing and implementation of interventions to optimise feeding, growth and development
among LBW infants requires a rigorously investigated foundational understanding of current practices,
standard of care, outcomes and resource availability in LMICs.  Limited evidence exists, particularly
in low-resource settings, on feeding patterns and initiation, the feeding ecosystem, policies for the care
of LBW infants and supply and demand inputs related to various feeding modes.  Generally,
studies capturing evidence on optimal milk type and content for moderately LBW infants (1.5 kg to
<2.5 kg) in low-resource settings are lacking, hindering the proper management of nutritionally at-risk
newborns.  The World Health Organization (WHO) feeding guidelines for LBW infants were
published in 2011 ; however, most of the recommendations are based on low quality evidence; even
so, the majority of available evidence was from high-income countries, and most data were limited to
very LBW infants (<1.5 kg) even though the majority of LBW infants are born between 1.5 kg to <2.5 
kg.

Opportunity

Despite these gaps, a number of opportunities in recent years have propelled interest and investment in
the care of LBW infants. In 2012, the World Health Assembly highlighted the need to prevent LBW by
setting a goal of reducing LBW births by 30% by 2025 as part of a set of 6 nutrition targets comprising
its comprehensive implementation plan on maternal, infant and young child nutrition.  In 2017, 40
global health organisations issued an urgent call to action for more evidence to address the current state
of feeding of sick and vulnerable infants.  In the past 2 years, the WHO, the United Nations
Children’s Fund (UNICEF) and the United States Agency for International Development released
reports and guidelines focusing on the care of the small and sick newborn.  With interest and
investment galvanised, research is needed to develop evidence-based approaches and translate findings
into action to ensure the most vulnerable infants can survive and thrive.

Study aims

The Low Birthweight Infant Feeding Exploration (LIFE) study aims to document current feeding
practices and growth patterns among LBW infants in LMICs to inform potential feeding interventions.
The formative, observational cohort study has four objectives to be assessed among LBW infants using
a mixed-methods approach: (1) understand feeding practices and the standard of care underpinning
them; (2) explore the beliefs, facilitators and barriers around the feeding of LBW infants; (3) define and
document key longitudinal growth and health outcomes up to 12 months of age; and (4) examine the
relationships between infant and maternal characteristics, feeding, growth and child development.
Before embarking on the formative research, we will conduct extensive desk reviews to better
understand the current LBW infant feeding literature and policies in place. The long-term goal of the
LIFE study is to inform the design of a future LBW infant feeding and growth trial and, in turn,
strengthen the evidence-base for global infant feeding guidelines.

Methods and analysis

Study design

This protocol was developed based on the Strengthening the Reporting of Observational Studies in
Epidemiology guidelines, the Consolidated Criteria for Reporting Qualitative Research guidelines, as
well as key principles of designing and conducting mixed-methods studies.  LIFE is a formative,
multisite, observational cohort study involving 12 study facilities and using a convergent parallel,
mixed-methods design. Quantitative and qualitative data will be collected and analysed in parallel and

14

15–17

18

19

12 20

2

21

22

23–25

2



1/19/22, 2:31 PM Protocol: Mixed-methods, descriptive and observational cohort study examining feeding and growth patterns among low birthweig…

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8640640/ 4/20

then merged at the interpretation phase.  A mixed-methods approach allows us to establish the
comprehensive foundational knowledge to design feeding interventions for nutritionally at-risk LBW
infants. The purpose of the quantitative observational descriptive component of the LIFE study
(including a retrospective chart review, prospective observational cohort, in-facility observational
cohort and facility needs assessments) is to evaluate feeding practices and health outcomes among
LBW infants and the health system inputs that support their care. The purpose of the qualitative
descriptive component (including in-depth interviews (IDIs) and focus group discussions (FGDs)) is to
examine the care and feeding of LBW infants from the perspectives of various key stakeholders.
Finally, the integration of the quantitative and qualitative findings will allow us to more fully
understand the context and reasons for the feeding patterns and health outcomes that we observe.
Further details of the study design, objectives and data collection activities can be found in table 1.
Data collection began in August 2019 and is on-going with plans for completion by October 2021.

25
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Table 1

Details of study design, data collection and analysis

Open in a separate window

LBW, low birthweight; LMICs, low-income and middle-income countries.

Study setting

Quantitative data strand
Qualitative data
strand

Merged quantitative and
qualitative data strands

Aim To document current feeding practices and growth patterns among LBW infants in LMICs in
order to inform potential feeding interventions

Objectives
1. Define and document feeding

patterns, and key longitudinal

growth and health outcomes
from birth to 12 months of age

2. Examine the relationships
between infant and maternal

characteristics, feeding and
growth

1. Explore the
beliefs,

facilitators and
barriers
around the
feeding of
LBW infants

1. Understand feeding
practices and the

beliefs, facilitators,
barriers and
standards of care
underpinning them
in order to better
identify infants at-
risk for poor growth

and health
outcomes

Research
questions

1. What are the feeding patterns,
growth trajectories and health

outcomes among LBW infants
from birth to 12 months?

2. What are the infant and
maternal predictors of poor

growth outcomes at 6 and 12
months?

3. What are the infant and
maternal predictors of non-
exclusive breast feeding in the

first 6 months?

4. What is the association
between the duration of
exclusive breast feeding and

growth outcomes at 6 and 12
months?

1. What do
mothers,

family
members,
community
members,
healthcare
providers and
other key

stakeholders
think LBW
infants should
be fed and
why?

1. What are the current
practices, beliefs,

facilitators and
barriers regarding
the feeding of LBW
infants in facility
and community
settings in LMICs?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8640640/table/T1/?report=objectonly
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The LIFE study is implemented in four sites across three countries: (1) Karnataka state, India and (2)
Odisha state, India, led by teams at Jawaharlal Nehru Medical College, JJM Medical College, SS
Institute of Medical Sciences, City Hospital and Srirama Chandra Bhanja Medical College; (3)
Lilongwe, Malawi, led by the team at University of North Carolina (UNC) Project Malawi; and (4) Dar
es Salaam, Tanzania, led by the team at Muhimbili University of Health and Allied Sciences. All sites
have strong, long-standing relationships with key government stakeholders, placing them in a position
to address local and national priorities and advocate for translation of research to practice. Sites were
chosen in South Asia and sub-Saharan Africa as these regions represent the greatest burden of LBW as
well as the diverse drivers of LBW.  Investigators will document regional similarities and differences
in maternal and infant characteristics, gestational age, birthweight, feeding patterns and growth. In
total, participants are recruited from 12 study facilities (ie, secondary and tertiary hospitals) chosen
based on delivery volume, capacity to care for LBW infants in the first days of life and willingness of
facility leadership to participate. All facilities are located in urban settings with participants residing
within a 50 km radius. Additional site details are included in table 2.

Table 2

Site descriptions

Site
Prevalence of

LBW

Neonatal

mortality rate
 

Deaths per 1000
live births

Infant mortality rate  Deaths per

1000 live births

Study facilities
 

Number and type by
site

India—

Karnataka

17.2% 22 28 Three private tertiary

hospitals
 

Two public tertiary
hospitals

India—

Odisha

20.8% One public tertiary

hospital
 

One public secondary
hospital

Malawi 14.5% 20 31 One public tertiary

hospital
 

One public secondary
hospital

Tanzania 10.5% 20 36 One public tertiary

hospital
 

Two public
secondary hospitals

Open in a separate window

LBW, low birthweight.
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Quantitative

Study population

For the quantitative data collection activities, the study population comprises mother–
infant pairs that include newborns with recorded birth weights of 1.5 kg to <2.5 kg, as well as health
facilities (table 3). All 12 study facilities will participate in the facility needs assessments, including a
facility profile and a donor human milk (DHM) bank assessment; further inclusion and exclusion
criteria have not been specified.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8640640/table/T3/
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Qualitative

Table 3

Inclusion and exclusion criteria for mothers–infant pairs

Open in a separate window

LIFE, Low Birthweight Infant Feeding Exploration.

Data
collection
activity Inclusion criteria Exclusion criteria

Retrospective
chart review

Infants with
birthweight of 1.5 

kg to <2.5 kg.

Infants discharged
before the start of
prospective data

collection for LIFE
study.

Infants with birth weight <1.5 kg.

Infants with congenital abnormalities that interfere with
feeding (cleft lip or palate; hydrocephalus;
gastrointestinal tract anomalies including gastroschisis,
omphalocele or anal atresia; neural tube defects;
congenital cardiac defects; suspected trisomy 21;

suspected TORCH (Toxoplasmosis, Other agents,
Rubella, Cytomegalovirus and Herpes simplex)
infection.

Infants with young mothers: <18 years old in Tanzania
and India, 16–17 years old and unmarried in Malawi

and all mothers <16 years old in Malawi.

Infants who die less than 72 hours from the time of
birth.

Infants born outside the facility.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8640640/table/T3/?report=objectonly
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Quantitative

Qualitative

For the qualitative data collection activities, the study population includes mothers, family members
(eg, husbands, guardians, mothers’ parents, mother’s in-laws, grandmothers, sisters and sisters-in-law),
religious and community leaders, traditional healers, clinicians, government officials, supply chain
experts and DHM banking experts meeting specific inclusion criteria (table 3). Mothers and family
members of newborns with recorded birth weights of 1.5 kg to <2.5 kg are eligible for the IDIs and
FGDs. Clinicians who have been at their position for less than 6 months are not eligible.

Patient and public involvement

As part of the study design, the LIFE team involves clinicians, researchers and community stakeholders
familiar with the respective settings and populations. Study tools were piloted with patients and
community members to ensure that research questions and indicators are culturally appropriate,
acceptable and relevant to the study population.

Study measures

We evaluate key maternal and infant characteristics (eg, maternal education, maternal age,
place of residence, parity, place and type of delivery, gestational age, infant sex and average length of
facility stay) to better understand the LBW population in each site and region and to evaluate which
characteristics serve as predictors of particular feeding patterns and growth and health outcomes. We
examine infant feeding patterns including: early initiation of breast feeding (within 1 hour of birth),
feeding profiles (exclusive breastmilk, mixed milk feeding or no breastmilk) at each visit week from
birth to 12 months and duration of exclusive breast feeding (feeding of only breastmilk directly from
the breast, expressed or from a donor). We will assess infant growth by measuring weight, length, head
circumference and mid-upper arm circumference (MUAC) at 13 time points. Anthropometrics will be
used to identify stunting (length-for-age z-score <-2SD), wasting (weight-for-length z-score <-2SD)
and underweight (weight-for-age z-score <-2SD) at 6 and 12 months; and plot growth trajectories and
velocities. Z-scores are derived from the International Fetal and Newborn Growth Consortium for the
21st Century (INTERGROWTH-21st) newborn size at birth and preterm postnatal growth standards

 and the WHO infant growth standards  from birth through 12 months. We also examine weeks to
birthweight regain, namely lack of regain in the first 2 weeks ; and identify infants experiencing
slow weight gain (<20 g/day) in the second week of life (infants are meant to gain an average of 20 
g/day in the first month of life and the second week of life is when infants should be gaining back their
postnatal weight loss).  The WHO standards were designed using a cohort of term infants while the
INTERGROWTH-21st standards were designed specifically for preterm infants and serve as a
complement to the WHO standards in the first 6 months of life. Additional health outcomes include
infant morbidity based on maternal self-report of illnesses and symptoms experienced by the infants in
the past week at each study visit; neonatal and infant mortality at any point during follow-up; and child
development assessed via the Caregiver Reported Early Childhood Development Instruments at 1 year
of age.  Maternal study measures including illness, depression (based on the Patient Health
Questionnaire-2) and anthropometrics (weight, height and MUAC taken when the infant was born, 6
weeks, 6 months and 12 months) are collected to evaluate mothers’ roles in the feeding and growth of
their infants.  Finally, data on bed capacity, length of stay post-delivery, neonatal intensive care
admissions, infrastructure, space, equipment, feeding options, medications, staffing, service availability
and sanitation practices are gathered to assess the health facility inputs available for care provision of
LBW infants.

We explore beliefs, barriers, facilitators, risks and benefits of various feeding practices
through structured IDIs and FGDs.
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Quantitative

Data collection

Quantitative and qualitative data collection occur in parallel through 6 descriptive study activities (
table 1). For most data collection activities, timing of data collection will be linked with infant age (
figure 1). All data collection is prospective except for the chart reviews. Facility needs assessments are
not included in figure 1 since they will not be linked to infant age; facility profiles are completed at
baseline and DHM assessments over the course of the study.

Figure 1

Data collection timeline by activity and infant age.

Quantitative data collection is conducted by trained research nurses. The use of multiple
data collection activities, combining observations and maternal self-report, helps to reduce bias and
allows for triangulation of data. Retrospective patient chart data was collected for infants born in 12
study facilities between July 2018 and October 2019 using a structured survey. Chart reviews were
completed before the initiation of prospective observational cohort data collection. The goal for the
prospective cohort is to include 300 mother–infant pairs per site during 13 study visits using structured
survey tools for infants born between September 2019 and January 2020 (noting that sites will start and
end at different times) and completing 1-year follow-up in July 2021 (figure 1). Data are collected in-
person at all time points, apart from at 32.5 and 45.5 weeks, at which time an abbreviated survey is
administered over the phone in Malawi and Tanzania to bridge the 3-month time gap between in-person
visits in order to reduce loss to follow-up; sites in India have previous experience with at least 3-month
intervals between visits without adverse consequences on follow-up rates. Changes made in response to
the COVID-19 pandemic included the addition of COVID-19 symptom screening questions, pauses to
enrolment, data collection via phone calls where in-person visits were not possible and widening of the
6 month visit window. Table 4 summarises the assessments and timing of administration for the
prospective observational cohort. Focused training was conducted by a paediatrician or research
investigator for all assessments listed. Although this is an observational cohort study with no
intervention, adverse events are monitored and recorded. The in-facility observational cohort is
intended to include 35 mother–infant pairs per site from all participating study facilities via regular
feeding observations (15 min each) and maternal reports starting within 6 hours of birth and continuing
until facility discharge (first week—every 3–4 hours; second week—one to two times a day; and third
week and thereafter—one time a day for unstable infants and every 3 days for stable infants) (table 4).
Finally, facility needs assessment data are collected via standardised tools capturing key vital statistics;
the structural, human resource, equipment and service inputs present for new mothers and newborns;
and facility and programmatic readiness for establishing and strengthening DHM banks.  Study
team members administer the assessments at each of the study facilities through observations, record
reviews and staff consultations; global DHM experts will participate in and provide detailed guidance
for the DHM component.
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Table 4

Timing of assessments for longitudinal prospective observational cohort

Assessment or survey tool content

Age of infant (weeks)

0 1 2 4 6 10 14 18 26 32.5 39 45.5 52

Maternal demographics and pregnancy history* ·                        

Infant demographics and delivery information* ·                        

Dubowitz examination for gestational age at
birth

·                        

Infant anthropometrics* · · · · · · · · ·   ·   ·

Maternal anthropometrics ·       ·       ·       ·

Maternal and infant health information · · · · · · · · ·   ·   ·

Maternal and infant mortality information* · · · · · · · · · · · · ·

The WHO-5 Well-Being Index                     ·   ·

Maternal lactation and infant feeding
information*

· · · · · · · · · · · · ·

Infant and Young Child Feeding Questionnaire
for complementary feeding period

                    ·   ·

Latch, Audible Swallowing, Nipple Type,
Comfort and Hold breastfeeding assessment*

  · · · · · · · ·        

Preterm Infant Breastfeeding Behaviour
Scale*

  · · · ·                

Neonatal Eating Assessment Tool   · · · · · · · ·        

Water, sanitation and hygiene information*   · · · · · · · ·   ·   ·

Patient Health Questionnaire 2 on maternal
depression

  · · · · · · · ·   ·   ·

Caregiver Reported Early Childhood
Development Instrument

                        ·

Open in a separate window

*Assessments also to be completed for the in-facility observational cohort between birth and facility discharge.

All sample sizes were determined to account for timeline, feasibility and resource constraints. Apart
from the prospective observational cohort, we will not aim to make statistical inferences or precise
point estimates from these samples, but will use the data descriptively for each infant to construct a
narrative of their feeding patterns and health outcomes. The main statistical results from the
prospective observational cohort will be point estimates and CIs for certain rates, such as the per cent
of LBW infants who fail to thrive or whose growth falters, develop problems breast feeding or fall ill.
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Qualitative

The size of the true proportions will determine the precision of the estimate (eg, with a sample of 300
mother–infant pairs at each site, a true proportion of 10% can be detected with precision of ±3.6%).
The 95% CI would be 6.4% to 13.6% (figure 2).

Figure 2

Margin of error in estimation of a single proportion with a sample of 300 at each study site for the
prospective observational cohort.

To ensure standardisation and facilitate high quality data collection, investigators will conduct site-
specific workshops to review tools and train research staff on how to prepare for and conduct all key
assessments; timing and duration will be tailored to the needs and knowledge of each team. Supervisors
perform regular quality checks and refresher training as needed. Standardised anthropometric
equipment includes: Seca 334 mobile digital baby scale, 887/876/874 digital flat scale with foot pedal
for maternal weight, site-specific height boards for mothers, Seca 417 infant measuring board, Shorr
MUAC tapes for infants and mothers (WM-MUAC26) and Shorr 65 cm head circumference tapes for
infants (SKU: WM-S Tape). The survey tools are administered in the local language (Hindi, Kannada
and Marathi in India—Karnataka; Hindi and Oriya in India—Odisha; Chichewa in Malawi; and
Swahili in Tanzania).

IDIs and FGDs with mothers and family members of LBW infants, community members,
clinicians, government officials and supply chain and DHM knowledge experts took place between
July 2019 and January 2021. All participants will only be interviewed once. Interviewers include men
and women with clinical and/or research backgrounds including specialised training in qualitative data
collection methods. They conduct IDIs and FGDs with stakeholders and clinicians in English, and with
mothers, family members and community leaders in relevant local languages. Interviewers are not
personally known to interviewees and are trained to reduce bias by building rapport with all
participants and maintaining neutrality and confidentiality. They start each IDI and FGD by sharing the
purpose of the study and any potential risks, obtaining consent and then use structured interview guides
with specific probes; guides were piloted prior to data collection. All IDIs and FDGs are audio-
recorded with permission from participants and supported with real-time note-taking; transcripts and/or
summary notes will not be reviewed by participants. IDIs are scheduled for 1 hour and FGDs for 2

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8640640/figure/F2/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8640640_bmjopen-2020-048216f02.jpg
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8640640/figure/F2/
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Quantitative

Qualitative

hours. All qualitative data collection takes place in a private location either within a study health
facility or in the community setting. Participants are given a small incentive to participate in order to
cover the cost of travel and lost wages.

We use purposive sampling for government officials and knowledge experts and convenience sampling
based on availability for clinicians, mothers, family members and community leaders. Participants are
approached in person or via email and visits are confirmed over the phone. Mothers of LBW infants
aged 0–3 months and 4–7 months are sampled from facility patient charts while those aged 9 and 12
months are sampled from the prospective observational cohort based on their sex and presence or
absence of stunting at 6 months of age. Our sampling strategy is designed to reach code saturation
rather than meaning saturation.

Data management and analysis

Quantitative data are entered and managed in CommCare,  a secure electronic data
capture and management system (retrospective chart reviews and prospective observational cohorts)
and Microsoft Excel 2018, version 16.16.27 (facility needs assessments). For the prospective
observational cohort only, the Tanzania team uses its own electronic data capture system and securely
transfers data to be merged with the rest of the data collected in CommCare. All data used for analysis
are de-identified and stored securely. Experienced statistical analysts and epidemiologists will use
means, medians and SD to describe continuous variables and frequencies and proportions for
categorical variables (all activities). For the prospective observational cohort, t-tests, χ  tests and
regression models (linear, logistic, log-binomial and/or poisson) will be used to explore relationships
between key maternal and infant characteristics, feeding and growth. CIs around all measures will be
constructed to adjust by site and cluster by mother to account for multiple births. Analyses will be
stratified by site, sex and LBW phenotype. Missing data will be accounted for and denominators will
be adjusted accordingly. Outliers for z-scores and anthropometrics will be examined and cleaned with
the use of existing guidelines and sensitivity analyses, where helpful. Any further analyses will be post
hoc and described separately. Analyses will be conducted using the Stata Statistical Software Package,
V.16  and the SAS statistical software suite.

De-identified qualitative data are stored for internal use in SharePoint, a secure web-based
document management and storage system. A codebook will be developed deductively (based on the
research aims and interview guide questions to inform high-level codes) and inductively (based on the
emerging content of the IDIs and FGDs to inform subcoded and emerging high-level codes) and
applied to IDI and FGD data. Coding of the IDIs and FGDs will be performed by a total of seven
coders and will involve a combination of rapid (framework analysis based on real-time notes supported
by audio-recordings, where needed) and in-depth (coding of verbatim translated transcripts)
approaches.  Interviewers/site-based coders will employ a framework analysis and code notes into
summary tables followed by subsequent coding (using a codebook) in Dedoose by qualitative
researchers at Harvard. The first stage of data collection and coding in India and Malawi will be used to
enable ongoing learning during the data collection process for a large volume of qualitative data.  For
maternal IDIs conducted among those with infants ages 9 months and older in India and Malawi, as
well as all of Tanzania’s IDIs and FGDs across the full year of infancy, interviewers will transcribe the
audio-recordings verbatim in English and the qualitative researchers at Harvard will conduct a
comprehensive, thematic analysis of the data to identify key messages as well as similarities and
differences across sites. During the analysis, researchers at Harvard will review all coded data and will
identify, via Dedoose, themes that were most and least commonly mentioned. Themes will be further
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defined and discussed with the site-based coders to review the interpretation of the data and reduce
bias. Data will be analysed by participant type and study location, and emergent key themes will be
used to inform recommendations for future interventions.

Protocol and registration

The study is registered with ClinicalTrials.gov and Clinical Trial Registry of India (http://ctri.nic.in).

Ethics and dissemination

This study was approved by 11 ethics committees in India, Malawi, Tanzania and the USA: (1) India
Health Ministry’s Screening Committee with Indian Council of Medical Research acting as its
secretariat (2019–2674); (2) Directorate of Health and Family Welfare Services, Government of
Karnataka, which also covers investigators at Women and Children Hospital, Davangere and Chigateri
General District Hospital, Davangere (NHM/SPM/04/2019–20); (3) Institutional Ethics Committee of
KLE Academy of Higher Education and Research which also covers investigators at JN Medical
College, Belagavi and KLES Dr Prabhakar Kore Hospital & Medical Research Center, Belagavi
(KAHER/IEC/2019–20/D-2760); (4) Institutional Ethics Review Board of SS Institute of Medical
Sciences and Research Centre (IERB/200/2019); (5) Institutional Ethics Committee of JJM Medical
College (JJMMC/IEC-01/2019), which also covers investigators at Bapuji Child Health Institute and
Research Centre, Davangere, Women and Children Hospital, Davangere and Chigateri General District
Hospital, Davangere; (6) Research and Ethics Committee, Directorate of Health Services, Odisha state,
which also covers investigators at City Hospital Oriya Bazar, Cuttack (155/PMU/187/17); (7)
Institutional Ethical Committee, Sriram Chandra Bhanja Medical College, Cuttack (7188); (8) Malawi
National Health Sciences Research Committee (NHSRC2019/Protocol19/03/2250-UNCPM 21905); (9)
Tanzania National Institute of Medical Research (NIMR/HQ/R.8a/Vol.IX/3126); (10) Muhimbili
University of Health and Allied Sciences (DA.282/298/01.C/); and (11) Harvard T.H Chan School of
Public Health (IRB10-0282) which also covers investigators at Boston Children’s Hospital, Brigham
and Women’s Hospital, Emory University, PATH and University of North Carolina.

Written informed consent is obtained from all IDI, FGD, in-facility observational cohort and
prospective observational cohort participants. After 6 months of follow-up, prospective observational
cohort participants will be re-consented for an additional 6 months. Verbal consent will only be
obtained in the event of extenuating circumstances where written consent cannot be sought;
Institutional Review Board approval will be needed before proceeding. For the facility needs
assessments, verbal consent is sought at the facility leadership level as these activities are considered to
be a part of quality improvement. Results from the LIFE study will be disseminated at global-levels
and site-levels through peer-reviewed publications and presentations to key stakeholders during
meetings and conferences. Site investigators will also share results informally with participating study
facilities. On publication of the study results, select data will be made publicly available via Harvard
Dataverse.

Discussion

The LIFE study will fill critical data gaps in the care and nutrition of LBW infants in LMICs; although
limited, most of the existing research in this area is concentrated in high-income countries.  Overall,
evidence is lacking on feeding, care and health of LBW infants born with birth weights of 1.5 to <2.5 
kg; however, these moderately LBW infants represent the majority (>90%) of global LBW births
compared with very LBW infants (<1.5 kg).  We will aim to establish the foundational
knowledge required to design, test and implement the most effective and feasible infant feeding
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strategies to prevent and address growth faltering among LBW infants in low-resource settings. The
LIFE study will provide the much-needed evidence to comprehensively understand what LBW infants
require, how they differ from infants born ≥2.5 kg and what rigorous research is critical to strengthen
global LBW infant feeding guidelines.
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Abstract
Objective: To evaluate the feasibility of an mHealth- supported breastfeeding peer coun-
selor intervention implemented in rural India and the preliminary impact of the interven-
tion on maternal breastfeeding behaviors, including exclusive breastfeeding (EBF).
Methods: In this quasi- experimental pilot study, participants received either the in-
tervention plus usual care (n = 110) or usual care alone (n = 112). The intervention 
group received nine in- home visits during and after pregnancy from peer counselors 
who provided education about and support for EBF and other optimal infant feeding 
practices and were aided with an mHealth tool. The control group received routine 
prenatal and postnatal health education. Progress notes and surveys were used to as-
sess feasibility. Logistic regression models were used for between- group comparisons 
of optimal infant feeding outcomes, including EBF for 6 months.
Results: The intervention was delivered as intended, maintained over the study pe-
riod, and had high acceptability ratings. There were statistically significant differences 
in all outcomes between groups. The intervention group had a significantly higher 
likelihood of EBF at 6 months compared to the control group (adjusted odds ratio 3.57, 
95% confidence interval 1.80– 7.07).
Conclusion: Integration of mHealth with community- based peer counselors to edu-
cate women about EBF is feasible and acceptable in rural India and impacts maternal 
breastfeeding behaviors.

K E Y W O R D S
breastfeeding, India, intervention, mHealth, peer counselor

1  |  INTRODUC TION

Exclusive breastfeeding (EBF), defined as breast milk as an infant's 
only intake,1 is an important public health intervention for child 
health and survival. Infants who are breastfed are less likely to 

experience diarrhea, other gastrointestinal illness, otitis media, re-
spiratory infections, and hospitalizations compared to infants who 
are not breastfed.1 The World Health Organization (WHO) recom-
mends EBF for the first 6 months of life to achieve optimal growth, 
development and health.2
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Despite the benefits of and recommendations for EBF, rates of 
EBF in India are low. The 2015– 2016 India National Family Health 
Survey found that for the first 6 months of life, nearly half of in-
fants in India were not exclusively breastfed.3 Other infant feeding 
practices were suboptimal as well, with less than half of mothers 
reporting initiation of breastfeeding within 1 h of birth, and prelac-
teal feeding in the first 3 days after birth occurring in 21% of the 
population.3 These data suggest that programs directed at improv-
ing breastfeeding behaviors of mothers in India are needed.

An intervention that uses a peer support system may be one 
type of program. Peer counseling relies on local community women 
who have successfully breastfed, received training in breastfeeding 
education, and work with their peers to improve breastfeeding out-
comes.4 Such programs have been effective in increasing initiation 
and duration of breastfeeding in diverse populations and settings, 
including low-  and middle- income countries (LMICs).5– 11 There is in-
sufficient evidence, however, that community level peer counseling 
interventions significantly improve EBF rates in India.7

Programs that utilize mobile health (mHealth) platforms may 
also be useful for increasing EBF. The technology of the 21st cen-
tury has increased the availability and accessibility of mHealth, in-
cluding health- related education and counseling, and telemedicine 
services delivered via phone or computer applications. A recent 
meta- analysis of studies conducted in six countries suggested that 
mHealth may be associated with improved maternal breastfeeding 
attitude, knowledge, and initiation, and EBF duration.12 However, 
only one LMIC (China) was represented in the analysis and it re-
mains unknown whether utilizing mHealth platforms to enhance 
peer counselor efforts can be helpful for improving infant feeding 
behaviors of mothers in India. There is evidence, though, that im-
plementing mHealth- supported community programs is feasible and 
can improve other behaviors of Indian mothers, including the uptake 
of health services among pregnant and breastfeeding women with 
HIV.13

Here we describe a pilot study of an mHealth- supported peer 
counselor intervention to educate mothers in rural India about EBF 
and other optimal breastfeeding practices and to support mother's 
commitment to breastfeed exclusively for 6 months. The overall ob-
jective of this exploratory study was to evaluate the feasibility of 
implementing the intervention in the community and the preliminary 
impact of the intervention on maternal breastfeeding behaviors.

2  |  MATERIAL S AND METHODS

This was a quasi- experimental pilot study, with participants allocated 
to one of two groups based on attendance at six different primary 
health centers (PHCs) located in rural communities of the Belagavi 
district of Karnataka, India. Purposive sampling was used to recruit 
participants to the study. Participants received either the interven-
tion plus usual care (intervention group) or usual care alone (con-
trol group). Intervention group participants were recruited between 
March and April 2019. Control group participants were recruited 

between November 2019 and January 2020. All participants pro-
vided written informed consent. Institutional Ethical Committee ap-
proval was obtained from KLE Academy of Higher Education and 
Research (formerly known as KLE University) in India, and Thomas 
Jefferson University in the United States. The trial was prospec-
tively registered with ClinicalTrials.gov, NCT03533725, and the 
Clinical Trials Registry- India, CTRI/2017/08/009453.

To recruit participants into the intervention group, accredited 
social health activists (ASHAs) at five of the six study PHC sites iden-
tified pregnant individuals at least 18 years of age who met study in-
clusion criteria, including gestational age between 28 and 32 weeks 
at the time of recruitment, and intent to remain in the intervention 
area for a minimum of 6 months post- delivery. Individuals who indi-
cated that they did not plan to initiate breastfeeding were excluded. 
Of 150 women approached, 130 agreed to participate. Following en-
rollment in the study, this group received the intervention. Because 
the intervention was designed for mothers with healthy infants, 
initially- enrolled study participants were dropped from the study by 
investigators following delivery if a participant's infant was stillborn 
or admitted to the NICU, weighed <2001 g, had a major congenital 
anomaly, or experienced early or late neonatal death. Thus, 110 in-
tervention group participants remained in the study throughout the 
entire study period.

The intervention used trained peer counselors to educate women 
about EBF and to support women to increase their commitment to 
EBF for 6 months and adopt other recommended infant feeding 
practices. Peer counselors were supported by a mHealth application 
(app), Breastfeeding Education Support Tool for Baby (BEST4Baby), 
developed by the research team. The app contained multimedia con-
tent specific for nine distinct visits and was used at each visit by the 
peer counselors. The visits were conducted in the homes of study 
participants and lasted between 60 and 90 min. Visits occurred 
when the participants were: 28– 32 weeks gestation; 32– 36 weeks 
gestation; one to three, seven, and 15 days postpartum; and one, 
two, four, and 6 months postpartum. Specific app content was de-
termined by needs identified and reported by breastfeeding Indian 
mothers and their support networks.14

To recruit peer counselors, ASHA workers from the five inter-
vention PHCs posted information on the PHCs bulletin boards and 
used word of mouth. Of 56 individuals interviewed, 25 met eligibil-
ity criteria and were selected to become peer counselors. Eligibility 
criteria included: (1) breastfeeding experience; (2) conversant in the 
local language; (3) minimum of 10 years of education; (4) residing 
in the local community; and (5) familiarity with the use of a smart 
phone and apps.

After recruitment, the 25 peer counselors attended a 3- day 
training course based on content derived from a WHO/UNICEF 
Breastfeeding Counselling Course.15 The training included breast-
feeding knowledge and skills, specific counseling strategies, and 
how to use the BEST4Baby app. After training, each counselor was 
provided with a Samsung mobile tablet with wireless services which 
contained the app, and assigned four to six women from their com-
munities who had been recruited for the intervention group of the 
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study. Counselors delivered the intervention to participants in the 
participant's home following the BEST4Baby nine- visit schedule. 
The counselors were paid a small stipend for each visit and had their 
transportation costs reimbursed.

Mothers who lived in the study district who attended a PHC 
geographically separate from the five intervention PHCs were re-
cruited into the control group. A distinct PHC was used to select 
control group participants to reduce the likelihood of contamina-
tion bias. Mothers who were at least 18 years old who delivered 
during the same time period as those in the intervention group 
were selected randomly from the PHC’s antenatal care register and 
invited to participate in the study by ASHA workers. Study inclusion 
criteria were delivery of a live infant weighing at least 2001 g who 
did not have an NICU admission or a significant congenital anomaly, 
and did not experience early or late neonatal death. All women who 
were invited to participate agreed to participate (n = 112). The con-
trol group received routine prenatal and postnatal health education 
recommended by the national health system.

Self- reported demographic characteristics were collected 
from participants in both study groups at study enrollment by 
trained researchers. When participants’ infants were 6 months of 
age, researchers collected birth characteristics and infant feed-
ing behaviors from participants. Participant self- reported infant 
feeding behaviors included EBF, as defined by WHO1 for 6 months 
(yes/no), breastfeeding initiation within 1 h of birth (yes/no), co-
lostrum feeding (yes/no), any prelacteal feedings (yes/no), any top 
feedings during the infant's first 6 months of life (yes/no), and any 
supplemental feedings during the infant's first 6 months of life 
(yes/no).

Five areas of feasibility of implementing the intervention were 
assessed: acceptability, implementation, practicality, adaptation, 
and efficacy.16 The acceptability of BEST4Baby was assessed by 
participants in the intervention group and peer counselors. At the 
six month visit, intervention group participants were given a nine- 
item survey created specifically for the study. Survey items as-
sessed peer counselor interactions as well as the four domains of 
the Ecological Momentary Assessment model (i.e., clarity, accuracy, 
content, and technical quality).17 Responses used a five- item Likert 
scale with choices ranging from strongly disagree to strongly agree. 
Acceptability by peer counselors of BEST4Baby was assessed by a 
modified System Usability Scale (SUS), a tool used to measure and 
quantify the perception of usability of products and services (e.g., 
software, mobile devices and websites). The survey was completed 
immediately following completion of the 3- day training and con-
sisted of 10 statements with five response options (strongly dis-
agree to strongly agree). SUS scores ranged from zero to 100, with 
zero indicating not at all usable and 100 indicating perfect usability. 
Implementation, practicality, and adaptation were evaluated by as-
sessing retention of mothers and peer counselors throughout the 
study period and process notes of weekly check- ins and team meet-
ings maintained by the research team. Efficacy of the intervention 
was assessed by comparing self- reported infant feeding behaviors 
between study groups.

Qualitative feasibility data were assessed with a thematic anal-
ysis of process notes by one researcher (PK), with themes verified 
by the larger team. Frequency counts and percentages were gen-
erated for data from the intervention group acceptability surveys. 
Peer counselor SUS total scores were calculated and compared 
to standardized scores. Participant demographic and birth char-
acteristics and infant feeding behaviors were described over-
all and within each study group. Means and standard deviations 
were produced for continuous variables, and frequency counts 
and percentages were generated for describing variables that 
were dichotomous or polytomous in nature. The balance of char-
acteristics and behaviors between study groups were compared 
using two- sample t- tests for continuous variables and chi- square 
or Fisher exact tests for categorical variables. Logistic regression 
models were used to assess the association between study group 
and infant feeding behaviors. Demographic and birth characteris-
tics that differed between study groups (p < 0.20) were included 
in multivariable logistic regression models. Regression models also 
adjusted for mode of delivery, which has been associated with in-
fant feeding behaviors of Indian women in previous studies.18,19 
Results of the regression model were expressed as odds ratios 
(OR) along with their corresponding 95% confidence intervals (CI). 
All statistical analyses were performed using SAS version 9.4 (SAS 
Institute, Cary, NC, USA).

3  |  RESULTS

3.1  |  Intervention implementation

Three implementation challenges were identified from process notes 
analyses. First, peer counselors initially needed support from the re-
search team in troubleshooting specific aspects of the app; these 
problems were resolved by the research team visiting with the coun-
selors in the field before the second study visit and troubleshooting 
with mock visits in real time. Second, there were reports of limited 
internet access, but this was addressed by having app content avail-
able offline. Third, unanticipated situations which were not initially 
incorporated into the development of the app, such as the ability to 
skip over content of a missed visit during a subsequent visit, necessi-
tated the research team collecting the devices from peer counselors, 
updating the devices at the research center, and returning them in 
2– 3 days.

3.2  |  Peer counselors

The post- training SUS usability score for the peer counselors ranged 
from 72.5 to 100. The average score was 87.5 (SD 8.2) suggesting 
high usability and implementation practicality. Three of the 25 coun-
selors did not continue as peer counselors after the training; two 
found full- time paid employment and one had personal problems 
that prevented participation.
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3.3  |  Study participants

Demographic and birth characteristics of all study participants 
stratified by study group are found in Table 1. Women in the inter-
vention group were slightly younger than those in the control group 
(mean age 23.2 years vs 24.7 years, p = 0.004). Intervention group 
participants were significantly more likely to have a husband with 
a skilled occupation than control group participants (94% vs 45%, 
p < 0.0001). Differences in place of delivery were also found be-
tween the two groups. There were no differences in participant 
occupation, parity, mode of delivery, or infant sex and birthweight 
between the intervention and control groups.

Infant feeding outcomes stratified by study group are found in 
Table 2. There were statistically significant differences in all out-
comes between the two study groups. The intervention group was 
significantly more likely to report EBF at 6 months compared to the 
control group (64% vs 34%, p < 0.0001). The intervention group was 
significantly more likely to report initiation of breastfeeding within 
1 h of giving birth (82% vs 56%, p < 0.0001) and report giving co-
lostrum to their infants (100% vs 94%, p = 0.014). Prelacteal, top, 
and supplementary feeding were more common in the control group 
compared to the intervention group.

In multivariable analysis, after controlling for maternal age, par-
ity, husband's occupation and place of delivery, odds of reporting 

TA B L E  1  Delivery and birth characteristics of study participants by study group

Characteristic

Total
N = 222
n (%)

Intervention
N = 110
n (%)

Control
N = 112
n (%) p value

Age (years), mean (SD) 24 (3.7) 23.2 (3.5) 24.7 (3.5) 0.004

Highest level of education

Illiterate 9 (4) 4 (4) 5 (4) 0.254

Primary 25 (11) 15 (14) 10 (9)

Secondary/pre- university 155 (41) 70 (64) 85 (76)

Graduation/post- graduation 31 (14) 19 (18) 12 (11)

Occupation

Housewife 212 (96) 102 (94) 110 (98) 0.098

Non- housewife 9 (4) 7 (6) 2 (2)

Occupation of husband

Skilled 153 (69) 103 (94) 50 (45) <0.0001

Not skilled 69 (31) 7 (6) 62 (55)

Number of previous children

0 97 (43) 55 (50) 42 (37) 0.171

1 86 (39) 38 (35) 48 (43)

2 or more 39 (18) 17 (15) 22 (20)

Place of delivery

Community Health Center 25 (11) 21 (19) 4 (4) <0.0001

District Hospital 52 (23) 16 (14) 36 (32)

Primary health center 31 (14) 21 (19) 10 (9)

Private Hospital/Taluka Hospital 114 (51) 52 (47) 62 (55)

Mode of delivery

Vaginal 147 (66) 77 (70) 70 (63) 0.237

Cesarean 75 (34) 33 (30) 42 (37)

Infant birthweight, g

2001– 2500 39 (17) 17 (15) 22 (20) 0.250

2501– 3000 104 (47) 48 (44) 56 (50)

>3000 79 (36) 45 (41) 34 (30)

Infant sex

Female 109 (49) 55 (50) 54 (48) 0.790

Male 113 (51) 55 (50) 58 (52)

Abbreviation: SD, standard deviation.
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EBF at 6 months were significantly higher among participants in 
the intervention group compared to those in the control group (ad-
justed odds ratio 3.57, 95% CI 1.80– 7.07; Table 2). Compared to 
the control group, the intervention group had significantly greater 
likelihood of initiating breastfeeding within 1 h of birth, and avoid-
ance of prelacteal, top and supplemental feeding. Total duration 
of EBF (in months) also varied by study group (Figure 1). The mean 
number of months participants exclusively breastfed was greater in 
the intervention group than the control group (5.2 vs 4.4 months, 
p = 0.0003).

Intervention group participants reported high acceptability of 
the intervention. Figure 2 shows the percentage of participants 
who responded that they “agreed” or “strongly agreed” with each 
acceptability survey statement. For each item, over 90% reported 
“agreed” or “strongly agreed”. Acceptability was further supported 
by visit completion data. The mean number of completed visits 
was nine. Only 4% of participants missed the visits which oc-
curred prior to delivery (visit 2) and at 7 days (visit 4) and 15 days 
(visit 5) postpartum; all other visits were completed by 100% of 
participants.

4  |  DISCUSSION

The results of this pilot study suggest that our BEST4Baby- supported 
peer counselor intervention is feasible and acceptable and signifi-
cantly impacts infant feeding practices among new mothers in rural 
India, including EBF for 6 months. While these early efficacy results 
align with other previous studies showing the impact of counselling 
on breastfeeding behaviors among mothers in other LMICs,5– 7 the 
integration of an mHealth tool for peer counselors to utilize in the 
homes of pregnant and postpartum women that specifically targets 
EBF makes our intervention particularly innovative. The low preva-
lence of EBF in the control group and high prevalence of EBF in the 
intervention group confirm the need for community- based peer sup-
port to promote breastfeeding in rural India.

Feasibility of the intervention was determined by high reten-
tion rates of peer counselors and participants, addressable imple-
mentation problems, and high acceptability ratings. The feasibility 

TA B L E  2  Association between infant feeding outcomes and study group

Outcome

Total
N = 222
n (%)

Intervention
N = 110
n (%)

Control
N = 112
n (%) p value OR (95% CI) AOR (95% CI)a 

Exclusive breastfeedingb  108 (49) 70 (64) 38 (34) <0.0001c  3.41 (1.96– 5.91) 3.57 (1.80– 7.07)

Timely breastfeeding initiationd  153 (69) 90 (82) 63 (56) <0.0001c  3.50 (1.89– 6.45) 4.82 (2.13– 10.90)

Colostrum given to infant 215 (97) 110 (100) 105 (94) 0.014e  — f  — f 

No prelacteal feedingb  201 (90) 107 (97) 94 (84) 0.0009e  6.83 (1.95– 23.92) 10.2 (2.54– 40.71)

No top- feedingb  185 (83) 101 (92) 84 (75) 0.0008c  3.74 (1.67– 8.36) 4.53 (1.80– 11.37)

No supplementary feedingb  142 (64) 82 (74) 60 (54) 0.001c  2.54 (1.44– 4.48) 2.24 (1.12– 4.47)

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
aModel adjusted for maternal age, parity, mode of delivery, place of delivery, and husband's occupation. 
bDuring the infant's first 6 months of life. 
cChi- square test p value. 
dWithin 1 h of birth. 
eFisher exact test p value. 
fModel did not converge because of a low number of events. 
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of breastfeeding community- based counseling interventions has 
been demonstrated in other LMICs.5– 7 Likewise, recent studies have 
shown feasibility in implementing community- based, mHealth sup-
ported health promotion programs in India,13 as well as potential im-
pact of mHealth technologies on breastfeeding outcomes in a variety 
of settings.12 However, to our knowledge, no assessment has been 
made of the use of mobile technologies to enhance breastfeeding 
peer counseling programs in India. Our results suggest that mHealth 
apps can be adapted to local cultures and peer counselors can be 
easily trained to work with these technologies, and such apps are 
suitable educational support tools within rural Indian communities.

This study also showed that uptake of optimal and avoidance 
of suboptimal infant feeding practices were highly common among 
women who received the intervention. Women in the intervention 
group were significantly more likely to report EBF at 6 months com-
pared to a group of mothers who did not receive the intervention; 
this significant association remained after controlling for differences 
in demographic and delivery characteristics. The prevalence of EBF 
in the intervention group was higher than national rates previously 
reported, while the control group EBF prevalence was similar to 
national rates.3 Additionally, breastfeeding initiation within 1 h of 
birth was more frequent among women who received the interven-
tion, compared to those who did not, while other practices, includ-
ing prelacteal, top, and supplementary feeding, were less frequent 
among women who received the intervention. These between- 
group differences suggest that the intervention influenced multi-
ple infant feeding decisions and behaviors from after birth through 
6 months postpartum.

Potential study limitations are noted. First, this was not a random-
ized trial, and baseline differences in sociodemographic characteris-
tics between study groups may have biased infant feeding behaviors. 
These differences were accounted for in multivariate logistic models. 
Second, self- reported infant feeding practices may lead to under or 
over reporting, as some women may be reluctant to disclose behav-
iors not supported by the peer counselors or may not accurately recall 
behaviors. However, bias was likely minimized as the questionnaires 
were anonymous and administered by research personnel; peer coun-
selors were not involved with study data collection. Third, examina-
tion of the impact of individual components of intervention was not 
performed, as this was not an objective of the study. Moreover, all the 
components were designed and implemented simultaneously during 
the study period. Fourth, it is possible that infant feeding practices 
may have been affected by participants’ exposures to other influ-
ences during the study period. Lastly, although there is the risk that 
participants in the control group may have been exposed to some 
components of the intervention because the control community 
was in the same district as the intervention communities, such cross- 
contamination was unlikely because the control and intervention 
communities were geographically distinct and far from each other.

Notwithstanding these limitations, the positive results of this 
pilot study suggest that future exploration of the intervention's ef-
ficacy is warranted. Other relevant outcomes such as infant growth 
and development, gastrointestinal illness, respiratory infections, 

anemia, and hospital admissions also need to be examined as the 
secondary impact of the intervention. Such studies may also con-
sider an economic, cost- effectiveness analysis comparing costs and 
benefits of the intervention versus usual care.
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Abstract Introduction The recent advances in cancer treatment have resulted in significant
improvement in the outcome of pediatric cancers. However, febrile neutropenia (FN) is
themost important cause of mortality andmorbidity in pediatric cancer patients and is
a crucial limiting factor for the outcome. The greatest threat that we are facing is the
emergence of pan drug-resistant (PDR) organisms.
Objectives To study bacterial organisms causing bloodstream infections (BSI) during
febrile neutropenia episodes, their antibiotic sensitivity pattern, impact on treatment
outcome during the intensive phase of chemotherapy, and the association between
prior administration of antibiotics and emergence of multidrug-resistant organisms
(MDR).
Materials and Methods This retrospective study was conducted in patients between
the age group of 0 to 18 years who were treated for malignancies in the division of
pediatric oncology at a tertiary center from August 2017 to December 2020. Blood
cultures were collected under aseptic precautions, and they were processed as per the
Clinical and Laboratory Standard Institute Guideline (CLSI) 2017.
Results A total of 122/159 (76.7%) patients were diagnosed to have hematological
malignancies, and 37/159 (23.3%) patients were found to be suffering from solid
tumors. A total of 309 episodes of FN were documented and 386 cultures were sent,
out of which 87/386 (22.53%) cultures were positive for bacteria and 2/386 (2.2%) for
fungi. Gram-negative isolates were seen in 51/87 (58.62%) cultures and Gram-positive
in 36/87 (41.37%) cultures. Burkholderia cepacia and coagulase-negative Staphylococci
(CONS) were the commonest found Gram-negative and Gram-positive bacteria,
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Introduction

The recent advances in cancer treatment have resulted in
significant improvement in the outcome of pediatric can-
cers.1 However, febrile neutropenia (FN) and the emergence
of multidrug-resistant (MDR) organisms remain one of the
important limiting factors.2 FN is the most common compli-
cation of therapy seen in the pediatric age groupwith cancer
and is one of the major causes of morbidity and mortality in
children and young adults treated for cancer.2,3 The chances
of infection are higher in these patients due to immunosup-
pression, which is caused by the disease itself and also due to
strong chemotherapeutic agents.4 Moreover, exposure to
pathogens is increased due to the usage of indwelling venous
catheters, chemo ports, and frequent insertion of urinary
catheters.5 The mortality rate associated with febrile neu-
tropenia in children is higher in hematological malignancies
compared to those with solid tumors.6 Apart from infection-
related mortality and morbidities, other consequences of FN
can include dose reductions of chemotherapeutic drugs and
treatment delays, which can have a substantial impact on the
curative potential of treatment.7 Organisms causing neutro-
penia in pediatric cancer patients show an increased rate of
Gram-negative infections including Burkholderia cepacia,
Pseudomonas aeruginosa, Acinetobacter species, Stenotro-
phomonas maltophilia, Escherichia coli, and Klebsiella species
and change in their sensitivity patterns.8–10 The Gram-posi-
tive bacteria are common in the setting of use of central
venous catheters and mucositis. Fungi such as Candida
species or Aspergillus species are more likely encountered
after prolonged neutropenia and administration of broad-
spectrum antibiotics.11 Development of MDR organisms is
one of the major challenges to the success of treatment,
which is mainly due to the indiscriminate use of antibiotics.
Knowledge of common pathogens and their antibiotic sen-
sitivity patterns is crucial for timely empirical therapy,
preventing complications such as septic shock, and thus
decreasing mortality.12,13

Therefore, the present study aims to determine the com-
mon organisms that cause febrile neutropenia and their
sensitivity patterns in pediatric cancer patients, the impact
of infection on treatment outcome, and the association

between prior administration of antibiotics and emergence
of multi-drug resistant organisms.

Materials and Methods

This retrospective study was conducted in children below
18 years of age, who were treated for malignancies in the
division of pediatric oncology at a tertiary center between
August 2017 and December 2020. The patients who were not
in the intensive phase of chemotherapy were excluded from
the study. We included 159 eligible patients who met the
inclusion criteria during this period. The primary outcome
measure was an episode of febrile neutropenia in pediatric
cancer patients followed by the secondary outcome measure,
which was bloodstream infections with positive bacterial
cultures. The clinical criteria for febrile neutropenia were
defined as per the European Society of Medical Oncology,
that is an oral temperature >38.5°C or two consecutive read-
ings of 38°C for 2hours and an absolute neutrophil count of
<0.5�109/L, or expected to fall <0.5�109/L. BSI was defined
as isolation of one or more recognized bacterial pathogens
fromoneormoreblood cultures in the presence of fever (>38°
C) and chills or rigors within 24hours of a positive blood
culture being collected.14Whenmixed isolates were obtained
with one being an accepted pathogen, the potential contami-
nant organism was disregarded.

All blood samples were collected as per the standard age-
appropriate sample collection protocol. The clinical datawere
obtained from the requisition forms and clinical records of the
patients. All samples were processed as per the standard
microbiology laboratory operating procedures. The bacterial
isolates were identified by their colonial morphology, Gram
staining, and different biochemical reactions using standard
techniques. Criteria for antimicrobial sensitivity testing were
used as per the Clinical Laboratory Standard Institute (CLSI).15

Antimicrobial sensitivity testing was done onMueller–Hinton
agar (MHA) using the Kirby–Bauer disc diffusion method.
Commercially available discs (Hi-Media) were used. Zones of
inhibition were measured the next day and were correlated
with CLSI interpretive breakpoints to characterize them as
sensitive, intermediate, and resistant. For Gram-positive
organisms, the antibiotics to be tested and reported were

respectively. MDR bacterial strains were seen in 44/87 (50.57%) cultures and PDR
strains in 8/87 (9.2%) cultures. Resistance was higher with Klebsiella species and CONS.
There were six mortalities during the induction phase of acute leukemia treatment, out
of which 4/6 (66.66%) were due to MDR infections, 1/6 (16.6%) due to fungal infection
and chemotherapy refractoriness each.
Conclusion Proven bacterial infections were determined in 22.53% of febrile neutro-
penia episodes. Most BSI in patients with febrile neutropenia were caused by Gram-
negative bacteria. Indiscriminate use of higher antibiotics before referral led to the
emergence of MDR organisms, thus compromising the outcome. Our study empha-
sizes the fact that antibiotic stewardship is a crucial task to counter MDR bacteremia-
related morbidity and mortality in neutropenic children.
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chosen from the following (depending on the organism isolat-
ed): penicillin (10 units), erythromycin (15μg), clindamycin
(2μg), gentamicin (10μg), and high level (30μg), amoxicillin-
clavulanate (20/10μg), cefoxitin (30μg), levofloxacin (5μg),
vancomycin (30μg/minimum inhibitory concentration), line-
zolid (30μg), and cotrimoxazole (1.25/23.75μg). For Gram-
negative organisms, the antibiotics for respective organisms
were chosen from the following: ciprofloxacin (5μg), levo-
floxacin (5μg), norfloxacin (5μg), gentamicin (10μg), amika-
cin (30μg), cefpodoxime (30μg), cefotaxime (30μg),
ceftazidime (30μg), cefepime (30μg), piperacillinþ tazobac-
tum (100/10μg), imipenem (10μg), and colistin (10 mcg).
MRSAwas tested usingMHAwith a cefoxitin disc (30μg) using
the Kirby–Bauer disc diffusion method as per the CLSI guide-
lines. MIC could be calculated for a few cultures by an auto-
mated culture system namely Beckman Coulter’s MicroScan
Walkaway. Standard definitionswere used for the terms ESBL,
β-lactam β-lactamase inhibitor (BLBLI), and carbapenem
resistance. MDR was defined as acquired n-susceptibility to
at least one agent in three or more antimicrobial categories,
and PDR was defined as non-susceptibility to all agents in all
antimicrobial categories.

Statistical Analysis
The categorical variables are expressed as percentages. The
difference between categorical variableswas evaluated using
the chi-square test. A p-value of<0.05 was considered
significant. In case of any violation of assumptions of chi-
square test, simulation was done for chi square test. Data
analysis was done using the software SPSS Version-20, USA,
and Excel. Categorical variables were given in the form of
frequency table.

Ethical Statements
The procedures followedwere in accordancewith the ethical
standards of our medical college ethical committee andwith
the Helsinki Declaration of 1964, as revised in 2013. Due to
the retrospective nature of this study, a waiver of consent
was approved by the Jawaharlal Nehru Medical College
Ethics Committee. The reference number is MDC/DOME/
156 and was approved on 1/10/2017.

Results

Over a duration of 3 years, 159 children between the age of
0 and 18 years, with different malignancies presented to our
center. The mean age was 5.2 years (range: 0.8–17.2 years)
and the male to female ratio was 1.35:1. The mean duration
from the onset of symptoms to referral to our oncology
center was 38.7 days. Acute lymphoblastic leukemia (ALL)
was the most common 84/159 (52.8%) malignancy. Acute
myeloid leukemia (AML) constituted 21/159 (13.2%), lympho-
mas constituted 17/159 (10.7%), out of which 9 were Hodgkin
and 8 were non-Hodgkin. Solid tumors were 37/159 (23.3%),
consisting of renal tumors (8/37 [21.6%]), neuroblastoma
(8/37 [21.6%]), Ewing sarcoma (7/37 [18.9%]), germcell tumors
(6/37 [16.2%]), and rhabdomyosarcoma (5/37 [13.5%]). There
were 3/37 (8.1%) rare tumors.

Among these patients, 309 episodes of febrile neutropenia
were documented and 386 cultures were sent during epi-
sodes of febrile neutropenia. Themedian absolute neutrophil
count was 210 (range: 0–560). The median duration of
neutropenia was 8 (range: 1–32.5) days. In addition,
87/386 (22.53%) cultures were positive for bacteria and
2/386 (2.2%) for fungus.

►Table 1 shows the overall distribution of the isolates,
with 36/87 (41.37%; 95% confidence interval [CI]: 34%–50%)
being Gram-positive bacteria and 51/87 (58.62%; 95%CI: 52–
65%) were Gram-negative bacteria. The most common bac-
terial isolates from blood are depicted in ►Table 2 with B.
cepacia 14/51 (27.45%) being the most common among
Gram-negative bacteria and coagulase-negative Staphylococ-
ci 32/36 (88.88%) among Gram-positive bacteria. Among the
Gram-negative bacteria, 14/51 (27.45%) were B. cepacia,
10/51 (19.60%) were Acinetobacter species, 8/51 (15.68%)
were Enterobacter species, 10/51 (19.60%) were Klebsiella
species, and 4/51 (7.84%) were P. aeruginosa and E. coli each.
Among the Gram-positive bacteria, 32/36 (88.88%) were
CONS including Staphylococcus hemolyticus and S. epidermi-
dis, and 1/36 (8.32%)were S. aureus. MDR strainswere seen in
44/87 (50.57%; 95%CI: 44–56%) cultures, while PDR strains
were seen in 8/87 (9.2%) cultures (►Tables 3 and 4). The
maximum antibiotic resistancewas seen in Klebsiella species
and CONS. Extended-spectrum beta-lactamase (ESBL)

Table 1 Overall distribution of the organisms isolated in the
blood cultures

Total isolates¼89

Gram-positive bacteria 36 (41.37%)

Gram-negative bacteria 51 (58.62%)

Fungus 2 (2.17%)

Table 2 Most common bacterial isolates in blood

Organisms n (%)

Gram-negative isolates in blood (n¼ 51)

Pseudomonas aeruginosa 4 (7.84)

Acinetobacter species 10 (19.60)

Klebsiella species 10 (19.60)

Enterobacter species 8 (15.68)

Escherichia coli 4 (7.84)

Serratia marcescens 1 (1.96)

Burkholderia cepacia 14 (27.45)

Gram-positive isolates in blood (n¼36)

Staphylococcus epidermidis 6 (16.66)

Staphylococcus aureus 1 (2.77)

Methicillin-resistant Staphylococcus aureus 2 (5.55)

Enterococcus faecalis 1 (2.77)

Staphylococcus haemolyticus 6 (16.66)

Other coagulase-negative Staphylococci 20 (55.55)

Indian Journal of Medical and Paediatric Oncology Vol. 42 No. 6/2021 © 2021. Indian Society of Medical and Paediatric Oncology. All rights reserved.

Blood Stream Infections in Children with Chemotherapy-induced Febrile Neutropenia Sampagar et al.542



sensitivity was done for E. coli, Klebsiella, and Enterobacter
species. A higher proportion of ESBL isolates were seen in
Klebsiella species, 9/10 (90%) followedby E. coli 2/4 (50%), and
Enterobacter species (2/8 [25%]). Only one culture grew
Serratia marcescens, which was also an ESBL-producing
organism. Most of the MDR Gram-negative organisms
were sensitive to colistin 18/40, (45%; 95%CI: 34–54%) and
MDR Gram-positive organisms 3/4, (75%; 95%CI: 68–80%)
were sensitive to vancomycin. Bacterial infection was the
leading cause of mortality during the intensive phase of
treatment. There were six mortalities during the induction
phase of treatment in acute leukemias, out of which 3/6
(50%)were due to PDR bacterial infections, 1/6 (16.6%) due to
MDR bacterial infection, and 1/6 (16.6%) due to invasive
aspergillosis and chemotherapy refractoriness each. In addi-
tion, 3/6 (50%) patients succumbed to Gram-negative septi-

cemia, whowere PDR (1 B. cepacia, 1 Klebsiella species, and 1
Enterobacter species) and 1 to Gram-positive (MRSA, which
was MDR). There were no mortalities in solid tumor cases
during the intensive phase of treatment. Another interesting
finding of our study was that 39/52 (75%; 95%CI: 70–80%)
patients, who harbored MDR or PDR bugs, were pre-treated
with broad-spectrum antibiotics before being referred to our
center (►Table 5), as they were labeled as cases of pyrexia of
unknown origin. This was statistically significant (p<0.05)
when comparedwith only 13/52 (25%) patients without pre-
treatment with antibiotics who grew MDR or PDR bacteria.
In these children, themean duration of administration of oral
antibiotics was 6.2 days and that of intravenous antibiotics
was 9.6 days.

The two fungal isolates were Candida glabrata.
Their sensitivity pattern could not be done but they

Table 3 Antibiotic sensitivity patterns of Gram-positive isolates

Organism SXT VA C LNZ TEC CLR CIP NET TE R

Staphylococcus
epidermidis
(n¼ 6)

3 (50%) 5 (83.3%) 5 (83.3%) 4 (66.6%) 4 (66.6%) Not done Not done 3 (50%) 1 (16.6%) 3 (50%)

MRSA
(n¼ 2)

Not done 1 (50%) Not done 1 (50%) 1 (50%) Not done Not done Not done 1 (50%) 2 (100%)

Enterococcus
(n¼ 1)

0(0%) 1 (100%) 1(100%) 1(100%) Not done Not done Not done Not done 1(100%) Not done

Staphylococcus
haemolyticus
(n¼ 6)

Not done 3 (50%) 2 (33.3%) 4 (66.6%) 2 (33.3%) Not done Not done 2 (33.3%) 5 (83.3%) 1 (16.6%)

CONS
(n¼ 20)

9(45%) 12 (60%) 14 (70%) 13 (65%) 9 (45%) 10 (50%) 15 (75%) 14 (70%) 10 (20%) 12 (60%)

Staphylococcus
aureus
(methicillin-
sensitive)
(n¼ 1)

Not done 1 (100%) Not done 1 (100%) 1 (100%) Not done Not done Not done 1 (100%) Not done

CONS, coagulase-negative Staphylococci; C, chloramphenicol; CIP, ciprofloxacin; CLR, clarithromycin; LNZ, linezolid; NET, netilmicin; R, rifampicin;
SXT, sulfamethoxazole/trimethoprim; TE, tetracycline; TEC, teicoplanin; VA, vancomycin.

Table 4 Antibiotic sensitivity patterns of gram-negative isolates

Organism AK CS TGC MRP SXT CTX IMI GEN LEV CAZ CIP TZP

Pseudomonas

(n¼4)

3 (75%) 3 (75%) – 2 (50%) – – 1 (25%) 1 (25%) 2 (50%) 2 (50%) 2 (50%) 1 (25%)

Acinetobacter

(n¼10)

6 (60%) 1 (10%) 2 (20%) 7 (70%) 6 (60%) 6 (60%) 1 (10%) 5 (50%) 5 (50%) 4 (40%) 4 (40%) 2 (20%)

Klebsiella

(n¼10)

5 (50%) 6 (60%) 8 (80%) 5 (50%) 4 (40%) 0 (0%) 7 (70%) 6 (60%) 4 (40%) 1(10%) 3 (30%) 5 (50%)

Burkholderia

(n¼14)

0 (0%) 0 (0%) 0 (0%) 3 (21.4%) 10 (71.4%) Not done Not done 0 (0%) 12 (85.7%) 1 (7.1%) Not done 0 (0%)

Enterobacter

(n¼8)

6 (75%) 3 (37.5%) 4 (50%) 4 (50%) 1 (12.5%) 1 (12.5%) 5 (62.5%) 2 (25%) 5 (62.5%) 2 (25%) 3 (37.5%) 3 (37.5%)

E. coli

(n¼4)

1 (25%) 2 (50%) 3 (75%) 2 (50%) Not done 0 (0%) 1 (25%) 2 (50%) 2 (50%) 0 ((0%) 1 (25%) 1 (25%)

Serratia

(n¼1)

1 (100%) 0 (0%) 1 (100%) 1 (100%) 1 (100%) 0 (0%) 1 (100%) 1 (100%) 1 (100%) 0 (0%) 1 (100%) 1 (100%)

Abbreviations: AK, amikacin; CAZ, ceftazidime; CIP, ciprofloxacin; CS, colistin; CTX, cefotaxime; GEN, gentamicin; IMI, imipenem; LEV, levofloxacin;
MRP, meropenem; SXT, sulfamethoxazole/trimethoprim; TGC, tigecycline; TZP, piperacillin/tazobactam.
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showed good clinical response to voriconazole and ampho-
tericin B.

Discussion

Cancer patients are often immunocompromised because of
the disease process itself and also due to chemotherapy-
related neutropenia.16 In addition, there are other associated
risk factors for acquiring infection, such as central lines, long-
term catheterization, and mucositis due to cytotoxic
agents.14,17,18 Infectious complications are a serious cause
of morbidity and mortality in patients with underlying
hematological malignancies. Moreover, in solid tumors, al-
though neutropenia is not for a prolonged duration, the
presence of multiple other risk factors are responsible for
an immunocompromised state, such as obstruction caused
by the tumor, disruption of normal anatomical barriers,
therapeutic procedures, radiation, and use of medical devi-
ces such as central lines and catheters.19

In our study, only five patients with AML had central
catheters, out of which three had chemo ports and two had
PICC lines whose cultures were positive. Most of the patients
were managed with peripheral lines due to financial con-
straints. Hence, only five patients were found to have cathe-
ter-related bloodstream infections. There are various
guidelines available at national and international levels
regarding the management of febrile neutropenia.20 Adop-
tion of these guidelines into an individual oncology unit is
posed by challenges such as differences in the predominant
pathogens, their sensitivity patterns, and/or healthcare-as-
sociated economic conditions. Regardless of that, clinical
vigilance and immediate treatment are the universal keys
to managing neutropenic patients with fever and/or infec-
tion.21 The present study was performed to assess the
incidence of BSIs in children with cancer and to assess the
microbiological profile and the impact of infections on the
outcome.

The bacterial culture positivity ratewas high at our center
(22.53%) and this was comparable to other Indian studies
done by Kapoor et al and Siddaiahgari et al.22,23 In our study,
Gram-negative bacteremia was more common (58.62%) as
compared to Gram-positive bacteremia (41.37%). Similar
results were reported by Indian studies and by Kar et al in
Turkey.17,22,23However, the data from thewestern countries
reveal a changing trend of predominant Gram-positive
organisms and this is probably due to the use of more
indwelling catheters.24 Among the Gram-negative organ-

isms, B. cepacia was the most commonly (27.7%) isolated
organism, followed by Acinetobacter species and Klebsiella
species, whereas similar studies on febrile neutropenia
patients reported E. coli, Klebsiella species, and P. aeruginosa
as the commonest Gram-negative organisms.4,22,23 Gram-
positive bacteria mainly consisted of CONS (55.5%) followed
by S. hemolyticus (6%) and MRSA (2%). The distribution of
Gram-positive organisms was comparable to other Indian
and western studies.4,22,23 These findings show that immu-
nocompromised patients are colonized by more or less
similar organisms in different parts of the world. The pre-
dominance of B. cepacia and its sensitivity and good response
to levofloxacin was a unique finding of our study. Amatter of
great concern at our center was the emergence of MDR and
PDR bacteria. All PDR organisms were Gram-negative and
consisted of Klebsiella species (3), Enterobacter species (3),
and B. cepacia (2). These organisms (PDR and MDR)
accounted for 66.6% (4/6) of mortalities during the induction
phase of treatment of leukemia. Although an increasing
trend in resistance is being reported globally, the number
of resistant strains in our study was significantly higher as
compared with other studies. Alarmingly, we found that 90%
of Klebsiella species, 50% of E. coli, and 25% of Enterobacter
species were ESBL-producing organisms.4,17,24 A study done
on neutropenic cancer patients in Egypt revealed a resistance
rate as high as 68.6%.25 A probable explanation for the higher
number of resistant strains at our center is that most of the
cases had a delayed presentation, as our center, being located
in the periphery, caters to a predominantly rural population
and most of these patients (75%) were pre-treated with
broad-spectrum antibiotics due to alternative diagnoses.26

The association between prior administration of antibiotics
and the presence of resistant organisms was statistically
significant. Most of the MDR Gram-negative organisms were
sensitive to colistin. Similar findings were reported in other
studies done on neutropenic patients harboring MDR organ-
isms.27,28 In our study, most of the MDR Gram-positive
organisms were sensitive to vancomycin, whereas Garg
et al noted that more than 50% of MDR Gram-positive
organisms were vancomycin resistant.29

This can be attributed to the fact that vancomycinwas not
used for empirical therapy for our patients. To conclude,
these results on microbiologic profile and antibiotic sensi-
tivity patterns of the isolates will be beneficial in revising
antibiotic protocols and in developing strategies for dealing
with the high prevalence of MDR and PDR organisms. Insti-
tutional antibiotic policy (in place) is a necessary step toward

Table 5 Association between prior administration of antibiotic and emergence of MDR/PDR bugs (p<0.05)

Sl. no. Treatment regime of patients who harbored MDR or
PDR organisms (n¼52)

n (%) p-Value

1 Patients not pre-treated with antibiotics 13 (25%) p< 0.05

2 Pre-treated with broad-spectrum antibiotics 39 (75%) p< 0.05

2a Pre-treated with oral broad-spectrum antibiotics 10 (19.2%)

2b Pre-treated with intravenous broad-spectrum antibiotics. 29 (55.7%)
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early recovery from febrile neutropenia, with rationale em-
pirical antibiotics usage according to the culture sensitivity
pattern. Our study emphasizes the fact that antibiotic stew-
ardship is a crucial task to counter MDR bacteremia-related
morbidity and mortality in neutropenic children. The limi-
tations of this study are that it was a retrospective study and
the data were obtained from a single pediatric oncology
center.

Conclusion

The proper identification of trends of bacteriological isolates
in cancer patients is necessary to develop an appropriate
antibiotic policy to combat these infections in a proper way
and at an earlier stage. The emerging resistance pattern calls
for the judicious use of antibiotics, surveillance of resistant
patterns, and an active infection control policy within the
oncology unit. MDR and PDR organisms were responsible for
most of themortalities. Every institution should be perform-
ing these kinds of studies to establish their own sensitivity
patterns and determine their empirical antibiotics of choice
on the arrival of the patient to the institute as per the history
of the patient regarding the treatment he/she received in the
community prior to their presentation to the institute. The
indiscriminate use of higher antibiotics before referral led to
the emergence of MDR organisms, thus compromising the
outcome as 66.6% (4/6) of mortalities occurred due to MDR
infections.
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Introduction: Optimal human milk (HM) B-vitamin concentrations remain undefined,

especially in areas where undernutrition is prevalent. The impact of supplementation

pre-conception through pregnancy on HM B-vitamin composition remains unknown.

Methods: Human milk (HM) was collected at 2-weeks postpartum from 200 women in

Guatemala, India, and Pakistan (the Women First Trial). The women were randomized to

start a lipid-based nutrient supplement before conception, at end of the first trimester,

or not at all; intervention continued until delivery. HM concentrations of eight B-vitamins

and choline were assessed via ultra-performance liquid chromatography-tandem mass

spectrometry. Maternal diet was assessed in early pregnancy, and infant growth followed

through 6 months post-delivery.

Results: Despite supplement exposure averaging 15.7 (pre-conception arm) and 6.0

months (prenatal arm), HM B-vitamins did not differ between arms, but site differences

were evident. Guatemala had higher HM concentrations of vitamin B3 than Pakistan

and India. Pakistan had higher HM concentrations of thiamin and vitamin B6 than India

and Guatemala. Cohort average HM vitamin B2 (162 ± 79 µg/L) and B6 (31.8 ± 24.6

µg/L) fell below values defined as deficient in 81.5 and 85.5% of samples, potentially

reflecting sampling procedures and timing. Maternal dietary intakes of only vitamin B6

and choline were associated with the corresponding concentrations in HM (p < 0.005).

No HM B-vitamin concentrations were associated with infant growth.
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Conclusion: Prenatal supplementation for at least 6 months had no impact on HM

B-vitamin concentrations at 2-weeks postpartum. Results suggest that the adequacy

of HM composition was generally maintained, with potential exceptions of vitamin B2

and B6.

Keywords: lipid nutrient supplement (LNS), human milk, B vitamins, thiamin, vitamin B12, nutrition intervention,

infant growth

INTRODUCTION

Dietary water-soluble vitamin recommendations for infants are
based on a limited number of small studies of concentrations
of these vitamins in human milk (HM) expressed for healthy,
full-term, exclusively breastfed infants (1). The concentrations
of nutrients in HM used to set these recommendations are
often the average concentration detected in small studies of
healthy lactating women several months postpartum (2). These
recommendations differ by country and organization (2).

It is often postulated that adequate micronutrient
concentrations in HM are maintained despite maternal
undernutrition (3). However, reports exist of suboptimal
concentrations of micronutrients, including water-soluble
vitamins, in HM that result in nutrient deficiency in the recipient
infant (4). It has become increasingly clear that more robust
and standardized studies are needed to define what constitutes
acceptable concentration ranges to support optimal infant intake
in the first 6 months of life and beyond (2).

The impact of maternal nutrient status and dietary intake on
concentrations in HM vary by nutrient. For most of the water-
soluble vitamins including those studied here [thiamin (B1),
riboflavin (B2), niacin (B3), vitamins B6, B12, pantothenic acid
(B5), biotin (B7), and choline] maternal dietary intake and/or
supplementation does have an impact on concentrations in HM
(5). The worldwide prevalence of deficiency of these nutrients
is difficult to estimate and may be elevated in certain at-risk
populations with limited dietary diversity and/or access to animal
source foods (5).

Some studies have investigated the impact of maternal lipid-
based nutrient supplementation (LNS) during lactation on HM
composition. Various LNS trials of lactating women have been
shown to increase HM riboflavin, thiamin, pyridoxal, and
vitamin B12 with conflicting results regarding the impact on HM
thiamin (6, 7). However, direct supplementation with thiamin
or thiamin-fortified foods during lactation both increase HM
thiamin (8, 9). Similar studies have yielded analogous results with
choline (10).

No randomized trials have investigated the impact of maternal
supplementation from pre-conception throughout pregnancy. In
populations where maternal undernutrition is pervasive, such
studies are necessary. This study presents secondary data from
three of the four sites of the Women First (WF) randomized
control trial that assigned women to a lipid-based multiple
micronutrient daily supplement at least 3 months prior to
conception until delivery, or after the first trimester of pregnancy
until delivery, or no supplement (11, 12). The trial took place

in low-to-middle income countries (LMIC) where maternal
undernutrition is prevalent.

Our goal was to investigate whether a pre-conception and/or
prenatal nutrition intervention resulted in differences in selected
B-vitamin and choline concentrations in HM, along with
potential differences by study site or maternal body mass index
(BMI). In turn, we investigated whether the variation in the
vitamin concentration of HM was associated with infant growth
patterns in these sites where infant growth faltering is common.

MATERIALS AND METHODS

These data are from three sites that participated in the
WF Preconception Maternal Nutrition Trial (WF). The
project was approved by the Colorado Multiple Institutional
Review Board, University of Colorado, and the local and/or
national ethics committees for each of the four sites. Written
informed consent was obtained from all participants. The
study protocol is available online: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC4000057/. The trial is registered at
ClinicalTrials.gov: NCT01883193.

The design and methods for this randomized controlled trial
and the primary outcome (infant length at birth) have been
previously published (11, 12). Briefly, women were recruited and
randomized prior to conception in Guatemala (Chimaltenango),
India (Belagavi, North Karnataka), and Pakistan (Thatta, Sindh
Province). Due to the absence of an adequate cold chain, no
samples or data are available for this report from the fourth WF
site in the Democratic Republic of the Congo. At enrollment,
the BMI was measured by study personnel and the women
were randomized to Arm 1 = a small quantity lipid-based
multiple micronutrient daily supplements (Supplement 1) for
at least 3 months prior to conception; Arm 2 = received the
daily Supplement 1 beginning at 12–14 weeks pregnancy; Arm
3= no study supplementation. Additionally, women with a BMI
< 20 kg/m2 at enrollment or whose gestational weight gain
was below Institute of Medicine recommendations (13) were
provided an additional daily 300 kcal energy-protein supplement
(Supplement 2). The nutrient content of each supplement is
presented in Supplementary Table 1. As such the maternal
BMI at enrollment was categorized as “Low weight” = pre-
conception BMI ≤ 20 kg/m2 (and thus provided Supplement 2);
“Normal weight” = pre-conception BMI between 20 and 24.9
kg/m2; “Overweight” = pre-conception BMI ≥ 25.0 kg/m2. The
compliance to the supplementation was estimated by collecting
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empty supplement packets along with maternal self-report using
a daily calendar. All study supplementation ceased at delivery.

Maternal diet was assessed via two guided 24-h dietary recalls
during the first trimester in a randomly selected subset of
women from Arms 1 and 2 (before starting supplementation for
Arm 2) who had confirmed pregnancy (n = 150). The dietary
recalls were conducted 2–4 weeks apart at ∼12–13 weeks of
pregnancy. The dietary data were analyzed using site-specific
food nutrient composition databases incorporating cultural-
specific foods and local recipes. These food nutrient composition
databases yielded estimates of daily intake of macronutrients and
12 micronutrients. Of the B-vitamins assessed in HM, maternal
dietary intake estimates were available for: thiamin, riboflavin,
vitamin B6 and B12, and choline. Dietary intake was not assessed
in Arm 3. To estimate total nutrient intakes, maternal self-report
of supplement compliance (as a proportion) was multiplied by
the nutrients included in the supplements and then added to the
nutrients from the dietary intake. Dietary intake and diversity
scores of the populations have been previously published (14).

Mid-feed HM samples were collected via hand expression
at the 2-week postpartum visit, occurring at variable times
throughout the day. In short, the mothers washed their hands
and cleaned the breast with clean water and gauze prior to
feeding. The infant was allowed to initiate a breastfeeding session.
Approximately 2min after the breastfeeding session began, the
infant was removed from the breast, and the mother hand-
expressed roughly 20ml of breast milk into sterile sample
collection containers. The infant was then returned to the breast.
Mid-feed collection was chosen to avoid inadvertently collecting
either foremilk or hindmilk while utilizing hand expression as the
collection method.

The HM sample was transferred into four cryovials and frozen
at −80◦C until shipment on dry ice to the Pediatric Nutrition
lab (University of Colorado). The samples were collected by
the assessment teams who were blinded to group assignment.
No HM samples were collected from the women in Arm 3 in
India. The HM samples were not light protected during the
initial collection, aliquot, and shipping process. Once in the
University of Colorado lab, the samples were aliquoted into light-
protecting tubes under reduced-light conditions. Subsequent
analyses of B-vitamin concentrations were conducted under
light-protecting conditions.

The infant weight and length were measured by blinded
study personnel at birth, 1, 3, and 6 months as previously
described (11). The weight-for-age (WAZ), length-for-age (LAZ),
and weight-for-length (WLZ) Z-scores were calculated according
to the WHO standards, utilizing SAS Analytics Software (SAS
Institute, Cary NC) codes provided by the Centers for Disease
Control (15). The individual z-scores from 1, 3, and 6 months
were plotted and linear regression fitted. The slope of this
regression was used as the growth outcome rate for WAZ, LAZ,
and WLZ.

Assessment of Vitamins in HM
Thiamin, riboflavin, flavin adenine dinucleotide (FAD), flavin
mononucleotide (FMN), nicotinamide (NAM), nicotinamide
dinucleotide (NAD), pyridoxal (PL), pyridoxine (PN), biotin, and

pantothenic acid were analyzed using ultra performance liquid
chromatography—tandem mass spectrometry (UPLC-MS/MS)
after protein precipitation and fat removal based on a previously
published report (16). Vitamin B12 in milk was measured using a
competitive protein binding assay as previously described (17).
Choline, phosphocholine (PCho), and glycerophosphocholine
(GPCho) were assessed using UPLC-MS/MS (18). The total
vitamin concentrations for vitamin B2, B3, B6, and choline
were calculated as follows: B2 = [riboflavin + (FAD∗0.479)
+ (FMN∗0.825)]; B3 = [NAM + (NAD∗0.184)]; B6 = [PL
+ (PN∗0.988)]; total choline = [choline + (PCHo∗0.566)
+ (GPCho∗0.405)].

Since only free thiamin could be measured, an adjustment
factor was used to estimate the total thiamin concentrations
in the HM samples. Based on the published proportional
contribution of free thiamin to total thiamin concentrations
in HM at 2–6 weeks postpartum, an adjustment factor
of 10.4× was applied to estimate the total thiamin (19).
All subsequent reports of total thiamine are based on this
adjustment factor.

Statistical Analysis
Unless otherwise noted, results are reported as means± SD.

Vitamin concentrations were considered extreme outliers if
they are >4× inter-quartile range above the median value. These
values were excluded from means and associations reported
to be conservative. All relationships were tested including and
excluding any outliers to ensure the nature of relationships
remained the same.

Differences in maternal characteristics by site and arm were
tested via ANOVA. Differences in milk components by maternal
pre-conception BMI category, site, and arm were tested with
ANOVA or Wilcoxon Rank Sum depending on the normality
of the distribution of milk variable (tested via Shapiro-Wilk
test). If significant differences were detected, Tukey’s test was
utilized to determine individual differences between sites and
arms. Multivariable regression was used to test for differences in
HM B-vitamin concentrations between maternal BMI categories,
controlling for the site as a covariate.

The maternal dietary intake of riboflavin, vitamin B12,
thiamin, and choline in early pregnancy including intake
from supplements, accounting for self-reported supplement
compliance, were tested for correlations with corresponding
concentrations in HM using simple linear regression.
Multivariable regression was used to test for relationships
between maternal dietary intake and HM composition,
controlling for the site.

Concentrations of vitamins in HM were also tested for
association with infant growth outcomes using linear regression.

In all regression models, non-normal variables were
transformed (using log or square root transformation) as
necessary to ensure the normality of the models’ residuals.

To control for multiple comparisons, p < 0.01 was
considered significant.

Analyses were conducted using SAS 9.4 and JMP Pro 14 (SAS
Institute, Cary NC).

Frontiers in Nutrition | www.frontiersin.org 3 December 2021 | Volume 8 | Article 750680

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Young et al. International Human Milk B-Vitamins

TABLE 1 | Maternal characteristics1.

Variable All sites Guatemala India Pakistan p2

BMI at enrollment (kg/m2 ) 22.1 ± 4.6 25.8 ± 4.3a 19.4 ± 2.7b 20.2 ± 3.1b <0.0001

Arm 1 21.8 ± 4.4 24.9 ± 4.4 19.5 ± 3.0 20.8 ± 3.8

Arm 2 22.2 ± 4.6 26.9 ± 4.0 19.4 ± 2.5 20.2 ± 2.9

Arm 3 22.6 ± 4.6 25.6 ± 4.4 19.7 ± 2.6

BMI ≤ 20 kg/m2 at enrollment (%) 37.2% 4.0%a 63.3%b 53.3%b
<0.0001

Arm 1 37.8% 0% 62.5% 52.0%

Arm 2 37.3% 4.0% 64.0% 44.0%

Arm 3 36.0% 8.0% 64.0%

Age at enrollment (years) 23.6 ± 3.9 23.9 ± 3.8a,b 21.8 ± 2.8a 24.7 ± 4.4b 0.0004

Arm 1 22.8 ± 3.7 23.3 ± 3.8 21.5 ± 2.5 23.4 ± 4.5

Arm 2 23.9 ± 3.8 23.7 ± 3.4 22.2 ± 2.8 25.8 ± 4.1

Arm 3 24.7 ± 4.2 24.6 ± 4.1 24.8 ± 4.4

Gestational age at delivery (weeks) 38.9 ± 1.7 39.0 ± 1.4a,b 39.6 ± 1.6a 38.4 ± 1.8b 0.0006

Arm 1 38.7 ± 1.9 39.0 ± 1.4 39.5 ± 1.5 37.7 ± 2.1

Arm 2 39.1 ± 1.6 39.1 ± 1.4 39.6 ± 1.8 38.7 ± 1.4

Arm 3 39.0 ± 1.5 39.0 ± 1.4 38.9 ± 1.6

Infant sex (male) 53% 51% 56% 53% 0.88

Arm 1 49% 44% 54% 48%

Arm 2 55% 56% 56% 52%

Arm 3 56% 52% 60%

Milk collection time (days) 13.1 ± 1.2 13.1 ± 0.1 12.8 ± 0.2 13.4 ± 0.1 0.010

Arm 1 13.1 ± 1.3 12.8 ± 1.2 12.9 ± 0.8 13.6 ± 1.6

Arm 2 13.2 ± 1.1 13.4 ± 1.5 12.9 ± 0.8 13.4 ± 0.7

Arm 3 13.1 ± 1.0 12.9 ± 0.9 13.4 ± 1.2

1Mean ± SD presented.
2For differences by site.
a,b,cDifferent letter superscripts indicate significantly different means between sites, Tukey or “N−1” Chi-square test (20): p < 0.0003.

RESULTS

Cohort Characteristics
A total of 200 women were included: 75 from Guatemala (25 in
each of the three arms); 50 from India (25 in Arm 1 and 2); 75
in Pakistan (25 in each arm). The maternal characteristics are
presented in Table 1. The average length of time women received
the supplement was 15.7 ± 3.5 months in Arm 1 and 6.0 ± 0.6
months in Arm 2.

B-Vitamins in HM by Site and Arm, and
Maternal BMI at Enrollment
Biotin concentrations were under the limit of detection for
14.5% of samples measured. Pantothenic acid concentrations
were under the limit of detection for 0.5% of the samples
measured. In the analyses, these samples were assigned the lowest
detectable concentration.

There were no differences in the HM vitamin concentrations
by study arm. There were also no differences in HM
vitamin concentrations by study arm within individual
sites (concentrations presented by site and arm in
Supplementary Table 2). All HM vitamins assessed differed
by site, except for vitamin B2, B12, and pantothenic

acid. The mean concentrations for each site are depicted
in Figure 1.

The HM vitamin B3 and biotin concentrations were different
by maternal enrollment BMI. Total HM vitamin B3 was lower in
mothers with “Low weight” (979 ± 680 µg/L, n = 75) compared
with mothers with “normal” (1,277 ± 682 µg/L, n = 79) and
“overweight” (1,490 ± 886 µg/L, n = 46) enrollment BMI
(p = 0.0004). However, when controlling for site, this difference
between BMI categories was no longer significant (parameter
estimate for “Maternal BMI” in the model: p = 0.285). HM
biotin was lowest in mothers with “Low weight” (4.6 ± 4.9 µg/L,
n = 75) and highest in mothers with “overweight” (6.4 ± 3.9
µg/L, n = 46) enrollment BMI (p = 0.007). This difference
remained significant when controlling for the site (parameter
estimate for “Maternal BMI” in the model: p= 0.019).

There were no differences in HM B-vitamin concentrations
between mothers delivering male vs. female infants.

Prevalence of Concentrations Below
Values Used to Set Dietary
Recommendations
Vitamin concentrations in HM were compared with the
concentrations used to set the US adequate intake (AI) for
infants (which assumes 780 ml/day intake of HM). Vitamin
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FIGURE 1 | Human milk (HM) B-vitamin concentrations at 2-weeks postpartum by site. Shown are the mean ± SD of the concentration of human milk B-vitamins at

2-weeks. Solid gray lines represent the concentration in human milk used to set the Adequate Intake (AI) (21), the dietary reference intake for infants 0–6 months in the

USA, assuming an intake of 780ml per day. Dashed gray lines represent concentrations in human milk associated with a deficiency in the recipient exclusively

breastfed infant for thiamin, vitamin B2, B6, B12, and choline, summarized in Allen et al. (4). Estimated total thiamin concentration based on free thiamin measurement

and previously published adjustment factor at 2–6-week human milk (19). 1One outlier excluded from the reported mean; 2Two outliers excluded from the reported

mean; 3Three outliers excluded from the reported mean; 5Five outliers excluded from the reported mean; Differences between sites were assessed via ANOVA and

Wilcoxon Rank Sum Test in normally distributed and non-normally distributed variables, respectively. When p < 0.0001, significant differences between individual sites

were assessed via Tukey’s Test and are indicated by different letters.

concentrations in HM were also compared with previously
published concentrations associated with deficiency based on
clinical manifestations of deficiency in the recipient exclusively
breastfed infant (4). There were no differences by study
arm in the prevalence of HM below the concentration
used to set the AI or below concentrations reported to
be deficient.

The proportion of HM samples falling below these
concentrations in each site individually is reported in Table 2,
along with the expected temporal trend of concentrations in
HM over the first few months of lactation. Of note, 81.5 and
85.5% of samples had concentrations of vitamin B2 and vitamin
B6 that fell below concentrations previously associated with
deficiency (4) (respectively) and 56.5% of samples had vitamin

B3 concentrations less than one half of the concentration used to
set the AI (21).

Association With Maternal Diet
Dietary intake data from early pregnancy was available
from 150 women (50 from each site) who were randomized
to arm 1 or 2. Maternal early pregnancy dietary intake
(excluding and including supplementation) of thiamin,
vitamin B2 (riboflavin), B6, B12, and choline are
presented by the individual site in Table 3 alongside the
estimated average requirement (EAR) for these nutrients
during lactation.

The maternal dietary intake (including study
supplementation) of these vitamins was compared with the
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TABLE 2 | Prevalence of human milk (HM) vitamin concentrations falling below concentrations used to set dietary guidelines.

Nutrient Change over timea [Milk] for setting AIb % Meeting AI % <0.5 AI [HM] reported deficiencyc % Deficient [HM] pd

Estimated total thiamine ↑ 210 µg/L All: 82% All: 1.5% 160 µg/L All: 6.5% 0.0013

G: 69.3% G: 2.7% G: 14.7%

I: 86.0% I: 2.0% I: 2.0%

P: 92.0% P: 0% P: 1.3%

Total B2 ↓ 350 µg/L All: 4.0% All: 67.5% 210 µg/L All: 81.5% 0.13

G: 1.3% G: 69.3% G: 82.7%

I: 2.0% I: 78.0% I: 90.0%

P: 8.0% P: 58.7% P: 74.7%

Total B3 ↑ 2560 µg/L All: 3.5% All: 56.5% 0.0002

G: 5.3% G: 40.0%

I: 4.0% I: 56.0%

P: 1.3% P: 73.3%

Total B6 ↑ 130 µg/L All: 3.0% All: 87.0% 60 µg/L All: 85.5% <0.0001

G: 0% G: 98.7% G: 98.7%

I: 0% I: 98.0% I: 96.0%

P: 8.0% P: 68.0% P: 65.3%

Total B12 ↓ 310 pmol/L All: 59.5% All: 2.0% 88.6 pmol/L All: 0% N/A

G: 61.3% G: 2.7% G: 0%

I: 46.0% I: 4.0% I: 0%

P: 66.7% P: 0% P: 0%

Pantothenic acid – 2,179 µg/L All: 31.5% All: 9.5% 0.87

G: 28.0% G: 10.7%

I: 38% I: 8.0%

P: 30.7% P: 9.3%

Biotin – 6.41 µg/L All: 35.5% All: 39.5% 0.006

G: 42.6% G: 25.3%

I: 38.0% I: 38.0%

P: 26.7% P: 53.3%

Total Choline ↑ 160 mg/L All: 74% All: 2.5% 90 mg/L All: 2.5% 0.37

G: 78.7% G: 4.0% G: 4.0%

I: 84.0% I: 0% I: 0%

P: 62.7% P: 2.7% P: 2.7%

AI, adequate intake for infants 0–6 months; All, prevalence in all sites combined; G, Guatemala; I, India; P, Pakistan.
aChange over time from ∼2-weeks to several months of lactation; summarized: (5, 22–24).
bAssuming 780 ml/day.
cSummarized in Allen et al. (4).
dp-value for Pearson comparison of distribution between sites (either % deficiency HM concentrations for thiamin, B12 and choline, or % of HM concentrations below 50% of the

concentration used to set the AI for vitamin B3, pantothenic acid, and biotin).
eEstimated total thiamin concentration based on free thiamin measurement and previously published adjustment factor at 2–6 weeks human milk (19).

corresponding vitamin concentrations in HM. In the bivariate
analyses, the maternal intake of vitamin B12 (in a subset
of women) was not associated with the HM concentrations
of B12 (p = 0.09). Maternal intake of thiamin, riboflavin,
vitamin B6, and choline tended to associate with corresponding
concentrations of thiamin, vitamin B2, B6, and choline in HM,
respectively (thiamin: p = 0.023, R2 = 0.04, n = 150; vitamin
B2: p = 0.015, R2 = 0.04, n = 149; vitamin B6: p = 0.003,
R2 = 0.06, n = 150; choline: p = 0.004, R2 = 0.06, n = 150).
In the multivariable analyses of these relationships, controlling
for site, the significance of maternal dietary intake of each
vitamin (as estimated by parameter estimate p values) was
reduced (Table 4).

Associations With Infant Growth
None of the vitamin concentrations in HM were significantly
associated with WAZ, LAZ, or WLZ rate from 1 to 6 months
(associations presented in Supplementary Table 3).

DISCUSSION

These are the first data to report the impact of a maternal
small-quantity multiple micronutrient LNS from pre-conception
through birth on B-vitamin concentrations in HM, making a
significant contribution to the evidence base for global HM
composition. The duration of supplementation was substantial,
averaging 16 months before delivery (pre-conception arm) and
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TABLE 3 | Maternal daily dietary intake of thiamin, vitamin B12, and choline in early pregnancy.

EARa Guatemala India Pakistan All p2

Thiamin—diet only 1.2mg 1.4 ± 0.5a 0.5 ± 0.2b 1.2 ± 0.5a 1.1 ± 0.6 <0.0001

Thiamin—diet + supplement 3.3 ± 0.8a 3.1 ± 0.3a 3.7 ± 0.7b 3.4 ± 0.7 <0.0005

Riboflavin—diet only 1.3mg 1.5 ± 0.4a 0.8 ± 0.3b 1.2 ± 0.6c 1.2 ± 0.6 <0.0001

Riboflavin—diet + supplement 3.4 ± 0.7 3.4 ± 0.1 3.6 ± 0.8 3.5 ± 0.7 0.22

Vitamin B6—diet only 1.7mg 2.0 ± 0.7a 1.0 ± 0.4b 2.0 ± 1.0a 1.6 ± 1.9 <0.0001

Vitamin B6—diet + supplement 4.6 ± 1.0a 4.5 ± 0.5a 5.3 ± 1.2b 4.8 ± 1.0 0.0003

Vitamin B12—diet only 3 2.4mg 1.7 ± 0.3a 0.9 ± 0.6b 1.8 ± 1.2a 1.4 ± 1.1 <0.0001

Vitamin B12—diet + supplement 3 5.3 ± 1.8a 5.6 ± 0.7a,b 6.3 ± 0.2b 5.9 ± 2.1 0.0135

Choline—diet only4 550mg 261 ± 123a 120 ± 41b 145 ± 73b 176 ± 105 <0.0001

Maternal dietary intake in early pregnancy including all study supplements accounting for self-reported compliance to supplementation throughout the study was reported as Mean

± SD.
1EAR, estimated average requirement = The estimated daily intake necessary to meet the needs of 50% of healthy lactating women ages 19–30 years old in the USA.
2Differences between sites were assessed via ANOVA.
3One outlier excluded.
4Choline was not included in the study supplements.
a,b,cTukey’s Test was used to assess pairwise differences between individual sites. Significant differences were indicated by different letters (p < 0.01).

TABLE 4 | Multivariable model of the relationships between maternal dietary intake on HM B-vitamin concentrations, controlling for site.

HM vitamin Concentrations Predictorsa Model p value Model R2 Parameter p value n

Vitamin B2 Site 0.173 0.033 0.085 150

Maternal dietary riboflavin 0.672

Vitamin B6 Site <0.0001 0.300 <0.0001 150

Maternal dietary B6 0.325

Thiamin Site <0.0001 0.189 <0.0001 150

Maternal dietary thiamin 0.434

Vitamin B12b Site 0.099 0.042 0.060 149

Maternal dietary B12 0.288

Choline Site 0.011 0.054 0.232 150

Maternal dietary choline 0.015

HM, human milk.
aMaternal dietary intake includes intake of supplement accounting for compliance to supplementation. Supplement 1 did not include choline.
b1 outlier excluded.

6 months before delivery (prenatal arm). Yet, supplementation
had no demonstrable impact on vitamin concentrations at
2-weeks postpartum compared with women receiving no
supplementation. HM composition significantly differed between
these three low-to-middle income settings, likely reflecting
underlying differences in maternal phenotype, habitual diet,
and lifestyle. Lastly, the prevalence of HM concentrations
that fell below values used to set breastfed infant intake
recommendations for vitamin B2 and B6 warrants future
investigation into the risk of infant deficiencies in these settings.
These data reinforce the need for well-designed studies to define
infant nutrient requirements during the period of exclusive
breastfeeding (25).

It is interesting that several months of supplementation pre-
conception with LNS did not impact HM composition despite
providing the daily RDA of pantothenic acid and twice the
RDA of thiamin, niacin, and vitamin B12. The supplementation
intervention was completed at delivery, supporting previous

assertions that HM concentrations of water-soluble vitamins are
more affected by acute rather than historical maternal intake
(26). Previous work has shown that maternal supplementation
with water-soluble vitamins can be reflected in increased
HM concentrations as soon as hours after consumption (27).
Additionally, postpartum LNS begun at birth resulted in
detectable increases in HM vitamin B2, B3, B6, and B12 (but
not thiamin) concentrations as early as 2-weeks postpartum (7).
These data together suggest that our sampling of HM at 2-weeks
may have coincided with the waning of any impact of prenatal
LNS supplementation on HM composition.

In these cohorts, there were far more differences in HM
B-vitamins among sites than by intervention arm. HM from
Guatemalan women tended to have higher concentrations
of vitamin B12 (p = 0.05) and had significantly higher
concentrations of vitamin B3 (p< 0.001). These differences could
be attributed to differences in maternal dietary intake (14) and
BMI (12) among sites, as controlling for differences in maternal
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vitamin B12 intake did explain a significant proportion of the
variation in HM vitamin B12 concentrations. Pakistani mothers
producedHMwith higher concentrations of thiamin and vitamin
B6, which may partially be attributed to differences in habitual
dietary intake and consumption of animal source food (22, 28).
We have previously shown that adequate dietary diversity was
only reported in 20% of the full Pakistani cohort, 50% of the
full Guatemalan cohort, and 70% of the full Indian cohort
(14). We have also previously shown many of the Guatemalan
mothers exhibited greater protein intake during pregnancy (1.04
g/kg/day) compared with the Pakistani (0.82 g/kg/day) and
Indian (0.67 g/kg/day) mothers (14). Whether these underlying
dietary pattern differences contributed to differences observed in
HM composition at 2-weeks remains a topic of future research.

There are several important considerations for interpreting
the vitamin concentrations reported here. First, the
concentrations in HM for several of these vitamins change
over time (particularly thiamin, vitamin B6, B12, and choline);
the dynamics of this change are impacted by maternal BMI
and dietary intake (28). Secondly, caution is warranted when
comparing concentrations in our samples collected at 2-weeks
with concentrations used to set the AI. While the AI is set for
infants 0–6 months, the HM samples used to set these reference
ranges are often collected several months into lactation in studies
with small sample sizes. Lastly, thiamin, vitamins B2, B3, B6, B12,
and biotin are all light-sensitive (16, 29). While our collection
procedures are similar (or even more light-sparing) to other
contemporary studies of B-vitamins in HM, concentrations
reported herein may be underestimates of concentrations
provided to the infant when nursing directly at the breast.
It is useful to note that the HM thiamin and vitamin B12
concentrations we detected suggest that limited light-induced
degradation occurred during initial sample processing.

The majority of milk samples exhibited vitamin B2 and
B6 concentrations shown to be deficient in previous studies
(4). As vitamin B2 concentrations in HM decrease or remain
constant over time, the prevalence of milk considered “deficient”
in vitamin B2 (81.5%) would likely remain high if samples
were collected later in lactation. A smaller study of HM
collected earlier at 2–8 days lactation in Brazil found vitamin B2
concentrations even lower, at 89 µg/L (28) (compared with our
cohort mean of 162µg/L). Suboptimal maternal andHM vitamin
B2 concentrations are pervasive internationally and have resulted
in reports of insufficient infant status (5). These results warrant
future studies to investigate functional outcomes associated with
a deficiency in these at-risk infants.

Vitamin B6 concentrations in HM increase over the first
several weeks of lactation (23, 27, 30, 31). Thus, estimates of
deficiency (85.5%) are likely to be inflated in this study due to
our early sampling time point. In fact, the combined site mean
of this study was 31.8 ± 24.6 µg/L, which is slightly higher than
the mean of 416 samples collected from healthy women across
11 provinces in China between 8 and 14 days postpartum (26.4±
31.8; p= 0.037) (23). However, other studies of vitamin B6 inHM
also sampled at 14 days report concentrations between 2 and 10×
higher than the average concentrations detected in these cohorts
(30, 32). Poor vitamin B6 status in infants at 6 months has been

associated with slower growth and behavioral outcomes (33, 34),
and higher HM concentrations of B6 have been associated with
higher neurobehavioral functioning assessment scores in the
neonatal period (35).

A large proportion of samples exhibited vitamin B3
concentrations that were <50% of the concentration used
to set the AI. However, our estimates of total vitamin
B3 include measurements of nicotinamide and nicotinamide
dinucleotide and are thus an underestimate of total HM
B3 (which also contains nicotinamide dinucleotide phosphate,
nicotinamide riboside, and nicotinamide mononucleotide). The
global prevalence of vitamin B3 deficiency is unknown, but
HM concentrations <20% of the concentrations used to set the
AI have been documented in many populations from LMICs
and industrialized countries (22), corroborating our detection
of low concentrations. HM concentrations of vitamin B3 have
been reported to both increase and remain constant after 2
weeks of lactation (22, 23, 28). Indeed, a smaller study of HM
collected earlier, at 2–8 days lactation in a Brazilian cohort,
found vitamin B3 concentrations even lower, at 544 µg/L (28)
(compared with our cohort mean of 1,189 µg/L) suggesting
an increase over time. Thus, the timing of our sampling may
have contributed to a falsely high prevalence of HM falling
<50% of the AI reference concentrations. It is of note that
there were no relationships between any of the HM vitamin
concentrations and measures of infant growth, indicating that
infant intake of vitamins B2, B3, and B6 were sufficient to
support relatively normal weight and linear growth patterns (36).
Rigorous longitudinal data including assessment of functional
outcomes of infant micronutrient deficiency are necessary to
address the range of concentrations of these vitamins in HM that
are optimal for infant growth and development (2).

The majority of HM concentrations of the estimated total
thiamin were above the concentrations used to set the AI for
these nutrients, and thiamin concentrations can be expected to
increase over the first few months (5, 23, 24). This is interesting
given that previous studies have documented concerningly low
concentrations in HM thiamin in similar populations (8, 19). For
example, our combined population estimated total HM thiamin
of 384 ± 236 µg/L is higher than total thiamin detected in
335 lactating women at 2-weeks lactation (129 ± 75 µg/L, p
< 0.0001) in Cambodia (9), an area where thiamin deficiency
is prevalent (37). These results are reassuring that HM thiamin
concentrations are likely meeting infant needs in these sites.

Previous studies have also documented concerningly low
concentrations in HM vitamin B12 among similar populations.
In fact, a study of lactating women in Guatemala City found
that 65% of the milk samples collected at 12 months had
undetectable vitamin B12 concentrations (38). However, we
measured the HM at ∼2-weeks postpartum, and vitamin B12
concentrations decrease over the first several weeks of lactation,
stabilizing at 2–4 months (39), which may partially explain
the higher average concentration we detected compared with
other studies in similar populations that assessed milk later
in lactation. These relatively higher concentrations of vitamin
B12 in HM are reassuring that infant needs are likely being
met in spite of the fact that >80% of the women in this trial
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exhibited inadequate dietary intake of vitamin B12 in early
pregnancy (14).

HM biotin concentrations are stable over time. In these
samples, 39.5% exhibited concentrations less than one-half that
were used to set the biotin AI (6.41 µg/L). The cohort mean
of biotin (5.3 ± 4.5 µg/L) is significantly lower than the
mean of 113 HM samples from Indonesian mothers at 2-5.3
months postpartum (18.3 ± 1.6 µg/L; p < 0.0001) (40). These
comparisons emphasize the need for large and rigorous studies
to formalize reference ranges of such nutrients in HM.

Pantothenic acid in HM does not severely fluctuate over time
and is not light sensitive. Roughly 1/3 of this study population
had HM concentrations of pantothenic acid above those used
to set the AI. Only 9.5% of HM samples had concentrations
<50% of that used to set the AI. However, the cohort mean of
HM pantothenic acid (1,897 ± 713 µg/L) is significantly lower
than the mean of 416 samples collected between 9 and 14 days
postpartum across 11 provinces in China (2,881 ± 1,605 µg/L; p
< 0.0001) (23). In contrast, the mean concentration we observed
was significantly higher than the mean of 113 HM samples
from Indonesian mothers at 2–5.3 months postpartum (1,540 ±
871 µg/L; p < 0.0001) (40). The cause of the discrepancies in
concentrations between these cohorts is unknown but may be
attributable to differences in dietary intakes between cultures.

Choline concentrations increase from early transitional to
mature milk (5, 23, 24). Choline in HM is not light-sensitive.
In this study, 74% of the HM exhibited choline concentrations
above those used to set the infant AI. In our population, the HM
choline concentration was 183 ± 51 mg/L, which is higher than
the HM choline concentrations assessed at 8 weeks in Canadian
and Cambodian mothers (134± 36 mg/L; p < 0.0001) (41). This
is of particular note given that the supplement in this trial was
not fortified with choline indicating that the majority of women
in our trial were able to adequately meet choline needs from
diet alone.

Maternal dietary intake (including study supplementation)
was inconsistently associated with HM concentrations by the
nutrient in this cohort. We detected no relationship between the
maternal dietary intake of vitamin B12 during the first trimester
of pregnancy and HM concentrations at 2-weeks post partum.
The relationship between maternal vitamin B12 status and HM
concentrations is still not fully understood, but there is some
evidence that HM concentrations are correlated with maternal
habitual intake (39) and bolus supplementation (6). The lack
of association between maternal vitamin B12 intake and HM
concentrations may be because maternal dietary intake during
the first trimester of pregnancy may not be a good reflection
of maternal dietary intake at the time of milk collection when
supplementation was withdrawn. There was a trend for a positive
relationship between the maternal intake of thiamin, riboflavin,
and vitamin B6 and HM concentrations, but these relationships
were weakened once controlled for the site. Others have shown
that increased maternal intake of thiamin-fortified food results
in increased HM thiamin concentrations (8), but our dietary
intake and HM collection were separated by ∼30 weeks. The
supplement provided twice the RDA for thiamin, riboflavin,
vitamin B6, and B12. However, HM concentrations did not

differ by study arm, so any impact of supplementation on HM
composition was minimal at best, even after many months of
supplementation exposure. Maternal choline intake remained a
predictor of HM choline concentrations even when controlling
for the site. The supplement in this trial was not fortified with
choline. In controlled feeding trials, mothers with high choline
intakes (930 vs. 480 mg/day; both higher than average intake
in this cohort) exhibited higher HM choline concentrations
(10). This corroborates our data that show that HM choline
concentrations are indeed related to maternal intake in early
pregnancy. However, the low correlations coefficients of these
relationships (R2 < 0.07)make the clinical significance uncertain.

The B-vitamin concentrations in HM are impacted by
maternal acute supplementation/intake (42), but this would not
be expected to differ by intervention arm as supplementation was
withdrawn at birth. This study did not control for time of day at
collection. However, a recent review and meta-analysis found no
evidence for circadian variation in any of the B-vitamins assessed
in HM (43).

This study has many strengths. This is the first randomized
controlled trial to supplement women at risk for undernutrition
from pre-conception and early gestation through pregnancy
with a small-quantity lipid-based supplement. The inclusion
of a control group of women from the same communities
is a significant strength. The sample size is quite large for
studies including longitudinal assessment of infant growth
and biochemical assessment of HM samples. It also included
women from three distinct locations and very diverse dietary
patterns, allowing for insight into geographical factors impacting
variability in HM outcomes. Finally, the inclusion of maternal
dietary intake data is a strength that many other investigations of
HM composition lack. These results contribute to the extremely
limited evidence base for expected B-vitamin concentrations in
HM in a globally diverse population.

Certain weaknesses limit the interpretation of results.
Maternal dietary intake was not assessed at the time of milk
collection. Supplementation was withdrawn at birth, and thus,
we cannot investigate if continued supplementation may have
impacted HM composition. We reported HM measurements at
one time point, relatively early in the post-partum period (2-
weeks), which complicates interpretation as concentrations of
water-soluble vitamins are dynamic in the early weeks post-
partum. We did not assess any functional outcomes in the infant
beyond growth (WAZ, LAZ, and WLZ), and are thus, unable
to report any symptoms of nutrient deficiency. Lastly, milk
volume was not measured, so infant nutrient intakes can only be
estimated, though extent of breastfeeding during the early weeks
postpartum was high in all of the sites (36).

CONCLUSION

In conclusion, these data reflect that maternal long-term
LNS supplementation from pre-conception to birth does
not impact water-soluble vitamin concentrations in HM
measured at 2-weeks postpartum. The adequate early postnatal
growth of infants provides reassurance of the quality of
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HM to support growth in these settings. However, the
prevalence of HM samples with vitamin B2, B3, and B6
concentrations below current reference concentrations in
these limited data warrants further longitudinal studies and
functional investigations in infants. With no demonstrable
benefit of maternal supplementation for at least 6 months
before lactation, the concentrations of other B-vitamins in
these women suggest that the adequacy of milk composition
was generally maintained. These results contribute to the
evidence base for HM composition and affirm the need for
rigorous data to effectively define optimal intakes of these B-
vitamins in infants and corresponding concentrations in HM
throughout lactation.
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Causes and circumstances of maternal death: a secondary 
analysis of the Community-Level Interventions for 
Pre-eclampsia (CLIP) trials cohort
Annet M Aukes, Kristina Arion, Jeffrey N Bone, Jing Li, Marianne Vidler, Mrutyunjaya B Bellad, Umesh Charantimath, Shivaprasad S Goudar, 
Zahra Hoodbhoy, Geetanjali Katageri, Salésio Macuacua, Ashalata A Mallapur, Khátia Munguambe, Rahat N Qureshi, Charfudin Sacoor, 
Esperança Sevene, Sana Sheikh, Anifa Valá, Gwyneth Lewis, Zulfiqar A Bhutta, Peter von Dadelszen*, Laura A Magee*, for the CLIP Trials 
Study Group†

Summary
Background Incomplete vital registration systems mean that causes of death during pregnancy and childbirth are 
poorly understood in low-income and middle-income countries. To inform global efforts to reduce maternal mortality, 
we compared physician review and computerised analysis of verbal autopsies (interpreting verbal autopsies [InterVA] 
software), to understand their agreement on maternal cause of death and circumstances of mortality categories 
(COMCATs) in the Community-Level Interventions for Pre-eclampsia (CLIP) cluster randomised trials.

Methods The CLIP trials took place in India, Pakistan, and Mozambique, enrolling pregnant women aged 12–49 years 
between Nov 1, 2014, and Feb 28, 2017. 69 330 pregnant women were enrolled in 44 clusters (36 008 in the 
22 intervention clusters and 33 322 in the 22 control clusters). In this secondary analysis of maternal deaths in CLIP, 
we included women who died in any of the 22 intervention clusters or 22 control clusters. Trained staff administered 
the WHO 2012 verbal autopsy after maternal deaths. Two physicians (and a third for consensus, if needed) reviewed 
trial surveillance data and verbal autopsies, and, in intervention clusters, community health worker-led visit data. 
They determined cause of death according to the WHO International Classification of Diseases-Maternal Mortality 
(ICD-MM). Verbal autopsies were also analysed by InterVA computer models (versions 4 and 5) to generate cause of 
death. COMCAT analysis was provided by InterVA-5 and, in India, by physician review of Maternal Newborn Health 
Registry data. Causes of death and COMCATs assigned by physician review, Inter-VA-4, and InterVA-5 were compared, 
with agreement assessed with Cohen’s κ coefficient.

Findings Of 61 988 pregnancies with successful follow-up in the CLIP trials, 143 maternal deaths were reported 
(16 deaths in India, 105 in Pakistan, and 22 in Mozambique). The maternal death rate was 231 (95% CI 193–268) per 
100 000 identified pregnancies. Most deaths were attributed to direct maternal causes (rather than indirect or 
undetermined causes as per ICD-MM classification), with fair to good agreement between physician review and 
InterVA-4 (κ=0·56 [95% CI 0·43–0·66]) or InterVA-5 (κ=0·44 [0·30–0·57]), and InterVA-4 and InterVA-5 (κ=0·72 
[0·60–0·84]). The top three causes of death were the same by physician review, InterVA-4, and InterVA-5 (ICD-MM 
categories obstetric haemorrhage, non-obstetric complications, and hypertensive disorders); however, attribution of 
individual patient deaths to obstetric haemorrhage varied more between methods (physician review, 38 [27%] 
deaths; InterVA-4, 69 [48%] deaths; and InterVA-5, 82 [57%] deaths), than did attribution to non-obstetric causes 
(physician review, 39 [27%] deaths; InterVA-4, 37 [26%] deaths; and InterVA-5, 28 [20%] deaths) or hypertensive 
disorders (physician review, 23 [16%] deaths; InterVA-4, 25 [17%] deaths; and InterVA-5, 24 [17%] deaths). 
Agreement for all nine ICD-MM categories was fair for physician review versus InterVA-4 (κ=0·48 [0·38–0·58]), 
poor for physician review versus InterVA-5 (κ=0·36 [0·27–0·46]), and good for InterVA-4 versus InterVA-5 (κ=0·69 
[0·59–0·79]). The most commonly assigned COMCATs by InterVA-5 were emergencies (68 [48%] of 143 deaths) 
and health systems (62 [43%] deaths), and by physician review (India only) were health systems (seven [44%] of 
16 deaths) and inevitability (five [31%] deaths); agreement between InterVA-5 and physician review (India data only) 
was poor (κ=0·04 [0·00–0·15]).

Interpretation Our findings indicate that InterVA-5 is less accurate than InterVA-4 at ascertaining causes and 
circumstances of maternal death, when compared with physician review. Our results suggest a need to improve the 
next iteration of InterVA, and for researchers and clinicians to preferentially use InterVA-4 when recording maternal 
deaths.
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Introduction 
In 2015, more than 300 000 women died from compli
cations during pregnancy or childbirth,1 mostly in low
income and middleincome countries in subSaharan 
Africa and south Asia. Although the global maternal 
mortality rate (MMR) decreased during the Millennium 
Development Goal era (from 330 deaths per 100 000 live
births in 2000 to 210 deaths per 100 000 in 2013),2 
achieving the Sustainable Development Goal MMR of 
fewer than 70 deaths per 100 000 livebirths by 2030 will 
require action by communities, healthcare providers, 
and policy makers to address what underlies those deaths. 
However, the burden, timing, and ante cedents of 
maternal death are incompletely understood, largely due 
to a scarcity of comprehensive vital registration data.3

Various approaches have been developed to under stand 
the healthcare journeys of women who have died during 
pregnancy or post partum. Physician review is effective in 
improving care and outcomes in settings where records 
are good and death occurs in health facilities (eg, the UK 
and Ireland4), but this approach is time consuming and 
challenged by incomplete documentation of all deaths, 
poor quality record keeping, and fear of retribution and 
legal action against those involved in the care of women 
who died. In settings where death registration is absent 
or incomplete, an alternative approach to understanding 
maternal deaths is verbal autopsy, a standardised 
interview with the deceased’s next of kin that is designed 
to explore the woman’s symp toms preceding her death, 
and the circumstances in which her death occurred. 
Computerised logarithmic probability models have been 

developed to analyse verbal autopsy responses, to 
establish reliable temporal and regional estimates of the 
probable cause of maternal death, with results that were 
similar to those obtained by physician review.5 The 
interpreting verbal autopsies (InterVA) probabilistic 
model was developed in 2012 by WHO, and is regularly 
updated to optimise accuracy in specific circumstances, 
such as maternal mortality.6

In particular, the hypertensive disorders of pregnancy 
and preeclampsia are recognised to be a leading cause of 
maternal mortality worldwide. The CommunityLevel 
Interventions for Preeclampsia (CLIP) cluster random
ised controlled trials (RCTs) were designed to evaluate 
whether community engagement and communitylevel 
triage, transport, and treatment initiation could reduce 
allcause maternal (and perinatal) deaths and morbidity, 
ascertained in the community, with maternal death 
evaluated with the WHO verbal autopsy questionnaire 
(2012 version).7 Although allcause mortality in the CLIP 
trials did not differ between intervention and control 
clusters, in this secondary analysis we undertook 
physician review and InterVA assessments of all maternal 
deaths. Our aim was to compare agreement between 
physician review and InterVA methodologies with regard 
to cause of death and associated circumstances, to inform 
efforts for improving care.

Methods
CLIP trials design and participants
The CLIP trials were independent cluster RCTs in urban 
and rural India (12 clusters), Pakistan (20 clusters), 

Research in context

Evidence before this study
Based on our use of the 2012 WHO verbal autopsy and the 
publication date of the interpreting verbal autopsy model, 
version 4 (InterVA-4), we searched PubMed from Jan 1, 2012, 
to March 31, 2020 (updated on Oct 15, 2020), for publications 
on “maternal death” OR “maternal mortality” AND “verbal 
autopsy” AND “InterVA-4” OR “InterVA-5” OR “physician 
review”.  We limited our search to publications in English. We 
identified that, for maternal deaths, agreement on cause of 
death between physician review and computerised analysis of 
verbal autopsies with InterVA-4 has often, but not uniformly, 
been reported to be high, but usually with use of facility 
records, introducing a high risk of bias compared with 
population-level data.

Added value of this study
To our knowledge, this study is the first to specifically compare 
physician review with the InterVA-4 and InterVA-5 models for 
assignment of maternal cause of death. We also included the 
novel circumstances of mortality categories (COMCATs) 
component of InterVA-5 and compared these findings with 
COMCAT analysis by physician review. Although physician 

review and the InterVA-4 and InterVA-5 algorithms identified 
the same most common maternal causes of death (obstetric 
haemorrhage, non-obstetric complications, and hypertensive 
disorders), we found poor agreement between physician review 
and InterVA-5 on causes of death in individuals. The InterVA-5 
COMCAT results emphasise the importance of quality and 
continuity of care in facilities, which should be prioritised over 
care-seeking and transport to health facilities. Our findings are 
strengthened by a relatively large sample of maternal deaths, in 
urban and rural settings in south Asia and sub-Saharan Africa, 
and by use of data from communities with inadequate vital 
registration systems and the greatest need for computerised 
cause of death analysis of verbal autopsies.

Implications of all the available evidence
Our findings suggest that InterVA-4, and not InterVA-5, should 
be used to ascertain maternal cause of death and assist in 
reaching the WHO global standard of registering at least 50% of 
deaths in communities. Further work is required to refine the 
InterVA-5 cause of death and COMCAT analyses, and to identify 
opportunities for improving outcomes in pregnant and post-
partum women.

For more on InterVA see 
www.interva.net

http://www.interva.net
http://www.interva.net
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and Mozambique (12 clusters).7 Of the 44 clusters across 
the three trials, 22 were intervention clusters and 22 were 
control clusters.

In brief, pregnant women aged 15–49 years (12–49 years 
in Mozambique) were enrolled after confirmation of 
pregnancy and provision of informed consent, in India 
(Nov 1, 2014, to Oct 31, 2016), Pakistan (Jan 1, 2015, to 
Dec 31, 2016), and Mozambique (Feb 1, 2015, to 
Feb 28, 2017). In the three CLIP trials, 69 330 pregnant 
women were enrolled in 44 clusters (36 008 in the 
22 intervention clusters and 33 322 in the 22 control 
clusters), with successful followup for 61 988 (89%) preg
nan cies.7 The intervention had two components: 
community engagement and clinical assessment by 
community health workers (mobile healthguided early 
detection); and initial treatment (ie, oral methyldopa for 
severe hypertension, and intramuscular magnesium 
sulphate for severe preeclampsia) and referral to a 
facility for hypertensive pregnancies. CLIP visits were 
recommended at least every 4 weeks before birth, and on 
postpartum days 3, 7, and 14. In control clusters, women 
received usual care according to local practice, stated to 
be blood pressure measurement and proteinuria testing 
at each antenatal care contact.

The primary outcome was a composite of maternal, 
fetal, and newborn death and severe morbidity; mortality 
was measured up to 6 weeks after birth for the mother 
and 28 days after birth for the neonate. Surveillance 
data were collected by crosssectional household 
surveys (quarterly in Pakistan and every 6 months in 
Mozambique) or from the Global Network’s Maternal 
Newborn Health (MNH) Registry (in India).8 After 
obtaining individual informed consent, data were 
collected on baseline individuallevel and householdlevel 
information, antenatal care, and adverse outcomes up to 
6 weeks after birth (for the mother) or 28 days after birth 
(for the neonate). Data collection tools were modified 
validated questionnaires translated into local languages. 
All maternal deaths (and perinatal deaths and maternal 
and neonatal morbidities) were confirmed by outcome 
adjudication of trial surveillance data, by incountry teams 
(primarily doctors) familiar with local language (for 
interpretation of narratives, if available) and context, but 
who were masked to cluster type and uninvolved in the 
women’s care. An independent trained team administered 
the WHO 2012 verbal autopsy9 as soon as possible after 
maternal death, by visiting the deceased woman’s 
household and interviewing a next of kin about health 
problems, symptoms, and circumstances in the time 
leading up to the woman’s death. In India, Mozambique, 
and some districts in Pakistan (those with the staffing 
capacity), interviewees asked next of kin at the end of the 
structured interview to describe in their own words what 
had happened to their loved one; these narratives were 
translated into English and used in physician review.

Data were entered on Android devices and deidentified, 
and transferred regularly to the University of British 

Columbia (UBC) CLIP coordinating centre (Vancouver, 
BC, Canada). Data were uploaded monthly onto the 
Research Electronic Data Capture server (version 5; 
Vanderbilt University, Nashville, TN, USA). Data 
management protocols ensured security (encryption), 
tracking (user identification numbers and audit trails), 
and synchronisation between devices within the cluster 
and with the Research Electronic Data Capture server.

Procedures
For this secondary analysis, we included women who 
died in any of the 44 intervention or control clusters, as 
our primary interest was in measuring the causes and 
circumstances of maternal death.

In a central process at UBC, for all maternal deaths, 
two doctors independently reviewed all trial surveillance 
data and verbal autopsies, and community health worker
led visit data for intervention clusters. The reviewers’ 
experience was in maternal–fetal medicine (PvD), 
obstetrics (AMA or KA), and obstetric medicine (LAM; 
also an assessor and chapter writer for the UK and 
Ireland Confidential Enquiries into Maternal Death and 
Morbidity). The reviewers were masked to the InterVA
generated cause of death until the cause of death 
from physician review was established. Cause of death 
was classified according to the nine categories of the 
WHO International Classification of DiseasesMaternal 
Mortality (ICDMM).10 Disagreement was resolved by 
consensus, involving a third doctor, if necessary. If 
consensus could not be reached, cause of death was that 
assigned by two reviewers who agreed. If no two agreed, 
cause of death was considered undetermined. In India, 
supplementary data from the MNH Registry was used to 
facilitate the physician review of circumstances of death.

For all maternal deaths, the 2012 WHO verbal autopsy, 
a question naire specifically designed by WHO for 
automated processing on the basis of previous validation 
between physician review and causes of death, was 
analysed by the InterVA suite of computer models 
(versions 4 and 5) to generate cause of death categorised 
according to the ICDMM. InterVA4 was available at the 
time that the CLIP trials were planned and executed; 
InterVA5 was included when released during the trials to 
provide the most useful comparisons. The a priori 
probabilities for each of malaria and HIV were set as high 
for Mozambique and low for India and Pakistan. If the 
InterVA cause of death output for a woman gave more 
than one possible cause of death, the one with the highest 
probability was used for comparison with cause of death 
assigned by physician review.

InterVA5 was published in 2018, to harmonise with 
the new WHO verbal autopsy 2016 standard, following 
updates to the 2012 WHO verbal autopsy based on the 
processing of more than 650 000 verbal autopsy reports 
with InterVA4.6 Of relevance to this analysis, InterVA5 
incorporates a novel circumstances of mortality 
categories (COMCAT) analysis,11 with circumstances 
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categorised as traditions, emergencies, recognition, 
resources, health systems, inevitability, and multiple11 
(definitions provided in the panel). In India, where 
additional information was provided by MNH Registry 
data, clinical care was evaluated as part of the physician 
review process to ascertain whether improvements in 
care could be identified that might have made a difference 
to survival outcome (as opposed to good care, with any 
improvements in care identified as unlikely to have made 
a difference to outcome), as undertaken in the UK and 
Ireland Confidential Enquiries into Maternal Deaths and 
Morbidity;4 the results informed a COMCAT assessment 
by physician review, in which inevitability was the 
classification assigned when no improvements in care 
were identified. We present the InterVA5 COMCAT 
assessment of all three trials and physician review
generated assessments of the India trial data. A formal 
quali tative analysis of verbal autopsy narratives from all 
three countries is being under taken and a separate 
publication is planned.

Statistical analysis
Descriptive analyses were undertaken, overall and by 
country, to evaluate MMR (maternal deaths per 100 000 
livebirths) and maternal death rate (MDR, as the 
number of maternal deaths per 100 000 identified 
pregnancies); maternal and pregnancy characteristics 
at enrolment (baseline) and associated pregnancy 
outcomes (from trial surveillance); the details of 
maternal deaths (from trial surveillance and verbal 
autopsy forms); and causes of death and, for India only, 
COMCATs, assigned by physician review, InterVA4, and 

InterVA5. For MMR and MDR we calculated 95% Wald
type CIs.

InterVA4 assignment of hypertensive disorders of 
pregnancy as a cause of death, as a secondary interest of 
our analysis, was compared between intervention and 
control clusters, with multilevel modelling and adjusted 
odds ratios (ORs) with 95% CIs (fixed effects for maternal 
age, parity [nulliparous vs parous], and basic education, 
and random effects for country and cluster). Basic 
education was defined as primary education (country 
specific) and determined from selfreported number of 
years of school attended. Mortality was also compared 
between intervention and control clusters with similar 
adjusted models (excluding random effects for cluster).

The maternal causes of death assigned by physician 
review, InterVA4, and InterVA5 were compared 
for overall deaths and by country, according to a 
threecategory classification (as per the ICDMM) of 
direct maternal cause, indirect maternal cause, or 
undetermined; the ninecategory ICDMM classification; 
and a sevencategory COMCAT classification (India 
data only). Agreement was estimated with Cohen’s κ 
coefficient with 95% CIs; agreement was considered 
poor for κ values less than 0·40, fair to good for κ values 
in the range 0·40–0·75, and excellent for κ values greater 
than 0·75.12 Analyses were done with R programming 
software (version 3.3.2).

The CLIP trials were approved by the UBC research 
ethics board (H1203497), and within each country 
(KLE University [MDC/IECHSR/201314/A and ICMR 
5/7/859/12RHN], India; Aga Khan University 
[2590ObsERC13], Pakistan; and Centro de Investigação 
em Saúde da Manhiça [CIBSCISM/038/14] and 
Mozambique National Bioethic Committee [219/
CNBS/13], Mozambique). The CONSORT and STROBE 
checklists are in the appendix (pp 3–11).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Among the 61 988 pregnancies with successful followup 
in the CLIP trials, 143 maternal deaths were reported 
(16 deaths in India, 105 in Pakistan, and 22 in Mozambique). 
For 127 (89%) deaths, data were acquired solely in women’s 
communities rather than from facilities. The probability of 
maternal death did not differ in the intervention clusters 
(77 deaths) versus control clusters (66 deaths), adjusted for 
trial setting (country and cluster)  and baseline maternal 
characteristics (age, parity, and basic education; adjusted 
OR 1·05 [95% CI 0·67–1·64], p=0·84).

From the 143 maternal deaths, we calculated an 
overall MMR of 253 (95% CI 212–295) per 100 000 live
births, and an MDR of 231 (95% CI 193–268) per 
100 000 identified pregnancies, with the lowest MDR 

Panel: Circumstances of mortality categories (COMCAT) 
definitions11

• Traditions: traditional practices or beliefs influenced 
health seeking behaviour and the pathway to death

• Emergencies: sudden, urgent, or unexpected conditions 
leading to death, which probably precluded life-saving 
actions

• Recognition: poor recognition or awareness of serious 
disease, such as symptoms or severity, had a negative 
influence on health seeking behaviour

• Resources: inability to mobilise and use resources, such as 
material, transport, or financial, that hindered access to 
health care

• Health systems: problems in getting health care despite 
accessing health facilities, such as problems related to 
admissions, treatments, and medications

• Inevitability: death occurred in circumstances that could 
not reasonably have been averted, such as in the context 
of old age or recognised terminal conditions

• Multiple: a combination of the other COMCATs affected 
the pathway to death, with no single factor predominant 
at a likelihood of more than 50%
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in India (123 [63–183] per 100 000) and the highest in 
Pakistan (293 [237–349] per 100 000; table 1).

Women who died were young, ranging in median age 
from 21·5 years (IQR 20·0–24·0) in India to 30·0 years 
(25·0–32·0) in Pakistan (table 1). Most women were 
parous, particularly in Pakistan. A basic level of education 
was reported by most women in India, more than half 
in Mozambique, and a minority in Pakistan. All women 
were married in India and Pakistan, but only half 
were married in Mozambique. Generally, women who 
died in India had attended at least one antenatal care 
appointment in the first trimester (gestational weeks 
1–12; ten [63%] of 16 women) and most had received at 
least four routine antenatal care visits. In Pakistan and 
Mozambique, women who died had attended their first 
appointment at a median of 21–22 weeks’ gestation 
(middle of their second trimester), and only about a third 
had received four or more antenatal care visits. Few 
women had attended their first appointment in the first 
trimester (ten [10%] of 105 women in Pakistan and two 
[9%] of 22 in Mozambique). 

Details of maternal deaths were recorded by verbal 
autopsy as early as one week (median 8 days [IQR 3–21]) 
after death in India, to more than 5 months (158 days 
[47–252]) after death in Mozambique (table 1). The verbal 
autopsy respondent differed by country, and was most 
often the husband (widower) in India and the husband’s 
parents (parentsinlaw) in Pakistan, with a wide variety of 
respondents in Mozambique.

The frequency with which women had antecedent 
maternal morbidity varied by country. Most of the 
women who died in India had a documented serious 
endorgan complication, followed by around a third of 
the women in Pakistan, and about a quarter of the 
women in Mozambique (table 1). In addition, morbidity 
was defined by having received a potentially lifesaving 
intervention, typically cardio pulmonary resuscitation or 
blood transfusion.

Most women died in a health facility, although about a 
third died in transit to a facility in India (table 1). About a 
quarter of women died antepartum and, by definition, 
undelivered. Based on median gestational age at death in 
each country, antepartum deaths typically occurred early 
in the third trimester (India), late preterm (Pakistan), or 
at term (Mozambique). About threequarters of women 
died post partum, either after late preterm delivery 
(Mozambique) or at term (India and Pakistan). These 
women most frequently died within 24 h post partum, 
although many died more than 1 week after birth. Mode 
of delivery was usually vaginal and at a health facility. 
Among all women who died, stillbirth was frequent, 
particularly in Pakistan and Mozambique, and a fifth of 
babies born alive subsequently died, usually within the 
first 7 days after birth.

Cause of death assigned by physician review was 
informed by nextofkin narratives (in addition to the 
structured verbal autopsy interview) for all deaths in 

India and Mozambique, and 55 (52%) of 105 deaths 
in Pakistan. In the physician review and InterVA 
assignment of total maternal deaths (n=143) as having 
direct maternal cause, indirect maternal cause, or unde
termined, deaths were most often attributed to direct 
maternal causes (table 2). This was true overall and 
by country, with the exception of physician review 
assignments in Mozambique, where slightly more 
than half of deaths (12 [55%] of 22) were attributed to 
indirect maternal causes. Expectedly, these deaths in 
Mozambique were attributed by physician review to 

Total 
(N=143)

India 
(N=16)

Pakistan 
(N=105)

Mozambique 
(N=22)

Incidence of maternal deaths

MMR, deaths per 100 000 
livebirths

253 (212–295) 145 (74–216) 319 (259–381) 174 (102–247)

MDR, deaths per 100 000 
identified pregnancies

231 (193–268) 123 (63–183) 293 (237–349) 167 (97–237)

Maternal and pregnancy characteristics

Maternal age, years 28·0 (24·5–32·0) 21·5 (20·0–24·0) 30·0 (25·0–32·0) 26·5 (22·3–34·0)

Nulliparous 32 (22%) 7 (44%) 19 (18%) 6 (27%)

Missing 6 (4%) 0 6 (6%) 0

Basic education 37 (26%) 12 (75%) 13 (12%) 12 (55%)

Married 132 (92%) 16 (100%) 105 (100%) 11 (50%)

Gestational age at 
enrolment, weeks

19·8 (14·6–26·4) 11·2 (8·5–13·5) 21·2 (15·9–26·8) 21·7 (17·5–30·5)

Number of routine 
antenatal care visits

3 (1–5) 5 (4–6) 2 (1–4) 0 (0–4)

At least one visit 110 (77%) 16 (100%) 84 (80%) 10 (45%)

At least four visits 55 (38%) 13 (81%) 35 (33%) 7 (32%)

Details of maternal deaths

Latency between death and 
verbal autopsy completion, 
days

62 (33–103) 8 (3–21) 64 (35–100) 158 (47–252)

Respondent for the verbal autopsy

Husband 21 (15%) 8 (50%) 10 (10%) 3 (14%)

Sibling (sister or brother) 22 (15%) 0 19 (18%) 3 (14%)

Sister in-law or 
brother-in-law

25 (17%) 2 (13%) 22 (21%) 1 (5%)

Mother or father 13 (9%) 1 (6%) 8 (8%) 4 (18%)

Mother in-law or 
father-in-law

47 (33%) 3 (19%) 41 (39%)* 3 (14%)

Other (requested to 
specify)

15 (10%) 2 (13%)† 5 (5%)* 8 (36%)‡

Antecedent maternal morbidities documented

One or more serious end-
organ complications

56 (39%) 12 (75%) 38 (36%) 6 (27%)

Seizure 11 (8%) 5 (31%) 5 (5%) 1 (5%)

Stroke 14 (10%) 6 (38%) 6 (6%) 2 (9%)

Coma 10 (7%) 1 (6%) 6 (6%) 3 (14%)

Antepartum 
haemorrhage 

11 (8%) 1 (6%) 9 (9%) 1 (5%)

Disseminated 
intravascular coagulation

5 (3%) 2 (13%) 2 (2%) 1 (5%)

Sepsis 13 (9%) 2 (13%) 8 (8%) 3 (14%)

Fistula 0 0 0 0

(Table 1 continues on next page)
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nonobstetric compli cations among the nine categories 
of the ICDMM, related primarily to infectious 
diseases (n=9; most commonly HIV [n=2] and 
malaria [n=4]), or cardiac disease (n=3; appendix 
pp 12–14). For the threecategory classification of 
maternal cause of death (direct maternal, indirect 
maternal, or undetermined), we observed fair to good 
agreement between physician review and either 
InterVA4 (κ=0·56 [95% CI 0·43–0·66]) or InterVA5 
(κ=0·44 [0·30–0·57]), and between InterVA4 and 
InterVA5 (κ=0·72 [0·60–0·84]; table 3).

In the ICDMM classification of specific cause of death, 
the three top causes for overall deaths were the same by 
physician review, InterVA4, and InterVA5 (figure). These 
were obstetric haemorrhage (ICDMM category 3), 
followed by nonobstetric compli cations (ICDMM 
category 7), and hypertensive disorders (ICDMM 
category 2). Hypertensive disorders as a cause of death 
(by InterVA4) did not differ in the intervention clusters 
(13 [17%] of 77 deaths) versus the control clusters (12 [18%] 
of 66 deaths; OR 0·93 [95% CI 0·46–1·89]; p=0·84). 
Attribution to obstetric haemorrhage varied more 
between methods (physician review, 38 [27%] deaths; 
InterVA4, 69 [48%] deaths; and InterVA5, 82 [57%] 
deaths) than did attribution to nonobstetric causes 
(physician review, 39 [27%] deaths; InterVA4, 37 [26%] 
deaths; and InterVA5, 28 [20%] deaths), or hypertensive 
disorders (physician review, 23 [16%] deaths; InterVA4, 
25 [17%] deaths; and InterVA5, 24 [17%] deaths; table 2, 
figure). Few maternal deaths (<5% and often <1%) 
were attributed to pregnancyrelated infection, abortive 
outcomes, unanticipated complications of manage ment, 
or coincidental causes (figure, table 2). A small proportion 
of all maternal causes of death were unknown or 
undetermined (16 [11%] deaths assigned by physician 
review, six [4%] by InterVA4, and four [3%] by InterVA5). 
Agreement between the cause of death methods for the 
nine ICDMM categories was fair for physician review 
versus InterVA4, poor for physician review versus 
InterVA5, and good for InterVA4 versus InterVA5 
(table 3); similar results were observed by country 
(appendix p 15). Physician review identified that in cases 
of shock, women could be assigned by InterVA as having 
obstetric haemorrhage without any evidence of bleeding 
(31 ([22%] and 44 [31%] additional cases of obstetric 
haemorrhage by InterVA4 and InterVA5, respectively). 
By physician review, these cases were distributed between 
other causes of death excluding hypertension.

For circumstances of death, InterVA5 most commonly 
assigned the COMCAT classifications of emergencies 
(68 [48%] of 143 deaths) and health systems (62 [43%] 
deaths); whereas, few maternal deaths were assigned 
to traditions, recognition, or multiple circumstances. 
By physician review (possible only in India), health 
systems (seven [44%] of 16 deaths) and inevitability 
(five [31%] deaths) were the most common circumstances 
of death (table 2). Agreement between physician review 

Total 
(N=143)

India 
(N=16)

Pakistan 
(N=105)

Mozambique 
(N=22)

(Continued from previous page)

Life-saving interventions 
given during pregnancy

40 (28%) 9 (56%) 28 (27%) 3 (14%)

Cardiopulmonary 
resuscitation

24 (17%) 3 (19%) 19 (18%) 2 (9%) 

Dialysis 3 (2%) 1 (6%) 2 (2%) 0

Mechanical ventilation 8 (6%) 3 (19%) 3 (3%) 2 (9%) 

Blood transfusion 22 (15%) 6 (38%) 16 (15%) 0

Intervention for major 
post-partum 
haemorrhage

5 (3%) 2 (13%) 2 (2%) 1 (5%) 

Missing 16 (11%) 0 14 (13%) 2 (9%) 

Location of death§

Home 24 (17%) 1 (6%) 19 (18%) 4 (18%)

In transit to facility 16 (11%) 5 (31%) 10 (10%) 1 (5%)

Health facility 103 (72%) 10 (63%) 76 (72%) 17 (77%)

Timing of death§

Antepartum 38 (27%) 5 (31%) 28 (27%) 5 (23%)

Post partum 105 (73%) 11 (69%) 77 (73%) 17 (77%)

For women who died antepartum

Gestational age at death, 
weeks§

34·5 (30·8–38·3) 30·0 (28·5–33·5) 35·5 (32·3–39·0) 38·0 (28·0–39·0)

For women who died post partum

Gestational age at delivery, 
weeks

38·0 (34·0–40·0) 37·0 (31·0–41·0) 38·0 (34·5–40·0) 35·0 (34·5–41·0)

Timing of death post partum§

<24 h 59/105 (56%) 6/11 (55%) 46/77 (60%) 7/17 (41%)

1–6 days 17/105 (16%) 2/11 (18%) 12/77 (16%) 3/17 (18%)

1–6 weeks 24/105 (23%) 3/11 (27%) 15/77 (19%) 6/17 (35%)

Missing 5/105 (5%) 0 4/77 (5%) 1/17 (6%)

Mode of delivery§

Caesarean 38/105 (36%) 4/11 (36%) 26/77 (34%) 8/17 (47%)

Vaginal birth 67/105 (64%) 7/11 (64%) 51/77 (66%) 9/17 (53%)

Location of birth§

Home 16/105 (15%) 1/11 (9%) 11/77 (14%) 4/17 (24%)

Health facility 89/105 (85%) 10/11 (91%) 66/77 (86%) 13/17 (76%)

In transit 0 0 0 0

Pregnancy outcome for all women

Stillbirth 28 (20%) 1 (6%) 20 (19%) 7 (32%)

Early neonatal death 
(≤7 days after birth)

19 (13%) 2 (13%) 14 (13%) 3 (14%)

Late neonatal death 
(>7 days after birth)

4 (3%) 0 3 (3%) 1 (5%)

Survived follow-up 92 (64%) 13 (81%) 68 (65%) 11 (50%)

Data are n (%), n/N (%), or median (IQR); values in parentheses for MMR and MDR are 95% CIs. Percentages might not 
always add to 100% due to rounding. CLIP=Community-Level Interventions for Pre-eclampsia. MMR=maternal mortality 
ratio. MDR=maternal death rate. *The other respondents in Pakistan were aunt (n=3), grandparent (n=1), or child (n=1); all 
of the mother-in-law or father-in-law respondents were mothers-in-law. †The other respondents in India were 
grandparent (n=2). ‡The other respondents in Mozambique were aunt (n=1), child (n=2), child-in-law (n=1), grandparent 
(n=1), a neighbour (n=1), or a so-called rival (co-spouse or other sexual partner of the father of the pregnancy; n=2). 
§These data were taken from verbal autopsies as the information was not available from trial surveillance reports.

Table 1: Baseline maternal characteristics, CLIP intervention, and pregnancy outcomes for 143 maternal 
deaths in the CLIP trials
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and InterVA5 for COMCAT (India data only) was poor 
(κ=0·04 [95% CI 0·00–0·15).

During physician review of maternal deaths in India, 
distinguishing between the COMCATs of emergencies 
and inevitability was difficult without direct review of 
health records to understand quality of care. Physician 
review of summary data in the MNH Registry identified 
six of the 16 maternal deaths for which improvements 
in care might have made a difference to outcome. Five 
were classified under health systems circumstances, 
related to suboptimal facility care (n=3 for hypertensive 
pregnancies, either failure to administer antihyper
tensives for severe hypertension [n=2] or to initiate birth 
for preeclampsia at term [n=1]; and n=2 for obstetric 
haemorrhage when no intervention for the haemorrhage 

was offered). In one case of cardiovascular collapse in 
transit to facility (deemed an emergency), no cardio
pulmonary resuscitation was attempted.

Although quality of care could not be assessed 
formally in Pakistan or Mozambique due to the scarcity 
of detailed information from health facilities, the 
narratives from next of kin did highlight some of the 
health systems failures identified by the InterVA5 
COMCAT analysis of deaths overall, and by physician 
review in India. Reviewers noted several instances in 
which the woman’s relatives were asked to arrange blood 
products for transfusion, even during resuscitation for 
obstetric haemorrhage. In addition, reviewers noted 
several instances in which the woman was ill and 
attended a health facility (private or public), but they 

Physician 
review

InterVA-4 InterVA-5

Three-category classification (ICD-MM)

Direct maternal cause 88 (62%) 100 (70%) 110 (77%)

Indirect maternal cause 39 (27%) 37 (26%) 28 (20%)

Undetermined cause 16 (11%) 6 (4%) 5 (3%)

Nine-category classification (ICD-MM)

(1) Abortive outcomes 1 (1%) 0 1 (1%)

(2) Hypertensive disorders 23 (16%) 25 (17%) 24 (17%)

(3) Obstetric haemorrhage 38 (27%) 69 (48%) 82 (57%)

(4) Pregnancy-related 
infection

6 (4%) 2 (1%) 0

(5) Other obstetric 
complications

16 (11%) 4 (3%) 3 (2%)

Venous 
thromboembolism

8/16 0 0

Uterine inversion or 
rupture

2/16 0 1/3

Suicide 2/16 1/4 1/3

Obstructed labour 0 3/4 1/3

Other* 4/16 0 0

(6) Unanticipated 
complications of clinical 
management

4 (3%) 0 0

(7) Non-obstetric 
complications

39 (27%) 37 (26%) 28 (20%)

Infectious disease 26/39 28/37 20/28

Respiratory 9 11 9

Gastrointestinal 3 1 0

Malaria 5 4 1

HIV 2 8 7

Tuberculosis 2 3 1

Other† 5 1 2

Cardiac disease 10/39 3/37 4/28

Liver disease 2/39 3/37 2/28

Other‡ 1/39 3/37 2/28

(8) Unknown or 
undetermined

16 (11%) 6 (4%) 4 (3%)

(9) Coincidental causes 0 0 1 (1%)

(Table 2 continues in next column)

κ (95% CI)*

Three-category classification (ICD-MM)

Physician review versus InterVA-4 0·56 (0·43–0·66)

Physician review versus InterVA-5 0·44 (0·30–0·57)

InterVA-4 versus InterVA-5 0·72 (0·60–0·84)

Nine-category classification (ICD-MM)

Physician review versus InterVA-4 0·48 (0·38–0·58)

Physician review versus InterVA-5 0·36 (0·27–0·46)

InterVA-4 versus InterVA-5 0·69 (0·59–0·79)

ICD-MM=International Classification of Diseases-Maternal Mortality. 
InterVA=interpreting verbal autopsy. *A κ statistic of less than 0·40 was 
considered poor agreement, 0·40–0·75 fair to good agreement, and greater 
than 0·75 excellent agreement.

Table 3: Cohen’s κ statistics for agreement between methods of 
assigned maternal cause of death (N=143)

Physician 
review

InterVA-4 InterVA-5

(Continued from previous column)

COMCAT§

Traditions 0¶ NA 1/143 (1%)

Emergencies 2/16 (13%)¶ NA 68/143 (48%)

Recognition 2/16 (13%)¶ NA 1/143 (1%)

Resources 0 NA 9/143 (6%)

Health systems 7/16 (44%)¶ NA 62/143 (43%)

Inevitability 5/16 (31%)¶ NA 0

Multiple 0¶ NA 2/143 (1%)

Data are numbers of women and percentages. Percentages might not always add to 
100% due to rounding. COMCAT=circumstances of mortality categories. 
ICD-MM=International Classification of Diseases-Maternal Mortality. 
InterVA=interpreting verbal autopsy. NA=not applicable. *Other obstetric 
complications were amniotic fluid embolism (n=1), peripartum cardiomyopathy 
(n=1), complications of intrauterine fetal demise (n=1), and disseminated 
intravascular coagulation (n=1). †Other infections were meningitis (n=2), tetanus 
(n=1), hepatitis (n=1), measles (n=1), and infections not otherwise specified (n=3). 
‡Other non-obstetric causes were stroke (n=1), breast neoplasm (n=1), asthma 
(n=2), and chronic obstructive pulmonary disease (n=2). §COMCAT definitions are 
provided in the panel. ¶India only.

Table 2: Maternal causes of death as determined by InterVA and 
physician review for overall deaths (N=143)
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were deemed too ill for that facility, refused assessment 
or treatment, and advised to seek help at another facility, 
without transport assistance. Publication of the complete 
verbal autopsy analysis is planned.

Discussion
For the 143 maternal deaths (MMR 253 [95% CI 212–295] 
per 100 000 livebirths) in the CLIP trials in India, Pakistan, 
and Mozambique, we found that physician review and 
the computer algorithms of InterVA4 and InterVA5 had 
high public health equivalence, revealing the same top 
three maternal causes of death: obstetric haemorrhage, 
nonobstetric causes, and hypertensive disorders of 
pregnancy. However, attribution to each cause of death 
varied by method; of the three methods, InterVA5 was 
most likely to assign obstetric haemorrhage and least 
likely to assign nonobstetric causes as a cause of death. 
Agreement for physician review versus InterVA4 was 
better than for physician review versus InterVA5. Both 
the physician review and InterVA5 COMCAT analyses 
identified health systems circum stances as underlying 
more than 40% of maternal deaths, but physician review 
also commonly identified inevitability of circumstance, 
whereas emergency circum stances were identified the 
most by InterVA5.

Our findings suggest that for public health planning 
and policy aimed at reducing maternal death, InterVA4 
is a reasonable alternative to physician review; how
ever, obstetric haemorrhage might be overrepresented, 

particularly if women show signs of shock without 
evidence of bleeding. Physician review was informed 
by nextofkin narratives; developments in software 
interpretation of free text might lead to further 
improvements in InterVA algorithm performance. 
InterVA5 performed poorly for maternal cause of death, 
particularly in identifying nonobstetric causes. This 
finding might be increasingly relevant as countries 
move through stages of obstetric transition and indirect 
causes of death increase in frequency.13

The novel InterVA5 COMCAT analysis of maternal 
deaths did not highlight delays in care (in obstetric 
careseeking or in reaching an appropriate obstetric 
facility, commonly referred to as first and second 
delays, respectively14); traditions, recognition, and 
resources were indicated to be unimportant for most 
women in the events leading to their deaths. Furthermore, 
few women were identified to have multiple underly
ing circumstances. These insights emphasise the 
importance of delays in receiving quality care (the so
called third delay14), especially in continuity of care, as 
being modifiable contributors to maternal deaths; if 
addressed, outcomes should improve. Additionally, our 
findings suggest that for maternal death specifically, 
further work might be required to distinguish between 
emergencies (for which outcomes would be avoidable 
only through prevention, rather than treat ment) and 
inevitability (particularly for women offered good care 
who, nevertheless, did not avoid death).

Figure: Maternal causes of death according to physician review, InterVA-4, and InterVA-5 (N=143)
Number of women are presented for each cause. InterVA=interpreting verbal autopsy.
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To our knowledge, this study provides the first 
comparison of maternal causes of death by physician 
review, InterVA4, and InterVA5, and of COMCAT 
analyses by physician review and InterVA5. One 
published comparison of InterVA4 and InterVA5 
focused on HIV and excluded maternal deaths.15 A 
second publication evaluated the causes of all deaths in 
adults and children, comparing physicianassigned cause 
of death at tertiary hospitals involved in final care with 
InterVA4 and InterVA5, which found high concordance 
(eg, InterVA5 correlation coefficient of 0·86 [0·79–0·93] 
for adults).6

InterVA4 has been compared with physician review for 
deaths in general16–19 and for maternal death specifically.20 
In Africa and Asia among adults or the general 
population, concordance between physician review and 
InterVA4 has been variably reported, as high (≥80%)17,18 
or not.16,19,21 Among 86 maternal deaths analysed at the 
healthfacility level in Malawi, fair to good agreement 
was reported between an expert physician review panel 
and InterVA4 for ICDMM categories 1–7 (Cohen’s 
κ=0·66), although the expert physician review panel 
assigned cause of death as unspecified more often than 
both InterVA4 and InterVA5.20 In that analysis, the 
top four assigned direct maternal causes of death for 
expert physician review and InterVA4 were obstetric 
haemorrhage (34% vs 30%), pregnancyrelated infections 
(14% vs 17%), hypertensive disorders (12% vs 16%), and 
pregnancy with abortive outcomes (14% vs 15%). Similar 
to the Malawi study, agreement between physician review 
and InterVA4 in our analysis was fair to good, and 
physician review identified unknown or indeterminate 
cause of death more frequently than InterVA4; however, 
our κ value was lower (0·48 vs 0·6620), which might have 
been due to our assessment of deaths in three countries 
(rather than one), or that most of our data (89%) for 
physician review was from the community (rather than 
from a single health facility).

Strengths of our study include a relatively large sample 
of deaths, representation of urban and rural settings 
in south Asia and subSaharan Africa, and use of data 
from communities, making our results generalisable to 
where there is the greatest need for computerised cause 
of death analysis of verbal autopsies. We compared 
physician review and both InterVA4 and InterVA5 
computerised algorithms for cause of death and 
COMCAT.

Limitations include those of the verbal autopsy itself, 
which has questions lacking clarity of purpose, such 
as the needed or received designation for medication, 
rather than needed but unavailable or not received, 
meaning the possibility for improvements in care cannot 
be determined. Physician review was done by a central 
team familiar with local contexts, but from none of the 
CLIP countries. Social factors were considered in this 
review; however, a social autopsy or diagnosis was not 
done, based on availability of resources. A verbal autopsy 

narrative was available for about twothirds of maternal 
deaths in Pakistan (65% of deaths overall), and narratives  
in Mozambique were limited in detail. Although CLIP 
data forms were available for physician review, the lack of 
comprehensive, detailed verbal autopsy narratives for all 
deaths might have compromised cause of death 
assignment in Pakistan and Mozambique, where quality 
of care could not be evaluated. The lack of detailed verbal 
autopsy reports was compounded by limited detail in 
women’s health records in these settings. The between
country differences in respondents and verbal autopsy 
timing might have had an effect on responses, but the 
top causes of death and proportion of direct maternal 
deaths were similar; we had insufficient power to 
examine these differences by country. Finally, we were 
not able to identify how weights in the probabilistic 
model for InterVA5 differed from InterVA4, because 
neither demographic health survey data nor health 
facility records were available to us.

Our findings suggest that InterVA4, not InterVA5, 
should be used to ascertain maternal cause of death, 
particularly given the global rise in nonobstetric maternal 
deaths,22 and to assist in reaching WHO’s global standard 
of registering at least 50% of deaths in com munities.23 
Further work is required to refine InterVA5 regarding 
assignment of obstetric haemorrhage and nonobstetric 
causes of death and COMCAT analysis, and to identify 
opportunities for improving maternal outcomes.
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A B S T R A C T   

Background: Many studies have been carried out in modelling COVID-19 pandemic. However, region-wise 
average duration of recovery from COVID-19 has not been attempted; hence, an effort has been made to esti-
mate state-wise recovery duration of India’s COVID-19 patients. Determining the recovery time in each region is 
intended to assist healthcare professionals in providing better care and planning of logistics. 
Methods: This study used database provided by Kaggle, which takes data from the Ministry of Health & Family 
Welfare. The simple Linear Regression model between incidence, prevalence, and duration was used to assess the 
duration of COVID-19 disease in various Indian states. 
Results: The fitted model suits ideal for most of the states, except for some union territories and northeastern 
states. The average time to recover from disease was ranging from 5 to 36 days in Indian states/union territories 
except for Madhya Pradesh. Tamil Nadu has an average recovery time of 7 days with an value of 0.96, followed 
by Odisha, Karnataka, West Bengal, Kerala and Chhattisgarh and the average recovery duration was estimated as 
7, 13, 17, 11, 14 and 12 days respectively. 
Conclusion: The average recovery from COVID-19 was ten or less days in twenty percentage of states, whereas in 
forty-four percentage of states/union territories had an average recovery duration between ten to twenty days. 
However, around twentyfour percentage of states/union territory recovered between twenty to thirty days. In the 
rest of Indian states/union territories, the average duration of recovery was more than thirty days.   

1. Introduction 

The COVID-19 was a human tragedy infecting around 99.86 million 
individuals, resulting in around 2.1 million deaths by January 27, 2021. 
India recorded the first case of COVID-19 on January 30, 2020, and cases 
increased steadily to hit about 10.68 million cases and 153,724 deaths 
by January 27, 2021. Factors like the stage of disease at admission, 
patient’s care and so forth sway the average COVID recovery duration 
explicitly. The Ministry of Health has released home isolation guidelines 
(April 7, 2020) for very mild and pre-symptomatic COVID-19 cases to 
remain at home quarantine.1 Furthermore, the Government and hospi-
tal’s policy in admitting patients are expected to significantly influence 
the actual recovery duration.7 According to the World Health Organi-
sation, an act of violence related to the COVID-19 pandemic takes place 
due to the social stigma and discriminatory behaviours against anyone 
perceived to have been in contact with the virus or affected by the dis-
ease. A similar fear in the community of getting admitted to a hospital 
and the healthcare workers’ behaviour towards the COVID-19 patients 
also act as possible factors in affecting the average duration. As per the 

reports by The Lancet (2020), some Indian states had not recorded any 
suspected case, or probable COVID-19 deaths may also alter the recov-
ery duration of COVID cases.14 The improper follow-ups of patients, 
sensitivity and specificity of the diagnostic tests are other possible fac-
tors affecting the average duration of disease. 

The incubation period of COVID-19 has been reported as 14 days 
with a 95% confidence interval of 8–16 days.2 If the incidence of a 
disease is very high, and the recovery time of the disease is also high, 
then the prevalence of the disease increases, which puts extra health, 
economic and social burden on the country’s economy.12 A piolet study 
conducted in India by Barman MP et al. (2020) on 221 COVID patients 
found that the probability of recovery from COVID-19 in 10 days is 
minimal; only 4% of the patients recovered in 10 days, and about 40% of 
the patients in 20 days. In 25 days of treatment, about 50% of the pa-
tients were discharged from the hospital. The study also concluded that 
the average recovery duration of COVID-19 patients in India had been 
found 25 days, with a 95% confidence interval of 16 days–34 days.9 The 
average duration of COVID-19 is generally computed from 
hospital-based studies rather than from the community. Therefore, the 
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present study has been planned to determine the average duration of 
COVID-19 patients from the community. 

Many studies have been carried out to model the COVID-19 
pandemic in India; however, there are only a few peer-reviewed arti-
cles on the recovery period of patients with COVID-19 where the period 
of a patient in disease has been assessed. Knowledge of the average 
duration of recovery time helps the Government to prepare effective 
measures for the healthcare system.9 Determining the average duration 
of recovery time from COVID-19 in each region is expected to help the 
health professionals for better treatment and arrangement of logistics. 
Hence, an effort has been made to estimate the recovery duration of 
India’s COVID-19 patients for each state which intern expected to 
establish a social and economic initiative to help COVID-19 patients 
during the disease period and thereafter. 

2. Methods & materials 

This study has used an open-source database provided by Kaggle, 
which takes the data from the Ministry of Health & Family Welfare, 
Government of India. A statistical model was developed to study the 
duration of patients in COVID-19 for each state of India. Data was taken 
directly from the first day of reporting for each state. During data 
cleaning and checking for duplicates, Telangana was removed from the 
analysis due to the inappropriateness of the reported data. The complete 
data of Tripura was also not available in the dataset. 

The standard relationship between Incidence & Prevalence10,11,13: 

Prevalence  = Incidence*Duration (1)  

Duration=
Prevalence
Incidence

=

Active Cases
Exposed population

New Cases
Exposed population

(2)  

Duration  of  disease=
Active  Cases  of  COVID − 19
New  Cases  of  COVID − 19

(3) 

The models to estimate the Active Cases on ith day was: 

Ŷ =Aea1t  +  a2t2 and Ŷ = Beb1t  +  b2t2+  b3t3 (4)  

where, A = ea0 , B = eb0 and a0, a1, a2,  and  b0, b1, b2  and  b3are the 
Regression Coefficients. 

95% Confidence Interval (CI) of predicted active cases on each day 
was computed as: 

95%  CI= ePredicted  Number  oflog(  Active  Cases  )±1.96*  SE(Predicted  number  oflog(Active  Cases  ))

(5)  

95%  CI= e
Aea1 t  +  a2 t2 ±1.96∗sqrt

(

1
a+

1
b+

1
c+

1
d

)

(6)  

where, S.E. for Quadratic model was computed as: 

S.E.(Predicted  Number  of  Active  Cases  at  xi  day)=S.D.

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

1
n
+

(xi − x)2

∑
(xi − x)2

√

+
(xi

2 − x2)
2

∑
(xi

2 − x2)
2

(7)  

where S.D. is the Standard Deviation of y, which is calculated as: 

S.D.=

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑

(y − ŷ)2

n − 1

√

(8)  

where, y is the log transformation of seven days moving average of Total 
Active Cases, ̂y is the predicted number of the Active Cases, and ‘n’ is the 
number of days Active Cases were observed. The coefficient of deter-
mination (R2) is evaluated to assess the good fit of the model. The entire 

discussion and result section will be based on six regions in accordance 
with The National Family Health Survey (NFHS) division. 

3. Results 

The prediction model was performed with respect to each state. 
Histogram for the standardized residual of the fitted regression model 
with log of active cases as dependent variable looked plausible where 
residuals approximated a normal distribution with no weird shapes or 
low values or extremely high values. Normal P–P plot demonstrated that 
the distribution of standardized residual deviates only moderately from 
a distribution that was classically bell-shaped. The scatter plot indicated 
that the distribution of residuals across the expected values was equal, 

Fig. 1. Active cases by new cases in Chhattisgarh  

Fig. 2. Active cases by new cases in Uttar Pradesh  

Fig. 3. Active cases by new cases in Madhya Pradesh  
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suggesting that the model was homoscedastic. Statistical models have 
been constructed for the duration of patients under COVID-19 across all 
states in India. The model fitted well for all the regions. Log of new cases 
and log of observed cases were plotted against the log of predicted active 
cases with the corresponding upper and lower confidence limits. 

3.1. Central region 

Log of new cases was plotted against log of predicted active cases 
with the corresponding upper and lower confidence limits and was 
found linear for central states of India comprising the states Chhattis-
garh, Uttar Pradesh, and Madhya Pradesh (Figs. 1–3). Even though the 
model fit was enough to predict the average duration of COVID-19, there 
was a significant difference in the average duration between central 

states. Madhya Pradesh(R2 = 0.76) has an average duration as high as 68 
days (CI = 50.348–92.814), whereas Uttar Pradesh(R2 = 0.88) with 25 
days (CI = 19.35–32.48) and Chhattisgarh(R2 = 0.94) with 12 days (CI 
= 10.40–14.58) (Table 1). 

3.2. Eastern region 

Log of new cases against log of predicted active cases was plotted for 
Odisha, West Bengal, Bihar, and Jharkhand (Figs. 4–7). The average 
duration in days where a patient remains infected is identified as 11 days 
(CI = 9.49–13.88) in the state of West Bengal (R2 = 0.94), while the 
average days increased to 25 days (CI = 19.80–30.63) in Jharkhand (R2 

= 0.87). Duration of disease in Odisha(R2 = 0.95) and Bihar(R2 = 0.92) 
are 13 days (CI = 11.16–15.03) and 17 days (CI = 13.63–20.13) 

Table 1 
Average recovery duration in days of COVID-19 patients in Indian states.  

Region State R Square F Statistic B b1 Average Duration (Days) Lower Limit Upper limit 

Central Chhattisgarh 0.941 4184.161 2.511 0.969 12.319 10.406 14.583 
Uttar Pradesh 0.883 2101.031 3.222 0.896 25.073 19.353 32.484 
Madhya Pradesh 0.761 835.595 4.225 0.726 68.360 50.348 92.814 

East Odisha 0.956 5823.254 2.562 0.940 12.958 11.168 15.035 
West Bengal 0.948 4789.756 2.441 0.980 11.482 9.497 13.881 
Bihar 0.923 3143.014 2.808 0.914 16.569 13.637 20.132 
Jharkhand 0.871 1695.179 3.204 0.867 24.631 19.806 30.632 

North Rajasthan 0.937 4179.219 2.650 0.952 14.157 11.801 16.984 
Jammu and Kashmir 0.932 3737.557 2.604 1.007 13.518 11.337 16.118 
Himachal Pradesh 0.915 2802.949 2.914 0.898 18.424 15.930 21.309 
Uttarakhand 0.901 2441.060 2.986 0.899 19.815 16.625 23.616 
Haryana 0.891 2274.574 3.440 0.806 31.181 25.567 38.029 
Delhi 0.870 1884.836 3.123 0.892 22.704 17.157 30.043 
Punjab 0.802 1112.494 3.609 0.811 36.918 28.370 48.042 
Chandigarh 0.789 986.271 3.457 0.740 31.725 26.839 37.502 
Ladakh 0.750 829.768 3.337 0.806 28.140 23.760 33.327 

Northeast Manipur 0.936 3776.925 1.598 1.224 4.943 4.213 5.800 
Arunachal Pradesh 0.863 1568.943 1.838 1.193 6.283 5.073 7.783 
Meghalaya 0.856 1414.242 3.140 0.878 23.105 19.702 27.097 
Assam 0.850 1423.111 3.540 0.842 34.464 26.671 44.534 
Nagaland 0.671 417.574 2.869 0.980 17.625 12.427 24.999 
Sikkim 0.669 401.005 3.353 0.754 28.580 22.841 35.760 
Mizoram 0.588 368.827 2.743 0.955 15.540 12.208 19.782 

South Tamil Nadu 0.967 8117.149 1.911 1.061 6.758 5.710 7.999 
Karnataka 0.950 5227.651 2.804 0.968 16.514 13.753 19.829 
Kerala 0.946 5514.687 2.629 0.966 13.861 11.882 16.170 
Andhra Pradesh 0.898 2381.962 2.940 0.926 18.909 14.610 24.472 
Telangana 0.840 2767.206 2.936 0.935 18.836 15.647 22.675 
Puducherry 0.826 1257.392 3.133 0.878 22.945 18.743 28.089 
Andaman and Nicobar Islands 0.804 1052.745 1.967 1.139 7.150 5.993 8.530 

West Gujarat 0.920 3043.271 2.251 1.056 9.494 7.450 12.098 
Goa 0.884 1949.522 2.036 1.064 7.664 6.167 9.524 
Maharashtra 0.864 1746.580 3.102 0.965 22.240 15.389 32.142 
Dadra, Nagar Haveli, Daman and Diu 0.732 593.038 2.688 0.835 14.699 12.449 17.355 

p value is < 0.05 for all states, B = unstandardized beta coefficient, b1 = slop of the regression line. 

Fig. 4. Active cases by new cases in Odisha  Fig. 5. Active cases by new cases in West Bengal  
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Fig. 6. Active cases by new cases in Bihar  

Fig. 7. Active cases by new cases in Jharkhand  

Fig. 8. Active cases by new cases in Rajasthan  

Fig. 9. Active cases by new cases in Jammu and Kasmir  

Fig. 10. Active cases by new cases in Himachal Pradesh  

Fig. 11. Active cases by new cases in Uttarakhand  

Fig. 12. Active cases by new cases in Haryana  

Fig. 13. Active cases by new cases in Delhi  
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respectively (Table 1). 

3.3. Northern region 

In the northern region, log of new cases against log of predicted 
active cases was plotted with the corresponding upper and lower con-
fidence limits for the states Rajasthan, Jammu and Kashmir, Himachal 
Pradesh, Uttarakhand, Haryana, Delhi, Punjab, Chandigarh, and Ladakh 
and were found to be linear (Figs. 8–16). The average duration of days in 
Rajasthan (R2 = 0.93) and Jammu Kashmir (R2 = 0.93) is 14 days (CI =
11.80–16.98) (CI = 11.33–16.11), Himachal Pradesh (R2 = 0.91) takes 
around 18 days (CI = 15.93–21.30) while Uttarakhand (R2 = 0.90) takes 
around 20 days (CI = 116.62–23.61) followed by Haryana (R2 = 0.89) 
31 days (CI = 25.56–38.02) and Chandigarh (R2 = 0.78) 32 days (CI =

26.83–37.50). With an average length of 36 days, Punjab (R2 = 0.8) has 
the highest recovery rate among the northern states (CI = 28.37–48.04). 
Delhi (R2 = 0.87) has an average recovery time of 22 days, having a 
confidence interval of 17 days–30 days. The union territories like 
Ladakh (R2 = 0.75), which has a model fit of 75% (R2 = 0.75) and has an 
average recovery duration of 28 days (CI = 23.76–33.32) (Table 1). 

3.4. Northeastern region 

Log of new cases against log of predicted active cases with the upper 
and lower confidence limits was plotted for northeast states, including 
Manipur, Arunachal Pradesh, Meghalaya, Assam, Nagaland, Sikkim, and 
Mizoram (Figs. 17–22). High model fit was found in states of Manipur 

Fig. 14. Active cases by new cases in Punjab  

Fig. 15. Active cases by new cases in Chandigarh  

Fig. 16. Active cases by new cases in Ladakh  

Fig. 17. Active cases by new cases in Manipur  

Fig. 18. Active cases by new cases in Arunachal Pradesh  

Fig. 19. Active cases by new cases in Meghalaya  
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(R2 = 0.93), Arunachal Pradesh (R2 = 0.86), Meghalaya (R2 = 0.85) and 
Assam (R2 = 0.85) with average recovery days of 5, 6, 23, 34 days 
(Table 1). Nagaland (R2 = 0.67) has a model fit of 67% (R2 = 0.67) and 
has a duration of 18 days (CI = 12.4–24.9), similarly Sikkim(R2 = 0.66) 
with a model fit of 67% (R2 = 0.67) and duration of 29 days (CI =
22.84–35.76). Finally, Mizoram (R2 = 0.58) has the least model fit with 
59% (R2 = 0.59) and a duration of 16 days (CI = 12.20–19.78) (Table 1). 

3.5. Southern region 

For southern states named Tamil Nadu, Karnataka, Kerala, Andhra 
Pradesh, with the union territories of Puducherry, and Andaman and 

Nicobar Islands, log of new cases against log of predicted active cases 
with the upper and lower confidence limits were plotted (Figs. 23–28). 
Andhra Pradesh (R2 = 0.89) takes an average of 19 days (CI =
14.61–24.47, 15.64–22.67) to recover, where Andaman and Nicobar 
Islands (R2 = 0.8) and Tamil Nadu (R2 = 0.96) take an average of 7 days 
(CI = 5.99–8.53, 5.71–7.99) to recover, followed by Kerala (R2 = 0.94) 
with 14 days (CI = 11.88–16.17), Karnataka (R2 = 0.95) with 17 days 
(CI = 13.75–19.82), and Puducherry (R2 = 0.82) with 23 days (CI =
18.74–28.08) (Table 1). 

3.6. Western region 

In western states, Gujarat, Goa, Maharashtra Dadra, Nagar Haveli, 
Daman and Diu, log new cases against log predicted active cases along 

Fig. 20. Active cases by new cases in Assam  

Fig. 21. Active cases by new cases in Nagaland  

Fig. 22. Active cases by new cases in Sikkim  

Fig. 23. Active cases by new cases in Tamil Nadu  

Fig. 24. Active cases by new cases in Karnataka  

Fig. 25. Active cases by new cases in Kerala  
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with its upper and lower confidence limits was plotted (Figs. 29–32). 
Dadra and Nagar Haveli and Daman and Diu (R2 = 0.73) have a model fit 
of 73% (R2 = 0.73) and have a duration of 15 days with a confidence 
interval of 12.44 days and 17.35 days wherein Goa (R2 = 0.88) and 
Gujarat (R2 = 0.92) the duration is almost equal, almost 8–10 days (CI =
7.45–12.09, 6.16–9.52). Maharashtra (R2 = 0.86) has an average re-
covery time of 22 days, with a confidence interval of 15 days–32 days 
(Table 1). 

4. Discussion 

The model suited ideal for most states, some union territories and 
northeastern states considered to have a reduced fit in identifying the 
average time. The average time of recovery from the disease in India 

ranges from 5 days to 68 days. However, Hospital studies by Manash 
et al. (2020) showed that COVID-19 patients in India have an estimated 
recovery time of 25 days (CI = 16 days–34 days). The recovery period 
estimated for male and female patients and patients belonging to 
different age groups is also not statistically significant.9 The rigorous 
proof for the relation between age-independent incidence, prevalence 
and time duration was initially provided by Keiding (1991). Miettinen 
(1976), Freeman and Hutchison (1980) had earlier presented heuristic 
derivations for the same special case. A related identity has also been 
proven by Keiding (1991) (see Freeman and Hutchison, 1980, p. 709). 
The relationships between time period and cohort measures under 
general growth were addressed by Preston (1987).3 The relationship 
between prevalence, incidence, and disease duration is studied in a 

Fig. 26. Active cases by new cases in Andhra Pradesh  

Fig. 27. Active cases by new cases in Puducherry  

Fig. 28. Active cases by new cases in Andaman and Nicobar Islands  

Fig. 29. Active cases by new cases in Gujarat  

Fig. 30. Active cases by new cases in Goa  

Fig. 31. Active cases by new cases in Maharashtra  
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linear relationship for a stable population. The nationwide lockdown 
due to COVID-19 has produced the closed population’s situation where 
migration is considered negligible.4 The average recovery time in 
Madhya Pradesh (approx. 68 days) and Manipur (approx. 5 days) was 
found to be outliers when compared with other states in India. As per 
Lancet, Madhya Pradesh and Telangana found a high overall vulnera-
bility (index value more than 0.75) for the management of and response 
to the COVID-19.8 

In India, the first positive case was registered in Kerala on January 
27, 2020; however, the first case of COVID-19 in North East India was 
found precisely in Manipur, which was a bit late compared to other 
regions of India.15 Studies showed that Assam and Meghalaya had a very 
low potential compared to Tripura in controlling the present pandemic 
situation. A moderate potentiality to control the situation was found in 
Arunachal Pradesh and Nagaland. Sikkim and Mizoram have a very high 
potentiality than Manipur to control COVID-19.16 In this study, the 
model fits best for the states of Manipur, Arunachal Pradesh, Meghalaya 
and Assam, with average recovery days of 5, 6, 23, 34 days corre-
spondingly and reduced fit for Nagaland with 18 days, Sikkim with 29 
days. Mizoram has the least fit and an average duration of 16 days. 

On the west side of India, Dadra and Nagar Haveli and Daman and 
Diu have the least model fit and have a duration of 15 days, whereas 
Gujarat, Goa, and Maharashtra have a high model fit the duration is 
almost equal, almost 9, 7, and 22 days correspondingly. Testing in the 
Union territories became functional only on April 6, 2020, after which 
23,023 samples have been tested to date January 21, 2021. Center 
explicitly enforced lockout, door-to-door survey and screening were 
scheduled, and 400 teams along with personnel from the Health and 
Education Department were dispatched to the field to perform 
comprehensive health screenings.6 

The significant finding from the study by Kapil Ghosh et al.(2020) 
shows the inaccessibility of testing centres in the Eastern (Odisha, West 
Bengal, Bihar, and Jharkhand) Central and extreme Northern portion of 
India.17 The average duration of days where a patient remains in 
COVID-19 is approximately 11, 13, 17, 25 days in West Bengal, Odisha, 
Bihar, and Jharkhand. Every state in the eastern region has a good model 
fit. While central states like Chhattisgarh, Uttar Pradesh has a moderate 
fit with 12 and 25 average recovery days. Madhya Pradesh is considered 
as an outlier with a reduced fit and average recovery days of 68. 
Assessing the northern region, the average duration of days in Rajasthan 
and Jammu Kashmir is 14 days; Himachal Pradesh takes around 18 days 
while Uttarakhand takes around 20 days, followed by Haryana 31 days 
and Chandigarh 32 days. The maximum duration taken by a state in the 
northern region is Punjab, with 36 days. The union territories like 
Ladakh, which has a reduced model fit and has an average duration of 28 
days for a patient to be in the disease. Goel K et al. (2020) has studied 
and found that Srinagar-Leh highway opening and Iran pilgrimage re-
turnees were the major challenges to estimate the actual data of COVID 
patients. The study also suggested that there is a need for a more robust 

surveillance system.5 Lockdown as restricting the migration of popula-
tion and decision taken by the government to quarantine the population 
may greatly reduce the risk of continued spread of the epidemic in 
India.18 Towards the south, Andhra Pradesh takes approximately an 
average of 19 days to recover. Andaman and Nicobar Islands and Tamil 
Nadu takes an average of 7 days correspondingly for the recovery, fol-
lowed by Kerala with 14 days, Karnataka with 17 days, and Puducherry 
23 days. 

5. Conclusion 

Tamil Nadu was identified as the best fit for the model with an R2 

value of 0.96, and Mizoram was identified to have the least fit with an R2 

value of 0.58. At the same time, Manipur was identified to have the least 
average recovery duration with 4.94 days and the highest in Madhya 
Pradesh with 68 days. Despite the fact that the data was derived from 
government sources, the data quality and patient follow-up were not 
ensured by the database. Government and the hospitals’ policies in 
admitting, fear in the community of getting admitted to a hospital and 
the healthcare workers’ behaviour towards the COVID-19 patients, 
sensitivity and specificity of the diagnostic tests may also be some fac-
tors that could have caused the outlying in cases of Madhya Pradesh and 
Manipur. To an extent, the patients remaining in-home and migration in 
each state’s population is identified as a limitation to the study. How-
ever, most of the states have different situations concerning COVID-19 
and have unique problems to tackle, so it is preferred to consider 
these situations while comparing each state’s average duration. 
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A B S T R A C T   

Introduction: Cognitive Impairment is one of the neglected disorders in India, compared to developed countries 
and one amongst the emerging public health issues. In older cohort if left undiagnosed, it may lead to dementia 
or Alzheimer’s disease. Till now, treatment for CI isn’t available. Hence, only preventive measures are being 
taken at a right time, which may help to relieve the burden of disease. 
Objective: To estimate the prevalence of Cognitive Impairment among people aged ≥50 years in rural population 
of Belagavi Taluka and to determine association with its socio-demographic variables. 
Study design: A community-based cross-sectional study. 
Methodology: House to house survey was conducted by simple random sampling method, after obtaining the 
required permission from the respective authorities. Demographic profile, Vernacular ACE III questionnaire 
[literate or illiterate version] was accustomed to discover CI and HADS scale. Statistical Analysis was done 
through SPSS version 22. Chi - Square test and Karl Pearson’s parametric statistic test were applied. 
Results: The prevalence of CI was found to be 14% in the present study. Female gender, widow/widower status, 
illiteracy and advanced old age (≥70 years) were statistically significant risk factors. 
Conclusion: Early diagnosis, necessary social support and required therapeutic interventions to enhance cognitive 
level of old aged community dwellers and vulnerable groups need much priority.   

1. Introduction 

Ageing is a normal physiological process. As per Seneca, ‘Old age 
itself is an incurable disease’. Sir J.S. Ross recently commented on old 
age, ‘No one can heal old age. Only you can protect it, promote it and 
extend it.1 

Ageing starts at the time of birth and it lasts till last breath of person. 
In early years of 20th century, with improvements in public health 
services, preventing communicable diseases through vaccination, stan-
dard of living conditions, good income and less pollution led to increase 
in life expectancy of individuals. Whereas, in later years of twentieth 
century rapid growth in health care technologies, inventions of new 
antibiotics, antimicrobial and active immunization, preventive, cura-
tive, primitive approach of primary health facilities led to increase in life 
expectancy. Hence, by all these improvements in health facility, the 
number of old age population also increased.2 

There is a significant and gradual increase in an elderly population 
across the world. As per the ageing of world population statistics - 2013, 

the population of older people (aged ≥60 years) increased from 9.2% in 
1990 to 11.7% in 2013 and if it continues to grow at the same speed, 
older population will reach to 21.1% by 2050. At present, about 75% of 
the world’s elder persons are living in developing countries. Due to an 
increase in old-age population globally, cognitive impairment (CI) is 
becoming a major public health problem. It can progress into other 
conditions like dementia and Alzheimer’s disease which could affect the 
quality of life and dependency on family members.3 

CI refers to mainly when elderly people have trouble in remembering 
things, lacks in learning, concentrating and memorizing or could not 
make any kind of decisions which affects the quality of their day to-day 
life. It may be mild to severe form. In persons with mild CI, decline in 
cognitive functions are notified but, they can perform their daily ac-
tivities independently. In severe cases of impairment, there may be 
inability to understand, lack of memorization, inability to talk or write.4 

Annually 5–15% of old age people have Cognitive Impairment to 
different forms of Dementia and Alzheimer’s disease. As per studies done 
in India and Taiwan, prevalence of CI was found be 22.2% and 18% 
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respectively.5 In India, the prevalence of cognitive impairment varies 
from 3.5% to 11.5% from north to southern parts of India in people aged 
>65 years. The prevalence of CI is high in rural areas of India compared 
to urban areas, whereas the studies in rural areas are very few compared 
to urban population.6 

Very few studies have been done in rural areas on CI. It is of utmost 
importance to detect the prevalence of CI and then proceed in a step wise 
systematic approach to promote a healthy, graceful and active ageing. 
Considering all this, present study was undertaken to study cognitive 
functions in elderly and also to find out the prevalence of CI. 

2. Materials and methods 

Study Design: A Cross-Sectional Study. 
Study Period: September 2019 to March 2021. 
Source of Data: Population residing in the rural areas of Vantamuri 

PHC of Belagavi Taluka. 
Sampling Technique: Simple random sampling technique. 
Sample Size: 125 

Presuming  p  =  8.8%

q  =  91.2%

n =  Z2 x p × q
d2  

Where n = number of subjects, 

Z = 1.96 
p = 8.8% taken from previous studies 
q = (100-P) = 91.2% 
d = 5% (possible error) 

Hence, sample  size  =  (1.96)2  x  8.8  x  91.2  =  125
(5)2 

As the Covid-19 situation was at peak, the sample size was rounded 
off to 100. 

2.1. Inclusion criteria 

• Community dwellers aged ≥50yrs selected from rural area of Van-
tamuri PHC of Belagavi Taluka. Vantmuri PHC was selected by lot-
tery method in rural area of Belagavi. 

2.2. Exclusion criteria  

• Persons with mental disorders {already diagnosed}  
• Participants with anxiety and depression {HADS Scale}  
• Those who did not give consent 

2.3. Data collection procedure 

The present study was conducted on people residing in rural area of 
Vantamuri PHC of Belagavi Taluka. House to house survey was con-
ducted by simple random sampling method, after obtaining the neces-
sary permission from the respective authorities. The participants were 
briefed about the study and informed consent was obtained from them. 
Demographic profile, Vernacular ACE III questionnaire [literate or 
illiterate version] was used to find out CI and HADS scale was used to 
exclude participants who were facing anxiety and depression. The 
interview lasted for approximately 20–30 min. Data was collected by 
trained post graduate students of public health department. 

2.4. Tools used for data collection 

Demographic profile: Age, Gender, Education, Occupation, per-
sonal history etc of participants was included. 

2.5. Addenbrooke’s cognitive examination scale [ACE III scale] 

It is the Neuro-psychological examination administered to detect the 
CI. It consists of 19 tasks to evaluate five sectors of cognition about 
Attention, Fluency, Memory, Language and Visio-spatial processing.1 

2.6. Scoring 

Each activity of the questionnaire was given a total score out of 100.  

18 for Attention  
26 for Memory  
14 for Fluency  
26 for Language  
16 for Visuo-spatial skills 

2.7. Score 

88 and more = Normal or No cognitive impairment. 
Below 83 = Abnormal or Having CI (case) 
Between 83 and 87 = Inconclusive 

Fig. 1. Prevalence of Cognitive Impairment in present study.  

Table 1 
Socio-demographic profile of respondents.  

Characteristics No of respondents % of respondents 

Age groups 
50–59yrs 31 31.00 
60–69yrs 40 40.00 
≥70yrs 29 29.00 
Gender 
Male 53 53.00 
Female 47 47.00 
Literacy Status 
Illiterates 34 34.00 
Primary 20 20.00 
Secondary 20 20.00 
PUC 14 14.00 
Graduates 12 12.00 
Marital status 
Married (living with spouse) 82 82.00 
Widow/Widower 18 18.00 
Type of family 
Nuclear 57 57.00 
Joint 43 43.00 
Personal history 
No 68 68.00 
Alcoholic consumption 8 8.00 
Tobacco 24 24.00 
Co-morbidities 
No 69 69.00 
DM 6 6.00 
HTN 18 18.00 
DM + HTN 7 7.00 
Total 100 100.00  
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2.8. Hospital anxiety & depression scale. [HADS] 

This was to determine the presence of depression and anxiety. It 
consists of 14 components, out of which 7 for Anxiety and 7 for 
Depression subscale. Anxiety scale focused on general anxiety disorders 
whereas depression scale on symptoms related to depressive disorders. 

2.9. Score 

0 to 7 = Normal 
8 to10 = Borderline abnormal  

0. 11 to 21 = Abnormal (case) 

2.10. Data analysis 

Statistical Analysis was done through SPSS version 22. Chi square 
test was applied. 

2.11. Ethical clearance 

The present research project was approved by Institutional Ethics 
Committee on Human subjects Research, J. N. Medical College, KAHER. 
(Ref: MDC/DOME/384 Date 18/05/2021). 

3. Results 

Fig. 1 represents the prevalence of CI. Prevalence of CI was 14%. 

Almost 75% respondents had no CI, 11% did not have clear signs of CI so 
classified as inconclusive. 

Table 1 represents the distribution of Socio-demographic profile of 

Table 2 
Association between prevalence of Cognitive Impairment and Gender.  

Gender Normal % Inconclusive % Cognitive impairment % Total 

Male 44 83.02 2 3.77 7 13.21 53 
Female 31 65.96 9 19.15 7 14.89 47 
Total 75 75.00 11 11.00 14 14.00 100 
Chi-square = 6.3710, p = 0.0410  

Table 3 
Association between prevalence of Cognitive Impairment and Marital Status.  

Marital status Normal % Inconclusive % Cognitive Impairment % Total 

Married 67 81.71 9 10.98 6 7.32 82 
Widow/Widower 8 44.44 2 11.11 8 44.44 18 
Total 75 75.00 11 11.00 14 14.00 100 
Chi-square = 17.2660, p = 0.0001  

Table 4 
Association between prevalence of Cognitive Impairment and Literacy Status.  

Educations Normal % Inconclusive % Cognitive impairment % Total 

Illiterates 18 52.94 7 20.59 9 26.47 34 
Primary 14 70.00 2 10.00 4 20.00 20 
Secondary 18 90.00 2 10.00 0 0.00 20 
PUC 13 92.86 0 0.00 1 7.14 14 
Graduates 12 100.00 0 0.00 0 0.00 12 
Total 75 75.00 11 11.00 14 14.00 100 
Chi-square = 19.4470, p = 0.0130  

Table 5 
Association of age group with cognitive impairment.  

Age groups Normal % Inconclusive % Cognitive impairment % Total 

50–59yrs 27 87.10 1 3.23 3 9.68 31 
60–69yrs 31 77.50 7 17.50 2 5.00 40 
≥70yrs 17 58.62 3 10.34 9 31.03 29 
Total 75 75.00 11 11.00 14 14.00 100 
Chi-square = 13.6650, p = 0.0080  

Fig. 2. Correlation between Anxiety and Depression scores by Karl Pear-
son’s Correlation Coefficient. 
The above graph shows linearity with r = 0.7232 and demonstrate that 
increasing levels of anxiety is associated with depression. 
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respondents. 
Table 2 represents the association between prevalence of CI with 

gender. Prevalence was seen higher in females around 14.89% as 
compared to males which was 13.21%, found to be statistically signifi-
cant (p = 0.0410). 

Table 3 shows that prevalence of CI was higher in widow/widower 
that is 44.44% and in married it was 7.32%. This is highly statistically 
significant (p = 0.0001). 

Table 4 shows the association between prevalence of CI and educa-
tion. About 26.74% CI was observed in illiterates, whereas 20% in pri-
mary education, 7.14% in PUC passed and 0% in secondary schooling 
and graduates. Prevalence was statistically significant in illiterates (p 
value-0.0130). 

Table 5 shows the association between age group with CI. Prevalence 
of CI was seen highest in age group ≥70 years that is 31.03%, whereas it 
was 9.68% and 5% in age group 50–59 years and 60–69 years respec-
tively, which is significantly high (p = 0.0080). 

Fig. 2 Correlation between anxiety and depression scores by Karl 
Pearson’s Correlation Coefficient. 

4. Discussion 

CI not only affects life quality of elderly persons but also affects care 
givers and family. Therefore, early detection and implementation of 
measures of social support and therapeutic intervention helps in 
improving quality of life and decreasing the progression of disease. 

In present study the prevalence of CI was found about 14%, whereas 
other studies done in Lucknow and Kerala also have shown the preva-
lence 14.42% and 14.95% respectively,34,35 which were similar to our 
results. A study done by Deepak Sharma et al., has shown least preva-
lence, which was 3.5%.9 

As our aim was to find out the prevalence of CI and its association in 
selected rural community dwellers aged ≥50 years, which was signifi-
cant. Other experiments also expressed that in rural population CI 
prevalence was more5,8,9 when compared with urban population like a 
recent study conducted by Khanna et al., in urban population of Bela-
gavi26 and a study done by Yuan Lu et al. in China.23 

CI was seen more among females, which was 14.89% (p = 0.041) in 
our study. Few more studies conducted by various researchers like, 
Genaro G, Ganguli, and Devi Mohan had also revealed the same 
observation.8,10 

In the present study illiterates had shown more prevalence of CI 
compared to literates. Most of the experiments also revealed a strong 
association between low level of education and cognitive functions.7,9 

Marital status of each respondent was collected and it was found that 
widow/widower more prone to suffer with CI (44.44%, p = 0.0001) 
which was highly significant in present study. A lot of experiments were 
also presented the association of CI with widow/widower status.7,9,26 

5. Limitations  

• The limitation of our study includes small sample size and single 
assessment.  

• The reasons being Covid Pandemic and lockdown status affecting 
recruitment and assessment  

• Detailed assessment of duration of co-morbidities, medications used 
and nutritional status have not been done. 

6. Conclusion 

Present study concluded that prevalence of CI is more in rural pop-
ulation when compared to urban. Illiteracy, older age group, female 

gender and widow/widower status were risk factors for CI. Setting up 
screening facility in primary health centre in geriatric population and 
referring to higher centre of suspected individuals with CI may be 
helpful in early detection and proper management. 

7. Recommendations  

• Training of ASHA’s to detect CI in old age people by using any of 
cognitive examination scales and further examination by medical 
officer at PHC level. Referring to higher centre of detected cases for 
further management.  

• Geriatric department should be initiated at all health care levels. 

Ethical approval 

Obtained Ethical Clearance from Institutional Ethics Committee (I.E. 
C) of JNMC, KLE Academy of Higher Education and Research, Belagavi. 

Consent to participate 

Obtained. 

Consent for publication 

Not applicable. 

Funding 

Not received any funding. 

Declaration of competing interest 

The authors declare that they have no conflict of interest. 

Acknowledgements 

I thank all the study participants who have participated whole- 
heartedly in the study. 

References 

1 Park K. Park’s Textbook of Preventive and Social Medicine. Jabalpur. twenty-second ed. 
vol. 449. 2013:634–637. Banarasidas Bhanot publishers, 549. 

2 Ageing: Myth and Reality. Queensland government: Department of Communities, 
Child Safety and Disability Services; 2012:4–40. 

3 Reddy Mukku SS, Varghese M, Bharath S, Kumar KJ. Mild cognitive impairment – a 
hospital-based prospective study. J Geriatr Ment Health. 2019;6:19–25. 

4 Cognitive impairment: A call for action now, www.cdc.gov/aging/healthybr 
ain/index. 

5 Patel RM, Singh US. Prevalence study of cognitive impairment and its associated 
socio-demographic variables using mini-mental status examination among elderly 
population residing in field practice areas of a medical college. Indian J Community 
Med. 2018;43:113–116. 

6 Sengupta P, Benjamin AI, Singh Y, Grover A. Prevalence and correlates of cognitive 
impairment in a north Indian elderly population. WHO South-East Asia. J Public 
Health. 2014;3(2):135–143. 

7 Tripathi RK, Tiwari SC. Cognitive dysfunction in normally aging urban older adults: a 
community-based study. Indian J Psychol Med. 1994;33:177–181. 

8 Shaji S, Promodu K, Abraham T, Roy KJ, Verghese A. An epidemiological study of 
dementia in a rural community in Kerala, India. Br J Psychiatr. 1996 Jun 1;168(6): 
745–749. 

9 Sharma D, Mazta SR, Parashar A. Prevalence of cognitive impairment and related 
factors among elderly: a population-based study. J Dr NTR Univ Health Sci. 2013;2: 
171–176. 

10 Ortiz GG, Arias-Merino ED, Flores-Saiffe ME, Velázquez-Brizuela IE, Macías-Islas MA, 
Pacheco-Moisés FP. Prevalence of cognitive impairment and depression among a 
population aged over 60 years in the metropolitan area of Guadalajara, Mexico, 2012 
Dec 3 Curr Gerontol Geriatr Res. 2012:880–888. 

S.S. Jadenur et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S2213-3984(21)00248-7/sref1
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref1
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref2
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref2
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref3
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref3
http://www.cdc.gov/aging/healthybrain/index
http://www.cdc.gov/aging/healthybrain/index
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref5
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref5
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref5
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref5
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref6
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref6
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref6
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref7
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref7
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref8
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref8
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref8
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref9
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref9
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref9
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref10
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref10
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref10
http://refhub.elsevier.com/S2213-3984(21)00248-7/sref10


 
© 2021. Al Ameen Charitable Fund Trust, Bangalore 43 

A l  Am een J  Med Sc i  2021;  14(1) : 43 -48 ●  US National Library of Medicine enlisted journal ●  ISSN 0974-1143 

  
ORIGI NAL  ART I CL E                  C O D E N :  A A J MB G  

 

 

Cardio-Pulmonary- Resuscitation (CPR) skill acquisition among 
adult bystander (drivers & conductors) of public transport system 

 

Suroopa H, Belagali1, C.S. Sanikop2 and Mubashir Angolkar1* 
 

1
Department of Public Health, Jawaharlal Nehru Medical College, KLE Academy of Higher 

Education and Research, Nehru Nagar, Belagavi-590010 Karnataka, India and 
2
Department of 

Anesthesiology, Jawaharlal Nehru Medical College, KLE Academy of Higher Education and 

Research, Nehru Nagar, Belagavi-590010 Karnataka, India 

 

Received: 30
th
 May 2020; Accepted: 26

th
 November 2020; Published: 01

st
 January 2021 

 
Abstract: Introduction: A critical step for significant improvements in survival of outside hospital cardiac 

arrest (OHCA) is bystander cardiopulmonary resuscitation (b-CPR). Though ample videos of CPR 

demonstrations are freely available on the internet there is no evidence in literature to verify if these videos 

transform to practice among bystanders. Objective: To determine and compare effect of three different 

techniques of teaching CPR; instructional video teaching, lecture with hands on demonstration and a 

combination of both methods in CPR skill acquisition. Methodology: A Pre-Post study was conducted among 

90 drivers and conductors of Public Transport system who were randomly assigned to Group 1(video 

instruction of 2 minutes duration), Group 2 (PPT lectures with Hands–on CPR demonstration on a manikin on 

one to one basis) and Group 3 (a mix of video, power-point presentation and practice on manikin) of 30 

participants each. A pre-tested, pre designed questionnaire was used in the pre, immediate and delayed post-test 

containing 8 demographic questions and 27 questions regarding CPR. Results: The baseline knowledge of 

participants in all the 3 groups was with mean score of 11.87, 10.70 and 11.10 respectively (of the 27 questions 

regarding CPR).Scores of all the groups increased following intervention (23.03, 23.27 and 25.53). Retention 

test after one month revealed that Group 1scored 12.47, Group 2- 21.40 and Group 3 the scores were 

maintained at 25.53. The group which received combination methods had retained the skills learned even after 

1 month. Conclusion: Combination intervention is the ideal technique of teaching CPR, where both knowledge 

and skills are developed and retained. 

Keywords: Bystanders, CPR, Instructional Video. 

 

 

Introduction 

In India, roughly about 7 lakh Sudden Cardiac 

arrest (SCA) occur every year [1]. Almost 88 

percent of cardiac arrests i.e. four out of five 

occur at home [2-3]. Recognizing cardiac arrest 

early is the key to survival. Chances reduce by 7- 

10 percent for every min a patient suffers Cardiac 

arrest. [2,4]. The survival rate of outside hospital 

cardiac death is only about 7-8 percent [3-5]. A 

lifesaving procedure for a victim of SCA or 

respiratory arrest is CPR [6].  

 

Lay persons/ bystanders or medical and 

paramedical professionals can perform CPR [7]. 

Chances of surviving a cardiac arrest outside 

hospital, can be increased significantly by the 

delivering effective b-CPR [8]. A critical step 

associated with significant improvements in 

survival for OHCA is b-CPR, if commenced 

within 6 mins [6-7]. Initial resuscitation the 

victim undergoes before shifting to healthcare 

facility, and not just how fast a patient is 

shifted, also makes a big difference [2]. Rates 

of b-CPR globally, are reported to be in the 

range of 1 per cent to 44 percent. In OHSCA, 

between 14% to 45% laypersons in the US 

attempt CPR, of which only around half of b-

CPR is performed properly and the 

effectiveness of this CPR is variable [6]. The 

Knowledge of SCA and CPR skills in the 

community is not known. Almost 80% 

Americans do not know CPR; according to 

AHA [4]. About 98% Indian population does 

not know CPR according to one survey [5]. 
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CPR is taught to health care professionals at 

hospitals to improve the response and increase the 

survival of SCA patients, but not to the 

laypersons in the community [8]. The availability 

of professionals to provide hands-on, lecture 

based CPR demonstration is limited. Lectures and 

hands on courses require time, money and 

logistics [9]. Video demonstrations of the CPR 

procedure (online/ internet) are easily available, 

which can be used to reach larger number of 

people. It does not need any additional equipment 

(manikin) and is not reliant on trained 

professional instructor [10]. Also, instructional 

videos help users to refresh the training at their 

convenience and as repeatedly as required. 

However there is no evidence in Indian literature 

to verify if these videos actually transform to 

practice. Hence this study will find out which 

method of instruction, i.e., lecture with hands on 

demonstration, video demonstration only or both: 

lecture with hands on demonstration and video 

demonstration, is more effective in terms of skill 

acquisition and retention. 

 

Material and Methods 

A three group, Pre-Post study was conducted 

among Drivers and conductors of Karnataka State 

Road Transport Corporation (KSRTC) in a city in 

India, from August 2019 to February 2020. A 

sample size of 90 with 30 participants in each 

group was decided, as 30 is considered an ideal 

number for a single group, for conducting any 

Hands-on skill training workshop  by Todd et.al 

[11-13]. Drivers and conductors of KSRTC who 

can read and write English and are willing to 

participate were included study and randomly 

assigned to one of the 3 groups. Workers who 

remain absent on the day of intervention (video 

clip and lecture with hands on demonstration) and 

those who do not consent to participate were not 

included. 

 

Informed consent was taken from all the 

participants. Ethical clearance was obtained from 

Institutional Ethics Committee (I.E.C.) of 

J.N.M.C. KLE Academy of Higher Education and 

Research, Belagavi. Utmost care was taken to 

maintain privacy and confidentiality of 

participants by not disclosing the name of the 

participants and the Institution. Pilot study, on 10 

participants (i.e.10% of the sample size) was 

conducted among employees of KSRTC of 

another District (not same as target population) 

and not included in the main study. Validation 

of the questionnaire was done and necessary 

modifications were made. Investigator/data 

collectors were trained in a Tertiary care 

Hospital at a workshop On First Aid and CPR, 

with lecture and hands on. The questionnaire 

was discussed in detail among all the data 

collectors and any difficulties were resolved. 

All the participants received a pre-test (8 

demographic questions and 27 questions 

regarding CPR). 

 

Group-1: Instructional video group (n=30). 

Participants were randomly allocated to 

receive CPR training instruction by video 

training. The video instruction was of 2 min 

duration, keeping in mind the average 

duration of most videos available on the 

internet easily accessed by the general public. 

 

Group-2:  Lecture with hands-on training 

(n=30). The lecture with Hands–on was 

conducted with the help of a power point 

presentation to the participants and 

demonstration of the CPR on a manikin and 

every participant was taught asked to 

demonstrate on the manikin and, 

  

Group-3: combination of both methods i.e. 

video instruction and lecture with hands-on 

(n=30), was shown the video and power-point 

presentation followed by the hands on 

demonstration and practice on the manikin. 

 

Following the intervention, all participants 

were given an immediate post-test using the 

same questionnaire that was used in the pre-

test. After a period of one month all the 

participants were contacted again and post-test 

was repeated using the same instrument. 

 

Results 

The Age of the participants ranged between 

30 – 60 years .The composition of Group 1 

and Group 2 is similar with maximum no. of 

participants in the 40- 49 years (16). In Group 

3 majority of the participants were in the age 

group of 30-39 years (18).  Only Group 3 had 

female participants, whereas the composition 

of group 1 and 2 is similar. Out of 90 

participants, 80 (88.8%) were Hindus and 10 

(11.11 %) belonged to other religions. Of the 

total 90 participants, 12 participants earned <2 
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lakhs (13.3%), 46 participants earned 2.1 to 3 

lakhs (44.4%), 12 participants -3.1 to 4 lakhs 

(13.3%) and 20 participants > 4 lakhs (22.22%) 

annually. Maximum participants were educated 

upto PUC (56.66%), secondary were 26.61% and 

graduates were 16.6%.The baseline knowledge of 

the participants in the 3 groups was similar with 

mean score of 11.87, 10.70 and 11.10 

respectively. The test scores of all the 3 

groups following intervention increased to 

23.03, 23.27 and 25.53 (Figure 1). Retention 

test after one month revealed that in Group 1 

scores dropped to about 1% more than pre-test 

levels (12.47), in Group 2 decrease was about 

2% (21.40), in Group 3 the scores were 

maintained to 25.53. 

 
Fig-1: Pre-test, immediate and delayed post-test knowledge scores in three groups 

 
 

 

Statistical Analysis: Knowledge scores by one 

way ANOVA demonstrated a statistically 

significant difference in the immediate test and 

delayed test with f ratio of 4.2680 (p value of 

0.0170) and 89.9580 (p value of 0.0001) 

respectively (table 1), indicating the effectiveness 

of the intervention in increasing the 

knowledge in all 3 groups irrespective of the 

method of demonstration of CPR (video 

assisted teaching, lecture with hands-on 

demonstration or a combination of both 

methods). 

 

Table-1: Comparison of three groups (1, 2, 3) with pre-test, immediate and delayed  post-test 

knowledge scores by one way ANOVA 

Time points Sources of variation Sum of Squares df Mean Square F-value p-value 

Between Groups 21.09 2 10.54 

Within Groups 1572.47 87 18.07 Pre-test 

Total 1593.56 89  

0.5830 0.5600 

Between Groups 114.42 2 57.21 

Within Groups 1166.30 87 13.41 Immediate 

Total 1280.72 89  

4.2680 0.0170* 

Between Groups 2676.27 2 1338.13 

Within Groups 1294.13 87 14.88 
Delayed/ 

post-test 
Total 3970.40 89  

89.9580 0.0001* 

*p<0.05 indicates significant 
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Table-2: Comparison of three groups (1, 2, 3) with changes in knowledge from pre-test to immediate 

and delayed/post-test scores by one way ANOVA 

Changes 

from 
Sources of variation Sum of Squares df Mean Square F-value p-value 

Between Groups 161.16 2 80.58 

Within Groups 2278.90 87 26.19 
Pre-test to 

Immediate 
Total 2440.06 89  

3.0760 0.0500* 

Between Groups 3073.09 2 1536.54 

Within Groups 1550.87 87 17.83 
Pre-test to 

Delayed test 
Total 4623.96 89  

86.1970 0.0001* 

Between Groups 1908.29 2 954.14 

Within Groups 772.83 87 8.88 
Immediate 

to delayed 
Total 2681.12 89  

107.4110 0.0001* 

*p<0.05 indicates significant 

 

 

Comparison of three groups (1, 2, 3) with 

changes in knowledge from pre-test to immediate 

and delayed/post-test scores was done by one way 

ANOVA (table 2). A significant difference was 

observed between and within groups with f value 

of 3.0760 (p value 0.0500), Pre-test to Delayed 

test values for between and within groups with f 

value of 86.1970 (p value0.0001), Immediate to 

delayed test values for between and within groups 

with f value of 107.4110 (p value 0.0001) 

indicating that the knowledge scores increased 

from pre to immediate and the change in scores 

from immediate to delayed test  and the method 

of teaching does have a statistically significant 

difference in the outcomes of the knowledge 

scores of the participants. 

 

Test scores increased following any type of 

intervention, but dropped back to base line in 

Group 1 after one month showing that it creates 

temporary awareness but not skills. Whereas the 

group which received combination methods had 

retained the skills learned even after 1 month. 

 

Discussion 

Several researches have been conducted in the 

past few years to test the efficiency of CPR skill 

teaching methods. A study at METU Turkey 

(2010) among ninety university students 

concluded traditional and case-based instruction 

groups had better CPR performance than video 

self-instruction group [14]. In 2006, a study 

conducted in Seattle area high school students, 

aiming to compare the efficacy of classroom 

learning of CPR, interactive-computer training 

and a mixed pattern. The outcome was that 

classroom learning or a mixed pattern is more 

efficient in CPR training among high school 

students [10]. 

 

Twenty-four volunteers (12- not-trained and 

12- certified in CPR) in a parallel design study 

with pre/post-test to evaluate CPR skills - 

compression rate, depth, hand position, 

release and hands off time was conducted in 

2016. A video demo and skill practice on a 

mannequin improved skills, as it allows a 

tactile learning component at no cost and no 

advance preparation especially in untrained 

participants [15]. A study conducted in 2009, 

compared computer based CPR training to 

traditional / classroom training among 64 UG 

students. It was concluded that CPR training 

based on computer and traditional classroom-

based training were same in knowledge 

outcomes but was not as effective in 

developing quality CPR performance [16]. 

 

In a prospective randomized single-blind 

controlled trial conducted in Hong Kong 

(2010) to compare VSI CPR to TCI in 

laypersons, the immediate and after 1 year, 

passing rate between the two groups was same 

suggesting that Video instruction CPR 

performance is just as good as conventional 

training [17]. In 2014, a study concerning 

emergency skills teaching, either by learning 

on video or face-to-face teaching, found no 
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difference in efficacy of both training methods 

and also equal confidence to both training 

methods by the participants [18].  

 

There are many studies among subjects where 

CPR training either by VSI/ e-learning or by 

classroom learning/traditional courses have been 

compared, no difference was observed in both 

groups performance as for knowledge and skills, 

higher scores were recorded in group of VSI/e-

learning training in a few studies and a few other 

studies concluded that participants in traditional 

courses performed better. Among laypersons/ 

bystanders in the community, combination 

intervention, i.e. video demonstration plus lecture 

with hand on demonstration is the ideal method 

of instruction where both knowledge and skills 

are developed and retained. Videos provide the 

advantages of being accessible to repeated 

viewing and refreshing the knowledge as and 

when required by the participants at their will 

and free time. Hands on demonstrations give 

the practical real life scenario giving proper 

instruction regarding the placement of the 

hands, amount of force/pressure, depth and 

rate of chest compressions which are 

important and necessary components of 

successful CPR, as the successful outcomes 

depend on the quality of CPR performed. 
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Abstract: Background: An adrenal "incidentaloma" is an adrenal mass discovered coincidentally during a 
radiologic examination and are to be diagnosed to ensure an effective management. Objective: To identify the 
prevalence of Adrenal incidentalomas and to characterize the adrenal incidentalomas into benign and malignant 
based on Computed Tomography (CT). Materials and methods: A total of 7418 CT scans of the abdomen and 
chest were reviewed Thiswas based on the size, morphology, plain Hounsfield Unit (HU), enhanced HU and 
delayed HU values, necrosis, fat content, hemorrhages and calcifications along with Absolute and relative 
percentages washout values. Results: A total of 98 adrenal incidentalomas were found in 82 patients 
(Prevalence- 1.37%). A male (n=58; 70.7%) preponderance was observed. Malignant adrenal incidentalomas 
were observed predominantly on the right side as estimated by Venous HU (p = 0.0314) and Delayed HU(p = 
0.0039) values. The mean Absolute washout (p <0.0001)and Relative washout percentage values(p<0.0001)of 
benign adrenal incidentalomas on the left side were more when compared to the malignant adrenal 
incidentalomas on the left side. Conclusion: This study reports a tenable evaluation of Adrenal incidentalomas 
prevalence rates in India and itscharacterization using CT for ensuring timely management and care. 
Keywords: Adrenal Incidentaloma, Adrenal Gland Neoplasms, Abdomen, Computed Tomography, X- ray. 
 
 

Introduction 

An adrenal "incidentaloma"is an adrenal mass, 
which is discovered incidentally during a 
radiologic examination performed for indications 
other than for the evaluation of an adrenal disease 
[1]. The incidental discovery of asymptomatic 
adrenal masses is seen with an increasing 
frequency due to the widespread application of 
non-invasive, high-resolution techniques [2].  
 
This is evidenced by the fact that the prevalence 
of CT detected adrenal incidentalomas has 
sharply risen from 0.35%-1.9% in the 1980s to 
4.4%-5% in the 21st century [3]. Old age and co-
morbidities such as diabetes and hypertension 
serve as significant risk factors for adrenal 
incidentaloma, with incidence rates jumping to 
10% in individuals aged 70 and above [3]. Due to 
the lack of sufficient population-based studies on 
the prevalence of Adrenal incidentalomas its 
epidemiological profile in the Indian scenario 
remains esoteric. Adrenal incidentalomas may be 

secretory or non-secretory, benign or 
malignant. Benign lesions include adenoma, 
pheochromocytoma, myelolipoma, hematoma, 
cyst, hemangioma, ganglioneuroma, and 
granuloma. Malignant lesions include 
carcinoma, metastases, lymphoma, 
neuroblastoma, pheochromocytoma and others 
[4]. Incidentalomas could be associated with 
some of the most common clinical syndromes 
of adrenal hormonal overproduction 
(hyperaldosteronism, hypercortisolism, or 
pheochromocytoma); most of them, however, 
are clinically silent [5]. 
 
In the functional state, adrenal incidentalomas 
may secrete cortisol, aldosterone, 
catecholamines or androgens. Accordingly, 
they can present as subclinical Cushing's 
syndrome (manifest as hypertension, obesity, 
osteoporosis, and diabetes mellitus), primary 
hyperaldosteronism (manifest as hypertension, 
hypokalemia, increased risk of cardiovascular 
disorders), or clinically silent 
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pheochromocytoma, abnormal hirsutism or 
virilization [6-9]. When causing hypo function 
due to adrenal destruction, the adrenal 
incidentalomacan lead to Addison’s disease [10].  
 
Hence, despite their low prevalence it becomes 
necessary to identify, manage and study adrenal 
incidentalomas in greater detail. The two main 
concerns for a clinician in identifying an adrenal 
incidentaloma are- first, these lesions must be 
defined as benign or malignant; second, to detect 
whether these lesions are hormonally active or 
hormonally inactive. Therefore, early detection 
and characterization of adrenal incidentaloma is 
crucial for improving the prognosis.The modality 
of choice for characterization of adrenal masses is 
Computed tomography (CT) [11].  
 
However, there is a dearth of literature pertaining 
to the prevalence of adrenal incidentaloma in 
India. Hence this study has strived to fill these 
lacunae by determining the prevalence rate of 
adrenal incidentaloma among the local populace 
and evaluating the scope of CT in the 
characterization of detected adrenal 
incidentaloma that can affect a targeted and 
timely management of such elusive adrenal 
masses. 
 

Material and Methods 

This retrospective study was conducted on all the 
cases that were evaluated for the CT of the 
abdomen &/or thorax during the period of 
January 2016 to December 2016, at the 
Department of Radio-diagnosis. Therefore, a 
sample size of 7418 was obtained. The study was 
approved by the Institutional Ethics Committee 
and a written informed consent was obtained 
from the study subjects before enrolment.  
 
Patients undergoing CT abdomen and/or thorax 
without symptoms and signs denoting an adrenal 
pathology were included for the study. Whereas, 
the exclusion criteria consisted of patients 
presenting with an adrenal gland pathology or a 
known adrenal mass, adrenal hemorrhagedue to 
traumatic injury to the abdomen, having 
undergone unilateral adrenalectomy and those 
unwilling to participate in the study. 
Demographic characteristics and risk factors such 
as age, gender, habits of beedi, cigarette smoking, 
and alcohol consumption of the study patients 
were obtained from the patient’s data file. 

Technique 

Scan Protocol for multi-detector row CT [12-
13]: CT imaging was performed using 64-
slice single source CT scanner (Siemens 
Medical Solutions, Germany). Axial plain 
sections of the thorax or abdomen (depending 
on the requisition from the referring 
consultant) were taken using 5.0 mm sections 
and multiplanar reconstruction was done in 
1.5 mm slice thickness. The examination area 
extended from the lung apex to upper 
abdomen in CT chest and from the lower 
chest to the inferior margin of pubic rami in 
CT abdomen; i.e., the CT thorax studies were 
done in such a way as to include sections of 
the upper abdomen including the bilateral 
adrenal glands.  
 
Depending on the need for further evaluation, 
plain study was followed by intravenous (I.V.) 
contrast study using non-ionic water-soluble 
contrast medium i.e. Iomeron 350 mg% in a 
dose of 1 ml/kg body weight. Images were 
taken in the arterial and venous phases. 
Delayed scans were taken with special 
emphasis made on delayed scans at 15 min of 
the start of contrast bolus. Once an Adrenal 
incidentaloma was seen on the CT, the 
characterization was done based on size of 
mass, absolute percentage washout (APW), 
relative percentage washout (RPW), presence 
or absence of necrosis, presence or absence of 
calcification, and presence or absence of 
hemorrhage.  
 
Based on the size, masses were categorized 
into three types i.e. <2 cm, 2-4 cm, >4 cm, 
where malignancy was considered to linearly 
increase with size. Depending on attenuation 
on baseline, enhanced (70seconds) and 
delayed (15 minutes) scans, absolute 
percentage washout (APW) and relative 
percentage washout (RPW) were calculated 
using the formulae 
 

 
 
For all adrenal masses detected on CT, the 
attenuation was measured by using circular- 
region of interest placed over the area of 
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disease avoiding lesion margins to preclude 
partial volume effects. If baseline attenuation 
value (region of interest > two thirds or half of 
adrenal gland, excluding area of necrosis, 
calcification, and hemorrhage) was less than or 
equal to 10HU, no further study was required and 
the mass was assigned as a benign adenoma.  
 
Necrosis was defined as a region (within the 
mass) with an attenuation value similar to that of 
water (20 HU) at 70 seconds contrast enhanced 
CT. Calcification was defined as a region with an 
attenuation value > 100 HU at non enhanced CT. 
If the plain attenuation of the Adrenal 
incidentaloma was >10 HU, contrast study with 
delayed study at 15 min were performed. If 
APW>60%or RPW>40%, the incidentaloma was 
assigned a benign phenotype and if APW<60%or 
RPW<40%, the incidentaloma was assigned a 
malignant phenotype. Scans were reviewed in 
appropriate window settings. 
 
Data was analyzed using statistical software R 
version 3.6.0 and Excel. Continuous variables 
were represented in the form of mean± standard 
deviation. Categorical variables were represented 
as frequency. Comparison of the mean values was 
done with t-test. A p-value less than 0.05 was 
considered as significant. 
 

Results 

A total of 7418 participants (4143 males and 
3275 females (M: F ratio of 2.5:1)), with an age 
range of 5-86 years were enrolled for the study. 
CT scans of the abdomen and chest were 
reviewed over a period of 1 year and a total of 98 
adrenal incidentalomas were found in 82 patients 
(Prevalence- 1.37%). 
 
The indications for imaging procedure were 
abdominal pain, including either ill-defined 
discomfort or biliary & renal colic, acute 
abdomen, post-surgery follow-up, fever under 
evaluation, vomiting under evaluation, 
nonspecific abdominal symptoms, chest 

complaints and others. No significant 
difference in the indications by gender was 
apparent. The age of the patients with adrenal 
incidentalomas ranged from 22-86 years. The 
mean age of the patients who had adrenal 
incidentalomas was 55.72 ± 14.0 years. 
 
Out of the 82 patients detected with Adrenal 
incidentalomas, the masses were on the right 
side in 32 patients, on the left side in 34 
patients and were bilateral in 16 patients. 
Among the bilateral masses detected, 9 were 
benign tumors and 7 were malignant tumors. 
The diameter of the adrenal incidentalomas 
estimated on CT ranged from 0.9 to 9 cm.  
 
The mean diameter of benign adrenal 
incidentalomas on the right side was 1.9 ± 
0.84 cm. and on left side was 2.02 ± 1.0 cm. 
The mean diameter of malignant adrenal 
incidentalomas on the right side was 3.2 ± 1.5 
cm and on left side was 2.9 ± 2.1 cm. A total 
of 65 benign adrenal incidentalomas; 34 
(40.2%) on the right side and 31 (37.8%) on 
the left side were diagnosed. A total of 33 
malignant adrenal incidentalomas; 14 (17.1%) 
on the right and 19 (23.1%) on the left side 
were diagnosed. 
 
The various types of adrenal incidentalomas 
that were diagnosed were lipid poor adenoma 
(n = 29), lipid rich adenoma (n = 6), adrenal 
lipoma (n = 4), myelolipoma (n = 4), adrenal 
calcification (n = 4), adrenal cyst (n = 1), 
adrenal carcinoma (n = 1), ganglioneuroma (n 
= 1), hematoma (n = 5), metastasis (n = 26) 
and pheochromocytoma (n = 1)(where n is the 
number of patients).  
 
Adrenal adenomas (lipid poor and lipid rich) 
were seen in 22 males and 13 females. 
Lipomas were seen in 4 males and no females; 
Hematomas were seen only in 5 males and 
metastases were seen in 20 males and 6 
females (Figures1 & 2). 
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Fig-1: Distribution of CT diagnosis of adrenal incidentalomas by gender 

 
 
 

Fig-2: CT scans of adrenal incidentalomas (A) Lipid poor Adrenal adenoma: Enhancing mass lesion is seen on 
the right adrenal gland showing attenuation value of 63.6 HU (indicative of malignancy) in 70s contrast 
enhanced CT (B) Lipid rich Adrenal adenoma: Left adrenal mass with attenuation of 8.8 HU is seen on non-
enhanced CT suggestive of lipid rich adrenal adenoma(C) Adrenal hematoma: Right adrenal gland is diffusely 
bulky with increased attenuation suggestive of adrenal hematoma on plain CT (D) Adrenal metastasis: A 
heterogeneously enhancing mass seen on the right adrenal gland showing attenuation value 34.7 on delayed 
scan consistent with metastasis. 
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The benign and malignant adrenal incidentalomas 
on the right side of the body axis were assessed in 
terms of plain HU, venous HU and delayed HU. 
The mean plain HU of the benign and malignant 
adrenal incidentalomas were found to be 27.470 
and 31.71 respectively. In regards to the venous 
HU, the mean values of benign and malignant 
adrenal incidentalomas were 33.82 and 68.46 
respectively. Whereas, the mean delayed HU of 
the benign and malignant adrenal incidentalomas 
was 16.14 and 53.08 respectively (Table 1). The 
Mann-Whitney test highlighted a significant 
difference in the distribution of venous HU (p = 
0.0314) and delayed HU (p = 0.0039) between 
the benign and malignant cases. However, plain 
HU did not show any significant variation across 
the two types (p = 0.1999). 
 
Among the adrenal incidentalomas of the left side 
of the body axis, the mean plain HU of 24.61 and 
33.42, mean venous HU of 39.06 and 72 and 
mean delayed HU of 18.47 and 56.83 were 

observed for the benign and malignant forms 
respectively (Table 1).On comparing the 
benign and malignant adrenal incidentalomas 
on the left side of the body axis with respect 
to the mean venous HU(p = 0.0037)  and 
delayed HU(p < 0.0001) values by the two 
sample t-test, the malignant masses were 
found to be significantly larger than the 
benign forms. 
 
There were no significant associations 
between the mean of plain HU between the 
left and right side for adenoma (p-value 
=0.602). No significant variance in the mean 
of venous HU between sides for adenoma (p 

= 0.654) and metastasis (p =0.4287) diagnosis 
were noticed as analyzed by the two sample t-
test. Similarly, the difference in the mean of 
delayed HU between left and right side for 
adenoma and metastasis diagnosis was 
insignificantas depictedby the p-values of 
0.3021 and 0.3183 respectively. 
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Table-2: Comparison of the diagnosis with Absolute washout and Relative washout scores on the right 

and left sides 

Absolute washout % Relative washout % 

Right Left Right Left Diagnosis 

Mean SD Mean SD Mean SD Mean SD 

Adenoma 71.16 (9) 18.04 80.13 (9) 9.19 39.80 (9) 15.04 50.93 (9) 10.10 

Adrenal calcification -- -- -- -- -- -- -- -- 

Adrenal cyst -- -- -- -- -- -- -- -- 

Carcinoma -- -- 40.00 (1) -- -- -- 8.50 (1) -- 

Ganglioneuroma -- -- -- -- -- -- -- -- 

Hematoma -- -- -- -- -- -- -- -- 

Lipid rich adenoma 71.33 (3) 15.82 66.00 (2) 5.66 53.90 (3) 15.18 64.50 (2) 4.95 

Lipoma -- -- -- -- -- -- -- -- 

Metastasis 
40.48 
(15) 

16.18 34.64 (17) 25.52 21.27 (15) 8.76 
18.53 
(17) 

12.03 

Myelolipoma -- -- -- -- -- -- -- -- 

Pheochromocytoma 84.00 (1) -- -- -- 50.00 (1) -- -- -- 

Total 55.20 22.71 51.1 29.21 31.75 16.53 31.41 20.81 

 
 
Table 2 depicts the comparison of benign and 
malignant incidentalomas with respect to the 
absolute washout and relative washout percentage 
values on the right and left sides of the body axis. 
The mean absolute percentage washout time of 
benign and malignant adrenal incidentalomas on 
right side were 70.6±16.9 and 38.51±16.50.While 
the mean relative percentage washout time of 
benign and malignantadrenal incidentalomas 
situated on the right side were 41.96±16.17 and 
21.18±9.29. Hence, the mean of absolute (p 

<0.0001) and relative (p <0.0002) washout of 
benign mass was deduced to be significantly 
higher than that of the malignant cases. 
 
In reference to the adrenal incidentalomas of the 
left, the mean absolute percentage washout time 
of benign masses was 75.27±12.54 and that of the 
malignant masses was 34.05± 25.26 (p <0.0001). 
While the mean relative percentage washout time 
of benign andmalignant adrenal incidentalomas 
situated on the left side of the body axiswas 
50.92±13.33 and 17.64±12.19 respectively (Table 
2). As determined by the two sample t-test, the 
mean of absolute (p <0.0001) and relative 

washout of benign mass significantly larger 
compared to malignant cases (p <0.0001).  
 

There was no significant difference in the 
mean of absolute washout between the two 
sides for adenoma and metastasis diagnosis, p-
values were 0.2021, and 0.4524 for two 
sample t-test respectively. Similarly, the 
difference in the mean of relative washout 
between two sides for adenoma and metastasis 
diagnosis was determined to be insignificant 
as depicted by the p-values of 0.0838 and 
0.4718respectively (Table 2). 
 
As per Mann-Whitney test results, the 
distribution of the plain HU was significantly 
different across necrosis (p = 0.02145), 
calcification (p = 0.0115) and fat (p <0.0001) 
categories while venous HU distribution was 
significantly different across necrosis (p = 

0.03786) and fat (p <0.0001) categories. 
Distribution of delayed HU significantly 
differed across hemorrhage (p = 0.03558), 
necrosis (p = 0.001) and fat (p <0.0001) 
categories and are tabulated in Table 3. 
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Table-3: Comparison of Plain HU, Venous HU, and Delayed HU over Haemorrhage, Necrosis, Fat and 

calcification 

Variable Plain HU p-value Venous HU p-value Delayed HU p-value 

Yes 36.54±18.95 64.8±13.51 55.5±9.05 
Hemorrhage 

No 27.07±57.17 
0.06598 

55±38.18 
0.7261 

36.55±32.71 
0.03558* 

Yes 31.61±12.78 70.33±20.48 52.48±12.53 
Necrosis 

No 26.81±64.49 
0.02145* 

48.87±41.82 
0.03786* 

30.11±34.94 
0.00105* 

Yes 18.94±57.21 33 30 
Calcification 

No 138.17±95.47 
0.0115* 

70±55.71 
-- 

38.2±31.21 
-- 

Yes -0.56±39.35 18.94±57.21 2.19±48.95 
Fat 

No 42.33±54.38 
<0.0001* 

60.24±34.12 
<0.0001* 

42.88±28.76 
<0.0001* 

Abbreviations:  p-values were determined by Mann-Whitney test, *p-value< 0.05 considered significant 
 
 

Table-4: Comparison of diagnosis with Absolute washout and Relative washout scores over 

Hemorrhage, Necrosis, Fat and calcification 

Variable Absolute Washout % p-value Relative Washout % p-value 

Yes 28.87±20.49 19.63±7.44 
Hemorrhage 

No 54.63±28.22 
0.00754*#Wt 

33.47±20.86 
0.001202*#Wt 

Yes 41.66±18.99 23.54±10.78 
Necrosis 

No 62.67±26.63 
0.001086*#t 

39.53±21.28 
0.0002201*#Wt 

Yes 37.5 9 
Calcification 

No 58±51.1 
-- 

31.41±20.62 
-- 

Yes 61.71±14.75 42.16±21.31 
Fat 

No 48.49±30.68 
0.07696 t 

28.22±18.98 
0.01514*#t 

Abbreviations: Wt: Welch’s two sample t-test, t: Two sample t-test, #: one tailed t-test.*p-value< 0.05 considered 
significant 

 
 

Table 4 tabulates the results of two sample t-test 
comparing the mean values of absolute and 
relative washout in the presence or absence of 
hemorrhage, necrosis, fat and calcification. 
Absolute washout and relative washout mean 
scores were found to be significantly greater in 
the absence of corollary factors like hemorrhage 
(p = 0.001202), necrosis (p = 0.0002201), and fat 
(p = 0.01514). 
 

Discussion 

A total of 7418 (4143 males and 3275 females, 
age range 5-86 years) CT scans of the abdomen 
and chest were reviewed over a period of 1 year 
and a total of 98 adrenal incidentalomas were 
found in 82 patients (Prevalence- 1.37%). The 
prevalence of incidentalomas in CT examinations 
has varied from 0.35 to 5%, [12, 14-16] and in the 
autopsy series adrenal adenomas are found in 1.4 

to 8.7%, but these series also include small 
adenomas that cannot be found in radiologic 
examinations [17-18]. Davenport et al. 

reported a prevalence of approximately 1%. 
They performed a retrospective study of 3,705 
CT scans of the chest and abdomen and 
identified 37 incidentalomas [19]. 
 
Out of the 82 patients with adrenal 
incidentalomas, 58 (70.7%) patients were 
male and 24 (29.3%) patients were female. A 
study by Terzolo et al. states that the 
prevalence of adrenal incidentalomas 
increases with age with no difference in sex 
and in obese, diabetic, and hypertensive 
patients [9].  
 
Similarly, in this study the number of patients 
with adrenal incidentalomas in the age group 
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less than 30 years was 5 (6.1%), which was less 
in comparison with the age group in the range of 
51 to 60 and 61 to 70 years, which had the most 
cases with 26 (31.7%) patients in either of the 
groups. 
 
Of the 35 patients with adrenal adenomas, most 
of them had adrenal incidentalomas with plain 
HU value< 10. The remaining adenomas were 
diagnosed on delayed studies with the help of the 
absolute and relative percentage washout values. 
Hamrahain et al.performed a study of 299 adrenal 
incidentalomas in which they reported a 
sensitivity of 40.5% and specificity of 100% for a 
cut-off value of 10 HU for the diagnosis of 
adrenal adenoma [20].  
 
Boland et al critically analyzed the reported 
attenuation values of adenomas and non-
adenomas in 10 published series of adrenal 
masses and concluded that a threshold of 10 HU 
on unenhanced CT images corresponded to a 
sensitivity of 71% and a specificity of 98% in the 
diagnosis of adrenal adenoma. With such high 
specificity, it is very likely that a mass that is 10 
HU or less on unenhanced CT images is an 
adenoma [21].  
 
Alternative imaging techniques like 
ultrasonography fare poorly in comparison to CT, 
with detection rates pegged at 65% in adrenal 
incidentalomas less than 3 cm in size as reported 
by Suzuki et al. The same study also 
demonstrated the ability of CT and Magnetic 
Resonance Imaging (MRI) techniques todetect all 
adrenal tumors irrespective of the size [22].  
 
Some studies on adenomas place delayed 
contrast-enhanced CT above chemical shift MRI 
in terms of diagnostic efficiency due to 
shortcomings such as mild contrast enhancement, 
low signal intensity and homogeneity of masses 
in MRI scans [23-24]. 
 
The mean diameter of the benign adrenal 
incidentaloma on the right side was 1.9 ± 0.84 
cm. and on left side was 2.02 ± 1.0 cm. And the 
mean diameter of the malignant adrenal 
incidentaloma on the right side was 3.2 ± 1.5 cm 
and on left side was 2.9 ± 2.1 cm. Angeli et al. 
reported in a study involving 887 patients who 
had adrenal incidentalomas, a diameter greater 
than 4 cm was shown to have 90% sensitivity 

for the detection of adrenocortical carcinoma 
but a low specificity; only 24% of lesions 
greater than 4 cm in diameter were malignant 
[25]. Mantero et al. performed a retrospective 
study of 1004 adrenal incidentalomas from 
1980 to 1995. They reported that the cut off of 
4 cm had 93% sensitivity in differentiating 
benign from malignant Al [26]. 
 
Of the 82 patients with Al, 35 (43%) were 
adenomas and 47 (57%) were non-adenomas. 
Non-adenomas included benign lesions like 
myelolipoma, cyst,hematoma,pheochromocyt
oma and malignant lesions like adrenocortical 
carcinoma and metastases. 
Pheochromocytomas can be benign or 
malignant depending on the histological 
characteristics, and it cannot be differentiated 
on imaging (unless they metastasize).  
 
All of the various types of Adrenal 
incidenatlomas were more common in males. 
Caoili et al.evaluated 166 adrenal masses 
using the adrenal protocol. They found 127 
adenomas and 39 non-adenomas. They 
reported a mean diameter of 2.3 cm for 
adenomas and 4 cm for non-adenomas [27]. 
 
The results of the present study indicated that 
at non-enhanced CT, both adrenocortical 
carcinomas and pheochromocytomas have 
mean attenuation values similar to those of 
metastases but significantly higher than those 
of adenomas.  
 
By using both non-enhanced and contrast-
enhanced CT scan attenuation measurements 
and calculation of relative percentage washout 
on dynamic and delayed enhanced CT scans 
most adrenal lesions can be characterized by 
CT, thereby obviating the need for additional 
imaging, follow-up, or biopsy. The study did 
not include the correlation of adrenal 
incidentalomas detected on CT with the 
hormonal levels, histopathological findings, 
and clinical features which was the main 
limitation of the present study. 
 

Conclusion 

Despite its small size, the adrenal gland can 
harbor numerous abnormalities ranging from 
hormonal dysfunction, primary and secondary 
neoplasms, to infiltrative diseases. In this 
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study, with the help of non-enhanced and 
contrast-enhanced CT scan attenuation 
measurements, and calculation of relative 
percentage washout on dynamic and delayed 
enhanced CT scans, the authors characterized 
most adrenal lesions, thereby obviating the need 

for additional imaging, follow-up, or biopsy.  
Hence, characterization of adrenal 
incidentalomas using CT is a pre-requisite for 
the delineation of pertinent management plans 
that forestall progression of malignancies. 
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Introduction

COVID-19 was first reported on 31 December 2019, following 
a report of  a cluster of  cases of  ‘viral pneumonia’ in Wuhan, 
China. In India the total number of  cases till date are 8,814,549 
and 129,635 deaths respectively.[1,2] Globally cases of  COVID‑19 
have increased by 8%, resulting in 3.6 million new cases.[1] Case 
fatality rate was reported lowest in Germany and highest in Italy. 

Overall it was 3.4% and nearly 20% among patients more than 
80 years of  age.[3,4]

The most common symptoms include fever, cough, and mortality 
rate was uncertain.[1,2,5] The severity of  the disease was higher 
among elderly population and patients with co‑morbidities.[6] 
Approximately 80% of  patients are either asymptomatic or 
have mild disease.[1] Elderly patients with diabetes, hypertension 
had increased chances of  mortality and morbidity and ICU 
admission.[3,7]

There has been drastic change in the health care delivery system 
especially at primary care level due to COVID‑19. Therefore 
it is important to identify the clinical profile and outcomes of  
COVID‑19 patients considering the novelty and substantial 
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heterogenicity of  illness across the world especially India. This 
article information gives the baseline statistics at the community 
level to devise plans in order to contain COVID‑19 in the present 
pandemic. Hence, this study was planned to know the clinical 
profile and outcomes of  COVID-19 positive patients.

Methodology

COVID 19 positive patients residing in the field practice area 
for more than 1 year who tested positive on by real‑time reverse 
transcriptase polymerase chain reaction (RAT/RT‑PCR) either 
by throat or nasopharyngeal swab were included. Participants 
who do not belong to field practice area such as migrant workers, 
travelers, and relatives who visited the houses in the field practice 
area and became positive were excluded.

All the COVID positive patients in the field practice area were 
line‑listed as per the Belagavi District COVID positive patients 
list from the four field practice areas under the department of  
Community Medicine, JNMC, KAHER Belagavi.

A total of  727 COVID-positive patients were included. Data 
were collected after obtaining written informed consent from 
the study participants. While a telephonic consent was obtained 
from the quarantined family members if  the patient was unable 
to give consent himself/herself  Participants were interviewed 
using a pre‑designed, pretested questionnaire which included 
details such as socio‑demography, medical history, exposure 
history, underlying co‑morbidities, symptoms, signs clinical 
features, and outcomes.

Clinical outcomes were studied by reviewing discharge summary 
records of  the participants. Two health care workers in each 
centre were trained to collect the reports of  COVID‑positive 
patients and retrieve the information. Data were cross‑checked 
to avoid errors and clinical outcomes were analyzed. In case of  
death of  the patient their household members were interviewed. 
If  none are available the information was collected from the 
ANM/ASHA workers.

Ethical clearance
Ethical clearance permission was obtained from Institutional 
Ethics Committee wide number (MDC/DOME/447) on 
10/12/2020.

Statistical analysis
Data is analyzed using statistical software R version 4.0.2 and 
Microsoft Excel. Continuous variables were represented by 
mean ± SD and categorical variables represented by frequency. 
To check the association between categorical variables 
Monte‑Carlo’s simulation is used. To compare mean/distributions 
over groups ANOVA test is used. To check the variable effecting 
the outcomes multinomial logistic regression is used. Cox 
proportional hazard model is used to find the variables affecting 
mortality. A value of P ≤ 0.05 indicates statistical significance.

Results

Table 1 shows that maximum participants were between 21 
and 40 years of  age with mean age of  study participants was 
41.12 ± 17.2 years. There were 431 males and 296 females with 
male predominance (1:1.46). Approximately 37 (5.09%) subjects 
were health workers, 26.27% had completed secondary schooling. 
Only 6.46% of  participants had health insurance.

Among 727, 104 subject’s family suffered with COVID-19. 
Approximately 44.02% subjects were asymptomatic. Fever 
was reported in only 15.72% patients, respiratory symptoms 
in 14.74%, and gastrointestinal symptoms in 1.22% patients. 
Mean duration of  fever observed was 6.18 ± 4.15 days. We 
observed 3.85% of  the subjects died due to COVID‑19. Nearly 
38 participants had ICU admissions and required ventilator 
support among which few had developed pneumonia. Among 28 
deaths recorded one of  them died of  liver failure and one more 
due to sepsis. A significant association was found between age, 
family history of  disease, co‑morbid disease, medication history, 
smoking habit, alcohol consumption, type of  symptoms, isolation 
type, treatment given with outcomes (P < 0.05).

Table 2 shows that by ANOVA, there was a significant difference 
in the age over outcomes. Tukey’s test was used for post hoc 
analysis. From Tukey’s test, there was a significant difference 
in the age between cured complications (P = 0.00060), 
cured‑death (P = 0.0065).

Table 3 shows that for unit increase in age there was an increase 
in log odds of  outcome as complications compared to cured by 

Table 1: Sociodemographic details of study participants 
(n=727)

Variables Number of  subjects (%)
Age ≤20 80 (11%)

21‑40 310 (42.64%)
41‑60 220 (30.26%)
61‑80 111 (15.27%)
≥80 6 (0.83%)

Gender Male 431 (59.28%)
Female 296 (40.72%)

Education Illiterate 111 (15.27%)
Primary School 165 (22.7%)
secondary schooling 191 (26.27%)
PUC 128 (17.61%)
Graduate 120 (16.51%)
Postgraduate 8 (1.1%)
NA 4 (0.55%)

Profession Others 690 (94.91%)
Healthcare workers 37 (5.09%)

SES I 184 (25.31%)
II 64 (8.8%)
III 38 (5.23%)
IV 433 (59.56%)
V 8 (1.1%)

*NA ‑ Not applicable to children below 5 years
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0.02943. The log odds of  death Vs cured increased by 1.4023 
among the participants with the co‑morbid disease.

The log odds of  complications Vs cured increased by 0.8376 among 
the participants with symptoms of  COVID‑19. The log odds of  
death Vs cured increased by 1.9335 among those with symptoms 

of  COVID‑19. The log odds of  complication Vs cured increased 
by 4.1174 among study subjects in hospital isolation compared to 
home isolation. The log odds of  death Vs cured increased by 2.1782 
among study subjects who were in hospital isolation compared 
to home isolation. The log odds of  death Vs cured decreased by 
10.4583 in the participants on Antibiotic treatment compared to 
participants on all three, that is, anti‑biotic, anti‑viral therapy, and 
steroids. The log odds of  complications Vs cured increased by 
1.1839 in participants who were on those who were on all three 
i.e Anti‑viral therapy treatment compared to anti‑biotic, anti‑viral 
therapy, and steroids. The log odds of  death Vs cured increased by 
1.3528 among the participants who were only on anti‑viral therapy.

Table 4 shows that among the study subjects with previous medication 
history hazard ratio was 2.7491 times more compared to the subjects 
without previous medication history. Among the participants with 
symptoms of  COVID‑19 hazard ratio was 3.6446 times more when 
compared to the subjects without any symptoms.

Figure 1a shows that participants who were already on some 
medications due to chronic illness (diabetes, hypertension) had 
2.75 times risk of  death when compared to those participants 
who were on no medication. Symptomatic patients had 3.64 times 
risk of  death when compared to asymptomatic.

Discussion

COVID‑19 had a major impact on human population. It 
has caused disruption of  normal life. The centre and state 

Table 2: Relationship between outcomes and other variables
Variables Outcomes P

Complications Cured Death
Age ≤20 1 (1.25%) 77 (96.25%) 2 (2.5%) 0.00299*MC

21‑40 16 (5.16%) 286 (92.26%) 8 (2.58%)
41‑60™ 10 (4.55%) 202 (91.82%) 8 (3.64%)
61‑80 18 (16.22%) 83 (74.77%) 10 (9.01%)
≥80 1 (16.67%) 5 (83.33%) 0 (0%)

Age (in years) 49.78±18.21 40.12±16.89 50.14±16.93 <0.00001*A
Family History Of  
co‑morbidities

No 30 (4.81%) 581 (93.11%) 13 (2.08%) <0.00001*
Yes 16 (15.53%) 72 (69.9%) 15 (14.56%)

History of  
Co‑ morbidities

No 34 (5.27%) 598 (92.71%) 13 (2.02%) 0.0005*MC
Yes 12 (14.63%) 55 (67.07%) 15 (18.29%)

Medication No 39 (6.19%) 571 (90.63%) 20 (3.17%) 0.0004998*MC
Yes 7 (7.22%) 82 (84.54%) 8 (8.25%)

Smoking habit No 39 (6.19%) 571 (90.63%) 20 (3.17%) 0.04498*MC
Yes 7 (7.22%) 82 (84.54%) 8 (8.25%)

Alcohol consumption No 43 (6.54%) 594 (90.41%) 20 (3.04%) 0.002999*MC
yes 3 (4.29%) 59 (84.29%) 8 (11.43%)

Symptoms Asymptomatic 17 (5.31%) 299 (93.44%) 4 (1.25%) 0.002731*
Symptomatic 29 (7.13%) 354 (86.98%) 24 (5.9%)

Type of  isolation Home 2 (0.44%) 446 (98.45%) 5 (1.1%) 0.0004998*MC
Hospital 44 (16.06%) 207 (75.55%) 23 (8.39%)

Treatment given Antibiotics, Antivirals and steroids 6 (8.96%) 55 (82.09%) 6 (8.96%) 0.01549*MC
Antibiotics 2 (2.06%) 95 (97.94%) 0 (0%)
Antivirals 32 (6.49%) 444 (90.06%) 17 (3.45%)

*Signification 0.05, MC: Monte-Carlo’s simulation, A: ANOVA

Table 3: Multinomial logistic regression
Cured Vs

Complications Death
Intercept -8.255971 -7.9744
P <0.0001* <0.0001*
Age 0.02943 0.0182
P 0.0053* 0.1915
Co‑morbid disease (Reference No)

Yes 0.0577 1.4023
P 0.1758 0.0086*

Type of  Symptom (Reference Asymptomatic)
Symptomatic 0.8376 1.9335
P 0.03418* 0.0014*

Isolation type (Reference Home)
Hospital 4.1174 2.1782
P <0.0001* <0.0001*

Treatment given (Reference: Anti‑biotic, 
Anti‑viral therapy and Steroids)

Antibiotics -0.6857 ‑10.4583
P 0.4381 <0.0001*
Anti‑Viral therapy 1.1839 1.3528
P 0.0324* 0.0335*

*Signification 0.05
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governments have imposed several regulations to contain 
its spread. Despite the efforts it has led to 143355 deaths 
in India and 1605091 worldwide.[1,8] Thus the current 
study explores the profile of  covid positive patients, their 
clinical presentation, and outcomes to look for novelty and 
substantial heterogenicity of  illness across the world especially 
India.

Our study showed that mean age of  participants was 
41.12 ± 17.2 years similar to studies[2,5] done in India but 
differed from those done in China and Europe.[9,10] This shows 
that epidemiological presentation of  infection varies between 
geographical location. Majority of  them were between 21‑40 years 
age group among which 60% were males and rest were females. 
These results were similar to study done in tertiary care centre in 
India.[2,11] The mean duration of  hospital stay was 10.63 ± 4.26 days 
and the risk of  complications and death (P < 0.0004998*MC) 
significantly increased among hospitalized patients.

In all the studies[2,4,5,12,9,11] found till date fever is the most 
common symptom, the mean duration of  fever in our 
study was 6.18 ± 4.15 days and other symptoms include 
sore throat, cough, myalgia. About 6 participants reported 
loss of  smell/taste. It was found that The log odds of  
complications Vs cured increased by 0.8376 for the person 
with symptoms of  COVID‑19. The log odds of  death 
Vs cured also increased by 1.9335 for the person with 
symptoms of  COVID‑19.

In our study factors such as increase in age (P < 0.00001*A), 
posit ive family history of  NCD’s (P  < 0.00001*), 
c o ‑ m o r b i d i t i e s  ( P  <  0 . 0 0 0 5 * M C)  a n d  t h o s e  o n 
medication (P < 0.0004998*MC) have shown increased risk of  
complications among the participants. The most common 
co‑morbidity reported was hypertension in 5% and diabetes in 
3.4% and others had combination of  hypertension, diabetes and 
asthma which were in par with other studies.[2,5,6,11,13]

Nearly 68% have received antiviral therapy and were 
cured (P < 0.01549*MC). Rest of  them have received a 
combination of  antibiotics, antivirals, steroids, vitamin C, and 
zinc. We have also found that The log odds of  death Vs cured 
decreased by 10.4583 for the participants on Antibiotic treatment 
compared to anti‑biotic, anti‑viral therapy, and steroids which 
was similar to other study in Jakarta.[13]

With regard to our study subjects with previous history of  
medication (HR, 2.749; 95% CI 1.0774–7.015), and those 
who had symptoms (HR, 3.6446; 95% CI1.0280–12.921) were 
associated with increased risk of  death as compared to others. 
Nearly 38 participants had ICU admissions and required 
ventilator support among which few had developed pneumonia. 
Among 28 deaths recorded one of  them died of  liver failure 
and one more due to sepsis. These results were similar to other 
studies.[5,10,14]

Conclusion

To conclude though symptomatic COVID‑19 positive was 
found in 56% of  patients, they were less severe and improved 
with medication and deaths were found in 3.85% of  patients. 
Fever was noted in only 15.72% of  patients, gastrointestinal 
symptoms in 1.22% and respiratory symptoms in 14.74% 
of  patients. Participants with older age were significantly 
associated with complications and those with co‑morbidities 

Table 4: Cox proportional hazard models
Variable Co‑efficient Hazard ratio (CI) P

Medication Reference No
Yes 1.0113 2.7491 (1.0774-7.015) 0.0343*

Type of  
Symptoms

Reference Asymptomatic
Symptomatic 1.2932 3.6446 (1.0280‑12.921) 0.0452*

*Signification 0.05

Figure 1: (a) Forest plot of Hazard ratio
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were significantly associated with death on multinominal 
logistic analysis. A significant association was found between 
age, family history of  non‑communicable diseases, medication 
history habit of  smoking, alcohol consumption, type of  
symptoms, and treatment without outcomes. Controlling the 
spread of  COVID‑19 and reducing death as soon as possible 
requires contained control efforts especially at the grass‑root 
level.

Limitations
1. We could include only laboratory confirmed cases but 

suspected and undiagnosed cases were not included in our 
study

2. There are chances of  recall bias

Key messages and recommendation
This cross‑sectional study revealed that more than half  of  the 
participants were symptomatic. Among those who had proven 
risk factors such as increase in age with associated co‑morbidities 
had increased risk of  hospital isolation which in turn led to 
increased risk of  complications and death as compared to home 
isolates. Hence early detection and treatment of  the patients is 
required to prevent complications and deaths.

In any community as front line workers from primary health care 
setting are the first to come into contact with a positive case and 
are involved in isolation and management of  mild and moderate 
cases it is important to know the clinical profile and associated 
co‑morbidities in a case so that along with hand hygiene, wearing 
of  masks and social distancing those with co‑morbidities and 
elderly can be advised for reverse isolation.
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Abstract
·AIM: To compare the efficacy and visual results of the

modified Blumenthal and Ruit techniques for manual
small-incision cataract surgery (MSICS).

· METHODS: This was a prospective, non-randomized

comparison of 129 patients with senile cataracts scheduled to
undergo routine cataract surgery either a superior scleral
tunnel incision, , the Blumenthal technique (group 1, =
64) or a temporal scleral tunnel incision, , the Ruit
technique (group 2, =65). MSICS and intraocular lens
implantation were performed through an unsutured 6.5- to
7.0-mm scleral tunnel incision. Uncorrected and corrected
visual acuity, intraoperative and postoperative complications,
and surgically induced astigmatism calculated by simple
subtraction were compared. Patients were examined at 1 day,
1 week, 1 month, and 3 months after surgery.

·RESULTS: Both groups achieved good visual outcome with

minor complications. Three months after surgery, the
corrected visual acuity was 0.73 in the Blumenthal group and
0.69 in the Ruit group ( =0.29). The average (SD)
postoperative astigmatism was 0.87 (0.62) diopter (D) for the
Blumenthal group and 0.86 (0.62) D for the Ruit group. The
mean (SD) surgically induced astigmatism was 0.55 (0.45) D
and 0.50 (0.44) D for the Blumenthal and Ruit groups,
respectively ( =0.52). Common complications were minimal
hyphema and corneal edema. There was no statistically
significant difference in the complication rate between the
groups ( >0.05).

·CONCLUSION: In MSICS, both the Blumenthal and Ruit

techniques achieved good visual outcomes, with low
complication rates.

· KEYWORDS: cataract surgery; small-incision cataract

surgery; astigmatism; complication; visual acuity; Blumenthal
technique; Ruit technique
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INTRODUCTION

M anual small-incision cataract surgery (MSICS) is a
cost-saving procedure and is suitable for developing

countries [1]. In most cases, a phacoemulsification machine is
not required, and the cost of surgery can thus be reduced
further. Blumenthal elegantly described the use of an
anterior chamber maintainer (ACM) in extracapsular
cataract extraction and MSICS. This technique was
developed in 1987 and is highly effective and reproducible
for all grades of cataracts [2-4]. The Ruit technique, developed
in 1999, is also a well-known surgical procedure for the
treatment of cataract in developing countries [5,6].The surgical
time for the Ruit technique is much shorter than that for
phacoemulsification. Overall, MSICS is significantly faster,
less expensive, and less dependent on technology than
phacoemulsification [1]. In general, patients with senile
cataracts have an against-the-rule astigmatism [7,8]. Surgical
techniques that decrease postoperative against-the-rule
astigmatisms have good outcomes. The Ruit technique
(temporal scleral tunnel incision) should result in better
visual acuity in patients than would the Blumenthal
technique (superior scleral tunnel incision), although there
has been no reported comparative study about the visual
outcome of these 2 surgical techniques. I performed a
prospective, non-randomized clinical trial to compare the
visual results and complications of MSICS performed using
the Blumenthal technique versus the Ruit technique.
MATERIALS AND METHODS
Materials A non-randomized, prospective study of 129
consecutive patients with senile cataracts was performed.
Patients who could participate in the study for 3 months were
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enrolled from Jul. 2007 to May 2010. Initial screening
examinations consisted of tests for uncorrected visual acuity
(UCVA) and best-corrected visual acuity (BCVA), pupil and
slit-lamp examination, fundus examination, and intraocular
pressure measurements. Patients were scheduled to undergo
routine MSICS and intraocular lens (IOL) implantation. For
group 1 (64 patients), surgery was performed using the
Blumenthal technique, while for group 2 (65 patients), it was
performed using the Ruit technique. The average (SD)
patient age was 66.6依8.9 (range, 49-89) years. Patients with
a history of ocular surgery or disease that affected visual
results, such as glaucoma or corneal or retinal disorders,
were excluded from the study. The research protocol had
Institutional Review Board approval, and written informed
consent was obtained from each patient. Baseline
characteristics of the 64 patients in group 1 and 65 patients
in group 2 were comparable. The sample size of 129
corresponded to the number of patients who met the
inclusion criteria and participated in the study. No patients
withdrew from the trial.
Methods All surgeries were performed by a single surgeon
[P.K.], using local anesthesia. The surgeon had previous
experience in performing MSICS by both the Blumenthal
and Ruit techniques. Local peribulbar anesthesia was
administered with a mixture of 1mL of 20g/L lidocaine
(Xylocaine誖 ) and1mL of5g/L bupivacaine HCl (Marcaine誖 ).
A 6.5-mm PMMA lens was implanted in all cases.
In the modified Blumenthal technique (Mininuc), a 6.5- to
7-mm superior scleral tunnel incision was made with a
straight incision, 2mm from the limbus. Two side ports were
created at the 6 and 9 o'clock positions. An ACM was
inserted through the 6 o'clock side port. The bottle height
was maintained at least 90cm above the operating table to
produce sufficient infusion pressure to assist in delivery of
the nucleus. A continuous circular capsulorrhexis (CCC) was
performed on the anterior capsule, followed by
hydrodissection just below the capsular rim. Anterior cortical
debris was removed, and viscoelastic was injected into the
anterior chamber. The nucleus was dislocated into the
anterior chamber using 2 Sinskey hooks. The lens glide was
inserted below the nucleus [4]. Gentle pressure on the sclera
with forceps allowed the wound to open such that
hydrostatic pressure pushed the nucleus through the scleral
tunnel. The remaining cortex was removed with manual
irrigation-aspiration; a PMMA lens was implanted in the
capsular bag, and the ACM was removed. The incisions
were left sutureless, and stromal hydration was performed. If
wound leakage occurred, the wound was sutured with 1
stitch with prolene 10/0.
For the Ruit technique, a 6.5- to 7-mm temporal scleral

tunnel was created with a straight incision, 2mm from the
limbus. A side port was created to facilitate intraocular
manipulation. Capsulorrhexis and hydrodissection were
performed. Viscoelastic was injected around the nucleus, and
the nucleus was then dislocated into the anterior chamber.
An irrigating Simcoe cannula was inserted below the
nucleus, and the nucleus was then extracted through the
scleral tunnel. The remaining cortex was removed with
manual irrigation-aspiration, and a PMMA lens was
implanted in the capsular bag. Irrigation fluid was inserted
through the side port to test the integrity of the tunnel.
Patients in both groups received the same postoperative
medication regimen, beginning with 1% dexamethazone
acetate and 10g/L neomycin sulfate, 4 times a day; the
regimen was tapered over a month. Keratometric readings
and visual acuity were recorded preoperatively and at 1 day,
1 week, 1 month, and 3 months after the operation.
The primary outcome measures were postoperative visual
acuity and intraoperative and postoperative complications.
The secondary outcome measure was astigmatism 3 months
after cataract surgery. The Snellen visual acuity was
converted to decimal values for statistical calculations. The
amount of keratometric change was calculated by simple
subtraction.
Statistical Analysis Numerical data were compared
between groups using an unpaired, two-tailed Student's -
test and a Chi-square test; <0.05 was considered significant.
RESULTS
The preoperative visual acuity was similar in both groups

( =0.47), and both groups achieved good visual outcomes
(Table 1). The 2 groups showed no statistically significant
difference in UCVA or BCVA at the 1-week, 1-month, and
3-month follow-up examinations. At 3 months, BCVA was
0.73 in group 1 patients and 0.69 in group 2 patients ( =
0.29) The average 依SD preoperative keratometric
astigmatism was 0.59依0.46 diopter (D) in the Blumenthal
group and 1.05 依0.73D in the Ruit group. The average
postoperative astigmatism was 0.87 依0.62D for the
Blumenthal group and 0.86依0.62D for the Ruit group. The
mean surgically induced astigmatism calculated by simple
subtraction was 0.55 依0.45D and 0.50 依0.44D for the
Blumenthal and Ruit groups, respectively ( =0.52). Thirty-
two of 64 (50.0%) patients in the Blumenthal group and 36
of 65 (55.4%) patients in the Ruit group had astigmatism up
to 0.75D ( =0.81). The type of astigmatism is shown in
Table 2. Postoperatively, the Blumenthal group had slight
against-the-rule astigmatism, whereas the Ruit group
exhibited slight with-the-rule astigmatism.
Intraoperative and postoperative complications were rare in
both groups. There were no cases of posterior capsule

63



rupture, dropped nucleus, or suprachoroidal hemorrhage in
either group. The Blumenthal group had one case of a radial
tear in the capsulorrhexis, and the Ruit group, 2 cases.
Minimal postoperative corneal edema was observed in 3
cases in group 1 and 4 cases in group 2. With topical steroid
treatment, corneal edema decreased by day 5 in both groups.
There were 5 minor hyphemas in the Blumenthal group and
3 in the Ruit group, which spontaneously cleared within 4
postoperative days without intervention. Iris prolapse was
seen in only 3 cases in group 2. There was no statistically
significant difference in the complication rates between the
groups ( >0.05).
DISCUSSION
In developing countries, MSICS using the Blumenthal or
Ruit technique is well known as an appropriate surgical
procedure for the treatment of cataracts [1-6]. These techniques
are highly effective and reproducible for all grades of
cataracts. A study has demonstrated that MSICS is
significantly faster, less expensive, and less technologically
dependent than phacoemulsification, but there has not been a
study to compare the visual outcomes between these two
surgical techniques [1]. In the present comparative study of
129 patients with senile cataracts, both the Blumenthal and
Ruit techniques achieved good visual outcomes. The final
BCVA of 0.73 in the Blumenthal group was slightly better

than that of 0.69 in the Ruit group, but there was no
statistical significance between the 2 groups ( =0.29). The
average preoperative keratometric astigmatism was 0.59D in
the Blumenthal group and 1.05D in the Ruit group. The
average postoperative keratometric astigmatism was 0.87D
in the Blumenthal group and 0.86D in the Ruit group. The
mean surgically induced astigmatism was 0.55 and 0.50D for
the Blumenthal and Ruit groups, respectively ( =0.52).
These results are similar to those in a previous report
showing that a superior scleral incision was associated with
slight against-the-rule astigmatism, while a temporal scleral
incision was associated with slight with-the-rule
astigmatism [9,10]. The mean induced astigmatism calculated
by simple subtraction was 0.12 依0.51D, 0.16 依0.98D, and
0.67 依0.91D for the 6.0-, 6.5-, and 7.0-mm incisions,
respectively [11]. The current results indicate that a superior
scleral incision (Blumenthal technique) and a temporal
scleral incision (Ruit technique) result in very stable and
predictable astigmatic changes after surgery. A vector
analysis was not performed because the axis of keratometric
reading was not exactly recorded for each patient; further
analysis may cause inaccurate conclusions about astigmatic
changes.
Both groups had low complication rates without serious
complications such as a dropped nucleus, suprachoroidal
hemorrhage, or endophthalmitis. Common postoperative
complications were minimal corneal edema and hyphema,
which improved within 1 week without intervention. Ruit

[1] reported 29.6% cases of minimal hyphema after
MSICS; this percentage was 6.2% in our study. Another
study showed a higher incidence of hyphema in the case of a
deep scleral tunnel incision (34% ) than in the case of a
superficial scleral tunnel incision (6% ) [12]. The superficial
scleral tunnel (0.2mm) and adequate treatment with an
electric cautery to stop bleeding may have been the reason
for the low incidence of hyphema in this study. Iris prolapse
is usually seen with the Ruit technique because of the
hydrostatic pressure during nuclear removal. The lens glide
used during hydroexpression prevents iris prolapse in the
Blumenthal procedure. A major limitation of this study is
that the results are from a 3-month follow-up; a 1-year
follow-up is currently underway. Non-randomization was
used in this study, and preoperative keratometric readings in
the Ruit group were higher than those in the Blumenthal
group. Although the incidence of surgically induced
astigmatism was similar in both groups, this technical error
or bias may result in a smaller number of patients with good
postoperative visual acuity in the Ruit group. A further study
with randomization should be used to balance the study
groups in terms of the number of participants and the

Table 1  Characteristics of  129 patients who had undergone 
manual small-incision cataract  surgery          Mean±SD 
Variable Group 1 

(Blumenthal, n=64) 
Group 2 

(Ruit, n=65) 
Age(yr) 64.47±8.29 68.71±9.06 
Male(n,%) 32(50.0) 36(55.4) 
Preoperative BCVA 0.06±0.06 0.05±0.06 
UCVA   1wk 0.51±0.27 0.50±0.24 

1mo 0.61±0.25 0.61±0.26 
3mo 0.62±0.27 0.61±0.24 

BCVA   1wk 0.64±0.22 0.63±0.22 
1 mo 0.71±0.23 0.66±0.23 
3 mo 0.73±0.21 0.69±0.22 

Astigmatism   
Preoperative 0.59±0.46 1.05±0.73 

1mo 0.85±0.70 0.81±0.60 
3mo 0.87±0.62 0.86±0.62 

Astigmatism（Diopters）   
After surgery   

0-0.75 32(50.0) 36(55.4) 
1-1.75 27(42.2) 24(36.9) 
2-2.75 5(7.8) 5(7.7) 

 Table 2  Types of  astigmatism                    n(%) 
Operation n ATR WTR Neutral 
Pre     

Group1 64 43(67.2) 20( 31.4) 1(1.6) 
Group2 65 56(86.2) 8( 12.3) 1(1.6) 

Post(3mo)     
  Group1 64 51(79.7) 8( 12.5) 5(7.8) 

Group2 65 36(55.4) 28( 43.1)  1(1.6) 
ATR: Againt-the-rule astigmatism; WTR; With-the-rule astigmatism 
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distribution of baseline variables known to predict the
outcome.
MSICS is safe and effective for visual rehabilitation, as well
as less expensive and less technologically dependent than
phacoemulsification [1,13,14]. In contrast to the phacoemu-
lsification system, equipment for MSICS does not require an
initial capital investment or recurrent expenses. A
randomized controlled trial in India also found MSICS to be
more effective [15] and economical [16] than conventional
ECCE. In conclusion, an experienced surgeon can perform
MSICS by either the Blumenthal or Ruit technique to
achieve excellent visual outcomes, with low complication
rates. Both surgical techniques are appropriate for cataract
surgery in developing countries.
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IntroductIon

Acute respiratory failure (ARF) is a life‑threatening condition 
and continues to be one of the leading factors for admission 
of patients to intensive care unit (ICU).[1,2] The in‑hospital 
mortality due to ARF was 33%–37%, and the associated 
health‑care expenses were as high as US$54 billion annually 
in the US alone.[3,4] ARF is a key symptom of most cardiac 
and respiratory diseases such as cardiogenic pulmonary 
edema, chronic obstructive pulmonary disease (COPD), 
community‑acquired pneumonia and pulmonary embolism 
which themselves are associated with poor prognosis.[5]

The imaging technicalities incompatible with the ICU 
infrastructure along with the inconvenience caused to 
patients during chest radiography highlight the need for 
an alternative.[6] Bedside lung ultrasound as a point of 
care diagnostic is non‑invasive, easily repeatable, widely 
available, and suitable for the ICU environment.[7] Bedside 

Lung Ultrasound in Emergency (BLUE) protocol described 
by Lichtenstein and Meziere is becoming an emerging tool in 
critical care that can complement clinical evaluation, showing 
great promise especially for the dyspneic or hypoxemic 
patients.[8] By drastically curtailing the diagnosis time and 
providing clear evidence, the BLUE protocol can augment a 
diagnostician’s decision‑making during exigencies.[9]

Considering the multifarious nature of ARF and the vacuum in 
literature pertaining to efficiency and relevance of the BLUE 
protocol in a sizeable local population in India, this study 
was designed. The primary objective of this study was to 
establish diagnostic accuracy of bedside thoracic ultrasound in 
pulmonary edema, pneumothorax, COPD/asthma, pulmonary 
thromboembolism, pneumonia, and adult respiratory distress 
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syndrome (ARDS). In addition to which, parameters such 
as sensitivity, specificity, predictive values, and area under 
receiver operating characteristic (ROC) plot were also 
assessed.

Methods

This 1‑year cross‑sectional study was conducted at the 
department of radiodiagnosis in a tertiary care hospital and 
medical research center from January 2017 to December 
2017. Patients above 18 years of age admitted to ICU 
with ARF were included in the study. ARF is clinically 
characterized by a respiratory rate above 30 breaths/min or 
PaO2 <55 mm Hg or oxygen saturation <92% with pulse 
oximeter or PaCO2 >45 mm Hg with an arterial pH <7.3.[10] 
Exclusion criteria included patients with ARF of unusual 
etiology including chronic diffuse interstitial disease, 
fat embolism, tracheal stenosis, unidentified diagnosis 
posthospitalization, progression preventing conclusion, proven 
lung malignancy, and having required intubation before 
admission. A total of 130 patients fulfilling the selection criteria 
were studied. The calculated sample size was based on the 
prevalence rate of 28% for ARF among patients consecutively 
admitted to the ICU, in the 3 years preceding the study. Thus, 
a sample size of 130 subjects was obtained for this study. The 
ethical clearance was obtained from the institutional ethics 
committee (approval no. MDC/DOME/75 obtained on Oct. 
17th, 2016), before the initiation of the study. Written informed 
consent was acquired from patients or patient’s relatives.

The baseline data were recorded using a pro forma by a single 
observer to oversee the study. Clinical diagnosis was conducted 
by the ICU personnel, based on a respiratory rate exceeding 30 
breaths per min with deranged arterial blood gases. Laboratory 
tests such as TLC and blood culture were done to assess the 
infectious profile. Ultrasonography (USG) of the lungs was 
performed using a linear and curvilinear probe of ALPINON 
ECUBE i7 machine with patients in a semirecumbent position, 
or supine if intubated. In the case of dyspneic patients, an 
emergency ultrasound protocol was conducted to diagnose 
ARF and included a venous analysis in appropriate cases.

The ultrasound areas included in the BLUE protocol in a 
supine patient are the anterior chest wall (zone 1), lateral 
wall (zone 2), and posterolateral chest wall (zone 3) using a 
short probe, by moving the patient only minimally. Six areas 
of investigation are derived as each wall consists of upper 
and lower halves. The BLUE‑protocol connects signs and 
associates them with a specific location, thereby culminating 
in seven profiles, namely, A‑profile, A’‑profile, B‑profile, 
B’‑profile, C‑profile, A/B‑profile, and PLAPS‑profile. The 
A‑profile associates anterior lung‑sliding with A‑lines. 
The A’‑profile is an A‑profile with abolished lung‑sliding. The 
B‑profile associates anterior lung sliding with lung rockets. 
The B’‑profile is a B‑profile with abolished lung sliding. 
The C‑profile indicates lung consolidation. The A/B profile 
is a half A‑profile at one lung, a half B‑profile at another. 

The PLAPS‑profile connotes posterolateral alveolar and/or 
pleural syndrome.[1] The B‑profile (anterior interstitial disease 
and lung sliding) indicates pulmonary edema, whereas the 
B’‑profile  (lung sliding abolished) indicates pneumonia. The 
A/B profile (asymmetric anterior interstitial syndrome) and 
the C‑profile  (anterior consolidation) indicate pneumonia, 
as does the A‑profile  plus PLAPS. The A profile plus venous 
thrombosis indicates pulmonary embolism. A normal profile 
indicates COPD/asthma.[1] Conclusive diagnosis for all 
patients was established by clinical and radiological (computed 
tomography) examinations which is considered to be the gold 
standard for ARF and investigative (infectious profile, COPD 
by functional tests) data.[11] A radiologist with considerable 
experience compared the lung USG findings with the final 
diagnosis made by ICU team before the patient was discharged.

Diagnostic criteria for different types of acute respiratory 
failure
Two distinct criteria of the ultrasound profile were employed 
to detect pulmonary edema; criterion 1 consisted of observance 
of bilateral B3 lines and absence of lung sliding, and criterion 
2 consisted of observance bilateral B3 lines and presence of 
lung sliding.[1,12,13] With regard to detection of pneumothorax, 
three distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of absence of lung sliding, presence of 
A line, barcode sign, and lung point, criterion 2 consisted of 
absence of lung sliding, presence of A line, and barcode sign, 
and criteria 3 consisted of absence of lung sliding and presence 
of A line.[1,12,13] In regard to detection of COPD/asthma, two 
distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of observance of lung sliding and bilateral 
A lines, whereas criterion 2 consisted of absence of bilateral 
lung sliding and presence of bilateral A line.[1,12,13] In the case 
of pulmonary thromboembolism, a single distinct criterion 
of the ultrasound profile was employed; criterion 1 consisted 
of observance bilateral A Lines, bilateral lung sliding, and 
deep venous thrombosis.[1,12,13] For detecting pneumonia, 
four distinct criteria of the ultrasound profile were employed; 
criterion 1 consisted of presence of B7 lines, absence of 
consolidation, and presence of lung sliding; criterion 2 
consisted of presence of B7 lines, absence of consolidation, 
and absence of lung sliding; criteria 3 consisted of observance 
of consolidation and B7 lines; and criterion 4 consisted of 
observance of consolidation, bilateral A line, and absence of 
B lines.[1,12,13] In reference to diagnosis of ARDS, two distinct 
criteria of the ultrasound profile were employed; criterion 1 
consisted of observance of bilateral lung sliding and bilateral 
B3 lines, whereas criterion 2 consisted of bilateral lung sliding, 
bilateral B3 lines, and consolidation.[1,12,13]

Statistical analysis of the collected datasets was done using 
R software version 3.6.1 and Microsoft Excel. Categorical 
variables were expressed in the form of frequencies. 
Continuous variables were presented as mean ± standard 
deviation values. The standard criteria for various respiratory 
disorders were compared using sensitivity, specificity, area 
under ROC curve, and diagnostic accuracy.
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results

Out of the 130 enrolled patients, 83 were male. The mean age 
was 49.28 ± 14.9 years among the cohort of 46.70–51.87 years. 
Breathlessness was the chief complaint (56.15%) followed by 
cough with fever (25.38%). Other ancillary symptoms noted 
include cough (7.69%), cough with breathlessness (6.15%), 
cough with sputum (1.54%), fever with breathlessness (1.54%), 
fever (0.77%), and hemoptysis (0.77%). Pneumonia was the 
most common cause of ARF observed in this study, followed by 
pulmonary edema, COPD/Asthma, pneumothorax, pulmonary 
thromboembolism, and ARDS.

Subjects with criteria 2 were 6.87 times more likely to have 
pulmonary edema. A substantial agreement between criteria 
2 and the final diagnosis regarding pulmonary edema was 
observed as per Cohen’s kappa [Table 1]. An almost perfect 
agreement was noted between USG findings and final 
diagnosis. The BLUE protocol had an overall diagnostic 
accuracy of 95.38% in the diagnosis of pulmonary edema.

No differences emerged between criteria 2, USG, and 
the final diagnosis in the classification of pneumothorax 
[Table 1 and Figure 1]. An almost perfect agreement and 
substantial agreement were noted between criteria 1 and criteria 
2 with final diagnosis, respectively.

In comparison to criteria 1 and 2 for COPD diagnosis, 
the BLUE protocol had a higher diagnostic accuracy of 
96.92% [Table 2]. In the case of pulmonary thromboembolism, 

Table 1: Confusion matrix for ultrasound profiles used in diagnosing pulmonary edema and pneumothorax

Type of acute 
respiratory 
failure

Diagnostic 
criteria

Final 
diagnosis

Sensitivity 
(%)

Specificity 
(%)

Positive 
predictive 
value (%)

Negative 
productive 
value (%)

Area under 
ROC curve

Kappa 
coefficient

Diagnostic 
accuracy (%)

Yes No
Pulmonary 
edema

Criteria 1*
Yes 0 0 0 (0.13) 100 (96‑100) ‑ 79 (71‑86) ‑ ‑ 78.46
No 28 102

Criteria 2
Yes 28 14 100 (88‑100) 86 (78‑92) 67 (50‑80) 100 (96‑100) 0.8333 

(0.7612‑0.9055)
0.7303 89.23

No 0 88
USG

Yes 28 6 100 (88‑100) 94 (88‑98) 82 (65‑93) 100 (96‑100) 0.9118 
(0.8467‑0.9768)

0.8733 95.38
No 0 96

Pneumothorax Criteria 1*
Yes 15 0 88 (64‑99) 100 (97‑100) 100 (78‑100) 98 (94‑100) 0.9913 

(0.9793‑1)
0.9287 98.46

No 2 113
Criteria 2

Yes 17 0 100 (80‑100) 100 (97‑100) 100 (80‑100) 100 (97‑100) 1 1 100
No 0 113

Criteria 3*
Yes 17 4 100 (80‑100) 96 (91‑99) 81 (58‑95) 100 (97‑100) 0.9048 

(0.8187‑0.9908)
0.877 96.92

No 0 109
USG

Yes 17 0 100 (80‑100) 100 (97‑100) 100 (80‑100) 100 (97‑100) 1 1 100
No 0 113

*ROC curve, kappa value, positive likelihood ratio, positive predictive value could not be calculated for above criteria 1 because it has only one category. 
ROC: Receiver operating characteristic, USG: Ultrasonography

a perfect agreement was observed between criterion 1 and the 
BLUE protocol as per kappa test results, with an equivalent 
diagnostic accuracy of 99.23% [Table 2].

As depicted by Table 3, in the pneumonia cases, criterion 
2 performed better than other criteria. Kappa coefficient 
indicated that their substantial agreement was present between 
criteria 3 and final diagnosis, whereas criteria 1, 2, and 4 were 
in fair agreement with the final diagnosis. An almost perfect 
agreement between USG diagnosis and final diagnosis was 
determined by the kappa coefficient.

Among cases of ARDS, there was a substantial agreement 
between criteria 2, and USG each with the final diagnosis. A 
fair agreement was seen between criteria 1 and final diagnosis 
according to Kappa test results [Table 3 and Figure 2].

dIscussIon

The modality chosen for the diagnosis of ARF in adults is 
not only contingent on the clinical presentation but also 
on the available resources and patient’s medical status, 
which significantly affects the feasibility of examining lung 
disorders.[14]

In this study, patients were aged between 18 and 81 years 
and the chief complaint noted at the time of admission 
was breathlessness. The primary clinical diagnosis among 
most patients was found to be pneumonia. These findings 
are in consonance with the research done by Wallbridge 
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et al., wherein 17 out of 50 patients were diagnosed with 
pneumonia.[15] Breathlessness is one of the most common 
and telling symptoms of pneumonia; however, it can also be 

a result of myriad of other factors.[16] With a mortality rate of 
5%–10%, the accurate and timely diagnosis of pneumonia 
becomes imperative.[16]

Table 2: Comparison of ultrasound profiles used for diagnosing chronic obstructive pulmonary disease/asthma and 
pulmonary thromboembolism

Type of acute 
respiratory 
failure

Diagnostic 
criteria

Final 
diagnosis

Sensitivity 
(%)

Specificity 
(%)

Positive 
predictive 
value (%)

Negative 
productive 
value (%)

Area under 
ROC curve

Kappa 
coefficient

Diagnostic 
accuracy (%)

Yes No
COPD/asthma Criteria 1*

Yes 13 17 76 (50‑93) 85 (77‑91) 43 (25‑63) 96 (90‑99) 0.6967 
(0.6044‑0.7889)

0.4636 83.85
No 4 96

Criteria 2
Yes 3 1 18 (4‑43) 99 (95‑100) 75 (19‑99) 89 (82‑94) 0.8194 

(0.5729‑1)
0.2482 88.46

No 14 112
USG

Yes 14 1 82 (57‑96) 99 (95‑100) 93 (68‑100) 97 (93‑99) 0.9536 
(0.8667‑1)

0.2482 96.92
No 3 112

Pulmonary 
thromboembolism

Criteria 1*
Yes 12 0 92 (64‑100) 100 (97‑100) 100 (74‑100) 99 (95‑100) 0.9958 

(0.9875‑1)
0.95575 99.23

No 1 117
USG

Yes 12 0 92 (64‑100) 100 (97‑100) 100 (74‑100) 99 (95‑100) 0.9958 
(0.9875‑1)

0.95575 99.23
No 1 117

ROC: Receiver operating characteristic, USG: Ultrasonography, COPD: Chronic obstructive pulmonary disease. *ROC curve, kappa value, positive 
likelihood ratio, positive predictive value could not be calculated for above criteria 1 because it has only one category

Table 3: Comparison of ultrasound profiles used for diagnosing pneumonia and acute respiratory distress syndrome

Type of acute 
respiratory 
failure

Diagnostic 
criteria

Final 
diagnosis

Sensitivity 
(%)

Specificity 
(%)

Positive 
predictive 
value (%)

Negative 
productive 
value (%)

Area under 
ROC curve

Kappa 
coefficient

Diagnostic 
accuracy (%)

Yes No
Pneumonia Criteria 1

Yes 3 1 8 (2‑22) 99 (94‑100) 75 (19‑57) 73 (64‑81) 0.7401 
(0.492‑0.9881)

0.0961 73.08
No 34 92

Criteria 2
Yes 3 0 8 (2‑22) 100 (96‑100) 100 (29‑100) 73 (65‑81) 0.8661 

(0.8275‑0.9048)
0.112 73.85

No 34 93
Criteria 3

Yes 26 12 70 (53‑84) 87 (79‑93) 68 (51‑82) 88 (80‑94) 0.7823 
(0.7004‑0.8643)

0.569 82.31
No 11 81

Criteria 4
Yes 5 2 14 (5‑29) 98 (92‑100) 71 (29‑96) 74 (65‑81) 0.7271 

(0.5422‑0.9119)
0.15 73.85

No 32 91
USG

Yes 37 8 100 (91‑100) 91 (84‑96) 82 (68‑92) 100 (96‑100) 0.9111 
(0.8546‑0.9676)

0.858 93.85
No 0 85

Acute 
respiratory 
distress 
syndrome

Criteria 1*
Yes 13 17 76 (50,93) 85 (77‑91) 43 (25‑63) 96 (90‑99) 0.6967 

(0.6044‑0.7889)
0.4636 77.69

No 4 96
Criteria 2

Yes 3 1 18 (4‑43) 99 (95‑100) 75 (19‑99) 89 (82‑94) 0.8194 
(0.5729‑1)

0.2482 94.62
No 14 112

USG
Yes 14 1 82 (57‑96) 99 (95‑100) 93 (68‑100) 97 (93‑99) 0.9536 

(0.8667‑1)
0.2482 95.38

No 3 112
ROC: Receiver operating characteristic, USG: Ultrasonography. *ROC curve, kappa value, positive likelihood ratio, positive predictive value could not be 
calculated for above criteria 1 because it has only one category
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In this study, 28 patients were finally diagnosed with pulmonary 
edema. The BLUE protocol diagnosis made at admission 
displayed good agreement with the final diagnosis with a 
diagnostic accuracy of 95.38% for pulmonary edema. Anterior 
predominant bilateral B3 lines with absent A lines (B‑profile) 
were observed in all 28 cases. B‑profile with preserved 
lung sliding had a sensitivity of 100.0% for the detection of 
pulmonary edema with a specificity of 94% and diagnostic 
accuracy of 89.23% in good agreement with a study conducted 
by Lichtenstein and Meziere,[1] which showed a sensitivity of 
97% and specificity of 95%. All patients with pulmonary edema 
had preserved lung sliding, and thus absence of lung sliding had 
100% specificity in ruling out pulmonary edema. The B‑profile 
characterizes pulmonary edema with high accuracy.[1]

In the present study, 17 patients were finally diagnosed with 
pneumothorax. The BLUE protocol diagnosis made at admission 
had a perfect agreement with final diagnosis along with a 
diagnostic accuracy of 100% in the case of pneumothorax. Chest 
X‑ray detected pneumothorax in 11 cases; thus, ultrasound had 
a greater diagnostic accuracy in detecting pneumothorax. In the 
current study, abolished anterior lung sliding was associated 
with anterior‑predominant A lines and barcode sign was seen in 
all pneumothorax cases, correlating with a study conducted by 
Lichtenstein and Menu, demonstrating absence of lung sliding 
in all patients diagnosed with pneumothorax.[17] The presence 
of lung point was noted in 15 cases, with sensitivity of 88.2% 
and specificity of 100%, similar to a study by Lichtenstein et al., 
which reported a sensitivity of 79% and specificity of 100%.[18] 
A study by Raimondi et al. detected a higher sensitivity and 
specificity of 100% among A’‑profile  and lung point.[19]

The absence of both lung sliding and B lines was seen in all 
cases of pneumothorax, thereby producing a specificity of 

100%; however, the same profile can rarely be seen in COPD 
and thus it had a slightly lower specificity of 99%. COPD and 
asthma are bronchial diseases assumed to yield a normal lung 
surface. COPD formed the diagnosis for 17 patients, out of 
which in 13 cases, anterior‑predominant bilateral A lines with 
lung sliding and no PLAPS were observed. In three cases, the 
same pattern with abolished lung sliding (without lung point) 
was seen. Anterior‑predominant bilateral B lines were present in 
one case, and PLAPS was seen in 2 cases. Predominant anterior 
A lines without PLAPS and with lung sliding (normal profile) 
had a sensitivity of 76% and specificity of 85%, in correlation 
to a study by Ghanem et al. who found A‑profile to have 86% 
sensitivity and 96% specificity.[20] Lichtenstein and Meziere 
also reported a comparable sensitivity of 89% and specificity 
of 97%.[1] In the current study, BLUE protocol had an overall 
diagnostic accuracy of 96.92% in the diagnosis of COPD. 
X‑ray had a diagnostic accuracy of 100% in the diagnosis of 
COPD.

In this study, 13 patients were diagnosed with pulmonary 
thromboembolism. None of the patients with anterior 
interstitial patterns had pulmonary embolism. All patients had 
anterior‑predominant A lines with lung sliding. Twelve patients 
had venous thrombosis. Predominant anterior bilateral A lines 
plus venous thrombosis criterion had a sensitivity of 92% and 
specificity of 100%, correlating with a study conducted by 
Lichtenstein and Meziere, demonstrating a sensitivity of 81% 
and specificity of 99%.[1] There was a good agreement with 
BLUE protocol diagnosis, with an overall diagnostic accuracy 
of 99.23% ultrasound, correlating with a study by Silva et al., 
which showed a diagnostic accuracy of 0.81 ± 0.17.[2]

Among the study cohort, 42 patients who presented with 
ARF were finally diagnosed to have pneumonia. Patients 

Figure 1: Ultrasound and chest X‑ray of a female patient aged 
about 50 years presenting with sudden onset of breathlessness, 
postbronchoscopy. (a) A lines and barcode sign in the ultrasound of the 
right lung and (b) right peripheral radiolucent area in the chest X‑ray with 
no vascular markings consistent with right pneumothorax. A male patient 
presenting with hemoptysis: (c) A lines in the right lung ultrasound and 
(d) superficial femoral vein thrombus in Doppler of the left leg

dc

ba

Figure 2: Ultrasound of the left lung of male patient aged 62 years 
presenting with cough and breathlessness: (a) Normal B lines and 
(b) consolidation in the lung. A female patient aged 48 years presenting 
with breathlessness: (c) Diffuse bilateral B lines in left lung ultrasound 
and (d) homogenous opacities in bilateral lower zones and perihilar 
opacities in the chest X‑ray indicating acute respiratory distress syndrome
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with pneumonia in this study presented with various profiles 
as described below.

B-profile  (preserved lung sliding + B 7 lines)
This profile had a sensitivity of 8% and specificity of 99% in 
diagnosing pneumonia, which was similar to a study conducted 
by Lichtenstein and Meziere, who reported a sensitivity of 
14.5% and specificity of 100%.[1]

B’-profile  (abolished lung sliding + B 7 lines)
This profile had a low sensitivity of 8%, but specificity of 
100% for the diagnosis of pneumonia. This is in congruence 
to the findings of Lichtenstein and Meziere who found the 
sensitivity and specificity of the B’‑profile to be 11% and 
100%, respectively.[1] Similarly, a study by Agmy et al. reported 
a specificity of 100%.[21]

Consolidation profile (consolidation + B 7 lines)
The presence of consolidation had a higher sensitivity of 
70% and specificity of 87% in the diagnosis of pneumonia. 
The presence of focal B lines is explained by the presence of 
fluid due to inflammatory changes. In a study conducted by 
Nazerian et al., consolidation profile had a sensitivity of 82.8% 
and specificity of 95.5%.[22] Agmy et al. also demonstrated this 
profile to have a sensitivity of 81% and specificity of 100%.[21]

Consolidation + A-profile 
This profile had a sensitivity of 14% and specificity of 98%. 
In a study conducted by Lichtenstein and Meziere, this profile 
had a sensitivity of 42% and specificity of 96%.[1]

The diagnostic accuracy of the four characteristic signs of 
pneumonia was lower than 93.85% accuracy rate of the 
bedside lung ultrasound. The sensitivity and specificity of the 
BLUE protocol in diagnosing pneumonia noted by the present 
study are similar to the corresponding values of 88% and 90% 
reported by Dexheimer Neto et al. Correlation between the two 
studies differing in sample sizes further reinforces the validity 
bedside lung ultrasound as an effective diagnostic tool for 
pneumonia in the ICU.[8]

All 13 patients diagnosed with ARDS presented with bilateral 
symmetrical B lines and preserved lung sliding in our study. 
Bilateral lung sliding + bilateral symmetrical B lines had 
a sensitivity of 100% in the diagnosis of ARDS; however, 
similar pattern also indicated pulmonary edema and thus had 
a lower specificity of 75% in the diagnosis of ARDS. Out of 
the 13 patients, 7 patients also had consolidation along with 
preserved lung sliding and bilateral symmetrical B lines; thus, 
this pattern had a specificity of 99%. However, it showed a 
lower sensitivity (54%) in the diagnosis of ARDS. BLUE 
protocol had a low sensitivity (54%) in the diagnosis of ARDS; 
however, it had a high specificity (100%) and diagnostic 
accuracy (95.38%). In a study conducted by Leblanc et al., 
USG had a sensitivity of 58% and specificity of 96%.[23]

Several recent studies have expounded the use of bedside 
lung ultrasound in detecting an omnibus of COVID‑19 
complications in a timely manner, while precluding 

contamination and radiation risks. Amidst a raging pandemic 
that targets the respiratory tract, it becomes exponentially 
crucial to delineate the use and diagnostic accuracy of 
beside lung ultrasound in mapping the myriad presentation 
of ARF.[24‑27] With the limited infrastructural and financial 
resources of many affected regions worldwide, reliance on 
bedside lung ultrasound can go a long way in tiding over 
this health crisis.[27]

Use of ultrasound has been greatly increasing in critically 
ill patients. There are multiple advantageous like quick 
examinations by the bedside to answer specific clinical queries, 
no need to move the patients to ICU, and reduced exposure 
to ionizing radiation.[28] Ultrasound technique has found 
several applications in pre‑hospital setting, one of them is 
aeromedical transport. Ultrasound technique has the potential 
to collaborate the in‑hospital physicians to get ready for the 
trauma patients and to recognize intra‑peritoneal bleeding 
in the field. Ultrasound technique can be helpful in military 
situations and disasters for patients’ triage, as well as the 
rapid assessment. One research involving adult population 
concluded that critical care ultrasound can be successfully used 
for discovering the nontraumatic pneumothorax. Furthermore, 
critical care ultrasound is often performed before paracentesis 
for identification of optimal needle insertion point and depth, 
as well as for recognition of ascites.[29]

Few limitations of this study include possibility of interoperator 
discrepancies and missed opportunity of including pleural 
effusion as a distinct category, an important contributor 
to ARF. Furthermore, ARDS and severe pneumonia were 
not differentiated clinically, which is an important aspect. 
Nevertheless, this study is noteworthy in its attempt to 
replicate results in a reasonable sample size of a wide age 
range and delineated representation of almost all profiles 
outlined in the BLUE protocol with respect to the Indian 
scenario. The often‑elusive pulmonary embolism was also 
aptly detected by the ultrasound in the presence of deep vein 
thrombosis. Lung ultrasound was also useful in differentiating 
pulmonary edema and ARDS. These findings will help in 
providing a comprehensive understanding of the bedside 
lung ultrasound’s diagnostic accuracy across multiple forms 
of ARF.

conclusIon

Based on the observations, this study infers that the BLUE 
protocol is a feasible tool, convenient for ICU usage, and 
imperative for the immediate diagnosis of conditions 
manifesting as ARF. Future studies can explore the efficiency 
of bedside ultrasound in patients with multiple ARF diagnoses 
in monocentric experimental design.
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Objectives: The growing prevalence of dementia, especially in low- and middle-income

countries (LMICs), has raised the need for a unified cognitive screening tool that can

aid its early detection. The linguistically and educationally diverse population in India

contributes to challenges in diagnosis. The present study aimed to assess the validity

and diagnostic accuracy of the Indian Council of Medical Research-Neurocognitive

Toolbox (ICMR-NCTB), a comprehensive neuropsychological test battery adapted in five

languages, for the diagnosis of dementia.

Methods: A multidisciplinary group of experts developed the ICMR-NCTB based on

reviewing the existing tools and incorporation of culturally appropriate modifications.

The finalized tests of the major cognitive domains of attention, executive functions,

memory, language, and visuospatial skills were then adapted and translated into five

Indian languages: Hindi, Bengali, Telugu, Kannada, and Malayalam. Three hundred

fifty-four participants were recruited, including 222 controls and 132 dementia patients.

The sensitivity and specificity of the adapted tests were established for the diagnosis

of dementia.

Results: A significant difference in the mean (median) performance scores between

healthy controls and patients with dementia was observed on all tests of ICMR-NCTB.

The area under the curve for majority of the tests included in the ICMR-NCTB ranged from

0.73 to 1.00, and the sensitivity and specificity of the ICMR-NCTB tests ranged from 70

to 100% and 70.7 to 100%, respectively, to identify dementia across all five languages.
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Conclusions: The ICMR-NCTB is a valid instrument to diagnose dementia across

five Indian languages, with good diagnostic accuracy. The toolbox was effective in

overcoming the challenge of linguistic diversity. The study has wide implications to

address the problem of a high disease burden and low diagnostic rate of dementia in

LMICs like India.

Keywords: dementia, Alzheimer’s disease, vascular dementia, neuropsychological assessment, cross cultural

validation, India, ICMR-NCTB

INTRODUCTION

Dementia, a neurocognitive syndrome that affects the ability to
perform everyday activities, has become a major health crisis
worldwide, and research priorities that are aimed at reducing
its global disease burden are a priority (1, 2). There has been a
significant rise in the numbers of elderly people with dementia,
especially in developing regions of the world (3–5). Of the 47
million people living with dementia globally, about 63% of these
currently live in low- and middle-income countries (LMICs) (5–
7). These figures are projected to further increase to 82 million
by 2030 and 152 million by 2050, particularly in China, India,
and Latin America (2, 8, 9). In India itself, there are at least 5.29
million people living with dementia currently, and this number
is expected to double by 2035 (6). The prevalence of undetected
dementia is also significantly high globally. It is estimated to
be currently at 61.7%, with India and China having a higher
proportion compared to Europe and the USA (10).

There are various barriers to the diagnosis of dementia
in LMICs. Major factors include low awareness, inadequate
healthcare resources, and scarcity of diagnostic tools that are
culturally and linguistically valid (1, 8, 11). As a result, both
under-detection and overdiagnosis of dementia are possible
(11, 12). Hence, it is important that reliable diagnostic
tools and instruments are developed that are culturally,
educationally, and linguistically valid and can help in early
and accurate diagnosis (12, 13). Additionally, the use of
diagnostic tests that can be harmonized with future global studies
is crucial. There have been some efforts toward developing
comprehensive neuropsychological test batteries for use in
various languages such as 10/66 global dementia studies (14),
the Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuropsychological battery (15), the NIMHANS
neuropsychological battery for the elderly (16), the Spanish
English Neuropsychological Assessment Scales (SENAS) (17),
and the international harmonization standards proposed by
the National Institute of Neurological Disorders and Stroke
(NINDS) and the Canadian Stroke Network (CSN) (18, 19).
However, except for the studies by 10/66 dementia research
groups, majority have been conducted in the developed world.

A significant amount of variance has been detected in the
prevalence rate of dementia in India, a country with a large and
diverse population (6, 7, 20–25). Variability in sociodemographic
factors; genetic, protective, and risk factors; and methodological
factors could account for these differences. To unravel the

complex nature of dementia, research priorities to examine such
large variations in dementia detection should be set, particularly
in LMICs (26).

Variability in dementia-screening instruments and the use of
different diagnostic methods and criteria contribute significantly
to regional variability in reported dementia prevalence. To
accurately establish the incidence or prevalence rates of
dementia that are comparable across diverse populations, it
is crucial that diagnostic instruments are harmonized by
developing standardized procedures that are sensitive toward
linguistic, educational, and cultural variability in populations
(3). Additionally, efforts should also be made to increase
the availability and ease of accessibility of these diagnostic
instruments across the societies that are limited in resources.
Another major barrier to effective management is a delay
in early detection and treatment due to the scarcity of
skilled professionals. Training more personnel on standardized
diagnostic tools will also be necessary for effective management.
These challenges exist not only for the diagnosis, treatment, and
care of dementia but also for a majority of other mental health
conditions (27).

To overcome these major barriers, a multidisciplinary
group of neurologists, neuropsychologists, speech and language
pathologists, and experts from related fields collaborated on
a project funded by the Indian Council of Medical Research
(ICMR) (http://icmr.nic.in). The efforts put forth by the
group focused upon development, adaption, and validation
of a comprehensive cognitive and functional test, the ICMR-
Neurocognitive Toolbox (ICMR-NCTB) protocol, in five Indian
languages (Hindi, Bengali, Telugu, Kannada, and Malayalam)
with sensitivity toward different literacy levels across India
(28). This test battery was developed to screen and diagnose
dementia and mild cognitive impairment in the early stages,
across the country (29), and to be suitable for conducting
global collaborative research in cognitive disorders (28). The
ICMR-NCTB has been validated for the diagnosis of MCI in
the Indian context and demonstrated a good sensitivity of
81.1% and specificity of 88.8% to diagnose all-cause MCI (29).
The usefulness of the ICMR-NCTB to diagnose dementia in
the context of India requires to be established (30). In the
background of a high burden of dementia due to Alzheimer’s
disease (AD) and vascular dementia (VaD) in India, the present
study aimed to determine the validity of the ICMR-NCTB for the
diagnosis of dementia in the context of linguistic heterogeneity
in India.

Frontiers in Neurology | www.frontiersin.org 2 October 2021 | Volume 12 | Article 661269

http://icmr.nic.in
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Verma et al. Validation of ICMR-NCTB for Dementia

METHODS

The ICMR established a collaboration between six academic
institutions representing different linguistic states of India
to develop and validate a cognitive test battery, to diagnose
dementia in a standardized manner. Six centers that participated
in this study are (1) Nizam’s Institute of Medical Sciences
(NIMS), Hyderabad, for Telugu and Hindi (the coordinating
center); (2) All India Institute of Medical Sciences (AIIMS),
Delhi, for Hindi; (3) Sri Chitra Tirunal Institute of Medical
Science and Technology (SCTIMST), Trivandrum, for
Malayalam; (4) National Institute of Mental Health and
Neurosciences (NIMHANS) and Manipal Hospital, Bangalore,
for Kannada; (5) Jawaharlal Nehru Medical College, Belgaum,
for Kannada; and (6) Apollo Gleneagles, Kolkata, for Bengali.
A multidisciplinary expert group collaborated toward the
development of the ICMR Neurocognitive Toolbox (ICMR-
NCTB) in five Indian languages (Hindi, Bengali, Telugu,
Kannada, and Malayalam), to standardize the diagnosis of
dementia in India (28).

The adaptation and validation involved a systematic process
that included a review of existing international and national
efforts at standardizing dementia diagnosis to identify culturally
appropriate tests for the Indian context, adaptation for its use in
five Indian languages and for both literates and illiterates, and
validation in a cohort of individuals with normal cognition, mild
cognitive impairment, and dementia across the multiple centers.
This process has been detailed in an earlier report (28).

The ICMR-NCTB consisted of a range of tests that evaluate
the major cognitive domains: (a) tests of cognition for the various
domains of attention-executive functions: Trail Making Test A
& B (TMT A & B) (31) and Category Fluency (32); memory:
Verbal Learning Test—Total Learning and Delayed Recall
(VLT—TL & DR) (33) and Modified Taylor Complex Figure
Test—Delayed Recall (MTCF—DR) (34); and language (Picture
Naming Test-PNT) and visuospatial skills (Modified Taylor
Complex Figure test—Copy); and (b) questionnaires on behavior
and functional activities: Geriatric Depression Scale (GDS)
(35), Instrumental Activities of Daily Living—Elderly (IADL-
E) (36), Neuropsychiatric Inventory (NPI) (37), Informant
Questionnaire on Cognitive Decline in Elderly (IQCODE) (38),
and RAND Short Form Health Survey (RAND SF-36) (39). A
uniform protocol for the diagnosis of normal cognition and
dementia due to neurodegenerative diseases was followed in all
five centers (28).

Patients were recruited from out-patient services of
neurology, geriatric, and internal medicine clinics of the
participating hospitals, and healthy controls were randomly
drawn from senior citizen centers, community outreach services,
and healthy relatives of patients in the clinics. The detailed
demographic, cognitive, and medical history of participants
was collected to determine the eligibility for participation.
Participants who fulfilled the following inclusion criteria
for healthy controls were recruited: individuals >40 years
and consented to participate; individuals with no history
of head injury, infections, stroke, and other neurological,
systemic, medical, or psychiatric disorders that can cause

cognitive impairment; and those with no significant hearing
or visual impairments that could interfere with the testing.
A standard and harmonized case record form was used to
collect sociodemographic information and neurocognitive and
functional data.

An experienced cognitive neurologist evaluated all subjects,
and experienced psychologists administered the gold standard
tests on all the participants. Participants without any subjective
cognitive complaints and scored normally on Addenbrooke’s
Cognitive Examination-III (ACE-III), Clinical Dementia Rating
(CDR), Rey Auditory Verbal Learning Test (RAVLT), and Color
Trails Test (CTT) were considered as healthy controls (28, 29).
Participants with dementia were diagnosed based on clinical
evaluation and the presence of impaired cognitive functions, as
indicated by their scores on ACE-III (40) and CDR (28, 41).
The dementia diagnosis was done based on the standard DSM-
IV criteria (42). Patients were further classified into dementia
subtypes: ADwas diagnosed in patients who fulfilled the NIA-AA
criteria for probable and possible AD (43), vascular dementia was
diagnosed in patients who fulfilled the NINDS-AIREN criteria
(44), and FTD was diagnosed based on the criteria by Rascovsky
et al. (45). Persons diagnosed to have MCI were excluded from
this study. The diagnosis of MCI was made based on the
modified Petersen criteria (46). The recruited participants were
subsequently administered with the complete ICMR-NCTB by
a team of psychologists and clinicians who were blind to the
diagnosis. The research ethics committee of all the participating
centers approved the study, and consent was obtained from all
the participants and their family caregivers.

Statistical Analysis
To compare the demographic data and neuropsychological test
scores of patients with dementia and controls, an independent
sample t-test for normally distributed continuous data or
Mann—Whitney U-test for non-normal data, χ2 tests or Fisher’s
exact tests for categorical data, and trend test for ordinal data
were used as appropriate. The test scores were represented in
mean and standard deviation except TMT A & B scores, which is
represented in median and interquartile range due to variability
in the scores in the dementia group. The external validity of the
battery was determined by the receiver operating curve (ROC)
using the area under the curve (AUC). The optimum cutoff scores
were established with corresponding sensitivity and specificity
levels. All statistical analyses were performed using SPSS Statistics
for Windows, version 23.0.

RESULTS

A total of 1,141 participants were recruited that included 991
controls and 185 patients with dementia. After matching the
groups for age, education, and gender, 354 participants (222
controls and 132 patients with dementia) were included for
further analysis. The patients were diagnosed as Alzheimer’s
disease (AD), vascular dementia (VaD), and frontotemporal
Dementia (FTD): AD−65, VaD−45, and FTD−22. The mean
age of the healthy controls and patients with dementia was
65 years and 66 years, respectively. Participants were from
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both urban and rural backgrounds: 71% were controls and
77% of patients were urban dwellers. Out of 132 patients with
dementia, 61 (46.30%) reported to have very mild dementia,
47 (35.60%) mild dementia, 18 (13.60%) moderate, and 6
(4.50%) severe on the Clinical Dementia Rating Scale (CDR).
Because of the heterogeneity in demographic characteristics in
the overall cohort, language-wise analysis was conducted (Hindi:
controls−40, dementia−20; Bengali: controls−45, dementia−29;
Telugu: controls−45, dementia−33; Kannada: controls−57,
dementia−15; and Malayalam: controls−35, dementia−35). The
demographic characteristics and cognitive test scores on ACE-
III of healthy controls and patients with dementia are presented
in Table 1. Both healthy controls and dementia patient groups
were matched for age, education, and gender in all the language
groups. Healthy controls performed significantly better on ACE-
III than patients with dementia [t (330) = 18.87, p < 0.001) in all
the five language groups.

A significant difference in the mean (median) scores between
healthy controls and patients with dementia was observed on
all the tests of ICMR-NCTB (Table 2). Dementia patients took
more time on TMT A & B and scored lower on category
fluency than healthy controls in five Indian languages, which
is indicative of significant impairment in their attention and
executive functioning (TMT A—Hindi: U = 187, n = 45 p =

0.194; Bengali: U = 185, n = 72, p < 0.001; Telugu: U = 149.50,
n = 65, p < 0.001; Kannada: U = 127.50, n = 47, p < 0.001;
Malayalam: U = 166, n = 66, p < 0.001), TMT B—Hindi: U =

235, n = 45 p = 0.862; Bengali: U = 577, n = 70, p = 0.832;
Telugu: U = 214.40, n= 61, p= 0.003; Kannada: U= 90.50, n=

43, p = 0.482; Malayalam: U = 143.50, n = 65, p < 0.001), and
category fluency—Hindi: t (55) = 4.46, p < 0.001; Bengali: t (67) =
5.32, p< 0.001, Telugu: t (74) = 6.61, p< 0.001; Kannada: t (70) =
9.15, p < 0.001; Malayalam: t (68) = 9.09, p < 0.001). Similarly,
patients with dementia performed poorly on PNT, VLT (total
learning and delayed recall), and MTCF copy and delayed recall
compared to healthy controls, suggesting difficulties in language,
memory, and visuospatial abilities (PNT—Hindi: t (53) = 9.49,
p < 0.001; Bengali: t (55) = 6.07, p < 0.001; Telugu: t (56) =

4.85, p < 0.001; Kannada: t (53) = 12.05, p < 0.001; Malayalam: t

(68) = 6.68, p < 0.001), VLT (total learning and delayed recall)—
Hindi: t (55) = 6.16, p < 0.001; Bengali: t (70) = 5.42, p < 0.001,
Telugu: t (74) = 4.68, p< 0.001; Kannada: t (70) = 4.64, p< 0.001;
Malayalam: t (68) = 7.69, p< 0.001), andMTCF copy and delayed
recall (Hindi: t (45) = 5.04, p < 0.001; Bengali: t (51) = 10.29, p <

0.001, Telugu: t (76) = 5.23, p= 0.024; Kannada: t (39) = 5.46, p<

0.001; Malayalam: t (61) = 10.99, p < 0.001).
The ROC revealed that the majority of the ICMR-NCTB

tests had good discriminating power in differentiating cognitively
impaired participants from the normal healthy group across
five languages (see Table 3) (TMT A: AUC: 0.79-0.99, CI: [0.69,
1.00]; TMT B: AUC: 0.74-0.98, CI: [0.60, 1.00]; Category Fluency
Animal: AUC: 0.77-0.99, CI: [0.59, 1.00]; Verbal Learning Test
Delayed Recall: AUC: 0.79-0.94, CI: [0.67, 0.99]; Verbal Learning
Test Total Recall: AUC: 0.89-0.98, CI: [0.76, 1.00]; and Picture
Naming Test: AUC: 0.81-1.00, CI: [0.69, 1.00]). The ROC analysis
for the MTCF test could not be done due to small sample size,
as individuals with <7 years of education and severe cases of

dementia were not able to perform the task. The tests of ICMR-
NCTB showed high sensitivity and the specificity at optimal
cutoff scores, suggesting the ability of the tests to diagnose
dementia in five Indian languages, namely, Hindi, Bengali,
Telugu, Kannada, and Malayalam (Table 4; Figures 1, 2).

DISCUSSION

In the present study, we assessed the diagnostic accuracy of
the tests included in the ICMR Neurocognitive Toolbox in
detection of dementia, across five Indian languages (Hindi,
Bengali, Telugu, Kannada, and Malayalam). The ICMR-NCTB in
all the five Indian languages met standardized test requirements,
which indicates that the test adaption and standardization were
successful across languages. This study confirms the utility of
majority of the tests included in the ICMR-NCTB as effective
instruments for the diagnosis of dementia, particularly with a
relatively high sensitivity and specificity in a linguistically diverse
context. Overall, the ICMR-NCTB appears promising in terms of
validity based upon standard criteria for evaluating a dementia
diagnostic test in the Indian context (28, 47).

Dementia is one of the most important independent
contributors to disability in elderly especially in low- to middle-
income countries (LMICs) where the resources to diagnose and
manage dementia are limited. While specialized services for
dementia are increasingly available in high-income countries,
such facilities are lacking in LMICs. In addition, primary
care physicians in developing countries do not receive suitable
training to diagnose dementia and its subtypes. The gap in the
diagnosis of dementia is further widened by the cross-cultural
differences in understanding dementia due to linguistic and
educational diversity. Therefore, a valid test battery that can
be applied by clinicians and neuropsychologists in diagnosing
dementia is crucial in the linguistically and educationally diverse
Indian context.

The development and validation of a comprehensive NCTB
protocol for the diagnosis of dementia, harmonized in five
different languages, was an important facet of this study. It
was established by following a common methodology that was
applied on a large cohort consisting of persons with diverse
linguistic profiles, which enabled it to be effectively utilized to
detect cognitive deficits in early stages of dementia and help
in reducing the variability in clinical diagnosis in hospitals and
clinics across India. The main finding in our study was that the
tests included in the ICMR-NCTB were found to be sensitive and
specific in the identification of dementia in LMICs in all of the
five Indian languages.

The external validity of each individual test included in
the ICMR-NCTB was determined by the receiver operating
curve (ROC) using the area under curve (AUC), and optimum
cutoff scores were established with corresponding sensitivity and
specificity levels.

Our study showed that the Trail Making Test-A, a test of
attention, included in the ICMR-NCTB accurately differentiated
patients with dementia from healthy control participants with
high sensitivity ranging from 71 to 93% and specificity ranging
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TABLE 1 | Demographic profile of Hindi, Bengali, Telugu, Kannada, and Malayalam speaking healthy controls and dementia.

Language and diagnosis N Age (years) Gender Years of education ACE-III

mean (SD) (male, female) % mean (SD) mean (SD)

Hindi—controls 40 57.10 (6.25) 67.5, 32.5 14.03(3.40) 86.37 (7.53)

Hindi—dementia 20 61.00 (9.06) 55.0, 45.0 13.15(2.98) 56.33 (19.45)

Bengali—controls 45 66.27 (6.18) 71.1, 28.9 11.62(4.28) 88.62 (7.24)

Bengali—dementia 29 67.03 (10.47) 65.5, 34.5 12.21(3.74) 57.69 (16.11)

Telugu—controls 45 66.29 (3.93) 66.7, 33.3 14.20(4.14) 93.62 (4.13)

Telugu—dementia 33 65.55 (8.56) 54.5, 45.5 13.03(5.32) 70.52 (19.02)

Kannada—controls 57 64.47 (3.10) 40.4, 59.6 12.00(3.49) 87.77 (7.59)

Kannada—dementia 15 67.20 (9.11) 46.7, 53.3 11.67(4.25) 37.20 (21.51)

Malayalam—controls 35 68.91 (5.39) 65.7, 34.3 12.71(2.56) 92.09 (4.08)

Malayalam—dementia 35 70.11 (5.91) 77.1, 22.9 11.50(2.59) 66.43 (13.15)

SD, standard deviation; ACE-III, Addenbrooke’s Cognitive Examination.

Missing values: ACE-III (controls, patients)—Hindi (2, 5), Bengali (8, 0), Telugu (6, 0), Kannada (0, 0), Malayalam (1, 0).

from 81 to 100% at the optimal cutoff points ranging from
(>) 74 to 144 across the five Indian languages. Similarly, the
Trail Making Test-B, a test of executive function, also accurately
differentiated the patient group from healthy individuals with
sensitivity and specificity ranging from 70 to 100% and 71to 89%,
respectively, at optimal cutoff points ranging from (>) 180 to
298 across languages. Few moderate and severe patients with
dementia were not able to complete the Trail Making Test due to
the typical decline in attention and executive functions that are
evident in the later stages of the disease (48).

Category fluency (animals) showed high sensitivity (86-100%)
and specificity (74-98%) at optimal cutoff points ranging from
8 to 11, except in Bengali where the sensitivity of the category
fluency task was moderate (66%) with good specificity (83%) at
an optimal cutoff point of 11. This finding is in agreement with
the verbal fluency test included in the Consortium to Establish
a Registry for Alzheimer’s Disease (CERAD) neuropsychological
battery which showed higher sensitivity (75%) and specificity
(74%) at an optimal cutoff point of <17 for the category fluency
task (15). The lower category fluency cutoff score in the ICMR-
NCTB compared to CERADneuropsychological batterymight be
due to the inclusion of moderate and severe dementia patients.
The NIMHANS Neuropsychological Battery for the Elderly
demonstrated good discriminability for the animal fluency task
(AUC = 0.99, 95% CI [0.96, 0.99]) (16) that was comparable
to the discriminability findings of category fluency (AUC =

0.77-0.99, 95% CI [0.58, 1.00]) findings of our study.
The episodic memory tests of the ICMR-NCTB (verbal

learning test—TL and verbal learning test—DR) accurately
differentiated patients with dementia from the healthy control
group, which is consistent with the criteria to diagnose majority
of dementia subtypes including AD (49) that highlight episodic
memory impairment in patients with dementia. The verbal
learning test-DR showed high sensitivity and specificity ranging
from 71 to 90% and 83 to 91%, respectively, with optimal
cutoff points ranging from 2 to 3, and the verbal learning
test-TL showed a sensitivity of 71-100% and specificity of 80-
95% at optimal cutoff points ranging from 11 to 16. The

high discriminability of the episodic memory tests of ICMR-
NCTB compares well with the word list DR (sensitivity =

94%, specificity = 85%, cutoff = 5) and word list learning
(sensitivity = 90%, specificity = 83%, cutoff = 17) of CERAD
neuropsychological battery (15). The cutoff scores of verbal
learning test are consistent with studies done in LMICs like
Brazil. A Brazilian epidemiological study derived a cutoff score
of 3 in the literate group and 1 in the illiterate group for delayed
recall of a word list test from the CERAD neuropsychological
battery (50). A different study from India also established a
cutoff score of 3 for the delayed verbal memory test (33), from
Kolkata cognitive screening battery, which is also consistent
with our study. The word list-delayed recall (AUC = 0.99; 95%
CI [0.97, 0.99]) of NIMHANS neuropsychological battery for
the elderly revealed the highest discriminability (16), which is
comparable with the verbal learning test DR (AUC = 0.79-0.94;
95% CI [0.67, 0.99]).

The Picture Naming Test included in the ICMR-NCTB
showed high sensitivity (71-100%) and specificity (73-100%) at
optimal cutoff points ranging from 69 to 81 (maximum score
= 90), which compares favorably well with the naming test of
CERAD neuropsychological battery with a sensitivity of 68% and
specificity of 76% at an optimal cutoff point of 12 (maximum
score= 15) (15).

The high sensitivity and specificity of the majority of the
tests included in the ICMR-NCTB for diagnosing dementia
favorably compares to that of other cognitive test batteries such as
the Spanish and English Neuropsychological Assessment Scales
(SENAS) (51) battery with 80% sensitivity and specificity for a
combination of word list learning and object naming to diagnose
dementia. The sensitivity of the diagnostic algorithm against
clinically diagnosed dementia in the widely used 10/66 pilot
samples was 94%, and the specificity was 97% in people with
high education and 93% in individuals with low education (52),
which is comparable with the sensitivity and specificity of the
ICMR-NCTB tests.

Tests included in the NINDS-CSN battery include Animal
Naming Test (ANT), Wechsler Adult Intelligence Scale (WAIS)
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TABLE 2 | ICMR-NCTB test scores of healthy controls and patients with dementia in Hindi, Bengali, Telugu, Kannada, and Malayalam.

Language and

diagnosis

Attention and executive functions Episodic memory Language Visuospatial

functions

Trail Making Test

(TMT) A

in seconds

Median [IQR]

Trail Making Test

(TMT) B in

seconds

Median [IQR]

Category

Fluency (animals)

Mean (SD)

Verbal Learning

Test Delayed

Recall

Mean (SD)

Verbal Learning

Test

Total Learning

Mean (SD)

Modified Taylor

Complex Figure

Test (MTCF)—

Delayed

Recall

Mean (SD)

Picture Naming

Test (PNT)

Mean (SD)

Modified Taylor

Complex Figure

Test (MTCF)-

Copy

Mean (SD)

Hindi—controls 68.00 [41.00] 162.00 [62.00] 9.53 (2.75) 5.05 (1.93) 17.21 (4.06) 15.42 (6.74) 88.51 (4.03) 34.88 (1.82)

Hindi—dementia 89.50 [121.00] 180.00 [300.00] 5.58 (3.85) 1.11 (1.66) 8.68 (6.33) 4.70 (6.95) 49.31 (25.35) 19.57 (13.46)

Bengali—controls 71.00 [41.00] 203.00 [139.00] 15.65 (4.02) 4.72 (1.93) 19.49 (4.56) 15.39 (5.38) 81.55 (7.28) 33.85 (2.19)

Bengali—dementia 151.00 [83.00] 300.00 [300.00] 9.90 (4.95) 1.55 (1.88) 13.24 (5.12) 2.45 (3.46) 65.07 (14.53) 12.86 (12.77)

Telugu—controls 60.51[25.00] 160.00[77.00] 14.38 (3.73) 5.35 (2.14) 18.85 (3.86) 18.61 (6.78) 86.07 (3.94) 34.95 (1.71)

Telugu—dementia 90.5[38.8] 200.00[93.00] 8.75 (3.53) 2.65 (2.84) 8.39 (8.24) 9.33 (8.84) 63.80 (27.03) 33.97 (38.16)

Kannada—controls 70.00 [31.00] 157.00 [91.00] 12.11 (4.09) 4.23 (1.91) 17.02 (2.48) 20.03 (8.06) 83.80 (5.18) 34.69 (1.89)

Kannada—dementia 359.00 [240.5] 618.00 [310.00] 2.20 (1.61) 1.66 (1.87) 7.33 (5.12) 2.71(4.79) 35.07 (24.53) 9.14 (11.55)

Malayalam—controls 79.00 [39.00] 205.00 [69.00] 14.43 (2.27) 4.60 (1.79) 18.09 (3.00) 17.40 (6.59) 79.31 (5.89) 35.16 (1.55)

Malayalam—dementia 175.00 [154.00] 413.00 [288.00] 8.11 (3.43) 0.97 (1.93) 11.26 (4.31) 2.74 (3.72) 61.68 (13.93) 20.15 (13.74)

IQR, interquartile range; SD, standard deviation.

Missing values.

Hindi: TMT A and B: controls: 13, patients: 10; category fluency (animals): controls: 1, patients: 1; VLT: controls: 0, patients: 4; PNT: controls: 2, patients: 3; MTCF: controls: 5, patients: 9.

Bengali: TMT A and B: controls: 4, patients: 12; category fluency (animals): controls: 5, patients: 0; VLT: controls: 2, patients: 0; PNT: controls: 7, patients: 0; MTCF: controls: 21, patients: 0.

Telugu: TMT A and B: controls: 14, patients: 12; category fluency (animals): controls: 1, patients: 1; VLT: controls: 0, patients: 2; PNT: controls: 15, patients: 5; MTCF: controls: 5, patients: 9.

Kannada: TMT A and B: controls: 19, patients: 1; PNT: controls: 17, patients: 15; MTCF: controls: 21, patients: 8.

Malayalam: TMT A and B: Controls: 4, Patients: 4; MTCF: Controls: 4, Patients: 2.
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TABLE 3 | Area under curves of ICMR-NCTB tests across five languages.

Test Hindi Bengali Telugu Kannada Malayalam

Attention and executive functions

Trail Making

Test (TMT) A

(seconds)

AUC = 0.79

CI: [0.69, 0.98]

AUC = 0.92

CI: [0.85, 0.99]

AUC = 0.82

CI: [0.69, 0.94]

AUC = 0.99

CI: [0.98, 1.00]

AUC = 0.89

CI: [0.81, 0.97]

Trail Making

Test (TMT) B (seconds)

AUC = 0.87

CI: [0.72, 1.00]

AUC = 0.88

CI: [0.79, 0.97]

AUC = 0.74

CI: [0.60, 0.87]

AUC = 0.98

CI: [0.95, 1.00]

AUC = 0.95

CI: [0.89, 1.00]

Category fluency

(animals)

AUC = 0.77

CI: [0.58, 0.95]

AUC = 0.86

CI: [0.76, 0.97]

AUC = 0.89

CI: [0.81, 0.98]

AUC = 0.99

CI: [0.97, 1.00]

AUC = 0.93

CI: [0.87, 0.99]

Episodic memory

Verbal Learning

Test Delayed

Recall

AUC = 0.92

CI: [0.81, 1.00]

AUC = 0.87

CI: [0.76, 0.98]

AUC = 0.79

CI: [0.67, 0.93]

AUC = 0.83

CI: [0.72, 0.91]

AUC = 0.94

CI: [0.88, 0.99]

Verbal Learning

Test Total Recall

AUC = 0.90

CI: [0.76, 1.00]

AUC = 0.89

CI: [0.81, 0.98]

AUC = 0.86

CI: [0.75, 0.97]

AUC = 0.98

CI: [0.95, 1.00]

AUC = 0.90

CI: [0.83, 0.98]

Language

Picture Naming

Test (PNT)

AUC = 0.98

CI: [0.95, 1.00]

AUC = 0.92

CI: [0.82, 0.99]

AUC = 0.81

CI: [0.69, 0.92]

AUC = 1.00

CI: [1.00, 1.00]

AUC = 0.93

CI: [0.87, 0.99]

AUC, area under curve; CI, confidence interval.

TABLE 4 | Optimal cutoff scores and the respective sensitivity and specificity of ICMR-NCTB tests for diagnosis of dementia across five languages.

Test Hindi Bengali Telugu Kannada Malayalam

Attention and executive functions

Trail Making Test (TMT) A

(seconds)

Cutoff: > 95

Sensitivity: 71.43

Specificity: 81.48

Cutoff: > 105

Sensitivity: 92.30

Specificity: 88.40

Cutoff: > 74

Sensitivity: 75.00

Specificity: 85.40

Cutoff: > 144

Sensitivity: 92.90

Specificity: 100.00

Cutoff: > 115

Sensitivity: 75.76

Specificity: 83.87

Trail Making Test (TMT) B

(seconds)

Cutoff: > 204

Sensitivity: 90.00

Specificity: 77.80

Cutoff: > 298

Sensitivity: 88.20

Specificity: 82.90

Cutoff: > 180

Sensitivity: 70.00

Specificity: 70.70

Cutoff: > 267

Sensitivity: 100.00

Specificity: 89.20

Cutoff: > 290

Sensitivity: 90.30

Specificity: 87.10

Category Fluency (animals) Cutoff: ≤ 8

Sensitivity: 89.50

Specificity: 73.70

Cutoff: ≤ 11

Sensitivity: 65.52

Specificity: 82.50

Cutoff: ≤ 8

Sensitivity: 100.00

Specificity: 97.50

Cutoff: ≤ 8

Sensitivity: 100.00

Specificity: 80.70

Cutoff: ≤ 11

Sensitivity: 85.70

Specificity: 94.30

Episodic memory

Verbal Learning Test

Delayed Recall

Cutoff: ≤ 3

Sensitivity: 89.50

Specificity: 84.20

Cutoff: ≤ 2

Sensitivity: 82.80

Specificity: 90.70

Cutoff: ≤ 3

Sensitivity: 71.00

Specificity: 84.40

Cutoff: ≤ 2

Sensitivity: 73.30

Specificity: 82.50

Cutoff: ≤ 2

Sensitivity: 82.86

Specificity: 88.57

Verbal Learning Test Total

Recall

Cutoff: ≤ 11

Sensitivity: 78.90

Specificity: 94.70

Cutoff: ≤ 16

Sensitivity: 75.80

Specificity: 83.70

Cutoff: ≤ 16

Sensitivity: 87.10

Specificity: 80.00

Cutoff: ≤ 14

Sensitivity: 100.00

Specificity: 87.70

Cutoff: ≤ 13

Sensitivity: 71.40

Specificity: 94.30

Language

Picture Naming Test (PNT) Cutoff: ≤ 81

Sensitivity: 93.70

Specificity: 97.40

Cutoff: ≤ 77

Sensitivity: 86.20

Specificity: 73.70

Cutoff: ≤ 73

Sensitivity: 71.40

Specificity: 73.30

Cutoff: ≤ 69

Sensitivity: 100.00

Specificity: 100.00

Cutoff: ≤ 74

Sensitivity: 88.60

Specificity: 82.90

digit symbol coding, Trail Making Test A & B, Boston
Naming Test (BNT), Rey—Osterrieth Complex Figure Test
(RCFT) copy, Verbal Learning Test-delayed recall, and RCFT-
delayed recall (53), which is very similar to the range of
tests included in the ICMR-NCTB. Z-scores were derived,
and the external validity evaluated by AUC for the 60-min
protocol of the NINDS-CSN battery was 0.88 [95% (CI), 0.81,
0.95]. Although a direct comparison of ICMR-NCTB with
NINDS-CSN battery cannot be made, the AUC of ICMR-
NCTB tests ranged from 0.73 to 1.00, which indicates a good

discriminating power in diagnosing dementia, similar to NINDS-
CSN battery.

An important feature of the study is that it is unique
in comprehensively addressing the validity of each
neuropsychological test included in the ICMR toolbox in
a linguistically, educationally, and culturally heterogeneous
population. A further strength of the ICMR-NCTB is that
tests for all major cognitive domains of attention/executive
function, language, memory, and visuospatial functions are
incorporated and optimum cutoff points with corresponding
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FIGURE 1 | Receiver operating curve (ROC) of Trail Making Test (A and B) in diagnosing dementia across five languages.

FIGURE 2 | Receiver operating curve (ROC) of Category Fluency-Animal, Verbal Learning Test: Delayed Recall and Total Learning (VLT DR and VLT TL), and Picture

Naming Test (PNT) in diagnosing dementia across five languages.

sensitivity and specificity of various cognitive domains in five
Indian languages are provided separately. This is crucial for
the diagnosis of dementia subtypes: AD, VaD, and FTD that
have characteristic cognitive profiles. While AD is a disorder of
memory especially in the early stages (54), VaD is characterized
by prominent executive dysfunction (55) and frontotemporal
dementia syndromes present with language and/or executive
function impairment (56). The advantage of inclusion of tests

of all major cognitive domains in the ICMR-NCTB is reflected
in the relatively high diagnostic sensitivity and specificity of
majority of the cognitive domains in this dementia cohort
consisting of multiple subtypes. While the study has established
successful discriminability between dementia and controls
across all tests, the most efficacious combination of measures
discriminating healthy controls from patients with dementia is
yet to be determined.
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There were certain limitations identified. (i) The study was
conducted in a literate population, and patients with dementia
studied were relatively young. (ii) We had a relatively small
sample in the Kannada dementia group which might be one
of the reasons for the high sensitivity and specificity of ICMR-
NCTB tests in Kannada. (iii) Differing proportions of dementia
subtypes in our dementia cohort might have led to the differences
in ages across dementia patients in five language groups. (iv) We
did not have enough numbers for establishing diagnostic validity
separately for subtypes of dementia. (v) For clinical and research
generalizability, the test battery will need to be adapted to the
illiterate group and in larger numbers in the future. (vi) The
findings of the current study are applicable to dementia cohorts
seen in memory clinics and specialized centers only as the study
was conducted in academic medical centers. (vii) There was a
variation in the cutoff scores across languages for the Modified
Taylor Complex Figure test (MTCF) copy and delayed recall
tests, as the sample size was not adequate due to the inability of
the low-educated participants and advanced dementia patients
to perform the test. Therefore, the MTCF test could not be
validated in the current study and the toolmight not be applicable
for the low literate population in the Indian context. This is
planned during the next phase of the study, in larger and more
diverse clinical and community populations to further validate
the ICMR-NCTB.

To conclude, we were successfully able to validate a cognitive
test battery in five different languages that is harmonized
culturally and linguistically to diagnose dementia in India. The
high specificity and sensitivity of the tests included in the ICMR-
NCTB highlight its ability to detect dementia across languages.
Our study thus establishes a benchmark for dementia research in
India and will prove to be an invaluable tool for clinical practice
and for multicentric preventive and therapeutic research in a
socio-linguistically diverse context.
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RRRRR EEEEE CCCCC OOOOOMMMMMMMMMM EEEEE NNNNN DDDDD AAAAA TTTTT IIIII OOOOO NNNNN SSSSS

The development and implementation of
coronavirus disease 2019 (COVID-19) vacci-
nation program has been one of the recent and
most prominent demonstrations of the power of

modern science. As of 14 May, 2021, in India, a total
of 13986142 (1 dose) and 39784951 (2 doses) have been
administered [1,2]. Ever since the initiation of the
COVID -19 vaccination program in India, pregnant and
breastfeeding women had been excluded from the
vaccination program [3]. Recently, the Government of
India (GoI) has published a circular, recommending
administration of COVID-19 vaccines in breastfeeding
women [4]. Failure to include pregnant and lactating
women in the phase 3 studies of the mRNA vaccines,
Astra-Zeneca vaccine and Covaxin (Bharat Biotech Ltd)
and consequent lack of safety data, were the cited reasons
for excluding this group. If this cohort of pregnant and
breastfeeding mothers continued to be excluded, a
significant population of the country, including frontline

workers, would have been left unprotected. Hence, the
recent recommendation from the GoI is a welcome step.

OBJECTIVE
The objective of this recommendation is production of an
evidence-based document to guide the pediatricians to
give advice to breastfeeding mothers regarding the safety
of COVID-19 vaccines in lactating women.

PROCESS
Formulation of key question was done under the
chairmanship of President of the Indian Academy of
Pediatrics (IAP).  It was followed by review of literature
regarding efficacy and safety of COVID-19 vaccines in
breastfeeding women. The recommendations of other
international and national professional bodies were also
deliberated in detail. The available data was discussed in
the Advisory Committee on Vaccines and Immunization
Practices (ACVIP) focused WhatsApp group. Opinion of
all members was taken and the final document was

Justification: In India, till recently, breastfeeding women have been excluded from the coronavirus disease (COVID-19) vaccination
program, rendering a significant population of the country, including frontline workers, ineligible to derive the benefits of the COVID-19
vaccine rollout. Objective: The objective of this recommendation is production of an evidence-based document to guide the pediatricians
to give advice to breastfeeding mothers regarding the safety of COVID-19 vaccines in lactating women. Process: Formulation of key
question was done under the chairmanship of president of the IAP.  It was followed by review of literature regarding efficacy and safety of
COVID-19 vaccines in breastfeeding women. The recommendations of other international and national professional bodies were also
deliberated in detail. The available data was discussed in the ACVIP focused WhatsApp group. Opinion of all members was taken and the
final document was prepared after achieving consensus. Recommendations: The IAP/ACVIP recommends the administration of
COVID-19 vaccines to all breastfeeding women. The IAP/ACVIP endorses the recent recommendation of the Government of India, to
consider all breastfeeding women as eligible for COVID-19 vaccination.

Keywords: Lactation, Maternal, Protection, SARS-CoV-2.
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prepared after the consensus and was approved by all
members of the ACVIP (authors of the guidelines).

BREASTFEEDING AND COVID-19 VACCINES

The theoretical risk of COVID-19 vaccination in
breastfeeding mothers and the potential harm to the infant
is unknown. However, it is to be noted that none of the
vaccines available for the COVID-19 contains live virus.
There is no plausible biological mechanism to explain
how an inactivated vaccine, given to the mother, would
cause harm to a breastfed baby [5].

The COVID-19 vaccines presently available in India,
i.e., Covishield and Covaxin are classified as inactivated
(non-live) vaccines. Theoretically, administration of
these vaccines to breastfeeding women should not render
any harm to the breastfed infant. While the safety of
adenovirus vectors in pregnancy and lactation is not
established, wild adenoviral infections are present
worldwide and have not been associated with teratogenic
effects in the fetus or newborns [6]. With the exception of
small pox and yellow fever vaccines no other vaccine is
contraindicated during breast feeding [7].

Breast milk is a rich source of antibodies for the
infant. Milk produced by infected mothers is a source of
anti-SARS-CoV-2 IgA and IgG and neutralizes SARS-
CoV-2 activity [8].

Studies have shown that maternal vaccination with the
mRNA vaccine results in high titers of RBD-IgG binding
antibodies and neutralizing antibodies as measured by the
pseudovirus neutralizing tests (NT50), in maternal serum.
High titers of RBD–IgG binding antibodies, neutralizing

antibodies as measured by the NT50 and robust T-cell
responses, as measured by ELISPOT and intra-cellular
cytokine staining, have been demonstrated in the breast
milk of mothers vaccinated with the mRNA vaccines [9]. In
another study, involving six lactating women who received
two doses of SARS-CoV-2 vaccine, significantly elevated
levels of SARS-CoV-2 specific IgG and IgA antibodies in
breast milk was observed, beginning at Day 7 after the
initial vaccine dose, with an IgG-dominant response [10].
These SARS-CoV-2 specific immunoglobulins and
products of the T-cell responses in breast milk may be
protective for infants.

There is a paucity of data on immunological
parameters in breastmilk following the administration of
the AstraZeneca COVID-19 vaccine in lactating women.
Thus, merely the absence of data should not exclude
lactating women from getting the benefits of COVID-19
vaccination.

RECOMMENDATIONS FROM OTHER
PROFESSIONAL BODIES

Many international and national recommending bodies
have now recommended administration of COVID-19
vaccines in breastfeeding women (Table I).

While some have recommended the COVID-19
vaccines in breastfeeding women who are in the priority
groups, after fully informing them about the benefits and
risks of vaccination, some authorities have recommended
the vaccine for all breastfeeding women. All have
emphasized that breast feeding should be continued after
vaccination.

Table I Recommendations for Coronavirus Disease 2019 (COVID-19) Vaccine for Lactating Women by Various National and
International Bodies

Agency Recommendation

World Health Organization [11] Developmental and health benefits of breastfeeding should be considered along with the
mother’s clinical need for immunization against COVID-19. WHO does not recommend
discontinuing breastfeeding after vaccination.

American College of Obstetricians and COVID-19 vaccines should be offered to lactating individuals similar to non-lactating
Gynecologists [12] individuals.

International Federation of Gynecology Supports offering COVID-19 vaccination to pregnant and breastfeeding women.
and Obstetrics [13]

Federation of Obstetric and Gynae- COVID-19 vaccine should extend to pregnant and lactating women. The very real
cological Societies of India [14] benefits of vaccinating pregnant and lactating women seem to far outweigh any theoretical

and remote risks of vaccination.

Australian and New Zealand health Recommend COVID-19 vaccines in breast feeding women. They have emphasized that
authorities [15,16] there are no concerns about their safety in breastfeeding women or their babies.

Italian Scientific Society [17] Decision whether or not to administer the COVID-19 vaccine to the breastfeeding woman
should be made after mutual agreement between her and the health professionals,
considering specific health, social, familiar and work conditions.
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IAP-ACVIP RECOMMENDATIONS

1. Breastfeeding is very beneficial in the first years of life
for nutrition and the protection provided by it against
infectious agents. This is of crucial importance in
developing countries like India.

2. The benefits of COVID-19 vaccination should not be
denied to breastfeeding women as the real benefits are
much more than the “theoretical risks.”

3. The IAP/ACVIP strongly recommends the adminis-
tration of COVID-19 vaccines to all breastfeeding
women.

4. The IAP/ACVIP endorses the recent decision of the
GOI, to consider breastfeeding women eligible for
COVID-19 vaccination.

Contributors: All authors were part of the IAP ACVIP team that
formulated these guidelines. PG, BJP, GVB, and SGK: conceived
the Guidelines, prepared the agenda, and executed adminis-
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SKA, SS, SK reviewed the literature on safety of COVID
vaccines in breast feeding women, S, KC, SK reviewed the
literature on immunological parameters in breast milk. SGK,
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administrative support from the Indian Academy of Pediatrics
and coordinated between the team and executive board members
of the Academy. The final document was drafted by SGK and
SKD; and edited by PG and SBS. All authors approved the final
recommendations of the guidelines.
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ABSTRACT

BACKGROUND Guidelines recommend nonstatin lipid-lowering agents in patients at very high risk for major adverse

cardiovascular events (MACE) if low-density lipoprotein cholesterol (LDL-C) remains $70 mg/dL on maximum tolerated

statin treatment. It is uncertain if this approach benefits patients with LDL-C near 70 mg/dL. Lipoprotein(a) levels may

influence residual risk.

OBJECTIVES In a post hoc analysis of the ODYSSEY Outcomes (Evaluation of Cardiovascular Outcomes After an Acute

Coronary Syndrome During Treatment With Alirocumab) trial, the authors evaluated the benefit of adding the proprotein

subtilisin/kexin type 9 inhibitor alirocumab to optimized statin treatment in patients with LDL-C levels near 70 mg/dL.

Effects were evaluated according to concurrent lipoprotein(a) levels.

METHODS ODYSSEY Outcomes compared alirocumab with placebo in 18,924 patients with recent acute coronary

syndromes receiving optimized statin treatment. In 4,351 patients (23.0%), screening or randomization LDL-C

was <70 mg/dL (median 69.4 mg/dL; interquartile range: 64.3-74.0 mg/dL); in 14,573 patients (77.0%), both deter-

minations were $70 mg/dL (median 94.0 mg/dL; interquartile range: 83.2-111.0 mg/dL).

RESULTS In the lower LDL-C subgroup, MACE rates were 4.2 and 3.1 per 100 patient-years among placebo-treated

patients with baseline lipoprotein(a) greater than or less than or equal to the median (13.7 mg/dL). Corresponding

adjusted treatment hazard ratios were 0.68 (95% confidence interval [CI]: 0.52-0.90) and 1.11 (95% CI: 0.83-1.49), with

treatment-lipoprotein(a) interaction on MACE (Pinteraction ¼ 0.017). In the higher LDL-C subgroup, MACE rates were 4.7

and 3.8 per 100 patient-years among placebo-treated patients with lipoprotein(a) >13.7 mg/dL or #13.7 mg/dL; cor-

responding adjusted treatment hazard ratios were 0.82 (95% CI: 0.72-0.92) and 0.89 (95% CI: 0.75-1.06), with

Pinteraction ¼ 0.43.

CONCLUSIONS In patients with recent acute coronary syndromes and LDL-C near 70 mg/dL on optimized statin

therapy, proprotein subtilisin/kexin type 9 inhibition provides incremental clinical benefit only when lipoprotein(a)

concentration is at least mildly elevated. (ODYSSEY Outcomes: Evaluation of Cardiovascular Outcomes After an

Acute Coronary Syndrome During Treatment With Alirocumab; NCT01663402) (J Am Coll Cardiol 2021;78:421–33)
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C urrent guidelines for cholesterol
lowering of the American College
of Cardiology and American Heart

Association recommend the addition of
nonstatin lipid-lowering therapies for
patients at very high risk for major adverse
cardiovascular events (MACE) when low-
density lipoprotein cholesterol (LDL-C)
levels remain $70 mg/dL on optimized statin
treatment (1). This recommendation is based
in part on the results of large clinical trials
that demonstrated the clinical benefit of
this approach (2-4).

Among patients with coronary heart dis-
ease receiving moderate to intensive statin therapy
(eg, simvastatin 40-80 mg/d or atorvastatin 80 mg/d),
approximately 50% to 60% achieve LDL-C levels
<70 mg/dL (2,5). Of these, approximately 30% have
LDL-C levels of 60 to 70 mg/dL (5). Whether patients
with LDL-C levels close to 70 mg/dL on statin treat-
ment derive incremental benefit from further lipid-
lowering therapy is therefore a question that is
frequently encountered in clinical practice.

Inhibitors of proprotein convertase subtilisin/
kexin type 9 (PCSK9) produce large reductions of
LDL-C as monotherapy or when added to statins. An
additional effect of PCSK9 inhibitors is to reduce
lipoprotein(a) concentration by 20% to 25% (3,4).
Lipoprotein(a) is a type of low-density lipoprotein
particle whose concentration is determined primarily
genetically. It is believed to have atherogenic,
proinflammatory, and prothrombotic properties (6).
Epidemiologic and genetic studies associate
lipoprotein(a) concentration with the risk for incident
coronary, peripheral artery, and cerebrovascular
disease (7-9).

The FOURIER (Further Outcomes Research With
PCSK9 Inhibition in Subjects With Elevated Risk) and
ODYSSEY Outcomes (Evaluation of Cardiovascular
Outcomes After an Acute Coronary Syndrome During
Treatment With Alirocumab) trials demonstrated

reductions in the risk for MACE with PCSK9 inhibitors
in statin-treated patients with established cardio-
vascular disease or acute coronary syndrome (ACS)
and elevated levels of LDL-C, non–high-density lipo-
protein cholesterol (non–HDL-C), or apolipoprotein B
(3,4). Secondary analyses of these trials indicated that
risks for coronary heart disease, peripheral artery
disease, and venous thromboembolic events in the
placebo groups and reductions in those risks with
PCSK9 inhibition were associated with lipoprotein(a)
concentration (10-14).

Most patients in the FOURIER and ODYSSEY Out-
comes trials had qualifying LDL-C levels $70 mg/dL.
However, some had LDL-C levels <70 mg/dL or that
fluctuated around 70 mg/dL. In FOURIER, patients
with baseline LDL-C <70 mg/dL derived similar
benefit of treatment with evolocumab to those with
baseline LDL-C $70 mg/dL, but the interaction of
lipoprotein(a) levels in each of these categories was
not ascertained (15). In this analysis of the ODYSSEY
Outcomes trial, we determined if the PCSK9 inhibitor
alirocumab influenced the risk for MACE after ACS
when LDL-C levels were less than or around 70 mg/dL
and whether any benefit of treatment was modified
by concurrent levels of lipoprotein(a).

METHODS

PATIENTS AND TREATMENTS. The ODYSSEY Out-
comes trial (NCT01663402) (4,16) compared the effects
of the PCSK9 inhibitor alirocumab with placebo in
18,924 patients with recent ACS. The protocol was
approved by the Institutional Review Board at each
site, and all patients provided informed consent. To
qualify, patients had to meet at least 1 of the following
lipoprotein criteria on intensive ormaximum tolerated
statin treatment: LDL-C $70 mg/dL, non–HDL-C
$100 mg/dL, or apolipoprotein B $80 mg/dL. An
additional measurement of lipoproteins was per-
formed at the randomization visit, which occurred 2 to
16 weeks after the qualification visit on stable back-
ground lipid-lowering therapy. Lipoprotein(a) con-
centrationwasmeasured at randomization butwas not
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considered in qualification. Qualifying patients were
randomized in a 1:1 ratio to receive alirocumab 75mg or
matching placebo, administered subcutaneously
every 2 weeks. In patients assigned to alirocumab, the
dose was blindly titrated between 75 and 150 mg to
maximize the number of patients who achieved LDL-C
levels of 25 to 50 mg/dL or blindly replaced by placebo
for LDL-C levels that remained<15 mg/dL on the lower
dose (16). The primary outcome comprised death from
coronary heart disease, nonfatal myocardial infarc-
tion, fatal or nonfatal ischemic stroke, or hospitaliza-
tion for unstable angina.

MEASUREMENT OF LIPOPROTEINS AND

CATEGORIZATION OF PATIENTS ACCORDING TO

LIPOPROTEIN LEVELS. LDL-C was calculated using
the Friedewald formula unless levels were <15 mg/dL
or the accompanying triglyceride concentration was
>400 mg/dL; in those cases, LDL-C was measured
using beta quantification. Lipoprotein(a) mass was
measured using an automated immunoturbidimetric
assay on a Siemens BNII nephelometric analyzer
(Siemens Healthcare Diagnostics) with a lower limit of
detection of 2 mg/dL and an interassay coefficient of
variation of 3.1% to 4.8% depending on the lip-
oprotein(a) concentration. Heterogeneity in apolipo-
protein(a) size has only a moderate effect on
lipoprotein(a) recovery with this assay (17).

Characteristics and outcomes of patients were
assessed in 2 LDL-C subgroups: a lower LDL-C sub-
group with qualification and/or randomization visit
LDL-C <70 mg/dL and a higher LDL-C subgroup with
both LDL-C measurements $70 mg/dL. Each
subgroup was dichotomized at the median baseline
lipoprotein(a) concentration of the low LDL-C
subgroup.

STATISTICAL ANALYSIS. The mean of qualification
and randomization LDL-C values was calculated for
each patient. Patient-level mean values were used to
calculate median (interquartile range [IQR]) baseline
LDL-C levels in each subgroup. Median (IQR) lip-
oprotein(a) was calculated from randomization visit
values. The incidence of MACE in each LDL-C sub-
group, lipoprotein(a) category, and treatment group
was estimated by the number of first events per 100
patient-years of follow-up. Within each baseline
LDL-C subgroup, the treatment effects on time to first
MACE were assessed using a Cox proportional haz-
ards model, stratified according to geographic region,
with terms for treatment, baseline lipoprotein(a)
category, and their interaction and summarized by
hazard ratio (HR) with associated Wald 95% confi-
dence interval (CI) and the P value for the interaction
term. These effects were also estimated in

multivariable Cox regression models with adjustment
for baseline demographics and clinical characteristics
(candidate variables are listed in Supplemental
Table 1) that were related to risk for MACE as deter-
mined by stepwise selection, with P < 0.05 for model
entry or exit (treatment, baseline lipoprotein[a]
category, and their interaction were included in the
adjusted models regardless of their statistical signif-
icance). Kaplan-Meier curves were constructed to
depict the cumulative incidence of MACE in each
LDL-C subgroup and lipoprotein(a) category. Ana-
lyses with restricted cubic splines were performed to
assess the risk for MACE in each LDL-C subgroup as a
function of continuous baseline lipoprotein(a) (18). A
sensitivity analysis was performed excluding patients
who had blinded, protocol-specified substitution of
placebo for alirocumab for consecutive very low
achieved LDL-C levels. For all analyses, 2-tailed P
values <0.05 were considered to indicate statistical
significance. All analyses were conducted according
to the intention-to-treat principle, including all pa-
tients and events from randomization to the common
study end date. Analyses were performed in SAS
version 9.4 (IBM).

RESULTS

PATIENT CHARACTERISTICS. A total of 18,924
patients qualified for the trial and underwent
randomization at 1,315 sites in 57 countries. Equal
numbers were assigned to alirocumab or placebo. The
lower LDL-C subgroup (LDL-C <70 mg/dL at qualifi-
cation or randomization visit) comprised 4,351
patients (23.0%). Among them, a measurement of
LDL-C <70 mg/dL was obtained at the qualification
visit only in 600 (13.8%), at the randomization visit
only in 2,731 (62.8%), and at both visits in
1,020 (23.4%). After assigning each patient the mean
value of qualification and randomization visit LDL-C
determinations, median baseline LDL-C in the
lower LDL-C subgroup was 69.4 mg/dL (IQR:
64.3-74.0 mg/dL). Median baseline lipoprotein(a)
in the lower LDL-C subgroup was 13.7 mg/dL (IQR:
4.9-40.3 mg/dL).

The higher LDL-C subgroup (LDL-C >70 mg/dL at
qualification and randomization visits) comprised
14,573 patients. Median baseline LDL-C was
94.0 mg/dL (IQR: 83.2-111.0 mg/dL), and median
baseline lipoprotein(a) was 24.3 mg/dL (IQR: 7.4-
64.7 mg/dL). For analytical purposes, both LDL-C
subgroups were dichotomized at the same lip-
oprotein(a) level, 13.7 mg/dL. Baseline and selected
postrandomization characteristics of each LDL-C
subgroup according to lipoprotein(a) # 13.7 or
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>13.7 mg/dL are shown in Table 1. Characteristics
were well balanced between the alirocumab and pla-
cebo groups in each of the subgroups and lip-
oprotein(a) categories (data not shown).

Compared with patients in the higher LDL-C sub-
group, patients in the lower LDL-C subgroup were
less likely to be female, white, European, or smokers
and to have histories of prior myocardial infarction,
percutaneous coronary intervention, coronary artery
bypass surgery, or heart failure. Patients in the lower

LDL-C subgroup were more likely to be South Amer-
ican or Asian, to have diabetes, and to be treated with
high-intensity statins and had higher triglyceride and
lower lipoprotein(a) levels. The distribution of lip-
oprotein(a) in the lower and higher LDL-C subgroups
is shown in Figure 1.

Median follow-up for MACE was 2.6 years (IQR: 2.2-
3.3 years) and 2.7 years (IQR: 2.2-3.3 years) in the
lower and higher LDL-C subgroups, respectively, and
did not differ according to lipoprotein(a) category in

TABLE 1 Baseline and Postrandomization Characteristics According to LDL-C Subgroup and Lp(a) Category

Lower LDL-C Subgroup: <70 mg/dL
at Qualification or Randomization

Higher LDL-C Subgroup: $70 mg/dL
at Qualification and Randomization

Lp(a) #13.7 mg/dL
(n ¼ 2,181)

Lp(a) >13.7 mg/dL
(n ¼ 2,170)

Lp(a) #13.7 mg/dL
(n ¼ 5,454)

Lp(a) >13.7 mg/dL
(n ¼ 9,119)

Baseline characteristics

Age, y 57 (51 to 64) 58 (51 to 65) 58 (52 to 65) 58 (52 to 65)

Femalea 438 (20.1) 453 (20.9) 1,200 (22.0) 2,671 (29.3)

Racea,b

White 1,721 (78.9) 1,576 (72.6) 4,612 (84.6) 7,115 (78.0)

Black 12 (0.6) 70 (3.2) 34 (0.6) 357 (3.9)

Asian 311 (14.3) 399 (18.4) 577 (10.6) 1,211 (13.3)

Other 137 (6.3) 125 (5.8) 231 (4.2) 436 (4.8)

Geographic regiona,b

Western Europe 397 (18.2) 445 (20.5) 1,214 (22.3) 2,119 (23.2)

Eastern Europe 654 (30.0) 460 (21.2) 1,968 (36.1) 2,355 (25.8)

North America 291 (13.3) 328 (15.1) 667 (12.2) 1,585 (17.4)

South America 404 (18.5) 346 (15.9) 669 (12.3) 1,169 (12.8)

Asia 293 (13.4) 376 (17.3) 534 (9.8) 1,090 (12.0)

Rest of world 142 (6.5) 215 (9.9) 402 (7.4) 801 (8.8)

Medical history

History of hypertensionb 1,444 (66.2) 1,362 (62.8) 3,556 (65.2) 5,887 (64.6)

History of diabetesa 778 (35.7) 732 (33.7) 1,534 (28.1) 2,400 (26.3)

Current smokinga 502 (23.0) 466 (21.5) 1,481 (27.2) 2,111 (23.1)

History of polyvascular diseasea,c 140 (6.4) 142 (6.5) 428 (7.8) 844 (9.3)

Myocardial infarction prior to index event 360 (16.5) 361 (16.6) 1,049 (19.2) 1,869 (20.5)

CABG or PCI prior to index eventa 353 (16.2) 376 (17.3) 1,049 (19.2) 1,957 (21.5)

Index CABG or PCIa 1,553 (71.2) 1,587 (73.1) 3,873 (71.0) 6,664 (73.1)

History of heart failurea 318 (14.6) 275 (12.7) 905 (16.6) 1,317 (14.4)

History of COPD 82 (3.8) 70 (3.2) 215 (3.9) 379 (4.2)

Medications

High-intensity statina,b 1,992 (91.3) 2,036 (93.8) 4,729 (86.7) 8,054 (88.3)

ACE inhibitor or ARBa 1,691 (77.5) 1,685 (77.6) 4,304 (78.9) 7,036 (77.2)

Beta-blocker 1,884 (86.4) 1,849 (85.2) 4,588 (84.1) 7,674 (84.2)

Biometric and laboratory data

Body mass index, kg/m2 a,b 28.4 (25.8 to 31.5) 27.9 (25.2 to 31.3) 28.1 (25.5 to 31.2) 27.7 (25.0 to 30.8)

Glycated hemoglobin, % 5.9 (5.6 to 6.7) 5.9 (5.6 to 6.5) 5.8 (5.5 to 6.3) 5.8 (5.5 to 6.2)

eGFR <60 mL/min/1.73 m2 a,b 267 (12.2) 313 (14.4) 684 (12.5) 1,275 (14.0)

LDL-C, mg/dLa,b 69.0 (63.5 to 73.9) 69.5 (65.0 to 74.3) 93.0 (82.5 to 110.5) 94.5 (83.5 to 111.5)

LDL-Ccorrected, mg/dLa,b 61.6 (53.9 to 66.4) 49.7 (39.7 to 57.5) 90.1 (78.9 to 108.4) 75.9 (63.6 to 94.0)

Non–HDL-C, mg/dL 95.4 (83.0 to 111.2) 91.5 (81.5 to 107.0) 121.6 (106.2 to 145.9) 120.8 (105.4 to 142.5)

Apolipoprotein B, mg/dL 68 (59 to 78) 66 (58 to 75) 83 (73 to 97) 83 (73 to 97)

HDL-C, mg/dL 39.4 (34.0 to 46.7) 39.0 (33.2 to 46.0) 43.2 (37.1 to 51.0) 43.6 (37.5 to 51.4)

Triglycerides, mg/dLa,b 159.3 (106.0 to 230.0) 134.5 (92.0 to 197.3) 133.6 (98.2 to 185.8) 121.0 (90.3 to 165.5)

Lp(a), mg/dLa,b 4.9 (2.0 to 8.4) 40.4 (23.5 to 67.5) 5.2 (2.0 to 9.0) 53.3 (28.0 to 88.1)

High-sensitivity C-reactive protein, mg/La 1.6 (0.7 to 3.6) 1.5 (0.7 to 3.8) 1.6 (0.8 to 3.7) 1.7 (0.8 to 4.1)

Continued on the next page
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either subgroup. Changes in lipoprotein levels from
baseline to month 4 are shown in Table 1. In the lower
and higher LDL-C subgroups, median changes in
LDL-C with alirocumab were �38 and �60 mg/dL,
respectively, and did not differ according to baseline
lipoprotein(a) category in either LDL-C subgroup. In
patients with baseline lipoprotein(a) $13.7 mg/dL,
median changes in lipoprotein(a) with alirocumab
were similar in both lower and higher LDL-C
subgroups (�10.3 and �11.4 mg/dL, respectively). In
patients with baseline lipoprotein(a) <13.7 mg/dL,
changes in lipoprotein(a) with alirocumab were min-
imal in both LDL-C subgroups. In patients assigned to
placebo, there were minimal changes from baseline to
month 4 in LDL-C and lipoprotein(a) in both LDL-C
subgroups and lipoprotein(a) categories.

MACE ACCORDING TO LDL-C SUBGROUP AND

LIPOPROTEIN(A) CATEGORY. The Central Illustration
shows the incidence rates for MACE and treatment
HR (95% CI) for each LDL-C subgroup and baseline
lipoprotein(a) category. The cumulative incidence of
MACE in each LDL-C subgroup and lipoprotein(a)
category is depicted in Kaplan-Meier plots in Figure 2.

In patients assigned to placebo in the lower LDL-C
subgroup, the incidence rate for MACE was higher in
those with baseline lipoprotein(a) >13.7 mg/dL (4.2
per 100 patient-years) than in those with baseline

lipoprotein(a) #13.7 mg/dL (3.1 per 100 patient-years;
unadjusted HR: 1.31; 95% CI: 0.99-1.72; P ¼ 0.057). In
an unadjusted model, alirocumab reduced the risk for
MACE in those with baseline lipoprotein(a)
>13.7 mg/dL (HR: 0.70; 95% CI: 0.53-0.93) but not in
those with baseline lipoprotein(a) #13.7 mg/dL (HR:
1.04; 95% CI: 0.78-1.39). Results were similar in the
adjusted model, with treatment HRs of 0.68 (95% CI:
0.52-0.90) in those with baseline lipoprotein(a)
>13.7 mg/dL and 1.11 (95% CI: 0.83-1.49) in those with
baseline lipoprotein(a) #13.7 mg/dL. There was
interaction of treatment and baseline lipoprotein(a)
category on risk for MACE, with unadjusted
Pinteraction ¼ 0.053 and adjusted Pinteraction ¼ 0.017.
Results were similar when examined by quartile of
baseline lipoprotein(a) in the lower LDL-C subgroup.
In quartiles 1 to 4, unadjusted treatment HRs were
1.11 (95% CI: 0.74-1.67), 0.98 (95% CI: 0.65-1.48), 0.72
(95% CI: 0.48-1.08), and 0.69 (95% CI: 0.47-1.01),
respectively, with unadjusted Ptrend ¼ 0.054 and
adjusted Ptrend ¼ 0.029.

In patients assigned to placebo in the higher
LDL-C subgroup, the incidence rate for MACE was
also higher in those with baseline lipoprotein(a)
>13.7 mg/dL (4.7 per 100 patient-years) than in those
with baseline lipoprotein(a) #13.7 mg/dL (3.8 per 100
patient-years). However, treatment HRs were favor-
able for alirocumab in both higher and lower

TABLE 1 Continued

Lower LDL-C Subgroup: <70 mg/dL
at Qualification or Randomization

Higher LDL-C Subgroup: $70 mg/dL
at Qualification and Randomization

Lp(a) #13.7 mg/dL
(n ¼ 2,181)

Lp(a) >13.7 mg/dL
(n ¼ 2,170)

Lp(a) #13.7 mg/dL
(n ¼ 5,454)

Lp(a) >13.7 mg/dL
(n ¼ 9,119)

Postrandomization characteristics

Follow-up for MACE, y 2.7 (2.2 to 3.4) 2.6 (2.2 to 3.2) 2.8 (2.2 to 3.4) 2.7 (2.2 to 3.3)

Change in LDL-C to month 4, mg/dL

Alirocumab �39.0 (�49.0 to �22.0) �37.0 (�47.0 to �23.2) �61.0 (�75.7 to �45.6) �59.5 (�75.0 to �43.6)
Placebo 7.3 (�4.2 to 19.0) 6.6 (�4.6 to 18.9) �2.0 (�16.2 to 12.0) �1.0 (�13.5 to 12.7)

Change in LDL-Ccorrected

to month 4, mg/dL

Alirocumab �38.2 (�48.5 to �22.0) �33.3 (�43.0 to �20.0) �60.3 (�74.9 to �45.2) �54.9 (�70.3 to �39.4)
Placebo 7.1 (�4.3 to 19.3) 7.5 (�3.7 to 19.6) �2.3 (�16.3 to 11.7) �0.5 (�12.7 to 13.3)

Change in Lp(a) to month 4, mg/dL

Alirocumab 0 (�3.8 to 0) �10.3 (�18.2 to �3.9) �0.9 (�3.8 to 0) �11.4 (�21.9 to �4.2)
Placebo 0 (�0.8 to 0.9) �1.9 (�9.9 to 3.9) 0 (�0.7 to 1.0) �2.3 (�9.9 to 5.5)

Protocol-specified substitution of
placebo (alirocumab group only)

234/1,059 (22.1) 164/1,125 (14.6) 197/2,726 (7.2) 135/4,552 (3.0)

Values are median (interquartile range), n (%), or n/N (%). The lower LDL-C subgroup was defined by a qualification or randomization visit LDL-C level <70 mg/dL. The higher
LDL-C subgroup was defined by qualification and randomization LDL-C levels $70 mg/dL. The median baseline Lp(a) level in the lower LDL-C subgroup (13.7 mg/dL) was used
to dichotomize both LDL-C subgroups. Postrandomization variables are presented descriptively, without statistical inference. aP < 0.05 for baseline characteristic comparison
of Lp(a) categories within the higher LDL-C subgroup. bP < 0.05 for baseline characteristic comparison of Lp(a) categories within the lower LDL-C subgroup. cHistory of
cerebrovascular or peripheral artery disease in addition to coronary heart disease.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; CABG ¼ coronary artery bypass grafting; COPD ¼ chronic obstructive pulmonary disease;
eGFR ¼ estimated glomerular filtration rate; HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ low-density lipoprotein cholesterol; LDL-Ccorrected ¼ LDL-C corrected for
the cholesterol content of lipoprotein(a) (calculated according to Kinpara et al [30] as LDL-Ccorrected ¼ LDL-C – (lipoprotein(a) � 0.3); Lp(a) ¼ lipoprotein(a);
PCI ¼ percutaneous coronary intervention.
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FIGURE 1 Baseline Lipoprotein(a) Distribution in Lower and Higher Baseline LDL-C Subgroups
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(A) Lower low-density lipoprotein cholesterol (LDL-C) subgroup (n ¼ 4,351) defined by a qualification or randomization LDL-C

level <70 mg/dL. In this subgroup, median LDL-C was 69.4 mg/dL (interquartile range: 64.3-74.0 mg/dL). (B) Higher LDL-C subgroup

(n ¼ 14,573) defined by qualification and randomization LDL-C levels $70 mg/dL. In this subgroup, median LDL-C was 94.0 mg/dL (inter-

quartile range: 83.2-111.0 mg/dL). The median value of lipoprotein(a) in the lower LDL-C subgroup (13.7 mg/dL) was used to dichotomize

both LDL-C subgroups.
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lipoprotein(a) categories (unadjusted HRs: 0.83
[95% CI: 0.73-0.94] and 0.88 [95% CI: 0.75–1.05],
respectively; adjusted HRs: 0.82 [95% CI: 0.72-0.92]
and 0.89 [95% CI: 0.75-1.06], respectively), without
interaction of treatment and baseline lipoprotein(a)
category (unadjusted Pinteraction ¼ 0.55; adjusted
Pinteraction ¼ 0.43). Considering both LDL-C sub-
groups, the P value for 3-factor interaction of

treatment, LDL-C subgroup, and lipoprotein(a) cate-
gory on MACE was 0.19 in the adjusted model.

Figure 3 shows the probability of MACE as a func-
tion of continuous lipoprotein(a) in the placebo and
alirocumab treatment groups, for the lower and
higher LDL-C subgroups. Findings were consistent
with the dichotomous analysis of lipoprotein(a) levels
depicted in the Central Illustration. In the lower LDL-C

CENTRAL ILLUSTRATION Effect of Alirocumab on Major Adverse Cardiovascular Events by Baseline
Low-Density Lipoprotein Cholesterol Subgroup and Lipoprotein(a) Category

1.04 (0.78-1.39)

Treatment
HR (95% CI)

1.11 (0.83-1.49)
0.053

Interaction
P Value

0.017

Unadjusted model
Lp(a) ≤13.7 mg/dL (n = 2,181)

Lp(a) >13.7 mg/dL (n = 2,170)

Lp(a) ≤13.7 mg/dL (n = 5,454)
Higher LDL-C subgroup

Lower LDL-C subgroup

Lp(a) >13.7 mg/dL (n = 9,119)

Adjusted model

0.50 0.67 1.00 1.50
Alirocumab

Better
Placebo
Better

0.70 (0.53-0.93)

0.68 (0.52-0.90)

Unadjusted model

Adjusted model

0.88 (0.75-1.05)

0.89 (0.75-1.06)

Unadjusted model

Adjusted model

0.83 (0.73-0.94)

0.82 (0.72-0.92)

Unadjusted model

Adjusted model

0.55

0.43

Schwartz, G.G. et al. J Am Coll Cardiol. 2021;78(5):421–33.

The lower low-density lipoprotein cholesterol (LDL-C) subgroup (top) was defined by a qualification or randomization LDL-C level <70 mg/dL. The higher

LDL-C subgroup (bottom) was defined by qualification and randomization LDL-C levels $70 mg/dL. Both LDL-C subgroups were dichotomized at the

median baseline lipoprotein(a) concentration in the lower LDL-C subgroup (13.7 mg/dL). Unadjusted models were stratified by geographic region. Se-

lection of variables in adjusted models is described in the text. In the lower LDL-C subgroup, adjustment variables were myocardial infarction prior to

index event, history of diabetes, estimated glomerular filtration rate <60 mL/min/1.73 m2, history of heart failure, history of hypertension, and coronary

artery bypass grafting or percutaneous coronary intervention prior to the qualifying acute coronary syndrome (ACS). In the higher LDL-C subgroup,

adjustment variables were those in the lower LDL-C model plus history of chronic obstructive pulmonary disease, revascularization for the qualifying ACS,

current smoking, and age.
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subgroup, alirocumab reduced the risk for MACE only
in patients with higher baseline lipoprotein(a),
whereas in the higher LDL-C subgroup, alirocumab
reduced the risk for MACE across the full range of
baseline lipoprotein(a) concentrations. There was a
significant interaction between treatment and base-
line lipoprotein(a) spline effect in the lower LDL-C
subgroup (Pinteraction ¼ 0.031) but not in the higher
LDL-C subgroup (Pinteraction ¼ 0.84).

SENSITIVITY ANALYSIS. A total of 730 patients had
blinded, protocol-specified substitution of placebo for
alirocumab because of consecutive very low achieved
LDL-C levels. These patients were distributed non-
uniformly across baseline LDL-C and lipoprotein(a)
categories (Table 1). To determine whether these pa-
tients influenced the results of the primary analysis

depicted in the Central Illustration, a sensitivity
analysis was performed that excluded them. The re-
sults of the sensitivity analysis, shown in
Supplemental Figure 1, are qualitatively and quanti-
tatively similar to those in the Central Illustration.
Among patients in the lower LDL-C subgroup,
adjusted treatment HR with lipoprotein(a)
>13.7 mg/dL was 0.68 (95% CI: 0.51-0.91), adjusted
treatment HR with lipoprotein(a) #13.7 mg/dL was
1.26 (95% CI: 0.93-1.70), and adjusted Pinteraction

was 0.004.

DISCUSSION

The central finding of this analysis of the ODYSSEY
Outcomes trial is that patients with recent ACS, LDL-C
near 70 mg/dL on optimized statin treatment, and

FIGURE 2 Cumulative Incidence of MACE by Baseline LDL-C Subgroup, Lipoprotein(a) Category, and Study Treatment
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(A) Lower low-density lipoprotein cholesterol (LDL-C) subgroup. (B) Higher LDL-C subgroup. Subgroups and dichotomization of baseline

lipoprotein(a) (Lp[a]) as defined in Figure 1. ALI ¼ alirocumab; MACE ¼ major adverse cardiovascular events; PBO ¼ placebo.
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lipoprotein(a) levels that were at least mildly elevated
($13.7 mg/dL) derived substantial clinical benefit
(reduced risk for MACE) from treatment with the
PCSK9 inhibitor alirocumab. In contrast, patients with
LDL-C near 70 mg/dL and lipoprotein(a) <13.7 mg/dL
had no reduction in MACE with alirocumab. Patients
with higher LDL-C levels derived consistent clinical
benefit from alirocumab treatment irrespective of the
level of lipoprotein(a). Findings were similar in a
sensitivity analysis that excluded patients with blin-
ded, protocol-specified substitution of placebo for
alirocumab. Thus, in patients with recent ACS and
LDL-C levels considered “controlled” on statin ther-
apy, levels of lipoprotein(a) that are at least mildly
elevated may identify an additional group to be
considered for PCSK9 inhibitor therapy. Notably, a
lipoprotein(a) concentration of 13.7 mg/dL is only
slightly greater than the median level observed in co-
horts without prior cardiovascular events (19,20).

Because the present findings were derived from a post
hoc analysis, a prospective evaluation of the clinical
efficacy of PCSK9 inhibitor therapy in patients with
nominally controlled LDL-C but elevated lip-
oprotein(a) is indicated.

In patients with baseline LDL-C near 70 mg/dL
and lipoprotein(a) at or higher than the median of
13.7 mg/dL, alirocumab produced moderate absolute
reductions in both LDL-C and lipoprotein(a) (median
37 and 10.3 mg/dL, respectively), accompanied by an
approximately 30% reduction in the risk for MACE. In
the Cholesterol Treatment Trialists analysis of statin
trials (21), a 1 mmol/L (38.7 mg/dL) reduction in LDL-C
with statin treatment was associated with a 21%
reduction in the incidence of major vascular events,
and a 37 mg/dL reduction in LDL-C would have been
expected to produce a 20% reduction in events.
Importantly, however, few patients in the trials that
constituted the Cholesterol Treatment Trialists

FIGURE 2 Continued
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analysis had baseline LDL-C levels as low as 70 mg/
dL. As LDL-C and lipoprotein(a) usually change in
parallel under treatment with alirocumab, it is diffi-
cult to apportion the benefit of alirocumab on MACE
to individual lipoprotein effects or their interaction.
Nonetheless, the magnitude of the clinical treatment
benefit observed in patients with lower levels of
LDL-C but elevated levels of lipoprotein(a) suggests
that lipoprotein(a) reduction contributed to the
benefit and/or that elevated levels of lipoprotein(a)
identify patients with atherosclerotic plaques
amenable to stabilization with PCSK9 inhibition. In
patients with baseline LDL-C near 70 mg/dL and
lipoprotein(a) <13.7 mg/dL, alirocumab produced a
similar reduction in LDL-C (median 39 mg/dL), but
with minimal change in lipoprotein(a) and no clinical
benefit. Moreover, in both the lower and higher
LDL-C subgroups, LDL-C levels were similar in the
higher versus lower lipoprotein(a) categories. Conse-
quently, corrected LDL-C was lower in the higher
lipoprotein(a) category and vice versa. Thus, treat-
ment HRs for alirocumab were more favorable in pa-
tients with higher lipoprotein(a) despite lower levels
of corrected or “true” LDL-C.

Together, these observations suggest that in statin-
treated patients with recent ACS and LDL-C levels
near 70 mg/dL, lipoprotein(a) levels that are at least
mildly elevated are required to achieve a clinical
benefit from PCSK9 inhibition. In these patients, the
coordinated reduction of both LDL-C and lip-
oprotein(a) levels may be necessary to reduce the risk
for MACE. Lipoprotein(a) is believed to have proin-
flammatory and prothrombotic properties (6). ACS is
associated with heightened inflammation and usually
reflects an atherothrombotic event (22). Modest re-
ductions in lipoprotein(a) concentration with PCSK9
inhibition in the ODYSSEY Outcomes and FOURIER
trials were associated with substantial reductions in
the risk for MACE (10,12). A link among these obser-
vations may be that lipoprotein(a) particles are the
principal carriers of oxidized phospholipids that are
proinflammatory and may play a central role in
atherothrombotic events (23). In this regard, the
relationship of lipoprotein(a) concentration to risk for
MACE and reduction of that risk with a PCSK9
monoclonal antibody may be stronger in a secondary
prevention population with recent ACS than would be
predicted from analyses relating lipoprotein(a) con-
centration to incident cardiovascular disease events
in healthy cohorts (24).

STUDY LIMITATIONS. First, the analysis was con-
ducted on a post hoc basis. Second, patients in OD-
YSSEY Outcomes with LDL-C levels <70 mg/dL

qualified for the trial on the basis of alternative
criteria of elevated non–HDL-C or apolipoprotein B.
The findings of the present analysis cannot neces-
sarily be extended to patients with elevated lip-
oprotein(a) but levels of LDL-C, non–HDL-C, and
apolipoprotein B less than trial thresholds.

Third, lipoprotein(a) concentration was deter-
mined using a mass assay. Overall, mass and molar
concentrations of lipoprotein(a) are highly corre-
lated, but their ratio varies according to isoform
size (25). Although atherothrombotic risk may be
more closely related to the molar concentration of
lipoprotein(a) (26), molar concentration is under-
estimated at high mass concentration and over-
estimated at low mass concentration (25). To the
extent such effects were present, they would have
biased our study to the null.

Fourth, lipoprotein(a) may be a positive acute-
phase reactant after ACS (27). However, patients in
ODYSSEY Outcomes were randomized at a minimum
of 1 and a median of 2.6 months after the qualifying
ACS, and lipoprotein(a) levels did not change signifi-
cantly between randomization and month 4 in the
placebo group (10).

Fifth, the 3-factor interaction of treatment, LDL-C
subgroup, and lipoprotein(a) category on MACE was
nonsignificant. This is because patients with higher
LDL-C levels, who constituted 77% of the study pop-
ulation, had a relatively consistent treatment benefit
irrespective of lipoprotein(a) levels.

Finally, some studies have indicated that the
relationship between lipoprotein(a) concentration
and cardiovascular risk may vary across ethnic groups
(28,29). The ODYSSEY Outcomes population was
predominantly white, and generalizability of the
findings to other populations is uncertain.

CONCLUSIONS

Many high-risk patients achieve LDL-C levels of
approximately 70 mg/dL on intensive statin treat-
ment with or without ezetimibe (2,5). These patients
lie at the cusp of guideline criteria to augment lipid-
lowering therapy, but physicians are uncertain
whether to take further therapeutic steps. In current
clinical practice, few such patients are treated with
PCSK9 inhibitors. Determining the concentration of
lipoprotein(a) might have utility in identifying a
subset of these patients who could derive substantial
benefit from PCSK9 inhibitor treatment and similarly
identifying a subset for whom benefit is unlikely and
added cost and complexity of treatment could be
avoided. In patients whose LDL-C remained
substantially >70 mg/dL (median 94.0 mg/dL),
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FIGURE 3 Spline Analysis of Probability of MACE by Baseline Lipoprotein(a) and Treatment Group
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(A) Lower LDL-C subgroup. (B) Higher LDL-C subgroup. Red indicates alirocumab group; blue indicates placebo group. Shaded areas indicate

95% confidence intervals. Dashed lines indicate the median baseline lipoprotein(a) value (13.7 mg/dL) in the lower LDL-C subgroup. In each

subgroup, the probability of MACE at the overall median follow-up of 2.7 years was estimated from a logistic regression model with a logit link

function; logarithm of follow-up time was an offset variable. Models included adjustment for the baseline characteristics indicated in

Figure 2, plus geographic region. Spline effect reflects a restricted cubic spline basis with knots at 4.9, 13.6, and 40.3 mg/dL (ie, the spline

was required to be linear for lipoprotein[a] <4.9 mg/dL and >40.3 mg/dL). Interaction of treatment and baseline lipoprotein(a) spline effect:

Pinteraction ¼ 0.031 and Pinteraction ¼ 0.84 for lower and higher LDL-C subgroups, respectively. Subgroup definitions as in Figure 1.

Abbreviations as in Figures 1 and 2.
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alirocumab treatment provided consistent benefit
irrespective of lipoprotein(a) levels, and therefore
determining lipoprotein(a) may not affect therapeutic
decision making to the same extent.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: In patients with recent ACS

and LDL-C levels near 70 mg/dL on intensive statin

treatment, the PCSK9 inhibitor alirocumab further

lowered LDL-C but reduced the risk for adverse car-

diovascular events only in those with elevated lipo-

protein(a) levels.

TRANSLATIONAL OUTLOOK: Randomized trials

are needed to evaluate the effect of PCSK9 inhibition

in patients with LDL-C levels nominally controlled

with statins who have elevated lipoprotein(a) levels.
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RRRRR EEEEE CCCCC OOOOO MMMMM MMMMM EEEEE NNNNN DDDDD AAAAA TTTTT IIIII OOOOO NNNNN SSSSS

West syndrome (WS) is one of the
commonest types of epilepsy in infants
and toddlers and is a significant
contributor to neurodevelopmental morbi-

dity in children. Common co-morbidities include global
developmental delay/intellectual disability, autism
spectrum disorder, cerebral palsy, and visual and hearing
impairment. The currently preferred term for infantile
spasm is epileptic spasm.WS is now understood to be an
age-dependent epileptic encephalopathy, an expression
of brain injury to any cause; which may be pre-natal,
perinatal or postnatal. The pathophysiological mechanisms
are not well understood.

In India, the situation is compounded by a huge time
lag from onset to diagnosis – reported median lag is
almost 6-12 months as compared with a few weeks in the

developing countries. There is also a lack
precise knowledge on the disease among pediatricians.
Other challenges include paucity of trained personnel to
report pediatric electroencephalograms (EEG), high cost
of investigative work up, and availability issues with first
line treatments such as adrenocorticotropic hormone
(ACTH) and vigabatrin. The plethora of regimens
mentioned in the literature adds to the confusion. A
consensus guideline for the diagnostic evaluation and
management of children with WS in India has been a long
felt need.

PROCESS

The process of preparing a consensus document on the
diagnosis and management of WS was initiated by the
members of Association of Child Neurology (AOCN). In
association with Indian Epilepsy Society (IES), a

Justification: West syndrome is one of the commonest causes of epilepsy in infants and young children and is a significant contributor to
neurodevelopmental morbidity. Multiple regimens for treatment are in use. Process: An expert group consisting of pediatric neurologists
and epileptologists was constituted. Experts were divided into focus groups and had interacted on telephone and e-mail regarding their
group recommendations, and developed a consensus. The evidence was reviewed, and for areas where the evidence was not certain, the
Delphi consensus method was adopted. The final guidelines were circulated to all experts for approval. Recommendations: Diagnosis
should be based on clinical recognition (history/home video recordings) of spasms and presence of hypsarrhythmia or its variants on
electroencephalography. A magnetic resonance imaging of the brain is the preferred neuroimaging modality. Other investigations such as
genetic and metabolic testing should be planned as per clinico-radiological findings. Hormonal therapy (adrenocorticotropic hormone or
oral steroids) should be preferred for cases other than tuberous sclerosis complex and vigabatrin should be the first choice for tuberous
sclerosis complex. Both ACTH and high dose prednisolone have reasonably similar efficacy and adverse effect profile for West
syndrome. The choice depends on the preference of the treating physician and the family, based on factors of cost, availability of
infrastructure and personnel for daily intramuscular injections, and monitoring side effects.  Second line treatment options include anti-
epileptic drugs (vigabatrin, sodium valproate, topiramate, zonisamide, nitrazepam and clobazam), ketogenic diet and epilepsy surgery.
Keywords: Epileptic spasms, Hypsarrhythmia, Infantile spasms, Treatment.
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consensus document was envisaged on the same. The
invited experts included pediatricians, pediatric
neurologists, neurologists, and epileptologists
(Annexure 1), who were categorized into one of five
groups: definitions, etiology, early diagnosis and
prognosis; diagnostic evaluation; hormonal treatment;
vigabatrin and other drugs; and diet, surgery and
supportive care. First the evidence was reviewed. For
areas where the evidence was not certain, the Delphi
consensus method was adopted [6]. The writing group
members of each group identified a set of open- ended
questions which were discussed in their respective
groups. These open-ended questions were administered
using Google form to all experts. In this process, the
experts gave their opinions to the moderator, who
anonymized the responses and sent them back to all
experts. A guarantor ensured that responses were blinded
and the methodology of Delphi was adopted.

The responses to the open-ended questions obtained
were qualitatively analyzed, and similar responses were
categorized, clubbed and converted into closed ended
responses. Based on these responses, new questions with
close-ended responses were framed. These questions
were again sent to experts in the second round. Their
responses were collated and presented in the meeting of
experts. Categorical responses where more than 75% of
experts agreed on single response were considered to
have reached a consensus. The concerns, discrepancies
and responses where consensus was not reached (<75%
agreement) were polled again using audience response
system. Questions where polling did not reach 75%
consensus were re-polled. Any question where second
polling also failed to establish a consensus were
considered as having failed to reach the same, and the
data was presented as a range rather than a definitive
response.

A final consensus meeting was held on 1 September,

2019 at Delhi. The coordinator of each group made a
presentation of the draft document for consensus.
Deliberations were held, and inputs and suggestions by
the various participating members were incorporated into
the document. The final document was prepared and
circulated to all the participating members for inputs and
approval.

RECOMMENDATIONS

Definition

As per the 2004 International Delphi consensus
statement on WS[1], definitions of clinical spasms,
epileptic spasms, and WS were framed (Box 1). Spasms
may be confused with myoclonic seizures but the longer
duration, presence of a tonic phase, occurrence in clusters
and the relationship with the sleep wake cycle help to
differentiate spasms from myoclonic seizures [1].
Differentiation from paroxysmal non-epileptic pheno-
mena in typically developing children such as benign
myoclonus, benign myoclonic epilepsy of infancy,
Sandifer syndrome, etc may require video telemetry with
concurrent surface electromyography. As per the
International League Against Epilepsy (ILAE) 2017
seizure and epilepsy classification, epileptic spasms may
be of focal, generalized or unknown onset [2].

1. Consensus Statement: Definitions

• WS is defined as the presence of epileptic spasms
(usually in clusters) and the presence of
hypsarrhythmia or variant hypsarrhythmia on EEG [7].

• Children with clinical spasms but EEG not showing
hypsarrhythmia or its variants should have an
overnight EEG and be referred for expert evaluation. A
repeat EEG may be considered in such patients as an
early EEG may miss hypsarrhythmia. Specialist may
also consider treating these children similar to West
syndrome.

Box I Terms Related to Infantile Spasms and West Syndrome

• Clinical spasms: Brief, synchronous movements involving head, trunk, and limbs, or sometimes of the head, trunk, or limbs
alone occurring for around 1 second (0.5-2 sec). These may be flexor/extensor/ mixed and may be symmetric/ asymmetric
[8]. Spasms typically occur in clusters and are seen before falling asleep or when waking up from sleep [8].

• Subtle spasms: Episodes of activities such as head-nod, facial grimacing, eye movements, yawning, gasping associated with
hypsarrhythmia.

• Infantile spasms – single spasm variant (ISSV): Infantile spasms occurring singly and not in clusters [8].
• Epileptic spasms: Clinical spasms associated with an epileptiform electroencephalogram [EEG].
• Epileptic spasms without hypsarrhythmia: Presence of clinical spasms and epileptiform abnormalities other than hypsarrhythmia

or its variants on EEG [8].
• *West syndrome: Children with epileptic spasms in clusters with EEG showing hypsarrhythmia or its variants [7].
*Some definitions include the presence of pre-morbid or co-morbid developmental delay or regression, but in the West Delphi
2004 consensus, the development criterion has not been included.



INDIAN  PEDIATRICS 56 VOLUME 58__JANUARY 15, 2021

SHARMA, ET AL. AOCN-IES CONSENSUS ON WEST SYNDROME

• Children who have hypsarrhythmia on EEG but no
clinical spasms must be referred for expert evaluation.
Such children may have subtle spasms, which may be
missed by parents and may be picked up on a video
EEG recording. Home videos may also assist in
picking up subtle spasms.

Etiology

Most recent studies classify spasms into two broad
categories- known and unknown etiology. Known causes
can further be classified into pre-natal, perinatal and
postnatal, depending on the timing of central nervous
system insult. Another classification scheme is as per the
new ILAE 2017 classification [2], wherein the etiology is
classified into structural-metabolic, genetic, infectious,
etc. However, this can be a bit confusing as there may be
overlaps; e.g. tuberous sclerosis may be classified as both
structural and genetic. For practical purposes, the
etiology should be classified as known or unknown. If
known, the exact etiology should be mentioned.

The etiological profile of WS in India is different, as
compared with the developed world, where genetic and

presumed genetic (unknown etiology) is higher. In India,
the etiology is known in 80-85% of affected children
[3,4]. Perinatal causes, including perinatal hypoxia and
neonatal hypoglycemia are the most predominant [3,4].

Diagnosis of WS

Clinical suspicion remains the cornerstone of diagnosis
of epileptic spasms. An evaluation including a thorough
history, examination and EEG are important in the
diagnosis of infantile spasms. As etiology is the most
important predictor of outcome, efforts should be made to
establish the underlying etiology, as this may also affect
the treatment decisions and prognosis; e.g. children with
tuberous sclerosis complex are more likely to respond to
VGB, while most with unidentified etiology may respond
better to steroids. The evaluation should follow a step
wise process to avoid unnecessary tests, due to the costs
involved (Fig. 1).

Electroencephalography (EEG)

An EEG (preferably video-EEG) is the most important tool
in diagnosis and management of epileptic spasms, and
the following protocol may be followed:

Fig. 1 Diagnostic algorithm for child with West syndrome.

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

History and/or home videos consistent with 
epileptic spasms 

MRI brain to look for sequelae of perinatal 
insult malformations, evidence of 
genetic/metabolic etiology1,2 

EEG (video EEG preferable) recording 30 
minutes of sleep followed by 10 minutes 
awake  

Consider metabolic testing 
if clinical and/or MRI 
picture suggestive of IEM 

EEG showing hypsarrhythmia or its variants   

If no hypsarrhythmia or spasms not 
recorded, repeat video EEG and 
consider alternate diagnosis 

Look for developmental delay, 
tuberous sclerosis, dysmorphism, 
organomegaly etc.  

If MRI normal/shows non- specific 
changes and no diagnostic clues on 
history, consider genetic testing 

Blood: Glucose, blood gas, biotinidase, 
SGOT, serum ammonia, creatine kinase, 
uric acid, lactate, plasma amino acids and 
acylcarnitines (TMS), total homocysteine  
Urine: Ketones, reducing sugar, organic 
acids (GCMS) 

If dysmorphism or other 
syndromic features seen, 
Karyotype and 
chromosomal microarray 
for micro-deletions   

If no dysmorphism,  EIEE 
panel/Clinical or whole 
exome TRIO ( child and 
both parents) analysis to 
rule out point mutations.3   

Start treatment as per Fig. 2 

1In low resource settings, CT may be considered as initial investigation, especially if the etiology is likely perinatal asphyxia; 2If initial MRI normal,
consider repeating after the age of 2 years, with MRS, if unknown etiology and persisting spasms. In case of refractory spasms, especially if
asymmetric, consider FDG PET to look for focal cortical dysplasia, in consultation with expert; 3Detailed pedigree should be drawn although
family history may or may not be contributory as many variants are de novo; IEM: Inborn error of metabolism,
EIEE: Early infantile epileptic encephalopathy; TMS: Tandem mass spectrometry; GCMS: Gas chromatography mass spectrometry; SGOT: Serum
glutamic oxaloacetic transaminase.
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Basic level: Recording for sufficient length to capture
sleep is strongly recommended and if achieved, further
recording for at least 10 minutes after awakening should
be attempted, as epileptic spasms occur very often in that
period. The EEG should be planned preferentially during
spontaneous sleep and after feeding. This may require
planning arrangements with parents. In infants whose
EEG is abnormal and the epileptic spasms have not been
captured during the EEG, a home video is suitable to
establish presence of clinical spasms.

Advanced level: If there is diagnostic uncertainty e.g. if
EEG is not diagnostic or spasms are not observed, a
prolonged overnight inpatient video EEG recording for
24 hours with polygraphic (with neck and bilateral
deltoid EMG) parameters is desirable as it will capture
awake as well as all sleep stages and possibly also
capture spasms. However, if inpatient facilities are not
available, a prolonged EEG record for 2-4 hours to capture
stage 2 of non-REM sleep followed by 30 minutes after
awakening should be considered [5]. Long term video
EEG may also pick up other coexisting seizure types, as
noted in 22% of infants with epileptic spasms in a study;
especially in those who had etiology of preterm birth or
birth asphyxia [6].

Depending on the clinical and EEG findings, the level
of diagnostic certainty can be classified as confirmed,
probable and possible WS according to following criteria
[1,5]:

a) Confirmed WS: When interictal EEG shows
hypsarrhythmia (or its variants) along with either
electroclinical documentation (ictal EEG showing
electrodecremental response) or home video showing
cluster of spasms.

b) Probable WS (High diagnostic certainty): When
clinical history is suggestive of spasms but EEG
shows multifocal discharges but not hypsarhythmia
or its variants.

c) Possible WS (Low diagnostic certainty): When
history of spasms is doubtful, and EEG shows
multifocal discharges and not hypsarhythmia or its
variants

Depending on the clinical and EEG findings, the level
of diagnostic certainty can be classified as confirmatory,
probable and possible WS [1,5]. In probable or possible
cases, parents should be encouraged to bring home video
of the spasms. Repeat EEG at advanced level can be
planned to record hypsarrhythmia or spasms.

Following the initiation of any first line treatment, the
efficacy of therapy should be assessed within 2-3 weeks;

in terms of cessation of spasms and resolution of
hypsarrhythmia on EEG [4]. If no/partial response to
treatment is seen, a repeat EEG may be considered to plan
the next level of treatment. EEG should also be repeated
after 2 weeks if the first EEG is normal or inconclusive, or
if there is a suspicion of additional/change in seizure type,
which may occur in 12-42.3% of cases [6]. If focal
abnormalities are identified in infants with additional
focal seizures, further investigations like high resolution
multi-modality magnetic resonance imaging (MRI)/
positron emission tomography (PET) can be planned to
search for a resectable lesion [6].

2. Consensus statement: EEG for Suspected West
Syndrome

• EEG evaluation with standard 10-20 system of
electrode placement with preferably 3 additional
surface EMG electrode channels (over the neck and
bilateral deltoids) is recommended within 24-48 hours
of suspected diagnosis. Video-EEG recording of at
least 30 minutes of sleep followed by brief awake state
should be attempted to capture hypsarrhythmia and
ictal correlate of spasms.

• Prolonged video EEG recording may be required if the
EEG is not diagnostic or the spasms are not observed
or there is uncertainty regarding the diagnosis.

• Sleep may be induced using chloral hydrate, triclofos,
or melatonin; although, natural sleep is preferred. The
diagnostic patterns include inter-ictal pattern of
hypsarrhythmia or its variants and ictal patterns of
spasms.

• Repeat EEG may be considered:

- After clinical cessation of spasms, to document
resolution of hypsarrhythmia on EEG;

- If the first EEG was normal/ inconclusive;
- If there is suspicion of additional/change in

seizure type; and
- If the there is no/partial clinical improvement.

EEG Patterns of WS

EEG background is mostly abnormal during both
wakefulness and sleep. The inter-ictal patterns vary
according to the underlying pathology, age and stage of
sleep.

Inter-ictal patterns:

a. Hypsarrhythmia: This term describes a characteristic
high voltage, completely disorganized and chaotic
pattern consisting of random high voltage slow waves
and spikes. These spikes vary from moment to moment,
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both in location and duration. At onset, hypsarrhythmia
may be present only during drowsiness and light sleep,
but soon becomes abundant during wakefulness.
During stage 2 and 3, there is an increase in the spikes
and polyspikes; which become more synchronous,
causing fragmentation of the hypsarrhythmic activity,
giving a quasi-periodic appearance [5,7]. The
hypsarrhythmia pattern usually attenuates in REM
sleep. Capturing wakefulness after sleep is crucial to
demonstrate the chaotic background activity considered
typical of hypsarrhythmia.

b. Hypsarrhythmia variants/ modified hypsarrhythmia:
Up to 33% patients do not show hypsarrhythmia [7].
Several variants have been described: rapid, slow,
asymmetric, unilateral and even suppression burst like
patterns [8]. Many of these variations correlate with
neuropathology. Asymmetric hypsarrhythmia constituted
23% of cases with hypsarrhythmia in a study and indi-
cates the importance of identifying focal hemispheric
abnormalities like cortical dysplasia; more so if in in-
fants with asymmetric spasms [9]. Also, hypsarr-
hythmia may not be seen in late onset spasms [9].

Ictal EEG pattern (during spasms): The most common
pattern seen in 72% of the attacks is a brief duration (1-5
sec) three phased pattern: a) diffuse high amplitude slow
wave, b) low amplitude fast activity, and c) short lasting
diffuse flattening of ongoing activity (electro-decremental
response) [10]. In asymmetric spasms, there may be focal
discharges preceding, during or following it; indicating
the side with focal cortical lesion.

Evolution of EEG: On effective treatment, rapid
improvement in EEG is seen, which may even completely
normalize. However, resolution of hypsarrhythmia with
persistence of background abnormalities occurs more
frequently, as a reflection of underlying abnormalities. In
most symptomatic cases, there is return of spike wave
discharges with development of other seizure types [11].
The chaotic pattern gradually becomes more organized
and disappears by 2-4 years and may evolve into other
abnormal patterns [12].

Neuro-imaging Studies

If available and feasible, MRI is preferred over
Computed Tomography (CT) scan in view of higher yield
of abnormalities. Early MRI (T2, T1, FLAIR) with
epilepsy protocol should be considered to reach an
etiologic diagnosis. However, treatment should not be
delayed if MRI cannot be done immediately due to lack
of availability or need of anesthesia.

One third of cases considered idiopathic on clinical
assessment enter the symptomatic category of structural-

metabolic following the MRI scan. In the National
Infantile Spasms Consortium, a causal abnormality was
identified in 40.9% of infants who underwent MRI with
epilepsy protocol, making it the highest yield test [13].
Common abnormalities picked up in Indian scenario
include sequelae of perinatal asphyxia and hypoglycemia.

Timing of MRI: Ideally MRI should be obtained prior to
initiation of therapy, as Adrenocorticotropic hormone
(ACTH) therapy may cause transient abnormalities that
may be falsely misinterpreted as brain atrophy. Also,
Vigabatrin (VGB) can induce T2 signal abnormalities [14].
On the other hand, MRI done in early infancy may miss
cortical dysplasias in view of immature myelination [15].

Repeat MRI: If initial MRI is normal, and seizures persist,
MRI may be repeated after 6 months, and certainly at 24-
30 months age when myelination is more mature [11].

Additional neuroimaging studies: Magnetic resonance
spectroscopy (MRS) can help to delineate a possible
metabolic or mitochondrial cause. Areas of hypo
metabolism on a Positron emission tomogram (PET) may
indicate a cortical malformation. PET may be important in
a child with asymmetric spasms, focal EEG changes and a
normal MRI of the brain. Positive PET localization has led
to seizure remission following the resection surgery done
(based on the PET finding) even with a normal MRI [16].
Ictal and interictal single photon emission computed
tomography (SPECT) has been used to aid in the
localization of the epileptic focus in children with
asymmetric infantile spasms who are being evaluated for
surgery.

3. Consensus Statement: Neuroimaging in WS

• MRI is the neuroimaging modality of choice, and
should be considered for etiologic diagnosis in
children with WS. However, if it is delayed for any
reason, treatment should be started without waiting for
the imaging.

• In low-resource settings, if there is clear history of
perinatal asphyxia or neonatal hypoglycemia, an initial
CT scan may suffice. However, if the CT is normal, an
MRI must definitely be considered.

• If the first MRI is normal, repeat MRI (preferably 3
Tesla, with epilepsy protocol incorporating 3D
FLAIR, STIR, SPGR sequences and optionally
diffusion weighted MRI with post processing) should
be considered after the age of 24 months (when the
myelination is complete) to pick up any cortical
dysplasia missed on early MRI or any additional
findings which may help to suspect a genetic/
metabolic etiology.
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• If previous MRI with epilepsy protocol is normal,
additional studies like MRS, PET and SPECT may be
considered if there are asymmetric spasms, focal
features on EEG with spasms refractory to treatment,
especially in children with tuberous sclerosis.
However, the patient should be referred to an expert
for planning these studies.

Metabolic Evaluation of West Syndrome

More than 25 IEM have been found to be associated with
WS, with frequency of metabolic disorders in epileptic
spasms estimated to be 4.7% [13]. A wide range of
metabolic disorders, including mitochondrial disorders,
such as Leigh’s disease, aminoacidopathies, such as non-
ketotic hyperglycinemia, can present with infantile spasms.
Other metabolic conditions include glucose transporter
defects, pyridoxine deficiency, pyridoxal-5-phosphate
deficiency, disorders of cerebral folate metabolism,
Menkes’ disease, and biotinidase deficiency. At the very
least, disorders treatable at low cost-e.g. pyridoxine
dependency and biotinidase deficiency should be ruled out,
if required, by a therapeutic trial.

Clues to the presence of IEM include a positive
family history, consanguinity, previous sibling deaths,
failure to thrive, fluctuating course, deterioration after a
period of apparent normalcy, tone abnormalities or
movement disorders. Ophthalmological examination,
unusual odors and visceromegaly may provide other
clues. MRI may show non-specific or specific patterns
(for few disorders). However, if none of these features are
present, the yield of metabolic investigations is very low
[17].

4. Consensus Statement: Metabolic Testing

• Metabolic evaluation should be considered if

- No specific etiology can be identified on
examination and MRI; or

- Clinical clues to the presence of underlying
metabolic etiology including coexistent
movement disorder, failure to thrive; or systemic
findings; or

- There is poor response to conventional
treatment.

• First tier investigations:

- Blood: Glucose, blood gas, biotinidase, Serum
glutamate oxaloactetate Transaminase (SGOT),
serum ammonia, creatine kinase, uric acid,
lactate, plasma amino acids and acylcarnitines
(Tandem Mass Spectrometry) total
homocysteine

- Urine: Ketones, reducing sugar, organic acids
(Gas Chromatography Mass Spectrometry)

• Second tier investigations: Depending on the results
of the first-tier tests and clinico-radiological clues.

- Blood: Lysosomal enzymes, very long chain fatty
acids,

- Urine: oligosaccharides,

- CSF: glycine, lactate/pyruvate, neuro-trans-
mitters.

• Plasma / CSF glucose ratio after a 4 hour fast is a low-
cost test to diagnose a treatable disorder (Glucose
transporter defect), hence it can be done even as a first
line test.

Genetic Evaluation

Genetic causes are being increasingly recognized in
epileptic encephalopathies of unexplained etiology. A
timely genetic diagnosis has potential for precision
treatment decisions, which can improve seizure and
development outcomes. It also helps to counsel the
parents regarding prognosis and recurrence risk in future
pregnancies. A combination of genetic tests provided a
definitive diagnosis in more than 40% of children
presenting with new-onset spasms without an obvious
cause after clinical evaluation and MRI [4,13,18].

Copy number variants (CNVs) are deletions and
duplications of stretches of DNA ranging from 1 kb to an
entire chromosome. These CNVs can be detected by
chromosomal microarrays (CMA) which include
comparative genomic hybridization (CGH). Pathogenic
CNVs were detected in 3.6-11.8% of children with
epileptic encephalopathies [17]. The yield is likely to be
higher in case of associated dysmorphism, intellectual
disability, developmental delay disproportionate to
seizure etiology/frequency, and presence of behavioral
issues including autism in non-consanguineous families.

The applications of NGS include targeted gene panel,
whole exome (WES) and whole genome sequencing
(WGS). However, WES has shown to have higher
diagnostic yield compared to gene panels, as it sequences
the entire coding genome. The current diagnostic yield of
genetic tests is below 60%; and a substantial number of
patients may still remain undiagnosed.

In one Indian study, in 36 patients with WS with
presumed genetic etiology, genetic causes were identified
in 17 children [4]. In a multicentric study, out of 100
infants with epileptic spasms of unknown cause
undergoing whole exome sequencing, pathogenic
mutations were identified in 15 [19]. Etiology was more
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likely to be identified in those children who had abnormal
development (32.5%) vs. those with normal development
(8.3%) [19].

5. Consensus Statement: Genetic Testing

• Genetic testing should be considered if history, clinical
examination or MRI suggests an unknown or a known
genetic etiology.

• It should also be considered in children with
dysmorphism

• Pre and post-test counselling of parents to explain
what to expect from the test and the implications of
pathogenic/ likely pathogenic/VUS/negative results is
recommended.

• In children with dysmorphism, karyotype and CGH
microarray florescent in-situ hybridization (FISH)
should be the first-line tests.

• WES in trios with parental samples to enable variant
segregation should be done if first line tests are
negative. American College of Medical Genetics and
Genomics (ACMG) criteria should be used in
consultation with a geneticist to ascertain the
pathogenicity of an identified variant [20].

• In children without dysmorphism, clinical/whole
exome sequencing trio testing should be the first line
genetic testing.

Treatment

The treatment algorithm for WS is shown in Fig. 2.

First-line Treatment Options

High-quality evidence is available for hormonal therapy
(adrenocorticotropic hormone or oral steroids), VGB and
combination of hormonal therapy with VGB in the
treatment of WS. The United Kingdom Infantile Spasms

Fig. 2 Treatment algorithm for West syndrome.

aVigabatrin dose: Start with 50 mg/kg/d and hike by 50 mg/kg every 3-7 d interval as tolerated to a maximum dose of 150 mg/kg/d; bACTH
Dose: 150 IU/m2 or 6 IU/Kg IM daily for 2 wk, Oral Prednisolone dose: 4 mg/kg/d for 2 wk; cIf EEG shows continued presence of
epileptiform abnormalities despite the resolution of hypsarrhythmia, consider starting sodium valprote, topiramate or zonisamide for 12-
24 mo; dOther AEDs which may be considered include topiramate, zonisamide, benzodiazepines, or sodium valproate. Pyridoxine trial
may be considered in cases with unknown etiology.

 
Epileptic spasms (history/home videos/video EEG)

and EEG showing hypsarrhythmia or its variants 

Etiology 

Tuberous sclerosis complex Non-Tuberous sclerosis complex 

Vigabatrina Hormonal therapy (high-dose ACTH
or high-dose Prednisolone)b 

Assess response at 2 wk (clinical 
spasm cessation, EEG resolution of 

hypsarrhythmia)

Assess response at 2 wk (clinical spasms 
cessation, EEG resolution of

hypsarrhythmia)

Clinical spasms cessation and
EEG resolution of
hypsarrhythmia 

Continue vigabatrin for 6 mo 

Clinical spasms persisting/ EEG 
showing persistence of

hypsarrhythmia

Consider hormonal therapy, other
AEDd 

Refer for expert evaluation 

Clinical spasms cessation and 
EEG resolution of 
hypsarrhythmia

Taper off hormonal therapy 
over 2-4 wkc

Consider VGB, other AEDd

Refer for expert evaluation 
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Study compared hormonal treatment with VGB for
epilepsy and development outcome at short-term (14
months and four years of age). It was observed that
hormonal therapy was superior in terms of an initial
cessation of epileptic spasms, but not at 14 months and
four years of age [21]. However, successful initial control
of epileptic spasms was associated with better long-term
developmental outcome [22].

Recently, the effectiveness of the combination of
hormonal therapy with VGB was studied in comparison
with hormonal therapy alone [23,24]. Initial results
demonstrated that the combination therapy was
significantly superior to the hormonal therapy for the
cessation of epileptic spasms as a short-term response.
However, the combination therapy did not significantly
improve epilepsy or neurodevelopmental outcome at 18
months of age. Pyridoxine, as an adjunct with steroid
therapy was not been found superior to steroid therapy
alone [25].

6. Consensus Statement: First-line treatment for WS

The first-line treatment options are hormonal therapy
(adrenocorticotropic hormone or oral steroids) and VGB.
Hormonal therapy should be preferred for cases other
than tuberous sclerosis complex and VGB should be the
first choice for tuberous sclerosis complex. Regarding
combination treatment, in view of limited literature, the
group suggested the need for more data, before
recommending as it as routine first line treatment.

Hormonal Therapy

Hormonal therapy in the form of ACTH and oral steroids
has been widely used. ACTH has disadvantages of
parenteral route and cost. Oral steroids have advantages of
ease in administration due to oral route and low-cost. It is
difficult to summarize evidence comparing these two
modalities of treatment, as different preparations (synthetic
and natural ACTH), different doses of ACTH and
prednisolone, and different regimens have been used in
various studies. Also, many of the studies were
underpowered or used varying outcomes. The most
important outcomes would be electroclinical resolution and
neurodevelopmental outcomes. However, many studies
have only used clinical spasm cessation, or surrogate
markers such as EEG improvement.

In the 2004 United Kingdom Infantile Spasms study,
spasm freedom was achieved in 70% of children taking
high dose oral prednisolone (40-60 mg/day) and 76% of
children taking ACTH (40 IU/alternate day) [21]. A few
recent studies [26,27]used high-dose oral steroids as
initial management of WS, and subsequent treated failed
cases with ACTH and demonstrated a response rate of

40% and 33% respectively, with high-dose ACTH therapy
among non-responders with high-dose oral steroids
[26,27]. Two recent systematic reviews have suggested
equivalent efficacy of high dose prednisolone as ACTH
[28,29].

Dosage schedule for ACTH: Typically, in the high dose
schedule, 150 IU/m2/BSA has been used, and in the low
dose schedule, 20-30 IU/day has been used [30]. There is
a need of high-quality studies and evidence to conclude
the optimum dosing protocol of ACTH.

Dosage schedule for prednisolone: In the previously
mentioned UK Infantile spasms study, 40-60 mg/day of
oral prednisolone was used [21]. However this dose may
be too high for our smaller size infants. Chellamuthu et al
have studied high dose (4 mg/kg) vs. 2 mg/kg daily oral
prednisolone in a randomized controlled trial and
demonstrated the higher effectiveness (52% versus 25%)
of high-dose prednisolone with similar adverse event
profile [31]. Some centers advocate very high 8mg/kg/
day as initial dosing protocol [26]. There are concerns of
infection and tolerability issues with very high dose of
oral steroids.

7. Consensus Statement: Hormonal therapy in WS

• Both ACTH and high-dose prednisolone have
reasonably similar efficacy and adverse effect profile
for the treatment of WS.

• The initial choice depends on the preference of the
treating pediatrician/neurologist and family, based on
factors of cost, availability of infrastructure and
personnel for daily intramuscular injections.

• High-dose ACTH therapy may also be considered in
cases who failed to response with oral steroids.

• High-dose ACTH is a preferred therapeutic option as
compared to low-dose ACTH. Suggested dose is
150U/m2/BSA or 6U/kg intramuscular once daily for
two weeks to assess therapeutic response.

• High dose prednisolone (4 mg/kg/day) is recommended
in view of better efficacy and similar tolerability to the
usual dose (2 mg/kg/day). This treatment should be
given for 2 weeks to assess response.

• If there is clinical spasms cessation, EEG should be
performed to look for resolution of hypsarrhythmia. If
there is EEG resolution as well, i.e. electroclinical
cessation, then the first line drug (ACTH/prednisone)
should be tapered off over 2-4 weeks.

• In case there is no clinical spasms cessation or
persistence of hypsarrhythmia on EEG, then the first
line drug should be tapered off and second line
treatment should be started.
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Further treatment after electroclinical resolution

There is no published evidence on what treatment the
child should be started after there is clinical cessation of
spasms and EEG resolution of hypsarrhythmia or its
variants. There is no evidence that anti-epileptic drug
treatment will prevent relapses or further development of
epilepsy.

8. Consensus Statement: Further Treatment After
Electroclinical Resolution

After clinical cessation of spasms, if the EEG shows
resolution of hypsarrhythmia, the following actions are
recommended:

• If the EEG is normal, or shows background
abnormalities such as slowing but no epileptiform
abnormalities, then the hormonal therapy can be
tapered off and there is no need to start any other anti-
epileptic drug treatment.

• If the EEG shows epileptiform abnormalities such as
multifocal or focal spike wave discharges, the patient
may be started on an anti-epileptic drug such as
topiramate, sodium valproate and/or zonisamide for a
period of 12-24 months (there is no evidence to prefer
any one of these AEDs).

Treatment of Relapses

Relapse of epileptic spasms is frequent and constitute
major challenge as it is an adverse prognostic variable for
long-term epilepsy and neurological outcome [32]. There
is a paucity of evidence on how to manage these patients.
Options include a second trial of hormonal therapy or
starting VGB.

9. Consensus Statement: Treatment of Relapses

The treatment of children who have initially responded
with hormonal therapy should be individualized. Options
include a repeat trial of hormonal therapy or vigabatrin.

Monitoring and Precautions on Hormonal
Therapy

There are no published guidelines or recommendations
on the plan of investigations before and during steroid or
ACTH therapy in children with WS. The dwelling
environment and socioeconomic strata would determine
the risk of exposure to pathogens and subsequent
infection.

Both ACTH and oral steroid treatment are commonly
associated with adverse effects such as irritability,
increased appetite, hypertension, weight gain, hyper-
pigmentation and risk of infections. Adverse effects are
associated with high dose and longer duration of therapy.

It is routine to monitor blood pressure, blood sugar and
urine sugar. There is variability in frequency of
monitoring for these adverse effects.

10. Consensus Statement: Pre-Hormonal Therapy
Investigations, Monitoring and Precautions on
Hormonal Therapy

• Screening with chest X ray and Mantoux test is
recommended in children at high risk, i.e. positive
family history of contact and suspected
immunodeficiency.

• Children with WS on hormonal therapy should be
monitored for adverse effects. Parents should be
counseled regarding the adverse effects.

• Clinical surveillance for infections should be done.

• At least weekly blood pressure monitoring needs to be
done while the child is on therapy.

• No live vaccines (e.g. oral polio or measles) should be
given while child is on hormonal treatment and for 1
month after stopping the therapy.

• Children on systemic corticosteroids for more than 2
consecutive or 3 cumulative weeks within last 6
months are at risk for adrenal insufficiency. Hence in
case of inter-current illness, oral intolerance or surgical
procedures, hydrocortisone should be administered in
a stress dose of 25-100 mg/m2 in divided doses.

Vigabatrin

Vigabatrin (VGB) is a GABA agonist that acts by
inhibiting 4-aminobutyrate transaminase, the enzyme for
catabolism of GABA. VGB is the drug of choice for
epileptic spasms in tuberous sclerosis [18]. VGB is less
effective that hormonal therapy as first line drug in
treatment of infantile spasm. In terms of short term
efficacy, cessation of spasm ranges from 27.3-55.3% with
the use of VGB [21]. However, there is a considerable
variation in the definition of spasm cessation among
various studies. Apart from TSC, there are few etiological
predictors of favorable response to VGB. Data from the
International Collaborative Infantile Spasms Study
(ICISS) [23] study revealed that children with stroke and
infarcts responded well to combination of VGB and
steroids when compared to those with other etiology.
However, there is limited data on predictors of clinical
response to VGB among non-TSC patients with epileptic
spasms.

There is limited number of studies on long term
efficacy of VGB in infantile spasms. The United
Kingdom Infantile Spasms Study (UKISS) included non-
tuberous sclerosis infants aged 2–12 months who were
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followed up to determine the long term developmental
outcome at 12-14 months of age. It was observed that
mean Vineland adaptive behaviour scales (VABS) score
were comparable between the high dose steroid group
and VGB group [22].

There is a considerable variation in the dose and
regimen for treatment of children with epileptic spasms.
Doses from 18 mg/kg/day to 150 mg/kg/day have been
used by many authors for infantile spasm. The dose is
increased by 50 mg/kg/day every 3-7 days, to a maximum
of 150 mg/kg/day [33].

Visual field defects have been reported with use of
VGB [34]. Other side effects reported with use of VGB
include sedation, irritability, and hypotonia. There are no
standard methods to detect visual field loss among young
children. A 30 HZ flicker electroretinography (ERG) has
been used to monitor ocular toxicity. The proportion of
patients with visual field defects in adults (52%) was
noted to be higher than children (34%) in a systematic
review of 1678 exposed patients to VGB [34].

11. Consensus Statement: Vigabatrin in WS

• VGB is the first line treatment among infantile spasm
with tuberous sclerosis complex.

• Among patients with infantile spasm (non-tuberous
sclerosis), VGB should be considered for treatment
where hormonal therapy/steroids are either
contraindicated or has failed.

• VGB is started at a dose of 50 mg/kg/day and hiked by
50 mg/kg every 3-7 days interval as tolerated to a
maximum dose of 150 mg/kg (max within 14 days) or
cessation of clinical and electrophysiological spasm
has been achieved, whichever is earlier.

• If effective, the duration of therapy should generally be
limited to six months.

• Parents should be explained the risk of possible visual
side effects with use of VGB, and its minimal risk in
infants and among those with less than six months of
drug.

• Baseline and six-monthly ophthalmological evaluation
including fundus examination is recommended for all
children on VGB.

• Electroretinography (ERG) is optional at 6 monthly
intervals in case of prolonged VGB therapy.

Treatment After Failed Hormonal Therapy and
VGB

Other antiepileptic drugs which may be tried in children
with epileptic spasms who have failed hormonal therapy
and VGB include topiramate, sodium valproate,

zonisamide, levetiracetam, and benzodiazepines such as
nitrazepam, clobazam and clonazepam. Nitrazepam has
been approved by Central Drugs standard Organization
(India) for its use in epilepsy. There have also been small
studies on the use of pyridoxine (other than when treating
pyridoxine-dependent seizures), thyrotropin releasing
hormone (TRH), hydrocortisone, sulthiame, and
magnesium sulphate. However, considering limited
literature with insufficient evidence, none of these drugs
are deemed effective in treatment of infantile spasms
[35].

12. Consensus Statement: Treatment After Failure of
Hormonal Therapy and Vigabatrin

• Among children who failed hormonal therapy and
VGB, use of benzodiazepines, sodium valproate,
topiramate, or zonisamide may be considered.

• A trial of pyridoxine, pyridoxal phosphate, folinic acid
and biotin may be considered for a minimum duration
of seven days among those with epileptic spasms of
unknown etiology and failed response to first line
agents.

Dietary Therapies

The ketogenic diet (KD) is a high-fat, low-carbohydrate,
and restricted protein diet that has been found useful in
the management of WS [36]. KD administration in infants
needs hospitalization, monitoring and availability of a
trained dietician as the diet must be carefully titrated to
achieve seizure reduction and provide calories and
proteins for growth [37]. This may be difficult to achieve
in a low resource setting. Also, ketogenic formula, which
makes KD administration easier for infants, is not easily
available in India, and is costly. The modified Atkins diet,
which is a simpler and easier to administer version of the
KD, has also been found to be effective and well-
tolerated in children with infantile spasms [38].

13. Consensus Statement: Dietary therapies for WS

• Dietary therapy should be considered in children with
WS after the failure of hormonal therapy and/or
vigabatrin and one more AED, provided a center
providing this therapy is accessible.

• KD is preferable, but in low resource settings, the
modified Atkins diet may be used.

• Considerations while starting the diet include family
education/motivation, and availability of a trained
dietician.

• For infants <18 months of age, in-patient initiation is
recommended, lower fat: protein ratios should be used,
fine tuning of the diet is needed to maintain growth



INDIAN  PEDIATRICS 64 VOLUME 58__JANUARY 15, 2021

SHARMA, ET AL. AOCN-IES CONSENSUS ON WEST SYNDROME

• Dietary therapy should be tried for at least 3 months
before considering it ineffective

• If effective in controlling spasms, it should be
continued for a period of at least 2 years

Epilepsy Surgery

In the recent years, there have been studies on epilepsy
surgery in refractory epileptic spasms [25]. The various
surgeries reported include total hemispherectomy, subtotal
hemispherectomy, multilobar resection, lobectomy and
tuberectomy. Curative epilepsy surgery has the best
outcomes with EEG-concordant lesional abnormalities on
MRI [25]. The advances in neuroimaging and invasive
monitoring have facilitated patient selection, presurgical
evaluation, and ultimately, resection planning [39].

14.  Consensus Statement: Epilepsy Surgery in WS

Children should be evaluated for epilepsy surgery after
failure of the first line treatments (hormonal treatment
and/or vigabatrin), if there is presence of surgically
resectable lesions e.g., cortical dysplasias, hemimegalen-
cephaly, Sturge Weber syndrome, tuberous sclerosis, and
if there is presence of focal features on clinical semiology
of spasms and EEG.

EARLY DIAGNOSIS

As mentioned earlier, the diagnosis of WS is significantly
delayed in India, adversely impacting the treatment
response and neurodevelopmental outcome [3,4]. In one
study, the mean age at diagnosis was 13.1 months and the
mean lead time to treatment was 7.9 months [3].

Pre-Symptomatic Diagnosis and Treatment of
WS

Certain populations are at high risk of developing WS,
such as infants with perinatal brain injury and tuberous
sclerosis. There is evidence that asymptomatic infants with
tuberous sclerosis complex at high risk of developing
spasms and epilepsy can be identified in the pre-
symptomatic stage using serial surveillance EEGs. All pre-
symptomatic patients with tuberous sclerosis showing
epileptiform abnormalities detected on serial surveillance
EEGs went on to develop epilepsy [40]. Presence of
epilepsy in tuberous sclerosis is an important association
for mental retardation/intellectual disability. Antiepileptic
treatment with VGB in this high-risk group, identified on
serial EEGs, can significantly reduce the rates of evolution
of asymptomatic EEG abnormalities to epilepsy and give a
much better neuro-developmental outcome (nearly 80%
normal development vs 20%, with standard treatment)
Furthermore, the rates of drug resistant epilepsy were 7 %
vs 42 % in the preventive vs standard groups [40].

There are also a few retrospective studies with small
numbers of patients on the EEG findings preceding the
onset of epileptic spasms and hypsarrhythmia in infants
with perinatal asphyxia and periventricular leukomalacia.
More evidence is needed before routine serial surveillance
EEGs are recommended for presymptomatic diagnosis of
WS in at-risk infants with perinatal brain injury.

15. Consensus Statement: Early Diagnosis

• Health professionals dealing with follow up and early
intervention of high-risk infants should be trained to
ask about and recognize epileptic spasms.

• Parents of high-risk infants should be made aware
about the risk of epileptic spasms and educated to
recognize spasms and report to a health facility early in
case spasms occur.

• In every infant with developmental delay, the presence
of epileptic spasms must be enquired for, especially at
the 10 week and 14 week immunization visit.

• If spasms are suspected, an EEG should be urgently
obtained within 24-48 hours.

• Infants diagnosed with tuberous sclerosis complex
antenatally or at birth should be referred to a pediatric
neurologist for consideration of surveillance EEGs,
monthly from 2 mo of age, and presymptomatic
treatment with VGB.

Supportive Care

Key facets of supportive care in WS include issues
pertaining to nutrition, sleep, dental care, behavior,
cognition and schooling.

16. Consensus Statement: Supportive care in WS

Anticipatory evaluation and appropriate management of
co-morbidities (specifically related to feeding, oral
hygiene, neuromotor delays, constipation, sleep, and
growth retardation) should be ensured. Schooling, as per
cognitive abilities, should be ensured. Disability
certification, if eligible as per government guidelines,
should be proactively arranged, so as to facilitate
financial and other support.

CONCLUSION

In this article, the guidelines for the diagnosis and
management of West syndrome are provided. These are
based on the current evidence and where-in the evidence
is insufficient, expert opinion. The neurodevelopmental
outcomes of children with West syndrome are likely to
improve with timely diagnosis and early appropriate
management. As there is on-going research on the many
facets of treatment, and there are still many unanswered
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questions, an update of these guidelines will be provided
when new evidence emerges.
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INTRODUCTION

Coughing up of blood is a dramatic symptom of lung disease when present clinically, its 
seriousness compounded by the nature of the underlying pathology causing it. Hemoptysis 
is the expectoration of blood from the airways or lung parenchyma below the level of the 
glottis.[1,2] While several disease conditions have been listed as being capable of causing 
hemoptysis – pneumonia, inflammation in the lower respiratory system, chronic obstructive 
pulmonary disease, bronchiectasis, cystic fibrosis and neoplasia in the respiratory tree, and 
tuberculosis and its sequelae emerge as the leading cause for hemoptysis in resource-limited 
settings like India.[1-4] Percutaneous transthoracic needle biopsies of lung masses have also been 
associated with hemoptysis as a procedure-related complication.[5] In a case report, pulmonary 

ABSTRACT
Objectives: e objective of this study was to evaluate the role of Gelfoam as an effective embolizing agent in 
patients with hemoptysis presenting to a tertiary care center in developing nations.

Material and Methods: A retrospective analysis of data from 30 patients treated by Interventional radiologist at 
St. John’s Medical College, Bangalore, India, was performed. e study included 22 males (73.3%) and 8 (26.65%) 
female patients. Gelfoam was used as the sole embolizing agent and arteries with features of abnormal blush 
and hypertrophy were targeted. Analysis of the etiology, immediate, and short-term outcome and complications, 
when present, was performed. e median follow-up period was 45 days following an embolization procedure at 
this center.

Results: A high short-term efficacy was noted following embolization procedures with Gelfoam as the sole agent. 
Twenty-eight out of 30 procedures were deemed successful, and post-tubercular changes were noted to be the 
cause for hemoptysis in 23 patients. e high short-term efficacy (93.3%), evidenced by a complete stoppage of 
hemoptysis, along with a relatively low rate of complications (spinal cord ischemia in only 2.3%), strengthens the 
position of Gelfoam as the sole embolizing agent in a resource-limited setting.

Conclusion: In an economically constrained setting, Gelfoam proves to be a useful first choice single embolization 
agent, while polyvinyl alcohol particles coupled with microcatheter systems remain within reach of only those 
who can afford them.
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actinomycosis has been documented as a cause for recurrent 
hemoptysis,[6] while fistulous communication between 
the aorta and tracheobronchial tree can also result in large 
volume, life-threatening hemoptysis.[7] Hemoptysis is termed 
life-threatening when the volume of blood is clinically large 
enough to bring about respiratory compromise. An 80% 
mortality rate is associated with life-threatening hemoptysis 
related mainly to asphyxiation.[8]

Diagnosing the source of bleeding

Hemoptysis most commonly occurs from the bronchial 
artery and its branches with non-bronchial systemic 
(NBS) arteries being involved mainly by tubercular 
etiology.[9,10] Multidetector computed tomography (CT) 
enabled CT angiography is the imaging modality preferred 
for the diagnosis of hemoptysis. It enables relatively accurate 
localization of the source of hemorrhage – bronchial or NBS 
vessels, provides information about the number and origin 
of the arteries, and also allows evaluation of the etiology of 
hemoptysis.[11,12]

Embolization and embolizing agents

Bronchial or NBS vessel embolization has become a safe 
and effective method in tackling potentially catastrophic 
hemorrhage in addition to negotiating the morbidity 
associated with open surgical procedures to check 
hemorrhage.[11-14] e embolization of the bleeding vessel is 
carried out by first obtaining access into the arterial system 
through the femoral artery. Usually, 5 Fr sheath is commonly 
used through which either Cobra or Simmons catheters were 
used. e bronchial arteries are cannulated, and a selective 
arteriogram (ideally digital subtraction angiography) is then 
performed.[15] Low to iso-osmolar non-ionic contrast agents 
are preferred as ionic agents are associated with a higher 
incidence of transverse myelitis.[14]

Vascular hypertrophy and tortuosity, hypervascularity, 
aneurysm formation, neovascularity, and shunting (bronchial 
artery to the pulmonary vein or bronchial artery to pulmonary 
artery) seen on initial arteriography indicate the source of 
bleeding. ese initial angiographic runs can be used as 
roadmaps during definitive embolization later. It is essential 
to identify the artery of Adamkiewicz (with its typical hairpin 
configuration), when present, as accidental blockage of the 
artery results in catastrophic neurological deficits.[14,15]

A variety of embolization agents are available – polyvinyl 
alcohol (PVA) (PVA particle with diameters ranging from 250 
to 500 microns), microspheres (500–700 microns), n-butyl-2-
cyanoacrylate, ethylene vinyl alcohol polymer, Gelfoam, and 
Gelfoam in combination with micro coils.[14-19] Superselective 
embolization is carried out using microcatheters passed into 
the larger catheter in a coaxial fashion.

MATERIAL AND METHODS

Embolization using Gelfoam-experiences at this center

A trained interventional radiologist performed all 
embolization procedures in the hospital catheterization 
laboratory. Arterial access was gained through a femoral 
puncture. Preliminary descending thoracic aortogram 
provided useful information regarding bronchial artery 
origins and anatomy. e cobra-type curved catheters/
Simmons catheters were used for selective catheterization of 
the bronchial artery.

Once the bronchial artery was selectively catheterized, an 
angiogram was performed, which enabled the detection 
of the bleeding vessel and localization of the artery of 
Adamkiewicz. Digital subtraction images were obtained after 
the injection of iodinated contrast. Abnormal vascularity 
was identified in the form of the presence of hypertrophied 
vessels, abnormal vascular blush, areas of arteriovenous 
shunting, and foci of active extravasation.

Gelfoam powder was mixed with dilute iodinated contrast 
and injected as a slurry without the need for a microcatheter. 
e commonly embolized arteries included the bronchial 
arteries, intercostal arteries, and lateral thoracic artery 
branches. Embolization was discontinued with early signs 
of reflux or stasis. All the patients were then observed in a 
surgical or respiratory care unit for a minimum period of 24–
48 h for immediate control of the bleeding post-procedure 
and recurrence or any complication.

RESULTS

On immediate follow-up (within 48 h post-procedure), 
total cessation of hemoptysis was achieved in 27 patients. 
Partial response with regression in hemoptysis was 
noted in 3 patients, which slowly improved with medical 
management [Table  1]. A single major complication was 
noted, where a patient developed paraparesis following the 
interventional procedure due to spinal cord ischemia. Care 
had been taken to avoid the artery Adamkiewicz and the 
other spinal arteries; however, spinal ischemia could have 
been caused by the opening of the spinal collateral during 
the process of embolization. e weakness, however, 
was transient, and the patient gradually improved with 
physiotherapy and medical management and regained 
Grade 4 power around 3 weeks after the procedure. Other 
minor complications noted were chest discomfort (12) and 
puncture site hematoma (1).

Repeat bronchial artery embolization (BAE) was required in 
one patient due to the opening of a prominent feeder, leading 
to recurrence of significant hemoptysis (this occurred 2 
weeks following the procedure) [Figure 1]. It was necessary to 
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undertake a second embolization procedure for the patient; 
embolization was carried out using PVA particles with no 
further episodes of bleeding following the second procedure.

DISCUSSION

Near-complete control of hemoptysis was achieved in 27 
patients (90%) following BAE. We compared our data with 
other prominently cited published literature regarding the 
BAE with gel foam that focused on the immediate bleeding 
control rate. e immediate success rates were lower up 
to the year 2000 (generally <90%). Higher success rates 
following this could be attributed to newer advances in 
medical therapy and the availability of better catheter and the 
cath-lab systems.

e complication rates, as seen in these studies, have generally 
shown a declining trend over the years.[20-22] Our study had 
one major complication in the form of spinal cord ischemia 
leading to transient paraparesis. Other minor complications 

were chest discomfort and puncture site hematoma. Repeat 
BAE was required in a patient due to the opening up of a 
prominent feeder, leading to recurrence of significant bleed 2 
weeks following the procedure. Overall, these results show an 
excellent safety profile of the procedure with a low incidence 
of clinically significant complications.

Limitations

e present study was a retrospective one from a single 
center with follow-up carried out for a maximum period of 
only 3 months.

CONCLUSION

e study reiterates BAE to be an effective technique to 
control acute, life-threatening hemoptysis. Previous studies 
have concluded that PVA is preferred over Gelfoam, with 
Gelfoam even being recommended as a supplementary 
agent following embolization with PVA due to its temporary 
occlusive effect. It is imperative still to note that the 
requirement of a microcatheter system for use with PVA 
particles coupled with the higher cost of the particles itself 
raises the financial burden of an embolization procedure. 
Considering the majority of patients with hemoptysis due to 
tuberculosis belong to lower strata of society, and expensive 
embolization procedures may not be within reach of those in 
greatest need. With a high percentage of complete occlusion 
of target vessels following initial embolization and low risk of 
major complications resulting from non-target embolization, 

Figure 1: (a-d) Selective bronchial artery angiograms showing a dilated right bronchial artery with abnormal hypervascularity and tortuosity.

Table 1: Clinical outcomes of our study in comparison to previous 
studies.

Year Study Number of 
patients

Immediate 
control (%)

1977 Remy et al.[18] 104 84
1996 Ramakantan et al.[19] 140 73
1999 Mohan et al.[20] 45 97.7
2018 Study of our centre 30 90

dcba
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as noted in this study, Gelfoam may even be considered 
as a sole and primary embolization agent in developing 
nations like India where embolization with PVA particles or 
embospheres is still reserved for the privileged.
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Sir,

Urbach-Weithe disease or lipoid proteinosis is a rare 
autosomal recessive genodermatosis reported with higher 
prevalence in South Africa and Europe.[1] Genotypicially, a 
loss of function mutation in extracellular matrix protein 
1 (ECM1) gene mapped to Chromosome 1q21 correlates 
clinically with widespread disease associated with variable 
degree of scarring and infiltration of skin, involving the 
oral cavity, larynx, and mucosae.[2] In this case series, we 
describe the various phenotypic variations in four brothers 
out of the six siblings affected by this condition.

Case Series
Case 1
A 42-year-old man, oldest of the six siblings, born to 
parents of a third-degree consanguineous marriage, who 
was asymptomatic at birth, developed hoarseness of 
voice in his infancy followed by spontaneous vesiculation 
over his face, arms, shoulders, back, and over buttocks 
in childhood up till the age of 16 years, which healed 
with atrophic scarring. Further, he developed progressive 
thickening of his skin with the development of yellowish 
tiny lesions along the margins of his eyelids, neck and 
both hands, and warty lesions over the sites of trauma. 
He gave history of increased discomfort during summer 
and multiple episodes of seizures over the past 16 years. 
There was history of dysphagia and episodes of dyspnea 
that exacerbated with concurrent upper respiratory 
tract infections. Patient also gave a peculiar history of 
observing spontaneous and incomplete resolution of his 
skin lesions.

Examination revealed short stature (height 152.52 cm) with 
moniliform blepharosis [Figure 1a] along with confluent 
yellowish-brown waxy papules over the face, neck, upper 
trunk, arms, forearms, legs, scrotum, and dorsum of 
hands. Hyperpigmented verrucous lesions [Figure 1b] were 
seen over bilateral elbows, knees, in axillae, intergluteal 
cleft, and over lateral malleous. Scarring alopecia was 
noticed over the scalp along with lateral one-third of 
supraciliary madarosis. Thickened waxy skin over the face 
along with multiple variable sized pox-like scars gave an 
appearance of leonine-like facies [Figure 1c]. Oral mucosal 
examination showed induration of both lips, angular 
chelitis, thickened infiltrated fissured tongue [Figure 1d], 

and frenulum with an inability to protrude along with 
multiple dental caries and loss of teeth.

On slit-lamp examination, features of dry eye were 
documented. Video-laryngoscopy showed thickened 
epiglottis and vocal cords with narrowed airway opening. 
X-ray skull showed presence of a radio-opacity in the 
pituitary region.

Case 2
A 40-year-old man, sibling of case 1, developed 
hoarseness of voice around the age of 6, followed 
by a similar progression of clinical events such as 
the formation of vesicles until the age of 14 years 
that ultimately healed with atrophic scarring. He, 
however, gave no history of dysphagia, dyspnoea, 
seizures, or photosensitivity. He too had a short 
stature (height 146.436 cm) with diffusely thickened 
nonpinch-able skin, numerous confluent yellowish waxy 
papules, and atrophic scars present over face, back, 
shoulders, back, and buttocks along with moniliform 
blepharosis. Thick verruocus hyperpigmented plaques 
were seen in axillae, elbows, buttocks, knees, lateral 
malleoli, and over knuckles of both hands along with 
infiltrated lips, angular chelitis [Figure 2a], thickened 
tongue and frenulum with inability to protrude and 
fissuring and dental anomalies were also seen.

The nails showed presence of ragged cuticles and 
onychoschizia [Figure 2b]. On dermoscopy, ragged 
cuticles over third and fourth fingers of the right hand 
were observed [Figure 3a]. Scarring alopecia along with 
grouped infiltrated papules over the scalp was noticed 
along with supraciliary madarosis [Figure 2c].

Slit-lamp examination revealed dry eye in him too. 
Video-laryngoscopy showed uniformly thickened vocal 
cords and X-ray skull features were normal.

Figure 1: Common findings in lipoid proteinosis as seen in our cases. (a) Moniliform 
blepharosis. (b) Infiltrated tongue (c) Verrucous plaques over the knees. (d) Pox-like 
scars over the face
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Case 3
A 36-year-old man, fourth of the six siblings, presented 
with hoarseness of voice since birth and vesicular lesions 
over body since the age of 2 years until 16 years of age, 
followed by the formation of thick waxy lesions over 
the joints. There is no history of dysphagia, dyspnea, 
seizures, or discomfort in summers.

On examination, height was 170.314 cm, with scarring 
alopecia, moniliform blepharosis, thickened facial skin 
along with confluent yellowish papules, and atrophic 
scars on the face giving an appearance of leonine facies. 
There was infiltration of the lips, thickened tongue along 
with presence of angular cheilitis. He too had infiltrated 
skin over the body and hyperkeratotic hyperpigmented 
plaques over his joints.

On dermoscopy, multiple tiny papules and pits were 
observed on the tips of the finger pulps of the second, 
third, and fourth fingers of both hands [Figure 3b]. 
On slit-lamp examination, dry eye was observed. 
Video-laryngoscopy showed presence of thickening 
over the posterior one-third of vocal cords including 
inter-arytenoid areas. X-ray findings of the skull were 
suggestive of a radio-opacity in the hippocampus region.

Case 4
A 32-year-old man, sixth of the six siblings, was 
asymptomatic at birth but started noticing hoarseness of 
voice by the age of 5 years followed by a similar history 
of vesicles that healed with scarring, appearance of small 
numerous yellowish lesions over the face and body and 
thick warty lesions over the sites of friction. He gave 
history of seizures since the past 2 years. There were no 
dysphagia, dyspnea, and discomfort in summers.

He too had short stature (height 150 cm) with 
moniliform blepharosis, grouped waxy papules on his 
scalp over the right parieto-occipital area and on the 

scrotum, and minimally verrucous plaques the knees. 
Oral cavity showed the presence of infiltrated lips, 
angular chelitis, dental anomalies, fissured tongue with 
gross infiltration and an obvious inability to protrude 
and prominent dental marking along its lateral borders.

On dermoscopic examination, few small papules and pits 
were seen on the pulps of bilateral third and fourth 
fingers and dry eyes were seen on slit-lamp and thickened 
epiglottis and vocal cords on video-larynscopy. X-ray of 
the skull showed radio-opacity in the pituitary region.

To summarize, Table 1 shows the phenotypic variability 
in cutaneous features previously described in the 
literature in these four brothers. Table 2 shows the new 
features we came across.

Cases 5 and 6
The remaining two sisters out of the six siblings were 
also screened and found to be clinically clear of any 
cutaneous or systemic manifestations.

Histopathology of skin biopsy taken from verrucous 
lesions in all four brothers showed the presence of 
amorphous eosinophilic hyaline material in the dermis, 
accentuated around the capillaries, sweat coils in an 
“onion skin arrangement” [Figure 4a and b on H and E]. 
These deposits stained positive on PAS [Figure 5a and b] 
and negative for Congo red stain.

Lipoid proteinosis is diagnosed based on its characteristic 
clinical findings confirmed by histopathology. It is known 
to display considerable interfamilial and intrafamilial 
variation.[2]

Hoarseness of voice, which is usually the first presenting 
symptom, was seen in all our patients. Along with all the 
classical cutaneous features,[3] some other new interesting 
features observed in our patients were stunted growth, 
lateral one-third supraciliary madarosis, waxy papules 
over the scrotum and scalp, papular deposits on the 
fingertips with ragged cuticles of nails were seen in ours 
which have not been mentioned in the literature before 
which have been highlighted in Table 2.

Mucosal involvement manifesting as immobility of tongue, 
speech impediment, xerostomia, and dental anomalies, 

Figure 2: New cutaneous findings observed. (a) Angular chelitis. (b) Ragged cuticles 
of nails with onychoschizia. (c) Waxy infiltrated papules over scalp

c

b

a

Figure 3: Dermoscopy features (Dinolite, polarized, 150×). (a) Ragged nail 
cuticles. (b) Pits and papules seen on finger tips
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Table 1: Summary of clinical features in patients with lipoid proteinosis
Clinical features Brother 1 (42y) Brother 2 (40y) Brother 4 (36y) Brother 6 (32y)
Hoarseness of voice Since infancy 6 years of age Since birth 5 years of age 
Vesicular eruptions healed with scarring +++ ++ + ++
Waxy papules ++ + + ++
Verrucous plaques + ++ ++ ++
Moniliform blepharosis + ++ +++ ++
Thickened tongue +++ ++ + ++
Inability to protrude tongue +++ ++ - +++
Dysphagia ++ - - +
Scarring Alopecia + + + +
Respiratory manifestations Dyspnea - - -
Neurological manifestations Epilepsy, Memory loss - - Epilepsy, Memory loss
Severity of C/F Severe Milder Milder Severe

Table 2: Whats new!
Clinical Features Brother 1 (42y) Brother 2 (40y) Brother 4 (36y) Brother 6 (32y)
Stunted growth +++ +++ - +++
Supraciliary madarosis +++ +++ +++ +++
Leonine-like Facies +++ +++ +++ +++
Fissure tongue ++ ++ ++ ++
Angular chelitis ++ ++ ++ ++
Waxy scalp papules - ++ - ++
Waxy scrotal papules - +++ - -
Fingertip pits and papules - - ++ ++
Ragged cuticles, onychoschizia - ++ - -
Dry Eyes ++ ++ ++ ++
Key: ‘-‘Absent, ‘+’ Weakly present, ‘++’ Moderately present, ‘+++’ Strongly present

etc.,[1,3] previously mentioned in the literature were seen 
in all of our four patients. Infiltration of the pharynx, 
soft palate, tonsils, and lips lead to recurrent episodes 
of upper respiratory tract infections, parotitis, and poor 
dental hygiene. However, clinical features such as angular 
cheilitis and fissured tongue not described previously 
were consistently present in all the four brothers.

Extramucocutaneous involvement although uncommon 
can manifest with ocular, psychiatric, or neurological 
symptoms. According to literature almost any part of the 
eye can be affected, usually infiltration of Zeiss, Moll, 
and Meibomian glands clinically present as madarosis, 

trichiasis, and distichiasis. Other commonly seen features 
are focal degeneration of macula and drusen formation in 
Bruch’s membrane. Rare manifestations include glaucoma, 
lens-related and retinal complications such as cataract, 
subluxation, impaired color vision, corneal ulcerations, 
uveitis, epiphora, transient blindness, etc.[4] However, in all 
our four patients, dry eyes were the consistent eye finding.

Neurological manifestations include long-standing 
memory impairment, paranoia, rage attacks, mental 
retardation, and temporal lobe epilepsy.[4,5] Two out 
of our four patients reported memory impairment and 

Figure 4: (a) Amorphous eosinophilic hyaline material in the dermis on H and E 
scanner view. (b) Hyaline material accentuated around the capillaries, sweat coils in 
an “onion skin arrangement” on H and E at 100×

ba

Figure 5: (a and b): PAS positive deposits in the dermis, highlighted along the 
capillaries and ducts

ba
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epilepsy. CT brain with bean-shaped calcifications in the 
hippocampus, which is pathognomic for this condition. 
Nevertheless, studies have reported no geno-phenotypic 
co-relation in severity.

The ECM1 gene encodes for a secretory glycoprotein and 
plays an important role in the structural and biological 
function of skin.[6,7] Mutations in this gene result in 
a disruption of collagen metabolism with decreased 
production of fibrous collagen and overproduction of 
basal membrane collagen. This presents clinically as the 
deposition of PAS-positive hyaline material in dermis 
and submucosa.[1]

Hamada et al.[3] in their study have reported a number 
of mutations in ECM1 gene, however, majority of the 
mutations reported occur on exon 7 and to a lesser extent 
on exon 6. This results in variation of clinical severity 
with exon 7 mutations resulting in milder mucocutaneous 
phenotype and less severe respiratory symptoms.

Skin lesions in lipoid proteinosis occur in two overlapping 
stages: Cell-poor subepidermal blisters with secondary 
acantholysis histopathologically which manifests 
clinically as spontaneous vesiculation that heals with 
scarring during early childhood followed by progressive 
PAS-positive amorphous hyaline material deposition 
in the dermis, vessel wall, and around eccrine glands 
presenting clinically as generalized thickened skin.[7,8]

Lipoid proteinosis is known to run a chronic and 
benign course with a normal life span but the patient 
suffers from various functional and cosmetic problems. 
Treatment options available are limited. Studies have 
reported the use of drugs that dissolve collagen and 
scavenge hydroxyl radicals like dimethyl sulfoxide, 
or help prevent the cross-linking seen in mature 
collagen by inhibiting key enzyme lysyl oxidase such 
as d-penicillamine. Retinoids like acitretin modulate 
the metabolism of basement membrane and reduce the 
deposition of hyaline material in dermis. Facial lesions 
can be treated with dermabrasion or chemical peeling 
with CO2 laser surgery for vocal cords that help in the 
improvement of hoarseness.[8-10]

To conclude, the unique features of stunted growth, 
waxy scalp papules with scarring alopecia of scalp, 
angular chelitis, fingertip pits, and papules with ragged 
cuticles, onychoschizia along with findings of dry eyes in 
the male siblings, with sparing of the female siblings are 
highlighted through this case series to provide a greater 
insight into this uncommon genodermatoses. 
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Assessment of benzyl isothiocyanate 
as an adjunct to conventional 
periodontal therapy
Vidhi Kevadia, Shaila Kothiwale

Abstract:
Background: Conventional nonsurgical periodontal therapy eliminates the pathogenic microbes, yet residual 
deposits promote the recurrence of the disease. As antimicrobials may pose undesirable effects, alternate therapies 
are probed. Aim: The aim of the study is to evaluate the efficacy of locally delivered benzyl isothiocyanate (BITC) 
as an adjunct to scaling and root planing to treat patients with chronic periodontitis. Materials and Methods: The 
study included 30 patients diagnosed with chronic periodontitis. Test (scaling and root planing along with BITC 
intervention) and control (scaling and root planing) sites were randomly assigned to each patient. These sites 
were in the contralateral quadrants, having a probing depth of 4–6 mm. The plaque index (PI), gingival index (GI), 
pocket probing depth (PPD), clinical attachment level (CAL), and microbial load (colony forming unit [CFU]) 
were assessed at baseline, 1‑week, and 6‑week time interval. Data were analyzed by ANOVA/Friedman test, 
Mann–Whitney U‑test, pairwise paired t‑test, and Wilcoxon test, with P ≤ 0.05 set as statistically significant. 
Results: The scores of PI, GI, PPD, and CAL from baseline to 6‑week follow‑up within both the test and control 
sites were noted to be statistically significant (P < 0.0001). The CFU showed a significant reduction (P = 0.0229) 
within the test site at varying time intervals. The change in the mean PI score from baseline to 6‑week time 
interval between the test and control site was noted to be statistically significant (P = 0.0039). Conclusion: The 
local application of BITC chips effectively reduced the PI, GI, PPD, and CFU, subsequently with the gain in CAL, 
and improved the tissue integrity and thereby oral hygiene.
Key words:
Benzyl isothiocyanate, chronic periodontitis, oral hygiene, root planing

INTRODUCTION

Periodontitis is caused by a specific or a group of 
microorganisms, resulting in the progressive 

destruction of the periodontal ligament and the 
alveolar bone with periodontal pocket formation, 
gingival recession, or both.[1] It is precipitated 
during an interplay of bacterial challenge and 
host response. It is modified by environmental, 
acquired risk factors and genetic susceptibility.[2] 
Anaerobes, facultative aerobes, microaerophiles, 
or capnophiles are the periodontal pathogens 
identified. Common bacterial species in the 
periodontal environment (Actinomycetes, certain 
Streptococcus, and Staphylococcus spp.) can 
provoke opportunistic infections creating a 
disturbance in the microbial milieu. While 
localized periodontitis is strongly associated 
with the presence of Actinobacillus (Haemophilus) 
actinomycetemcomitans, Eikenella corrodens, and 
Capnocytophagа, a major part of periodontitis has 
no correlation with a definite composition of the 
bacterial flora.[3]

Treating periodontitis is a challenge because the 
infection occurs due to a bacterial biofilm, which 
could be highly resistant to antimicrobials and 
host response. A thorough elimination of the 

bacteria from the periodontal cavity is a tedious 
task and the bacteria could remain in the oral 
cavity, due to which a chance of recurrence is a 
possibility. The severity of the disease is mainly 
dependent on the bacterial components present 
as well as on the host response.[4,5]

Either surgical or nonsurgical treatment could be 
followed to achieve these goals, depending upon 
the severity of the disease. Scaling and root planing, 
considered a “gold standard” method, effectively 
reduces the microbial level in the periodontal 
pocket and improves the clinical parameters such 
as bleeding on probing and probing depths and 
clinical attachment level (CAL).[5,6]
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Chemotherapeutic agents administrated either systemically 
or incorporated locally at the site of inflammation could 
hasten the treatment process, especially in case of microbial 
infections. However, they may cause undesirable adverse 
effects such as hypersensitivity, gastrointestinal intolerance, 
and development of bacterial resistance.[7] To overcome the 
side effects of these synthetic molecules, recent research has 
explored the therapeutic application of natural products such 
as herbs and plant extracts.[8]

Miswak (Salvadora persica) root and bark have been traditionally 
used over 1000 years as a chewing stick or natural toothbrush 
to strengthen the gums, prevent caries, clean the mouth, 
whiten the teeth, and sweeten the breath and is widely 
used throughout India, Africa, and Arab nations. Miswak 
extracts possess various biological properties, containing 
significant antifungal, antibacterial, antiviral, analgesic effect, 
anti‑inflammatory, and hypoglycemic effect.[9]

The antibacterial property of S. persica is mainly attributed to 
one active component called benzyl isothiocyanate (BITC). It 
penetrates the outer bacterial membrane and interferes with the 
bacterial redox systems. BITC is reported to be active against 
Gram-negative periodontal pathogens such as Aggregatibacter 
actinomycetemcomitans and Porphyromonas gingivalis.[10] It was 
reported to have moderate inhibition against four oral bacteria, 
namely P. asaccharolytica, P. gingivalis, Streptococcus sobrinus, 
and Streptococcus mutans.[11]

Failure of the active component to reach an adequate 
concentration at the site of action is due to its inability of 
being retained locally for an adequate time period.[12] The 
incorporation of antimicrobial agents into controlled release 
delivery systems, facilitating their placement directly into 
the periodontal pocket, could be advantageous. Chitosan is 
considered excellent to be used as a drug delivery vehicle 
because of it is highly stable, biodegradable, nontoxic, 
permeation, improving factors and ease of availability.[13]

Multiple in vitro-based studies in the literature endorse using 
BITC to treat periodontitis. A dearth of studies correlating 
these findings among clinical scenarios was observed. 
Thus, the present study proposed to evaluate the clinical 
and microbiological effectiveness of locally delivered BITC 
incorporated in chitosan as an adjunct to scaling and root 
planing in treating patients with chronic periodontitis.

MATERIALS AND METHODS

A total of 30 participants, aged 35–55 years who were 
diagnosed with chronic periodontitis (as per the American 
Academy of Periodontology 1999 classification), were 
included in the study.[14] The sample size was calculated 
as per the proportionality formula based on previous 
literature.[15] Considering the effect size of 0.40, significance 
level of 0.05, and power of the study as 0.80, a sample size of 
30 was obtained. This was conducted at a tertiary care center, 
during the year 2016–2018, after acquiring approval from the 
institutional ethics committee and informed consent from the 
patients participating in the study. This was a double-blinded 
study and one examiner was involved in recording the 
observations.

Patients with a pocket probing depth (PPD) of 4–6 mm in the 
contralateral quadrants, those without any systemic disorders, 
and those who had not undergone any form of nonsurgical 
or surgical periodontal therapy in the past 6 months were 
included in the study. The study excluded patients with a 
history of antibiotics and nonsteroidal anti-inflammatory 
drug use in the past 6 months, pregnant and lactating females, 
smokers, consuming tobacco in any form, those with <20 
scorable teeth, and those with a history of allergy to Miswak.

Two sites in each patient were randomly selected (computer-based 
software) in the contralateral quadrants, with a probing depth 
of 4–6 mm. A split-mouth design was followed to reduce bias 
influenced by patient variation. The groups were delineated 
as follows: test sites – scaling and root planing was performed 
along with the placement of local drug delivery chips 
containing BITC; control site – scaling and root planing alone 
was performed [Figure 1a and b].

A pilot study was conducted to determine the minimum 
inhibitory concentration (MIC) of BITC (Sigma Aldrich, 
Germany) against S. mutans using the brain–heart infusion 
media. After 24 h incubation at 37°C, the MIC was defined 
as the lowest concentration of BITC which prevents visible 
growth of bacteria.[16]

The BITC-chitosan chips were prepared by mixing 600 µg of 
chitosan powder (HiMedia Laboratories) in 20 ml of 1% acetic 
acid with 250 µg/ml BITC solution. This homogenous mixture 
was poured onto a Petri dish and left for drying overnight 
at room temperature. The BITC-chitosan chips measuring 4 
mm × 5 mm were cut, sterilized by ultraviolet radiation, and 
stored at room temperature [Figure 2a and b].[17,18]

Sites with 4–6 mm pocket depth were randomly chosen as 
test and control sites. Clinical parameters were assessed, and 
plaque samples were procured for microbiological analysis 
from both the sites. Supragingival plaque was removed before 
the plaque collection to avoid contamination or dilution of the 
subgingival sample.[19]

The samples were then transferred to a microcentrifuge tube 
containing 0.5 ml of reduced transport fluid and the culture was 
prepared. Following which, a full-mouth thorough scaling and 
root planing was carried out. The test site was then isolated and 
tin foil of the size of the BITC-chitosan chip was inserted in the 
pocket to verify proper subgingival placement of the chip. The 
chip was then trimmed according to the tin foil measurement 
and inserted deep in the periodontal pocket such that the chip 
rested subgingivally at the base of the pocket and was not 
exposed. A periodontal dressing, COE-PAK, was placed over 
both the test and control sites [Figure 2c and d]. Patients were 
instructed not to brush over the pack and to follow modified 
bass technique for brushing the remaining teeth. Patients were 
also advised not to use any other plaque control methods. 
Patients were recalled after 1 week and 6 weeks for a follow-up 
evaluation.

All clinical parameters were recorded preoperatively at baseline 
and postoperatively 1 week and 6 weeks posttreatment. The 
plaque index (PI) was selected for this study as it was easy 
to assess, reliable, and more objective. The clinical scoring 
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procedure used to assess supragingival plaque formation in the 
gingival third was a modification of the Quigley‑Hein (Turesky 
Modification) plaque scoring index. Quantitative assessment 
of the disclosed plaque was done to evaluate the extent of 
plaque over the tooth area without disturbing the plaque using 
a dental probe as done in other plaque indices.[20] The gingival 
index (GI) was used in the study since the sensitivity and 
reproducibility of this index is known to be good. The scoring 
system for the gingiva was based as per Löe and Silness.[21] 
Conventional procedure was followed, and the scores were 
obtained. Pressure-sensitive probe (Hawe Click probe, Kerr 
company, Switzerland) was used to measure the PPD (the 
distance from the gingival margin to the sulcus depth) and 
CAL (measures the position of the soft tissue in relation to 
cementoenamel junction [CEJ] – in this case, distance from CEJ 
to the sulcus depth was measured).[22]

Plaque samples collected at varying time intervals from both 
test and control sites were cultured using lawn streak method 
on blood agar plates for 18–24 h (work carried out at Dr. 
Prabhakar Kore Basic Science Research Centre, Belagavi). The 
colonies formed were identified based on morphological/
staining (gram/lactophenol cotton blue) characteristics. 
Colonies were counted manually to determine the colony 
forming units (CFUs).[23]

Data were analyzed using  R v386 3.6.0 software CRAN 
package. Continuous data were represented in the form of 
mean ± standard deviation, and the categorical variables were 
represented as frequency (%). Within-group comparison for 
the clinical and microbiological parameters was done using 
repeated-measure ANOVA/Friedman test. Pairwise paired 
t-test and pairwise paired Wilcoxon test with Bonferroni 
correction were considered as post hoc test for repeated-measure 
ANOVA and Friedman test, respectively. Between-group 
comparison was done using t-test/Mann–Whitney U-test. The 
change in the values from baseline to subsequent follow-ups 
was compared separately for each site using pairwise Wilcoxon 
sign‑rank test. Level of significance was set at P ≤ 0.05.

RESULTS

The study included 30 participants, aged 35–55 years, 
diagnosed with chronic periodontitis. The CONsolidated 
Standards of Reporting Trials flow diagram for the study is 
represented in Figure 3. The MIC obtained against S. mutans 
in this study was 1.56 µg/ml. BITC was incorporated within 
chitosan which was used as a vehicle to release the drug in a 
sustained mode for 8–10 days.

On comparing the parameters within the test and control 
sites, a decrease in the scoring was noted from the baseline 
to 6-week time interval. Regarding the parameters in the test 

site, the mean PI score (P < 0.0001), mean GI score (P < 0.0001), 
mean PPD (P < 0.0001), mean CAL (P < 0.0001), and mean 
CFU (P = 0.0229) reduced significantly. Similar significant 
reduction in the scores regarding the parameters in the control 
sites with the mean PI (P < 0.0001), mean GI (P < 0.0001), 
mean PPD (P < 0.0001), mean CAL (P < 0.0001) from baseline 
to 6‑week time interval was noted. Significant difference in 
the PI (P = 0.0087) score and CFU (P = 0.0152) count between 
the test and control site was noted during the 6th week 
follow-up [Table 1 and Figure 4].

Table 1: Comparison of the clinical and microbial 
parameters at varying time intervals within and between 
the test and control sites
Parameter 
time

Mean±SD Pb

Test site Control site
PI (score)

Baseline 4.03±0.85 3.90±0.76 0.4848†

1 week 1.07±0.64 1.20±0.61 0.4165†

6 weeks 1.53±0.68 1.97±0.61 0.0087*,†

P a <0.0001*,† <0.0001*,†

GI (score)
Baseline 2.47±0.63 2.60±0.50 0.4746†

1 week 0.83±0.65 0.90±0.66 0.6963†

6 weeks 1.03±0.61 1.33±0.61 0.0620†

P a <0.0001*,† <0.0001*,†

PPD (score)
Baseline 5.1±0.76 5.0±0.64 0.5598†

1 week 4.17±0.83 4.20±0.85 0.8489†

6 weeks 4.20±0.85 4.33±0.99 0.4108†

P a <0.0001*,† <0.0001*,†

CAL (score)
Baseline 5.4±1.13 5.13±1.07 0.3517†

1 week 4.60±1.16 4.43±1.10 0.6459†

6 weeks 4.6±1.16 4.57±1.28 0.9022†

P a <0.0001*,† <0.0001*,†

CFU (counts)
Baseline 148.23±72.67 170.70±83.70 0.2715‡

1 week 130.77±76.43 156.30±88.01 0.2351‡

6 weeks 107.17±69.31 154.03±75.64 0.0152*,‡

P a 0.0229*,§ 0.4905§

*Significant (P≤0.05); Pa within group analysis; P b between group analysis; 
†Mann‑Whitney U‑test; ‡T‑test; §Repeated ANOVA; PI – Plaque index; 
GI – Gingival index; PPD – Pocket probing depth; CAL – Clinical attachment 
level; CFU – Colony forming unit; SD – Standard deviation; P – Probability 
value

Figure 1: (a) Chronic periodontitis and (b) postscaling and root planing
ba Figure 2: (a) Chitosan incorporated with benzyl isothiocyanate; (b) benzyl 

isothiocyanate‑chitosan chips 4 mm × 5 mm size; (c) placement of benzyl 
isothiocyanate chip at test site and; (d) COE‑PAK placement at test site

dc

ba
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Figure 3: The Consolidated Standards of Reporting Trials diagram depicting the patient flow in the study; n=number of patients

and control (P > 0.99). The mean CFU count at 6th week was 
significantly different from baseline in the test site (P = 0.016), 
whereas the mean CFU count at 1st week was not significantly 
different from mean of CFU count at baseline (P = 0.763) and 
6th week (P = 0.371) in the test site.

The change in the scores of PI, GI, PPD, CAL, and CFU from 
baseline to 1st week, baseline to 6th week, and 1st–6th week 
between the test and control sites is represented in Table 2. 
On comparing the scores, only the change of the mean PI score 
from baseline to 6-week time interval between the test (61.98%) 
and control (49.57%) site was noted to be statistically 
significant (P = 0.0039).

The distribution of PI score was significantly different for at 
least 2 time points in both the test and control sites and hence 
was inferred that the PI distribution significantly changed 
over time points in both the sites (P < 0.05). The distribution 
of the GI score at baseline was significantly different from the 
1st week (P < 0.0001) and 6th week (P < 0.0001) in both the sites. 
The median of GI score was noted to be significantly different 
between the 1st week and 6th week in the control site (P = 0.0027) 
but not in the test site (P = 0.2). The distribution of PPD and 
CAL score at baseline was significantly different from the 1st 
week (P < 0.0001) and 6th week (P < 0.0001) in both the sites, 
but both PPD and CAL distribution was not significantly 
different between 1st week and 6th week in the test (P = 0.545) 

Figure 4: Distribution of (a) plaque index; (b) gingival index; (c) pocket probing depth; (d) clinical attachment level scores; and (e) colony forming unit counts in both control 
and test sites at varying time intervals; CFU: colony forming unit

d
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The bacteria on blood agar plates were identified as Streptococcus 
spp., Actinomyces spp., Diphtheroids, and Gram-negative 
bacilli [Figure 5].

DISCUSSION

Chronic periodontitis is a multifactorial inflammatory disease 
that affects the supporting structures of the teeth. The use of 
local drug delivery with antibiotics within the periodontal 
pocket has shown promising results in case of mild and 
moderate chronic periodontitis. In the arena of local drug 
delivery, the literature is replete with the application of 
herbs such as curcumin, green tea, pomegranate, aloe vera, 
and neem.[9] Owing to the paucity of studies with BITC, this 
study focused on evaluating the therapeutic benefits of locally 
delivered BITC incorporated in chitosan, as an adjunct to 
scaling and root planing in patients with periodontitis. Clinical 
and microbiological parameters such as PI, GI, PPD, CAL, and 
CFU at varying time intervals (baseline, 1 week, and 6 weeks) 
were evaluated at the test and control sites.

The pilot study conducted determined the MIC of BITC against 
S. mutans as 1.56 µg/ml. A comparable result was observed 
in a study by Dufour et al., with the MIC ranging between 
1.25 and 5 µg/ml.[16] Following this, BITC was incorporated 
within chitosan that was used as a vehicle allowing the drug 
to be released in a sustained mode for 8–10 days based on a 
study reported by Ahmed et al.[17] The concentration of BITC 
used in this study was approximately 150 times higher than its 

MIC. It was chosen so because, the earlier conducted biofilm 
experiments indicated that the necessary MIC of antimicrobial 
agents should be at least 50 times or even up to 210,000 times 
higher than for bacteria growing under planktonic conditions.[24]

The scores of PI, GI, PPD, and CAL from baseline to 6-week 
follow-up time within both the test and control sites were 
noted be significant (P < 0.0001). Similar observations of the 
clinical and microbial parameters either due to herbal drugs 
or laser therapy used to treat chronic periodontitis have been 
reported by Rathod et al. (P < 0.01) and Sağlam et al. (P < 0.001) 
after 3 months of follow-up.[25,26] The reduction of the PI scores 
in the test sites can be attributed to the effective sustained 
release of BITC from chitosan chip which helped in eradicating 
biofilm bacteria from areas inaccessible by conventional 
therapy. This bacterial reduction was in accordance to the 
earlier studies, where the influence of sustained release of 
drugs from chitosan was proved to be useful in periodontal 
therapy.[17,27] The reduction of GI scores could be attributed to 
the anti‑inflammatory property of BITC.[28] The reduction in the 
PPD was due to both gain in CAL and reduction in the swelling 
of the marginal gingiva as the inflammation reduced.[29] The 
difference in the PI, GI, PPD, and CAL scores between the test 
and control sites at varying time intervals was noted to be 
insignificant (P > 0.05), except during the 6th week follow-up 
with respect to PI score (P = 0.0087). Statistically insignificant 
observations between the test and control sites have been 
reported earlier by Sağlam et al. (P > 0.05) for PI, GI, PPD, and 
CAL.[26] While considering the change in scores at varying 
time intervals, only the PI score was noted to be significant 

Table 2: Comparison of the change in clinical and microbial parameters at varying time intervals between the test and 
control sites
Parameter Mean±SD (percentage of change in mean)

Change from baseline to 1st 
week

P Change from baseline to 6th 
week

P Change from 1st to 6th week P

Test site Control site Test site Control site Test site Control site
PI (score) −2.97±0.72 

(−73.55)
−2.70±0.53 

(−69.23)
0.1385† −2.50±0.63 

(−61.98)
−1.93±0.83 

(−49.57)
0.0039*,† 0.47±0.63 

(43.75)
0.77±0.68 

(63.89)
0.0663†

GI (score) −1.63±0.67 
(−66.21)

−1.70±0.70 
(−65.38)

0.2754† −1.43±0.63 
(−58.11)

−1.27±0.64 
(−48.72)

0.1054† 0.20±0.55 
(24)

0.43±0.56 
(48.15)

0.1054†

PPD 
(score)

−0.93±0.45 
(−18.30)

−0.80±0.55 
(−16.00)

0.0653† −0.90±0.40 
(−17.64)

−0.67±0.66 
(−13.33)

0.3338† 0.03±0.32 
(0.8)

0.13±0.51 
(3.17)

0.3338†

CAL 
(score)

−0.8±0.48 
(−14.81)

−0.7±0.47 
(−13.64)

0.0775† −0.8±0.48 
(−14.81)

−0.57±0.57 
(−11.04)

0.2347† 0±0.37 (0) 0.13±0.51 
(3.01)

0.2347†

CFU 
(counts)

−17.47±82.26 
(−11.78)

−14.40±96.24 
(−8.44)

0.8949‡ −41.07±74.43 
(−27.70)

−16.67±85.01 
(−9.76)

0.2417‡ −23.60±81.53 
(−18.05)

−2.27±62.4 
(−1.45)

0.2600‡

*Significant (P≤0.05); †Mann‑Whitney U‑test; ‡T‑test. PI – Plaque index; GI – Gingival index; PPD – Pocket probing depth; CAL – Clinical attachment level; 
CFU – Colony forming unit; sd – Standard deviation; P – Probability value

Figure 5: Microbial colonies acquired from test and control sites at varying time intervals
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from baseline to 6-week follow-up (P = 0.0039), comparable 
to the findings of Hattarki et al. (P = 0.000), where the mean 
reduction in PI scores was significant from baseline to 6‑week 
follow-up.[30]

While performing the CFU count, the bacteria identified 
belonged to Streptococcus spp., Actinomyces spp., Diphtheroids, 
and Gram-negative bacilli. The analysis of the microbial CFU 
showed a significant reduction (P = 0.0229) within the test site at 
varying time intervals but not in the control site (P = 0.4905). This 
shift in the microbiota at different time intervals was comparable 
to findings reported by Sağlam et al., where significance was 
noted within the test (P = 0.001) and control (P = 0.01) sites.[26] 
The difference in the CFU count between the two sites was 
significant (P = 0.0152) during the 6th week follow-up. The 
reduction of the CFU in test group is due to the antibacterial 
action of BITC and also that BITC might penetrate through 
the outer bacterial membrane and possibly interfere with the 
bacterial redox systems, thus hampering with the ability of the 
bacteria to maintain its membrane potential.[10,11]

This pioneer study has validated the positive influence of 
BITC-incorporated chitosan chips as an adjunct to scaling and 
root planing and thus has added new insights to the existing 
literature. This method was proven to be safe and effective 
within 6 weeks of follow-up mainly attributed to the medicinal 
properties of BITC. Further, the reduction in the CFU that was 
observed endorsed the absence of recurrent infections.

Limitations of the study were smaller sample size and the 
patient’s follow-up was not carried out during the maintenance 
period. Future studies could include larger cohorts and vary 
the concentration of BITC, to arrive at the precise therapeutic 
concentration. The application of BITC-incorporated chitosan 
chip could be further evaluated against anaerobic microflora 
along with a long-term follow-up.

CONCLUSION

The use of local drug delivery system containing BITC 
incorporated in chitosan had a synergistic effect to scaling 
and root planing for the treatment of patients with chronic 
periodontitis, due to its antibacterial, anti‑inflammatory, and 
wound-healing properties. The sustained release action of the 
drug allowed the eradication of bacteria from inaccessible areas 
in the subgingival environment. It resulted in the reduction 
of PI, GI, PPD, and microbial CFUs. A subsequent gain in the 
CAL was noted, resulting in improved oral hygiene status. This 
inferred that BITC chip is a valuable adjunct to treat patients 
with chronic periodontitis.
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An orthodontic analysis of the smile dynamics with videography
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A B S T R A C T

Background and objectives: Smile is one of the most effective means by which people convey their emotions. The
objective of this study was to capture, analyse and measure the parameters through videos clips for studying the
dynamics of posed and unposed smile and to measure the parameters through video clips for studying the dy-
namics of speech.
Methodology: A total of 100 subjects seeking orthodontic treatment with Angle’s Class I malocclusion were
included in the study. The principal investigator selected the frames for speech and a panel of five members
selected the appropriate frames for posed smile and unposed smiles. Frames after videography were used for
measurements. Parameters like Maximum incisor exposure, Lower lip to upper incisor, Gingival exposure, Inter-
labial gap etc were measured in “mm” for posed and unposed smile frames. Categorical data was compared using
McNemar’s test. p < 0.05 was considered significant.
Results: The median of maximum upper incisal exposure (p ¼ 2.2e-16), lower lip to upper incisor (p ¼ 2.422e-
13A), inter-labial gap (p ¼ 2.2e-16 A), smile width (p ¼ 5.212e-16 A) and smile index were significant (p ¼ 0.0001
A). There was a significant change from not exposed to exposed gingival exposure over posed smile to unposed
smile (p ¼ 0.0008). The most posterior maxillary tooth visible in the posed and unposed groups were the second
premolars in 57% and 74% patients, respectively. In both the smile groups, 55% of subjects exhibited a consonant
smile.
Conclusion: It can be concluded that the information obtained from the current video graphic study can be used as
a guideline for the diagnosis and as a part of comprehensive treatment planning.

Introduction

Smile is the most recognized expression used to convey a sense of
happiness, compassion, and appreciation among human beings. It may
well be the cornerstone of social interaction.1 The human face is a mirror
held out to the world. A beautiful smile enhances self-esteem and im-
proves the quality of life by providing overall health benefits. According
to Hulsey, “Smile is one of the most effective means by which people
convey their emotions”.2 Smiles can be either posed or spontaneous.

Buccal corridors, smile arc, incisor protrusion and gingival display
have commonly been considered as potential characteristics by various
clinical and experimental studies that influence the aesthetic outcome of
an orthodontically treated patient.3

Clinicians often consider parameters such as lip function, the anat-
omy, position of teeth and periodontal visibility as part of a facial aes-
thetics evaluation.

A smile can be evaluated by taking photographs. It has been found

that one is able to detect posed emotion from motion photography than
from still photography.4 By the use of videography, smile can be
compared in a better way. Videography has minimized the errors when
compared to studying one snapshot from the static photography. It also
allows to identify a more standardized smile (greatest width).

Videography now permits the clinician to measure dynamic lip-tooth
relationships from the frames which are extracted from the video and
incorporate that information into the orthodontic problem list and
treatment plan.5 Digital videography thus facilitates patient observation
during rest, conversation and smiling, providing information that cannot
be visualized with a static image.6

Providing a wider range of images which enables the clinician to
choose the best image is the advantage of videography. Observing the
patient during normal speech gives the most valuable aesthetic infor-
mation for planning treatment. And certain consonant sounds may be
more reproducible than smiles.7

Orthodontic treatment is primarily driven by an objective of
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procuring a beautiful smile.
In this study a patient’s smiling photograph was analyzed as a part of

the diagnostic process to determine a course of treatment. Questions
about the timing of photograph to ponder were: (a) Can the timing make
any difference in the smile recorded (few seconds sooner or later)? (b)
Whether a different directive be used to obtain a smile producing the
same kind of response? (c) Can videography provide a more effective
diagnostic impression than photography?

Hence, the aim of the present study was to capture, analyse and
measure the parameters through videos clips for studying the dynamics
of posed and unposed smile and to measure the parameters through video
clips for studying the dynamics of speech.

Materials and methods

This was an observational hospital-based study which consisted of
100 patients of North Karnataka population seeking orthodontic treat-
ment who ranged in the age group of 18–25 years. Ethical clearance from
the Institutional Ethical Committee and written informed consent was
obtained before the commencement of the study. Subjects with Angle’s
Class I malocclusion with an over jet� 4 mm, Class I skeletal pattern, age
group between 18 and 25 years, patients of either gender, presence of a
full complement of permanent teeth and patients who could speak En-
glish language were included in the study. Subjects with facial asym-
metries and facial deformities, Class II and Class III malocclusions,
history of orthodontic treatment, patients who have undergone pros-
thetic replacement or cosmetic treatment with anterior teeth, patients
who have undergone gingivectomy and crown lengthening procedures
were excluded from the study.

Sample size was calculated by using formula which is n ¼
ðZ1�βþZ1�α=2Þ2

d2 , Where d ¼ mean of difference
standard deviation of difference ¼ Effect size, where effect

size (0.283) with 80% power and 5% significant level, and it has been
found that the minimum sample size required for the study was 100
matched pairs and Z2

1�α =

2
¼ 1.96 for 5% significance level and Z1�β ¼ 0.84

for 80% power.8 Thus, the sample size was set at 100.
The video recordings were carried out with facilities such as adjust-

able chairs and lights. For adequate lighting, five light sources were used
to focus on the subject’s lower third of the face. The subjects were
instructed to sit on an adjustable chair, hold their head in natural posi-
tion, relax and look forward as if they were looking at their own eyes in a
mirror. For the standardization of video images, a sticker of 1-cm scale
was placed on the subject’s chin. A CANON 1200 D DSLR camera with 90
mm macro lens (SLR Model XXX- 9413) was used and mode dial was set
to the movie setting to capture the videos. The camera was mounted on a
tripod and positioned at a fixed distance of one-foot five-inches between
the patient’s face and the camera lens and the camera was aimed at
subject’s mouth.

All the subjects were instructed to say, “Chelsea eats cheesecake at
Chesapeake,” relax for a few seconds after saying the phrase and then to
smile. When the speech segment ended, the patients were asked to smile
as though they were posing for a photograph, showing his or her teeth.
Following which, jokes were narrated to the subjects, until a full spon-
taneous smile was recorded. The length of each video was approximately
15 s.

The most challenging part of smile analysis studies is recording of
social and spontaneous smile, as not all patients readily exhibit the
required type of smile for the study. But it was observed in the current
study that patients exhibited social and spontaneous smile more readily
through video recording. Videography is an easier smile recording
method over static photography as it records the maximum smile of
subjects who are generally hesitant to smile.

Since video clip provides multiple images when processed, the image
which exhibits the best smile can be selected unlike static photography
wherein a single image is taken. Hence it was easier to record the
maximum smile in this study.

The video clip was then transferred to a Dell laptop and uploaded to a
Windows Movie Maker Version 2012 (Build April 16, 3528.0331) soft-
ware. This software extracted 25 frames from the video clip every second
using its inbuilt features.

The principal investigator selected the frames for speech. A panel of
fivemembers selected the appropriate frame for posed smile and unposed
smile. The panel consisted of two Orthodontists, one Prosthodontist and
two Post-graduate students because of their knowledge and experience
regarding assessing and correcting the smile. The panellists judged the
frames and selected one frame for posed smile, one frame for unposed
smile and two frames for the speech. The panel were informed to select
only one optimal frame from each of the two categories (posed and un-
posed smile categories) and the panellists were blinded. The principal
investigator selected the two frames for speech, one representing the
maximal upper incisal exposure and the other frame representing the
maximum lower incisal exposure during speech.

After obtaining the optimal frames, they were saved as JPEG files.
Each JPEG file was opened in Adobe Photoshop Cs5 Extended, Version
12.0 � 32 and the ruler function was chosen and set to millimetre. The
sticker measurement which was 10 mmwas customized to the millimetre
ruler of Photoshop and then the measurements were made. This stan-
dardized the frames and with the help of a ruler tool, the measurements
were carried out (Fig. 2).

The following parameters (Fig. 1) were assessed and measured in
“mm” for posed and unposed smile frames:

Maximum incisor exposure: The distance between the lower edge of
the upper lip and the incisal edge of the maxillary right central incisor,
measures the vertical display of the maxillary central incisors during
smiling.

Lower lip to upper incisor: Vertical distance from the incisal edge of
the maxillary right central incisor to the deepest midline point on the
superior margin of the lower lip.

Gingival exposure: It is the distance between the lower edge of the
upper lip and the gingival margin of the maxillary right central incisor,
measures the gingival exposure during smile.

Inter-labial gap: Distance between the most inferior portion of the
tubercle of the upper lip and the deepest midline point on the superior
margin of the lower lip.

Smile width: Distance from the right outer commissure to the left
outer commissure.

Smile index: Ratio of smile width divided by inter-labial gap.
Buccal corridor width: Horizontal distance from the most lateral

aspect of the most posterior visible tooth to the inner commissure.
Most posterior maxillary tooth visible: Most distal maxillary tooth

visible on smiling.
Smile arc: The curvature of the maxillary incisal edges and canines

relative to the curvature of the lower lip on smile.
Two parameters measured in speech frames were
Maximum upper incisor exposure: Maximum upper incisal display

during the pronunciation of syllable ‘chee’.
Maximum lower incisor exposure: Maximum display of lower

incisor during speech.

Statistical analysis

Data was analyzed using R software version 3.6.1 and Excel. Cate-
gorical variables are given in the form of frequency table. Continuous
variables are given in mean � sd form. Paired t-test/Wilcoxon sign rank
test was used to study the different parameters between posed and un-
posed smile. Categorical data were compared using Mcnemar test/
Graphical representation.

Results

A total of 100 subjects were enrolled in the study consisting of 75
females and 25 males.
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Using Friedman test, we observed that the median of Maximum upper
incisal exposure significantly different for at least any 2 groups (p-value).
Using pairwise Wilcoxon signed rank test with Bonferroni adjustment,
we observed that median of maximal upper incisal exposure is signifi-
cantly different between 3 groups (PS vs S:0.0006; PS Vs US:2e-16; S Vs
US:6.3e-07). Using paired t-test, we observed that, mean vertical distance
from Lower lip to upper incisor is significantly less in posed than unposed
ie; the measurement of vertical distance from lower lip to upper incisor is
increased from posed smile to Unposed smile. Also, the mean of inter
labial gap as well as Smile width is significantly less in posed smile i. e;
inter labial gap and smile width is increased from posed to unposed
smile. But, using paired t-test, we observed that the mean of smile index is
significantly more in posed smile i. e; the smile index is decreased from

posed to unposed smile. Using paired t-test. we observe that the mean of
right-side Buccal corridor width is not significantly different between 2
groups while mean of left Buccal corridor length is significantly less in
posed smile (Table 1).

The mean of MLIE in speech group is 4.40 � 1.58.
Using McNemar test, there was a significant difference from not

exposed to exposed gingival exposure over posed smile to unposed smile
(Table no 2).

The most posterior maxillary tooth visible in the posed and unposed
groups were the second premolars in 57% and 74% patients respectively
(Table no 3).

In both the smile groups, 55% of subjects exhibited consonant smile
(Table no 4).

Fig. 1. Representing video recording set up and smile parameters (A to L).
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Discussion

The records needed for contemporary smile visualization and quan-
tification can be divided into 2 groups: static and dynamic. The reliability
of static photographs for evaluating the smile has been questioned, and
digital videography has been advocated for use in capturing the dynamic
nature of facial animation with special emphasis on the smile and speech.
Hence in this study, digital videography rather than static photography
was considered for analysing smile and speech. Age group of 18–25 was
considered in this study as complete maturity is attained by males and
females by 18 years of age; hence, lower limit was kept at 18years. Also,
with age there is a decrease in the resting tonus and elasticity as well as
the activity and function of muscles involved in retracting and elevating
the corners of mouth while smiling. This is usually noticed from 29 years
of age. So, the upper limit was considered up to 25 years. Different
phonetic tests seem to be best indicated for maximal horizontal and

vertical display, namely ‘ee’ for the horizontal display, and respectively
‘chee’ for the vertical display. Hence the chee segment of the video was
selected as the best frame for assessing and measuring the maximal upper
incisal and lower incisal exposure.

In a study by Ackerman and Landis, they observed maximum incisal
exposure during posed smile was 6.47� 1.56 and during speech (‘cheese’
segment) was 5.77 � 1.79. The difference in maximum incisal display
compared to other studies could be due to the subjective perception
difference while selecting the posed smile frame. Buccal corridor ratio
was higher in the posed smile group in the current study. A significant
positive correlation was observed between Inter labial gap at rest and
posed smile.9 In the present study it was found that the mean of left
Buccal corridor length was significantly less in posed smile while the
mean of right-side Buccal corridor width was insignificant. Also, the
mean of inter-labial gap was significantly less in the posed smile.

Parekh et al. conducted a study on Class I subjects and found that the

Fig. 2. Steps involved in processing of recorded video (M to Q).
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consonant smile arc was present in 72% and 62% of female and male
subjects respectively.10 According to a study by Schabel et al. (2010), the
smile index for posed smile was 5.3 � 1.6 mm11 In a study by Desai
et al.(2009), smile index during widest commissure to commissure smile
for the age group of 20–29 years was 6.73 � 2.09 mm12 The smile index
was less from posed to unposed smile in the current study. According to a
study by Ackerman et al. (2004), smile width for posed smile was 49.39
� 5.28 mm.13 In the current study smile width was significantly less in
posed smile. In a study by Jacobson et al. lower incisor display was found
to be 3.64 � 1.71 mm in the age group of 20–29 years.14 Mean upper
central incisor display ratio or the percent of the visible crown height was
23% at rest, 78% during the posed smile and 99% during the unposed
smile mean. The most posterior tooth visible in unposed smile group was
second premolar in majority of patients while in unposed group it was 1st
and 2nd premolar with almost equal distribution. This parameter is of
importance when rapid maxillary expansion treatment is advocated as
rapid maxillary expansion group have significantly fewer posterior

maxillary teeth visible on smile compared to the nonexpanded group.
(Maulik et al.).

In the present study a separate frame for measuring the maximum
lower incisal display was selected. It has been proposed that orthodontic
movement has an extrusive effect on the dentition and also this param-
eter has seen to increase with age. Hence, mandibular incisor exposure
should be routinely studied as a part of diagnosis and treatment planning
of orthodontic cases. This observational study thus revealed that the
smile parameters varied greatly amongst posed and unposed smile group
and hence it is important to consider dynamic smile for diagnosis and
treatment planning. Also the display of dentition during speech is an
important indicator of aesthetics required to render the best orthodontic
treatment.

Although this was a first of its kind study, the study had a few con-
straints, such as, sex comparison was not studied because of the unequal
sample distribution. Similarly, comparison between posed smile, un-
posed smile and speech was not considered.

Future studies should be conducted on age-related effects on the
various parameters of smile analysis. Comparison of the various param-
eters amongst all malocclusions needs to be carried out. Assessment of
smile and speech related parameters in various ethnic backgrounds can
be carried out. Quantitative smile analysis using 3D stereo-
photogrammetry for various malocclusions can also be undertaken by
future studies.

Conclusion

Most patients seek orthodontic treatment with a desire to achieve a
pleasing smile. The information obtained from the current video graphic
study can be used as a guideline for the diagnosis and comprehensive
treatment planning in subjects with Angles’s Class I malocclusion.
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Background: The microwave technique of drying dental stone to achieve 
improved hardness and strength has been suggested in recent years. However, its 
effect on the wear properties of dental stone has not been thoroughly examined. 
Aim: The present study was conducted in vitro to determine the abrasion resistance 
of three commercially available Type IV dental stones using three different drying 
techniques. Materials and Methods: A total of 180 samples were prepared from 
3 Type IV dental stones; namely Eliterock, Zhermack (Italy), Kalrock, Kalabhai 
industries (India), and Gyprock (Rajkot, India). Samples were subjected to drying 
in open air for 2 h, hot air oven at a temp of 230°C for 1 h and microwave oven 
for 5 min at 900Watts. Abrasion resistance was determined using a customized 
metallic abrasion resistance tester. Results: Microwave oven drying produced 
samples with increased abrasion resistance values when compared to samples 
dried in hot air oven and air‑dried specimens. Eliterock showed significantly 
higher mean abrasion resistance values followed by Kalrock and Gyprock. 
Conclusion: Drying type IV dental stone in a microwave oven at 900W for 5 min 
increased the abrasion resistance within short time.

Keywords: Abrasion resistance, drying dental stone, microwave drying, type IV 
dental stone
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properties of superior abrasion resistance and high 
strength.[3]

When Type IV dental stone is mixed according to 
manufacturer’s instructions, a certain amount of 
un‑reacted water is obtained at the end of the chemical 
reaction, which tends to weaken the stone product and 

Introduction

G ypsum materials are commonly used as die 
material as they are easier to use, cost‑effective, 

have the appropriate setting expansion, compatible 
with the majority of impression materials and 
familiarity.[1] Type IV and Type V dental stones are 
used routinely for the fabrication of definitive casts 
that are used in the fabrication of inlays, crowns, 
and bridges.[2] During the carving of the wax pattern, 
there are chances of accidental wearing of the gypsum 
die. A die material is considered ideal if they possess 
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results in “wet casts.” Although they are advised to wait 
for 24–48 h before working on the gypsum casts, dentists 
and laboratory technicians often find it necessary to work 
on these casts soon after they are poured. These “wet 
casts” usually have inadequate strength, surface hardness 
and are easily susceptible to wear and fracture.[4]

In earlier studies, casts made of different types of 
gypsum products were dried in open air, hot air oven and 
microwave ovens, and their compressive strength and 
surface hardness values were compared. Furthermore, 
the aforementioned studies have proven that considerable 
time can be saved by drying the casts in a microwave 
oven with resultant increase in compressive strength 
and surface hardness. However, studies regarding effect 
of microwave drying on the wear properties of Type IV 
dental stone is scarce in literature.[4‑8]

Hence, this study is intended to compare and evaluate the 
differences in the abrasive properties of three commercially 
available Type IV dental stones when tested under different 
drying conditions (open air, hot air oven and microwave 
oven‑dried specimens). Two null hypotheses were tested in 
the current study. First; that microwave oven drying would 
not improve the abrasion resistance of Type IV stone when 
compared to open‑air and hot air oven drying, and second 
that the three types of stones used would not significantly 
differ in their abrasion resistance values.

Materials and Methods
Three commercially available Type IV dental stones; 
Eliterock from Zhermack, Italy; Kalrock from 
Kalabhai industries, India and Gyprock from Rajkot, 
India [Figure 1] were used for preparing the test 
samples. A cylindrical silicone mold with dimensions 
of 40 mm height and 20 mm diameter was fabricated 
in accordance with ADA specification number 25 for 
preparing the test samples [Figure 2].

A total of 180 samples were prepared for testing the 
abrasion resistance. The stone powder and distilled 

water were mixed according to the manufacturer’s 
instructions; the mixture was hand‑mixed initially 
using a rubber bowl and spatula for 45 s and then in a 
mechanical vacuum mixer for 30 s to ensure a smooth, 
homogeneous, and bubble‑free mix. After mixing all the 
180 test samples were vibrated into the silicone mold 
and left undisturbed for 30 min until initial setting of 
samples occurred. Only samples with a homogeneous 
and smooth surface, free of surface porosities were 
included in the study. Then, 60 samples (20 samples 
each for 3 types of die stones) were dried in the open 
air within a temperature range of 30°C ± 50°C for 
2 h [Figure 3], 60 samples were dried in a hot air oven 
at 2300°C for 1 h [Figure 4] and remaining 60 samples 
were dried in a microwave oven at 900 watts for 5 min. 
A microwave compatible bowl was used to keep 200 ml 
of water in the microwave oven during the heating 
process to prevent damage to the magnetron of the 
microwave.

Abrasion resistance test was conducted after an 
interval of 2 h according to ANSI/ADA Specification 
number 25.[2] For evaluating the abrasion resistance, 
a customized metallic abrasion resistance tester/
device was fabricated. This device was similar to the 
abrasion testing device as described by Lindquist and 
Stanford.[9] It consists of a rigid metallic base which 
supports a mounting jig. A vertical arm is attached to 
the metallic base, which supports a movable horizontal 
assembly. The horizontal arm moves freely in a back 
and forth direction within a range of 10 mm. A vertical 
Stylus with sharp pointed cutting edge is suspended at 
the end of the horizontal arm. The stylus is suspended 
by a round metal plate weighing 100 g. The apparatus 
also consists of a mounting jig to which the samples 
were attached [Figure 5].

Figure 1: Three commercially available Type IV dental stone
Figure 2: Silicone mold fabricated according to ADA specification 
number 25
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All the prepared samples were preweighed before the 
test using a digital weighing machine (Essae, DS‑852J). 
A line of 10 mm length (5 mm on either side from a 
point at the center of the sample) was marked using an 
indelible marker along the length of the sample which 
corresponds to the area of the sample that was to be 
tested. The samples were loaded on to the mounting jig. 
Following the securing of the samples on the mounting 
jig, the stylus was adjusted such that the position of 
the stylus was perpendicular to the surface of sample 
[Figure 6]. A weight of 100 g was applied to the sample 
along the long axis of the stylus. Then, the reciprocating 
horizontal arm was driven manually 80 times over the 10 
mm length of the sample. As the horizontal arm moved, 
the sharp cutting end of the stylus abraded the surface of 
the sample producing a scratch along its marked length 
of 10 mm. Following the abrasion test, the samples were 
weighed again. Before each weight measurement, the 
specimen was sprayed with air to remove wear debris. 
The difference in weights was measured as the abrasion 
resistance.

The software SPSS Version 15 (IBM Corp. Released 
2011. IBM SPSS Statistics for Windows, Version 20.0. 
Armonk, NY: USA, IBM Corp). was used for obtaining 
the statistical analysis of the data. The data obtained 
were statistically analyzed applying two‑way ANOVA 
followed by Tukey’s post hoc comparison test.

Results
Two‑way analysis of variance indicated significant 
decrease in mean values (decrease in weight) among 
the three drying techniques, (F (2, 171) = 163.782, 
P < 0.001.) as well as among the 3 type IV dental 
stones [F (2,171) = 8.514, P < 0.001; Table 1 and 
Graph 1].

Tukey’s post hoc test indicated a decrease in mean 
values (decrease in weight) for all the 3 drying 
techniques. These mean values were significantly 
different from one another. Decrease in weight (g) 
was maximum in open‑air drying indicating least 
resistance to abrasion (mean decrease = 1.243, standard 
deviation [SD] = 0.267), followed by hot air oven (mean 
decrease = 0.8267, SD = 0.252). Mean decrease in 
weight for microwave oven drying was the least (mean 
decrease = 0.4575, SD = 0.229) indicating highest 
resistance to abrasion [Table 2 and Graph 2].

Mean decrease in weight among 3, Type IV dental 
stones were also significantly different from one another. 
Decrease was maximum for Gyprock (mean = 0.9435, 

Figure 3: Cylindrical samples dried in open air for 2 h

Figure 4: Samples dried in hot air oven at 230°C for 1 h

Figure 5: Samples dried in microwave oven at 900 Watts

Figure 6: Customized device for testing abrasion resistance
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SD = 0.4095), followed by Kalrock (mean = 0.8108, 
SD = 0.3594). Decrease in weight was the least for 
Eliterock [mean = 0.7728, SD = 0.4338; Table 3 and 
Graph 3].

Discussion
Abrasion resistance of the die material is important 
during waxing and in the enhancement of margins 
for receiving restorations.[9] Abrasion of the die at 
the finish line results in poor marginal adaptation 
and finishing of the wax patterns and the subsequent 
restorations.[10] It is assumed that the presence of 
free water radicals within the cast weakens its 
crystalline structure. These “wet casts” usually 
have inadequate strength and surface hardness. 
Conventional open‑air drying requires drying of 

casts at room temperature for 30–60 min. However, 
it has been reported that, approximately 7% of 
excess water remained in air‑dried gypsum cast even 
after an hour of mixing.[4] The presence of more 
gauging water in Type IV dental stone requisites 
a longer drying period to expel the excess water. 
Although manufacturers recommend a waiting period 
for 24–48 h, dentists and laboratory technicians 
often find it necessary to work with these casts soon 
after they are poured. Previously, different types of 
gypsum products were dried in open air, hot air oven 
and microwave ovens, and their strength and surface 
hardness values were compared. However, data 
reported in the literature regarding the effects of 
drying procedure, temperature, and time on the wear 
and abrasive properties of dental stone are scarce.[6‑8]

Table 1: Descriptive statistics of abrasion resistance under 3 different drying techniques
Drying technique Gypsum type n Preweight Postweight Difference=Pre‑post

Mean SD Mean SD Mean SD
Open air drying after 2 h Kalrock 20 23.5300 0.24199 22.3370 0.28446 1.1930 0.26668

Gyprock 20 22.5275 0.30350 21.2080 0.40627 1.3195 0.24003
Eliterock 20 24.0315 0.41346 22.8150 0.42197 1.2165 0.28797
Total 60 23.3630 0.70792 22.1200 0.77343 1.2430 0.26689

Hot air oven drying at 230° for 1 h Kalrock 20 23.5630 0.16812 22.8090 0.15708 0.7540 0.18520
Gyprock 20 22.6845 0.19859 21.7660 0.29728 0.9185 0.32640
Eliterock 20 24.0675 0.52383 23.2600 0.53629 0.8075 0.20292
Total 60 23.4383 0.66502 22.6117 0.72604 0.8267 0.25177

Microwave oven drying at 900 W power for 5 min Kalrock 20 23.5380 0.24625 23.0525 0.26447 0.4855 0.16472
Gyprock 20 22.7495 0.17825 22.1570 0.33833 0.5925 0.27821
Eliterock 20 24.0990 0.52125 23.8045 0.54648 0.2945 0.10480
Total 60 23.4622 0.65487 23.0047 0.78534 0.4575 0.22945

Total Kalrock 60 23.5437 0.21838 22.7328 0.38242 0.8108 0.35940
Gyprock 60 22.6538 0.24785 21.7103 0.52220 0.9435 0.40950
Eliterock 60 24.0660 0.48134 23.2932 0.64237 0.7728 0.43382

SD: Standard deviation

Table 3: Tukey’s post hoc test for the comparison of abrasion resistance among 3, type IV dental stones
(I) Gypsum_type (J) Gypsum_type Mean difference (I‑J) P 95% CI

Lower bound Upper bound
Gyprock Kalrock 0.1327* 0.007 0.0300 0.2353
Kalrock Eliterock 0.0380 0.657 −0.0647 0.1407
Gyprock Eliterock 0.1707* <0.001 0.0680 0.2733*
P<0.001, *=significant Difference in weight among type IV stone samples (g). CI: Confidence interval

Table 2: Tukey’s post hoc test for the comparison of abrasion resistance among three different drying techniques
Drying technique (I) Drying technique (J) Mean 

difference (I‑J)
P 95% CI

Lower bound Upper bound
Open air drying after 2 h Hot air oven drying at 230° for 1 h 0.4163* <0.001 0.3137* 0.5190
Open air drying after 2 h Microwave oven drying at 900 W 

power for 5 min
0.7855* <0.001 0.6828* 0.8882

Hot air oven drying at 230° for 1 h Microwave oven drying at 900 W 
power for 5 min

0.3692* <0.001 0.2665* 0.4718

P<0.001, *=significant Difference in weight among type IV stone samples (g). CI: Confidence interval
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Although no direct studies have been previously 
conducted to study the effect of microwave oven 
drying on abrasion resistance, Mahler indicated that 

Graph 2: Profile plot showing estimated marginal means of weight of 
sample (g) before test

Graph 1: Profile plot showing the mean decrease in abrasion resistance 
for 3, Type IV dental stones under three different drying techniques

Graph 3: Profile plot showing estimated marginal means of weight of 
sample (g) after test

surface hardness indicates abrasion resistance and flow 
properties of the stone.[11]

Currently, there is no standardized test to evaluate 
abrasion resistance of dental stone. This is because 
abrasion is the result of a wear process rather than 
the property of the material itself. Therefore, a 
custom‑fabricated reciprocal device was used for 
evaluating the wear resistance of Type IV gypsum. The 
advantages of the abrasion testing device developed for 
this study are as follows:[9‑12]

1. The device is simple and ergonomically designed
2. It uses a steel stylus that creates a perpendicular 

force across the surface of type IV die stone; the 
force simulates the typical abrasive action on stone 
dies

3. Adjustable number of cycles and stylus load
4. Accommodation of large test samples
5. Minimal wear on the stylus and it can be re‑sharpened 

or replaced.

The amount of weight loss (mean weight 
decrease = 0.4575 g), was least for microwave dried 
samples indicating highest resistance to abrasion among 
all the samples tested. Heat production occurs during 
microwave drying process, excess water starts to 
evaporate causing fine crystals of gypsum to precipitate 
on the surface after the last traces of water disappear. 
The heat production results in more prismatic, regular 
shaped and densely packed crystals with little porosities, 
which in turn increases the abrasion resistance.[11‑13]

The mean weight loss (mean weight decrease = 0.8267 g) 
of samples dried in a hot air oven was significantly 
higher than microwave oven‑dried samples. The 
temperature inside the hot air oven elevated rapidly 
and not gradually, resulting in production of greater 
heat on the outer surface than the core of the samples. 
This leads to rapid boiling of free water and its rapid 
escapement from the outer surface of the Type IV dental 
stone. This results in increased holes and cracks on the 
outer surface of the stone. Also such heat may attack 
the water required for crystallization, thereby reducing 
the strength and abrasion resistance of the Type IV 
gypsum. However since hot air oven results in better 
removal of excess water than open‑air drying, hot air 
oven‑dried samples offered better abrasion resistance 
when compared to air‑dried samples.[14,15]

Mean weight loss was highest (mean weight 
decrease = 1.243) in open air‑dried samples indicating 
the least resistance to abrasion. The difference may be 
due, in part, to the weaker strength (green state) of the 
gypsum in conventional air‑dried samples and it also 
may be due to higher water content per unit volume of 
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material removed during the impact of the stylus. Thus, 
the greater volume loss of material in open air‑dried 
samples reflected a greater sized defect (suggestive of a 
brittle fracture), in which a porous dry material underwent 
a progressive interpore fracture and consequent non 
uniform burst fracture across the surface of the exposed 
calcium sulfate dihydrate crystal structure.[10‑12]

Furthermore, mean weight decrease among the 3 
diestones was minimum for Eliterock (mean weight 
decrease = 0.7728 g), followed by Kalrock (mean 
weight decrease = 0.08108 g) and highest for 
Gyprock (mean weight decrease = 0.9435 g), indicating 
that abrasion resistance was highest for Eliterock, 
followed by Kalrock and least for Gyprock dental 
stone.

Limitations of the study
The comparison and explanation for the differences in 
physical properties of the three commercially available 
brands of Type IV dental stones used in this study 
cannot be deemed complete as the manufacturers did 
not provide the complete chemical composition and the 
manufacturing process of their products. A follow‑up  
Scanning Electron Microscope (SEM) study is required 
to observe the quality of crystalline structure (particle 
size and form) of Type IV dental stone when dried in 
microwave oven, hot air oven and in open air.

One main disadvantage of abrasion testing device is 
that the reciprocal stage has to be moved manually, 
causing an inconsistent force on the gypsum surface. 
Hence, there is a need for a mechanical motor so 
that a uniform load cycle can be applied on to the 
sample.

Conclusion
The microwave drying method at 900W for 5 min can 
be used to improve the abrasion resistance of Type IV 
dental stones.
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INTRODUCTION
Anxiety is defined as a displeasing feeling related to sensation 
that something undesirable is going to happen. It is a state of 
apprehension, uncertainity or fear, resulting from the anticipation of 
a realistic or imaginary threatening event or situation [1]. The causes 
of anxiety in child patients are direct experience, indirect experience, 
lacking of control, fear of unknown, trait anxiety of children, socio-
economic status, temperament of the child and general behaviour 
problem of the child [2]. Amongst various anxieties, dental anxiety is 
placed at fourth position and at ninth position among intense fear. 
If left untreated for a long time, it will worsen the oral health of such 
patients, which eventually leads to invasive and complicated dental 
treatment, that is often going to be unpleasant and in turn increases 
the negative attitude in an anxious children [2].

Inspite of many efforts taken regarding the techniques, technologies, 
and materials, anxiety related to the dental environment and specific 
procedures is a significant and common problem faced by the 
children globally and considered as barrier in providing quality 
dental treatment [3]. One such non-invasive, non-pharmacological  
technique to manage a child appropriately in dental clinic is distraction. 
‘Audio distraction’ is the non-invasive and easily acceptable technique 
in which the patient listens to music throughout a stressful dental 
treatment procedure and distracts herself/himself. The success of 
audio distraction in medical setting is well-recognised, but the effect 
of this technique in dental settings still needs to be investigated and 
researched [4].

MUsIC TheRApy
Music is used in various clinical fields such as medical, dental 
practices, physiotherapy, speech therapy and surgical field. Music 
is a set of information which in the form of signals reaches the 
human nervous system. Music also affects our metabolism and 
therefore, it can change our behaviour, develop emotions or bring 
memories to our minds. Music is well-known for its relaxing effects 
and easing anxiety [5].

Music therapy is an interpersonal process in which the therapist 
uses music and all its aspects to improve and restore the health of 
patients. Factors contributing to the effects of music therapy are:

1. Modulation of attention: Music diverts our mind and grabs 
our attention from unpleasant stimuli such as pain, anxiety 
and so on. Therefore, this explains reduction in anxiety and 
perception of pain during painful dental procedures.

2. Modulation of emotion: Listening to a particular song can 
make you smile or feel sad or experience any other emotion. 
Music has the ability to modulate emotions because it plays an 
important role in regulating the activity of brain.

3. Modulation of cognition: Music is related to memory and 
storage processes which include events related to musical 
experiences.

4. Modulation of behaviour: Music therapy also works through 
modulating behaviour. Music affects behaviour patterns such 
as walking, speaking and grasping.

5. Modulation of communication: Music also influences 
communication; infact music is a means of communication.

Mechanism of Action of Audio Distraction/Music Therapy
The first and the most important mechanism is the gate control 
theory of pain given by Ronald Melzack and Patrick Wall in 1965 [3]. 
This theory implies that pain signals are carried from place of injury 
via nerve receptors in the spinal cord through synapses to receive 
the pain information in the brain. When there are two sensory 
stimuli, the gate is opened for auditory stimulus, thus, increasing 
audio stimulation and decreasing pain perception. Therefore, here 
the audio stimulation prevents pain sensation travelling to Central 
Nervous System (CNS) [3]. A second mechanism is distraction. 
Noguchi defines it as, “Any technique which can divert the attention 
from noxious, painful stimuli such as the sound of hand instruments 
utilised by dentists for scraping across a rough tooth surface”. 
Distraction is a technique of diverting the patient’s attention from 
harmful stimuli to pleasant stimuli. The use of distraction techniques 
enables the child to divert his/her attention from anxiety inducing 
stimuli to more pleasant stimuli [6]. Thereby, helps in reducing 
the perception of the pain, especially during the administration of 
local anaesthesia. Various factors affecting the use of distraction 
techniques such as age of the child; as younger children show 
more disruptive behaviour and the mental development of the 
younger differs from older children. Other factors affecting the 

Priya MeharwaDe1, Shreya ChinDak2, Shweta kajjari3, Chaitanya UPPin4, 

Shivayogi M hUgar5, ChanDraShekar BaDakar6

 

Keywords: Behaviour management, Dental anxiety, Music therapy, Pain

AbsTRACT 
Dental anxiety is one of the most commonly encountered problems seen in the dental clinic. Anxiety begins at a very young age, if 
not addressed at that point; it will result in more drastic consequences. As a dental clinician, there are various methods of behaviour 
management; one of them is music therapy. Music has always been one of the most commonly used methods to relieve anxiety. 
A lilting melody from a mother calms down the child in a few minutes. So, this review was performed to know the effect of music 
distraction in management of anxious dental patients. Music therapy is one of the most efficient forms of non-invasive therapy as 
the equipment used are musical instrument headsets, audio player among others. Various studies have shown that audio distraction 
causes a noticeable reduction in the anxiety level of the patient. While it may not have reduced the amount of pain the patient 
undergoes, it has been recorded that the music therapy shows a positive response in patients. Hence, music distraction proves to 
be an effective behaviour management tool in children during dental procedures and thus, instils a positive dental attitude.
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authors title of the study Methodology Conclusion

Yamini V 
et al., [2] 
2010

Effectiveness of 
music distraction 
in management of 
anxious paediatric 
dental patients

Music distraction, 
Venham’s picture 
test.

Audio distraction did 
decrease the levels 
of anxiety in anxious 
paediatric dental 
patients.

Navit S 
et al., [3] 
2015

Effectiveness 
and comparison 
of various audio 
distraction aids in 
management of 
anxious paediatric 
dental patients 

Nursery rhymes, 
Venham’s picture 
test 

Audio distraction was 
effective in reducing 
anxiety and audio 
stories were most 
effective.

Singh D 
et al., [4] 
2014

Stress reduction 
through audio 
distraction in anxious 
paediatric dental 
patients 

Audio distraction 
(head phones), 
Venham’s picture 
test, Pulse oximeter

Audio distraction did 
decrease the anxiety 
in paediatric patients 
to a significant 
extend.

Ainscough 
SL et al., 
[20] 2019

A review of effect 
of music on dental 
anxiety in children 

Instrumental music, 
North Carolina scale 
Behaviour rating 
scale 

Music has been 
shown to influence 
both biological and 
psychological aspect 
of anxiety.

Ramar K 
et al., [18] 
2016

Effect of audio 
analgesia in 6 to 
12 year old children 
in dental treatment 
procedure 

Head set, audio 
player, Venham’s 
picture scale

Method of distraction 
using audio analgesia 
instils better positive 
dental attitude 
in children and 
decreases pain 
perception.

Jindal R 
and Kaur 
R [16] 
2011

Can we tune our 
paediatric patients?

Headphones, 
Venham’s picture 
test 

Audio distraction did 
decrease the level 
of anxiety in anxious 
paediatric patients.

Marwah N 
et al., [15]
2005

Music distraction 
-it’s efficacy in 
management of 
anxious paediatric 
dental patients 

Instrumental music, 
nursery rhymes, 
Venham’s anxiety 
rating scale.

Audio distraction did 
decrease the anxiety 
in paediatric patients 
although not to a 
significant level.

Singh RK 
et al., [17] 
2016

Effectiveness 
and comparison 
of various audio 
distraction aids in 
management of 
anxious paediatric 
patients 

Musical nursery 
rhymes, Venham’s 
picture test 

Managing paediatric 
patients with audio 
distraction aids of 
their choice is an 
effective method for 
comfortable handling 
of patients.

Gupta N 
et al., [19] 
2017

Evaluation of role 
of music as non 
pharmacological 
technique in 
management of child 
patients 

North Carolina 
Behaviour Rating 
Scale, Venham’s 
picture test, upbeat 
music 

No significant 
differences were 
found with music in 
reduction of anxiety.

Bhagdadi 
ZD [14] 
2000

Evaluation of 
audio analgesia for 
restorative care in 
children treated using 
electronic dental 
anaesthesia 

North Carolina 
Behaviour Rating 
Scale, 3M 
Dental Electronic 
anaesthesia system, 
Music 

The use of electronic 
dental anaesthesia 
with audio distraction 
resulted in significant 
behaviour of 
paediatric patient 
behaviour

[Table/Fig-1]: Studies and Conclusions [2-4,14-20].

behaviour of the children are past adverse dental experience, 
the sound of air rotor and suction device, indirect experience or 
familial trait, lack of control of the situation, fear of unknown etc., 
[7]. Final mechanism is the cross sensory masking. It is the direct 
suppression of pain by intense stimulation by another sensory 
mode [8]. Physiologically, pain and auditory pathways are closely 
associated in reticular formation and lower thalamus. These two 
interactions are highly inhibitory. Therefore, suppression of pain 
sensation is due to stimulation of another sensory pathway which 
is inhibitory. This is due to the masking of pain impulses by the 
auditory stimulation [9].

Audio Distraction in Anxious Dental patients
Distraction is one of the non-pharmacological behaviour management 
technique in which it draws the attention of child away from 
unpleasant stimuli in order to accomplish dental treatment with 
desired quality. Based on the theory of McCaul and Mallot, the 
pain perception of the patient is decreased when the patient is 
distracted from an unpleasant stimulus. Perception of pain is 
directly proportional to the amount of time patient concentrates on 
the painful stimulus [10]. 

reduction in anxiety due to music distraction may occur: 

1. When a child listens to music, he/she tends to close his/her 
eyes to concentrate on the audio presentation and therefore, it 
screens out the sight of dental treatment.

2. The sound of music also eliminates the unpleasant sounds in 
the dental setting like the sound of air rotor [2].

The various modalities available for audio distraction are music, 
audio presentations (which may include the use of mother’s voice) 
via headphones, story telling etc. Whereas the use of television, 
mobile phones, video games and recently the inclusion of virtual 
reality, all contribute to audiovisual aids. Selection of the individual 
aid depends upon various factors like age of the child, its reliability, 
ease to use in clinical settings, tools themselves must not provoke 
anxiety etc., [11]. Audiovisual aids increases the co-operation of 
patients as they are user friendly, decreases the chair side time, 
creates a positive atmosphere, inexpensive except in case of virtual 
reality. Although advantageous, some limitations may include like 
the cost, availability of these aids, some dentists may find them 
as obstacles limiting access to child’s mouth, need for proper 
positioning of ear phones and eye glasses [12]. An ideal distracter is 
one which involves all the senses. Therefore, audiovisual distraction 
is considered superior as it involves all the senses, leading to full 
concentration of child on pleasant stimuli and in return reducing the 
anxiety leading to positive favourable experience [10]. 

According to a study conducted by Yamini V et al., music distraction 
may be helpful as an adjuvant with other behaviour management 
techniques, the use of audiovisual distraction has showed positive 
outcomes in the behaviour of child exhibiting mild to moderate 
anxiety [2]. Similar result of positive outcomes was obtained by 
Alves IBS et al., in the behaviour of child exhibiting mild to moderate 
anxiety [13]. Literature review of previously published studies and 
conclusions is presented in [Table/Fig-1] [2-4,14-20].

According to a study conducted by Navit S et al., audio stories was 
most effective in reducing anxiety in children as child become more 
involved and concentrate on the audio story and thus diverting 
attention from anxious dental stimuli [3]. Several other studies 
conducted by Yamini V et al., Marwah N et al., Jindal R and Kaur R, 
Singh RK et al., Ramar K et al., Ainscough SL et al., Butala PB et al., 
who found that music distraction is an effective means of reducing 
stress in anxious dental children [2,15-18,20,21]. Whereas, others 
like Gupta N et al., found no significant differences in reduction of 
anxiety with the use of music distraction [19].

CONCLUsION(s)
Music/audio distraction is a non-pharmacological and non-
invasive method of behaviour management. This technique 
is easily acceptable by the parent as it calms the child and 
thus reduces the anxiety of the child. However, it can hamper 
communication between dentist and child, but this can be 
avoided by keeping the appropriate volume of the music. 
Management of children with dental anxiety still poses a major 
concern in our daily practice. For any dentist the main desire 
is to treat their child patients in anxiety free environment, at the 
same time providing best quality dental care. Music has always 
shown to instil a positive attitude among children. Hence, audio 
distraction could be one of the most efficient, economical, non-
pharmacological means of behaviour management techniques. 
Therefore, further research is necessary with other non-invasive 
techniques of behaviour management.
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ABSTRACT
Background: Most of the nations have proposed 
research regulations to protect the rights and 
welfare of the research participants. Among 
such regulations are the informed consent and 
assent. In the present world, informed consent 
and assent is the cornerstone in health practice. 
Aims and Objectives: To compare and evaluate the 
knowledge and attitude toward informed consent 
and assent for biomedical research involving 
children among health‑care professionals in Belagavi 
city. Materials and Methods: A cross‑sectional 
questionnaire study was conducted among 300 
house surgeons divided into four groups of 
Medical, Dental, Nursing, and Ayurveda faculty of 
Belagavi city. A self‑administered multiple choice 
questions were used to evaluate the knowledge 
and a five‑point Likert scale was used to asses 
attitude regarding informed consent and assent for 
research involving children. Statistical analysis was 
done using SPSS version 20. Results: There was 
statistically significant difference in mean knowledge 
and attitude among all four groups (P < 0.05), 
and there was no significant correlation between 
knowledge and attitude as a whole in each group of 
professionals (P > 0.05). Conclusion: Emphasis on 
additional training is the need of the hour for all the 
faculty participants and also incorporation of study 
material regarding informed consent and assent for 
research involving children by the policy makers.

KEYWORDS: Assent, informed consent, research
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by fundamental ethical principles as it involves human 
participants to protect their rights and well‑being.[1] To 
understand the social and behavioral characteristics, 
advancement of knowledge in health, disease, and 
therapeutics, the pediatric research has become vital. 
For this, the informed consent and the child assent which 
are prudent agreement to participate in research have 
become the important element.[2] Wherein, informed 
consent is a process which discloses appropriate 
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Introduction
Over the recent decades motivated by the need to 
improve health, medical research has greatly increased 
in many countries. Such research needs to be guided 
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information by the researcher or health‑care provider 
to the patient or guardian so as to make voluntary 
choice to accept, participate, or refuse a research or 
treatment; and the assent is the child’s agreement to 
participate in research.[3]

The Nazi physicians due to scientific aspiration 
committed the most horrid of atrocities due to racial 
discrimination in the human subjects who were 
prisoners. To prevent such calamities from happening 
in future, the Nuremberg military tribunal formed a 
code of conduct called the Nuremberg code, according 
to which voluntary informed consent had to be 
obtained from all research participants. However, it 
excluded individuals who cannot legally consent like 
the mentally handicapped, unconscious individuals, 
and the minors. Knowing this weakness, the legally 
authorized representatives were permitted to give 
consent for research for such individuals by the 
Helsinki Declaration of 1964.[4] In 1976, the American 
Academy of Pediatrics published the term “Informed 
Consent” which was relatively a new concept at that 
time. It acknowledged the importance of informed 
consent in an extensive and well written report as a 
comprehension of procedures to be undertaken on 
minor by the patient’s whole family. Later in 1982, the 
Council for International Organizations of Medical 
Sciences in collaboration with the World Health 
Organization for the first time gave the concept of 
assent which has evolved considerably since then.[5]

Health‑care professionals and researchers as per the 
regulations governing research must obtain informed 
consent and assent for any biomedical research 
involving children. Considerable studies have been 
done with this regard in the Western world, but very 
few studies have been done in India. Hence, the aim of 
this study is to compare and evaluate the knowledge 
and attitude among health‑care professionals toward 
informed consent and assent for biomedical research 
involving children in Belagavi city.

Materials and Methods
A cross‑sectional questionnaire study was conducted 
in the department of pediatric and preventive dentistry 
after obtaining ethical approval from the Institutional 
Review Board and permission to conduct study among 
house surgeons of different faculties was taken from 
the corresponding institution head. A sample size of 
296 was calculated using standard sample size formula 
which was rounded to 300. The samples were divided 
into four groups (Group A, B, C, and D) with 75 
participants in each from medical, dental, nursing, and 
Ayurveda respectively.

We developed the questionnaire based on our study 
objectives by taking the guidance from the previous 
literature published regarding knowledge and attitude 
toward informed consent and assent for biomedical 

research involving children among different health 
professionals. The study tool consisted of two parts. 
The first part assessed the participant’s knowledge 
by asking them to select the correct answer from the 
multiple choice questions. The second part assessed 
their attitude on a 5‑point Likert scale.

The inclusion criteria for the study included house 
surgeons from medical, dental, nursing, and Ayurveda 
institutions in Belagavi city. The exclusion criteria for 
the study were undergraduates who are still studying, 
postgraduates, and participants who did not give 
consent for the study.

The questionnaire was distributed to the participants, 
and the data collected from them were entered in excel 
sheet and were analyzed using SPSS version 20 (SPSS 
Inc., Chicago, IL, USA).

Results

Knowledge among health professionals
When comparison of knowledge scores was tested 
using Chi‑square test among medical, dental, nursing, 
and Ayurveda house surgeons, there was statistically 
significant (P < 0.05) difference in knowledge between 
groups with respect to as to from whom the consent 
and assent has to be obtained, Helsinki declaration for 
informed consent, account of the child’s developmental 
level to obtain assent, the age for obtaining oral 
assent, the governing bodies which regulate consent 
and assent norms, conditions where in consent can 
be waived off or deferred, and the elements that the 
informed consent must include. However, there was no 
statistically significant difference in knowledge among 
groups regarding knowledge on the terminologies of 
consent and assent, how the consent has to be obtained 
in case of an illiterate parent or legally authorized 
representative, when the re‑consent may be needed 
and Nuremberg code [Table 1].

The Chi‑square test was used to find the association 
between levels of knowledge (low, average, and 
high) among groups and was found to be statistically 
significant. The dental group showed high level of 
knowledge and nursing group showed low level of 
knowledge in our study [Table 2].

When comparison for mean knowledge was done for the 
four groups using one‑way ANOVA, it was found to be 
statistically significant [Table 3]. Pair‑wise comparison 
of knowledge was done using Tukey’s multiple post 
hoc procedure, and it was found statistically significant 
for all pairs except for medical versus Ayurveda and 
dental versus Ayurveda group [Table 4].

Attitude among health professionals
When comparison of attitude scores was tested using 
Kruskal–Wallis ANOVA among medical, dental, 
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nursing, and Ayurveda house surgeons, there was a 
statistically significant (P < 0.05) difference in attitude 
between groups with respect to as to that every 
researcher should take consent and assent before 
start of a study, the curriculum should strengthen 
the topics on consent and assent, information shared 
with consent and assent should differ as per gender, 
information of research should be shared in consent 
and assent, consent and assent to be taken because 
of modern ethical issues and patient autonomy, 
alternative treatment, risks and uncertainties to be 
mentioned in consent and assent forms, and risk of 
invasion of privacy of ethical documents during 
sharing of patient care among professionals. However, 
there was no statistically significant difference in 
attitude among groups regarding the necessity of 
governing body to regulate the norms of consent and 
assent, researcher facing hurdles to obtain consent 
and assent for research involving children, and 
the presence of predominant paternalistic culture 
in India may have an influence to get consent and 
assent [Table 5].

The Chi‑square test was used to find the association 
between levels of attitude (low, average, and high) 
among groups and was found to be statistically 
significant. However, with respect to attitude, the 
Ayurveda group showed the high level of attitude 

compared to other professionals with the least being 
among nursing professionals [Table 2].

When comparison for mean attitude was done for the 
four groups using one‑way ANOVA, it was found to be 
statistically significant [Table 3]. Pair‑wise comparison 
of attitude was done using Tukey’s multiple post hoc 
procedure, and it was found statistically significant 
for all pairs except for medical versus Ayurveda and 
dental versus Ayurveda group [Table 4].

Correlation between knowledge and attitude 
among health professionals
Karl Pearson’s correlation coefficient revealed 
that there was no significant correlation between 
knowledge and attitude as a whole and in each group 
of professionals (P > 0.05) [Table 6].

Discussion
The pediatric and adolescent research trails have 
increased in number all over the world.[5] The protection 
of safety, well‑being, rights, and dignity of participants 
is the prime responsibility of every researcher. For 
this, they should be aware of the medical, scientific, 
legal, ethical, and social requirements in a research 
proposal and should also comply with it.[6] For this, 

Table 1: Comparison of four groups of professionals with correct knowledge in each item
Items Medical (%) Dental (%) Nursing (%) Ayurveda (%) Total (%) χ2 P
The authority to allow a child to participate in research 
rests on

56.00 78.67 38.67 66.67 60.00 0.0000 1.0000

The child’s agreement to participate in research is 
termed as

36.00 48.00 26.67 38.67 37.33 6.6458 0.0841

In a research involving children the investigator must 
obtain consent and assent from

53.33 70.67 33.33 41.33 49.67 30.6972 0.0001*

In case of an illiterate parent/LAR the informed 
consent can be best obtained by

36.00 53.33 29.33 61.33 45.00 7.2818 0.0635

Re‑consent may be needed in following cases except 10.67 25.33 28.00 30.67 23.67 7.3327 0.0620
Voluntary informed consent has to be obtained from all 
research subject was stated by

40.00 34.67 21.33 18.67 28.67 7.4088 0.0600

Which of the following is permitted consent by LAR for 
research involving children?

29.33 21.33 21.33 37.33 27.33 9.9453 0.0191*

Which of the following should the assent process take 
into account?

54.67 85.33 42.67 62.67 61.33 11.6714 0.0086*

The assent process should be similar to the informed 
consent process for children of

24.00 52.00 32.00 41.33 37.33 14.0198 0.0029*

Oral assent must be obtained in the presence of parent/
LAR for children between

30.67 17.33 16.00 17.33 20.33 19.8465 0.0002*

Who decides either one or both parents would be required 
for consent before the child is enrolled in research

36.00 33.33 21.33 41.33 33.00 20.0808 0.0002*

For research involving minimal risk or low risk, the 
consent can generally be taken from

33.33 65.33 33.33 37.33 42.33 21.9972 0.0001*

In which of the following situations in a child the 
consent may be waived off

26.67 42.67 10.67 25.33 26.33 23.7211 0.0001*

Essential elements of an informed consent must include 
all except

30.67 30.67 30.67 30.67 30.67 27.0000 0.0001*

In which of the following situations a deferred consent 
may be taken for research involving children?

34.67 17.33 33.33 33.33 29.67 30.6972 0.0001*

*P<0.05. LAR=Legally authorized representatives
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the researcher should have through knowledge and 
an attitude toward informed consent and assent for 
biomedical research involving children.

The child’s right weather to participate as research 
subject and parents participation in health‑related 
decision have been acknowledged all over the world 
through ethical guidance in clinical research since the 
Helsinki Declaration in 1964.[6] The power of authority 
of child’s assent should increase by age according 
to some of the international instruments regulating 
human research.[7,8] In UK, the age is defined as school 
age by the Royal college of Pediatrics.[9] Moreover, in 
the United States, the child’s seventh birthday is set as 
age by which assent can be obtained as per the National 
Commission for the Protection of Human Subjects of 
Biomedical and Behavioral research.[10] In India as per 

Indian Council of Medical research, the verbal/oral 
or written assent, as approved by the EC, should be 
obtained from children of 7–18 years of age.[6]

Informed consent is essential in pediatric research as 
it protects the participating children from any possible 
harm and reflects respect to an individual by their 
enrollment in research.[2] The requirement of simple 
consent may be dated back to eighteenth century 
English law for surgical procedures, it was only in 
the 1950’s the doctrine of true informed consent was 
developed by the American courts.[11] As children 
lack the intellectual capacity to make decisions, the 
authority to allow a child to participate in research 
rests on parents/legally authorized representatives.[12]

This study was conducted among 300 house surgeons 
of medical, dental, nursing, and Ayurveda to appraise 
their knowledge and attitude toward informed consent 
and assent for biomedical research involving children. 
The study showed that only 11% of house surgeons 
had high level of knowledge on informed consent 
and assent, with an average knowledge level being 
66.33% and low level knowledge being 22.67%. When 
compared among different faculty house surgeons, the 
high level of knowledge was seen more among dental 
professionals followed by Ayurveda, Medical with the 
least being among the nursing professionals.

Nearly 60% of participants have an idea as to who is 
the authority person to give informed consent and the 
developmental level of child to be taken into account 
to obtain assent from the child. However only around 
42%–49% of them had knowledge on how informed 
consent to be taken from an illiterate person, from whom 
consent and assent to be taken as well as who can give 
incase of research involving minimal risk. Many of them 
fared poor knowledge in answering about when exempt 
can be given for re‑consent, Nuremberg code, Helsinki 
Declaration, age of child for oral assent to be taken, 
condition when consent can be waived off and differed.

However in case of attitude, only 17.33% of participants 
had high attitude level, with an average being 68% and 

Table 2: Association between levels of knowledge and attitude by groups
Medical (%) Dental (%) Nursing (%) Ayurveda (%) Total (%)

Levels of knowledge
Low level 21.33 10.67 41.33 17.33 22.67
Average level 69.33 68.00 58.67 69.33 66.33
High level 9.33 21.33 0.00 13.33 11.00
χ2, P 34.2850, 0.0001*

Levels of attitude
Low level 10.67 9.33 28.00 10.67 14.67
Average level 69.33 82.67 68.00 52.00 68.00
High level 20.00 8.00 4.00 37.33 17.33
χ2, P 46.4740, 0.0001*

Total 100.00 100.00 100.00 100.00 100.00
*P<0.05. ≤Mean ‑ SD=Low level, ≤Mean‑SD, >Mean + SD=Average level, ≥Mean + SD=High level. SD=Standard deviation

Table 3: Comparison four groups of professionals 
with mean knowledge and attitudes by one‑way 
ANOVA
Groups Knowledge Attitude

Mean SD Mean SD
Medical 5.32 2.38 40.65 4.39
Dental 6.76 2.35 40.45 3.76
Nursing 4.19 1.68 38.13 3.70
Ayurveda 5.84 2.21 42.19 5.11
Total 5.53 2.35 40.36 4.50
F 18.3090 11.4635
P 0.0001* 0.0001*
*P<0.05. SD=Standard deviation

Table 4: Pair wise comparisons by Tukeys multiple 
post hoc procedures
Groups Knowledge Attitude
Medical versus dental 0.0003* 0.9918
Medical versus nursing 0.0077* 0.0018*
Medical versus Ayurveda 0.4585 0.1245
Dental versus nursing 0.0001* 0.0050*
Dental versus Ayurveda 0.0469* 0.0628
Nursing versus Ayurveda 0.0001* 0.0001*
*P<0.05
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least attitude among 14.67%. When compared among 
different faculties, the Ayurveda house surgeons had 
high level of attitude, followed by the medical, dental 
with the least being among the nursing house surgeons.

Nearly 55% of the participants strongly agreed that 
consent and assent to be taken before the start of the 
study. Around 51%–54% of them agreed that they face 
hurdles to obtain consent and accent and they feel that 
the presence of predominant paternalistic culture may 
have an influence to obtain it for research in children. 

Table 5: Comparison of four groups of professionals with attitude scores in each item by Kruskal‑Wallis ANOVA
Items Summery Professionals Total percentage 

attitude
H P

Medical Dental Nursing Ayurveda Total
Do you feel that every researcher should 
take consent and assent before the start 
of the study

Mean 4.31 4.45 4.03 4.49 4.32 55 (strongly agree) 8.9940 0.0290*
SD 0.94 0.68 1.07 0.74 0.89 27 (agree)

Do you feel that the curriculum should 
strengthen the topics on consent and 
assent

Mean 3.95 4.27 4.19 4.36 4.19 36.66 (strongly agree) 11.1810 0.0110*
SD 0.85 0.53 0.71 0.78 0.74 45.66 (agree)

Do you feel the necessity of a governing 
body to regulate the norms for consent 
and assent for research involving children

Mean 4.07 4.12 4.08 4.29 4.14 35 (strongly agree) 3.5310 0.3170
SD 0.88 0.72 0.82 0.73 0.79 44.66 (agree)

Do you feel a researcher faces hurdles to 
obtain consent and assent for research 
involving children

Mean 3.99 3.85 3.97 4.12 3.98 23.33 (strongly agree) 5.4190 0.1440
SD 0.83 0.56 0.87 0.72 0.76 52.65 (agree)

Do you feel the information shared with 
consent and assent should differ as per 
the gender of the concerned person

Mean 3.69 3.16 3.39 4.07 3.58 22.66 (strongly agree) 24.3930 0.0001*
SD 1.13 1.17 1.22 0.78 1.14 32 (agree)

Do you feel all information about your 
research should be shared in consent and 
assent form before the start of you study

Mean 4.05 4.03 3.56 4.19 3.96 32.33 (strongly agree) 12.7600 0.0050*
SD 0.88 0.82 1.15 0.71 0.93 36.49 (agree)

It helpful to take consent and assent 
because of modern ethical issues and 
patient autonomy

Mean 3.95 4.19 3.63 4.25 4.00 27 (strongly agree) 22.9060 0.0001*
SD 0.82 0.63 0.94 0.76 0.83 43.33 (agree)

Do you feel the presence of predominant 
paternalistic culture in India may have 
an influence to get consent and assent in 
a research

Mean 3.95 3.92 3.84 4.05 3.94 21 (strongly agree) 2.5590 0.4650
SD 0.73 0.59 0.87 0.70 0.73 54.33 (Agree)

Do you agree that in the consent and assent 
form the alternative treatment, risks and 
uncertainties need to be mentioned

Mean 4.17 4.17 3.69 4.11 4.04 28.66 (strongly agree) 14.0340 0.0030*
SD 0.81 0.62 1.00 0.67 0.81 49.66 (agree)

As a researcher in today’s computer 
era one should be aware of the risk 
of invasion of privacy of the ethical 
documents during sharing of patient care 
among professionals

Mean 4.53 4.29 3.76 4.25 4.21 40 (strongly agree) 32.4690 0.0001*
SD 0.66 0.67 0.98 0.62 0.80 43.66 (agree)

*P<0.05. SD=Standard deviation

Table 6: Correlation between knowledge and 
attitude scores in each group by Karl Pearson’s 
correlation coefficient method
Groups Correlation between knowledge and attitude scores in

r t P
Medical 0.0354 0.3025 0.7631
Dental −0.2073 −1.8101 0.0744
Nursing −0.1083 −0.9307 0.3551
Ayurveda −0.1509 −1.3041 0.1963
Total 0.0354 0.3025 0.7631

Furthermore, 43% felt that it is helpful in today’s 
scenario because of modern ethical issues and patient 
autonomy. However, nearly 17% of participants 
remained neutral with attitude and 70% (strongly 
agree and agree) of them felt that information shared in 
consent and assent should differ by gender of research 
participant.

Thus this study illustrates that there is dissimilar 
knowledge and attitude and no correlation between 
knowledge and attitude among different faculty 
house surgeons on informed consent and assent for 
biomedical research involving children. There are 
certain limitations in this study. First, only house 
surgeons were involved in the study. It did not 
include postgraduates, academicians, and private 
practitioners. Hence, there could be difference of 
knowledge among them. Second, the knowledge type 
questions asked were of basic information regarding 
informed consent and assent and did not cover broad 
range of topics in them. Moreover, finally, we did not 
collect any information regarding these topics being 
taught in their course content of their profession.
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Conclusion
This study revealed that the house surgeons of 
the medical, dental, nursing, and Ayurveda had 
unbalanced knowledge and dissatisfactory attitudes, 
thereby emphasizing training and need for education 
and practice by current recommendations by the 
guidelines put forth by competent authorities to be 
given regarding legal jurisprudence for research 
involving children at the undergraduate training.
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IntroductIon

The use of smartphones and WhatsApp has increased 
exponentially.[1] WhatsApp is a convenient and widely accepted 
instant messaging service.[2‑4]. It allows sharing various forms of 
media and group discussions and hence facilitates learning.[5‑10] 
It provides flexibility, ensures student engagement, supports 
and strengthens lifelong learning.[11‑13] The application of taking 
pictures and storage aids learners revisit anytime, anywhere 
for better understanding.[8,14,15]

Intra‑oral periapical (IOPA) radiograph making and 
interpretation begin in third year clinics.[16] In the initial phase, 
the students find difficulty in interpretation because of minute 
findings and incompetency.

A literature search revealed the use of WhatsApp to teach 
histopathological slides[17] and oral radiology.[8] As our campus 
has free WIFI, and students possessed smartphones and used 
WhatsApp, it was planned to teach interpretation of IOPA 
and know the perception and acceptability of WhatsApp as 
an e‑learning tool.

Methodology

This is a descriptive cross‑sectional pilot study conducted at a 
recognized and reputed Dental Institute. This study conformed 
to ethical guidelines of the 1975 Declaration of Helsinki 
and was approved by the Institutional Research and Ethics 
committee of KLEVKIDs Belagavi bearing no 1262 dated 
18/7/2019. The Methodology is explained in Flow  Chart 1.

Sample size
Sample size was based on formula n = Z2S2/d2, std deviation 
of 2.5 (Reference Shital S, et al.[17])   with acceptable error of 
0.6 P value of 0.05 at Zα = 1.96 at 5% level of significance. 
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Background: The number of smartphone users and social media has increased exponentially. The applications have been used for teaching, 
learning, and assessment. WhatsApp allows sharing of images with multiple users and is a great platform for discussions. Hence, it was 
decided to teach interpretation of intra‑oral radiographs (IOPA) for dental undergraduates. Aim: The study aimed to know the perception 
and acceptability for WhatsApp as an e‑learning tool of learning IOPA radiograph interpretation. Methodology: The third‑ year Bachelor 
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answered a questionnaire with a 4‑point Likert scale of 10 items. The analysis was done manually by calculating aggregate percentages of 
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4× (2.5) 2/(0.5)2 = 100, 4× (2.5 × 2.5)/(0.6) 2 = 70. The required 
sample size was 70 since there were 75 students all were 
included in the study.

Inclusion criteria
All students having a smartphone and using the WhatsApp 
version from 2.20.207.20 or upgraded version and consent to 
be part of the study.

Exclusion criteria
Students not having a smartphone and not using WhatsApp 
and don’t consent to be part of the study.

Study population
IOPA making and interpretation is a routine training program 
in 3rd year BDS first‑term clinical posting of oral medicine and 
radiology. This batch of students fulfilled the inclusion criteria 
and hence was included in the pilot study.

IOPA radiograph making and interpretation is are part of routine 
training in the oral medicine and radiology posting and all 
students (75) possessed smartphones, and were using WhatsApp 
version from 2.20.207.20 or upgraded version and consented 
to be part of this pilot study. All were informed and oriented 
about steps in learning radiographic interpretation using mobile 
technology. All the students attended a didactic lecture on 
radiograph making, processing, and interpretation as a part of 
a regular theory class scheduled in a lecture hall. This would 
give them knowledge on the process of making and interpreting 
radiographs. The next part of the study was conducted in the 
first‑term posting of the Department of Oral Medicine and 
Radiology of 15 days. Students participated in a total of 10 
batches comprising of seven students (five batches) and eight 
students (five batches) students posting‑ wise. WhatsApp group 
of students and facilitator were created batch‑ wise. Instruction 
on the method of WhatsApp learning was explained. The study 
period was 6 months beginning from orientation, lecture, 
and completion of all batches of clinical postings. The IOPA 
radiographs included for interpretation in the study were limited 
to caries, periapical pathosis, and periodontal problems.

On day one of the posting, students participated in small 
group discussions with trained staff in charge/facilitator on 
IOPA radiograph making and received demonstration. They 
were taught the interpretation of IOPA in a structured format. 
Students were also demonstrated to take pictures of the IOPAs 
against the light of the X‑ray viewer. From day 2 onwards to 
the 14th day, students made radiographs on patients allotted 
with caries, periapical pathosis, and periodontal problems. 
All the students shared these IOPA radiograph images for 
the interpretation in their respective WhatsApp groups. All 
the WhatsApp group students had to participate mandatorily 
in interpretation of the radiograph in a format provided. The 
students could post interpretation conveniently till the next day 
morning. On average, seven to eight IOPAs were interpreted 
daily.

The students could revisit the radiographs as many times as 
possible and add new relevant information on the interpretation 
of IOPAs posted. They could access additional e‑sources 
for better understanding and interpretation. They could post 
their doubts too. The next day, the facilitator/staff in charge 
through a group discussion clarified doubts and the findings. 
This was done for 1 h daily. The findings posted were checked 
for consistent answers. Inconsistent findings were considered 
doubts and were clarified. This process continued till all 
students in the batch completed making 5 IOPAs each and 
posting for discussion. A total number of 35–40 radiographs 
were discussed during the posting.

At the end of this posting, the student had to answer a modified 
pretested questionnaire with a 4‑point Likert scale with 
close‑ended 10 items to know their perception of the use of 
WhatsApp as a learning tool for dental radiographs [Table 1].[15] 
Four senior faculty of the department of Oral medicine and 
radiology checked the validity. Ten interns answered the 
questionnaires for reliability. The Cronbach’s alpha value 
of the questionnaire was 0.86. Analysis of responses was 
done manually by calculating aggregate percentages of 
responses [Table 1].

Table 1: Questions and responses in aggregate percentage

Questions Agree 
Strongly %

Agree 
%

Aggregate of Agree 
and strongly agree %

Disagree 
%

Disagree 
Strongly %

WhatsApp facilitates viewing radiographs better than conventional 
radiographs

56 33.33 89.33 9.33 1.33

WhatsApp learning provides flexibility of time 58.66 40 98.66 1.33 ‑
WhatsApp facilitates participation in small and large group 
discussions

5 6 42.66 98.66 1.33 ‑

WhatsApp helps clear doubts 53.33 36 89.33 12 ‑
WhatsApp helps build on information with continuous interaction 
with facilitator and colleagues

58.66 26.66 85.33 2.66 ‑

Smartphone helps search relevant information simultaneously 45.33 40 85.33 14.66 ‑
WhatsApp discussion helped me assess my level of knowledge 40 46.66 86.66 13.33 ‑
Use of WhatsApp makes studying easier and interesting 61.33 28 89.33 10.66 ‑
WhatsApp is an encouraging way of learning as it is easy to use 57.33 38.66 96 4 ‑
WhatsApp encourages participation of students who may not 
participate in face‑to‑face interaction

65.33 30.66 96 4 ‑



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Bagewadi: WhatsApp as an E‑Learning tool of Dental radiograph interpretation among dental under graduates‑A pilot study

Journal of Indian Academy of Oral Medicine & Radiology ¦ Volume 33 ¦ Issue 1 ¦ January‑March 2021 3

results

All the students (100%) participated in the survey. 98.6% 
of students felt WhatsApp facilitates group discussion and 
provides the flexibility of time. Followed by 96% of students 
agreed that it encourages the participation of students who 
may not participate in face‑to‑face interaction. They felt 
it was interesting and eased the way of learning compared 
to face‑to‑face. It helps clear doubts and helped build on 
information with continuous interaction with the facilitator 
and colleagues. 85% of students felt the facility of searching 
for additional information through the internet facilitated the 
learning. This also allowed students to self‑assess their level 
of knowledge.

dIscussIon

All the students participated enthusiastically. It was highly 
accepted as every student possessed a smartphone and the 
campus has free WIFI. The learning content was through 
visual and text, students’ higher‑ order comprehension of 
critical thinking and analyzing developed. Student engagement 
was observed by WhatsApp messages in structured format 
posted on the group. This was consistent with the findings by 
Cheston et al.[18] The encouragement to do additional search 
for interpretation and diagnosis would also help them to be 
a self‑directed learner. Some of the students were benefitted 

fron peer inputs. This is a convenient method of learning.[19‑22] 
They could revisit the images at their leisure and discuss with 
batchmates outside the classroom and during clinical hours. 
The participation of shy and non‑confident students was also 
observed. The record of participation and post would aid the 
teacher to assess the students. This method could be used for 
formative assessment during day‑to‑day discussions.[23‑25] 
Every batch of students could get knowledge and understanding 
of 35–40 radiographs in a single posting when compared to 
5 IOPAs made by self in traditional method. This method of 
learning saved faculty and student time and as most of the 
observations especially the minute and fine details were done 
outside clinic time. More time was available for discussion and 
doubts were clarified benefitting all. Monitoring all students’ 
participation was possible with 7–8 students per batch. Peer 
learning and team learning were observed as the participants 
read interpretations posted by all in the group. WhatsApp 
learning can be used for small group learning effectively and 
also as an adjunct training method with conventional method. 
Our results are consistent with findings of Lohitashwa et al.[26] 
and Raiman et al.[15]

The observations of staff in charge/facilitator were all students 
participated in interpretation. WhatsApp learning provided 
every student an opportunity to view all radiographs unlike the 
conventional method. Students got adequate and convenient 
time to view the radiograph as the image was saved in the 
WhatsApp group. The facility of magnifying/zooming helped 
them view and understand the minute details clearly, for 
example, initial caries, break in the continuity of lamina dura, 
and bone loss. This method of learning saved a lot of time 
during clinical posting.

The limitation of the study was that the current study was 
conducted on a smaller sample. Objective assessment was not 
done to know the gain from this method, as a study by Amry 
et al., says WhatsApp facilitated only superficial learning.[27] 
The present study did not assess the amount of time spent by 
students and whether WhatsApp learning has any negative 
aspects, for example, distraction.[28] Another drawback of this 
study is that it was conducted for only one term of one academic 
year of students. Further studies should be undertaken with a 
larger group of students in different academic years.

conclusIon

Most of the students have smartphones and use of WhatsApp 
has become an integral part of student’s daily life. Implementing 
WhatsApp learning of IOPA radiographic interpretation was 
easy and acceptable to all students. Students who remained 
absent also benefitted from this methodology of learning. Thus, 
WhatsApp can be used as an adjunct teaching methodology 
in dental radiology. However, WhatsApp teaching can also 
be extended to teach communication skills, examination, 
case scenarios by sharing videos and group discussion. Hence 
sharing of educational information and learning by facilitating 
can be achieved.

As  making and Interpretation of Intra oral periapical radiograph(IOPA)is a routine
training program in IIIrd year BDS   in  Oral medicine and radiology posting   and all
students (n = 75) possessed smart phone with WhatsApp version  2.20.207.20 and

above and  consented, all were included in the study.

All the students attended the lecture on IOPA radiograph making, processing and
interpretation through a routine theory class

Students participated in discussion on above topics, received demonstration in total
10 batches [ 5 batches consisting of 7 students & 5 batches consisting of 8 students

respectively] during the clinical posting  in Oral medicine and radiology.

WhatsApp group of each batch was created with facilitator. Instructions for
participation was given. Each student made 5 IOPAs on the cases allotted

under the supervision of faculty. They posted the picture/image of IOPA made
on the WhatsApp group.

All participants had to  interpret all IOPAs mandatorily at their convenient time till
next day. This process continues till every student posts 5 IOPAS and interpretation.

Next day facilitator through a in person group discussion clarified comments and doubts
about findings and diagnosis.On the last day of the posting students answered

the questionnaire

Data entry and analysis of data was done on completion of all 10 batches.
 Analysis  was done manually by calculating aggregate percentage of responses.

Flow Chart 1: Methodology flow  chartAQ3,4
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Future directions
Further research on the effectiveness of this instructional 
methodology should be taken up. A structured program can 
be prepared for this method of blended/adjunct learning to 
benefit the students at large.
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Original Article

IntroductIon

Advances in head and neck reconstructive techniques have 
improved aesthetic and functional results among cancer 
patients, leading to better quality of life.[1] In oral cancer 
patients, pain is reported in 85% of cases.[2,3] It is estimated 
that 45% to 80% of oral cancer patients have inadequate 
pain management.[4-6] Pain management in orofacial region is 
challenging due to the rich nerve innervation. Oral mucosa is 
susceptible to the effects of chemotherapy and radiotherapy 
resulting in painful mucositis.[7] Literature reveals limited data 
on evaluation of the pain level management and quality of life 
among patients undergoing chemotherapy and radiotherapy 
treatment. The existing questionnaires used are extensive 
and time consuming. This study aims to assess the pain 
management and quality of life among patients with cancer 
of oral cavity, pharynx, and esophagus using an 8-point 
self-designed oral cancer pain management and quality of life 
evaluation questionnaire.

MaterIals and Methods

This study was approved by the Research and Ethics 
Committee, KLEVKIDS (reference number-157/2018) in 
accordance with the Declaration of Helsinki and duration 
of the study spanned from September 2018 to December 
2018. Sample size (n) was calculated to be 64 by the formula 
n = Z2pq/d2 with 〈 = 5%, ® = 20%, power = 80%, CI = 95% 
where prevalence was 4% (determined from the pilot study), 
q = 96, d = 5%, and Z2 = 3.96 ~ 4.

Evaluation of Pain Management and Quality of Life among Oral 
Cancer Patients ‑ A Cross Sectional Study

John W. Baliah, Vaishali Keluskar1, David W. Livingstone2, Arun Panwar1

Departments of Oral Medicine and Radiology and 2Prosthodontics, Indira Gandhi Institute of Dental Sciences, Sri Balaji Vidyapeeth, Puducherry, 1Department of Oral 
Medicine and Radiology, KAHER’s KLE Vishwanath Katti Institute of Dental Sciences, Belgaum, Karnataka, India

Background: Oral cancer is a health concern in India, accounting for 90% of all head and neck cancers. Recent advances in treatment have 
improved survival rates, but unbearable pain creates a poor quality of life. Intense pain at the primary site significantly impairs speech, 
mastication, and swallowing. The use of extensive pain evaluation questionnaire may yield false responses from patients due to severe 
pain. Aim: The study aims to assess pain management and quality of life using an 8-point questionnaire among patients with squamous 
cell carcinoma of oral cavity, pharynx, and esophagus undergoing treatment procedures. Materials and Methods: A total of 64 oral cancer 
patients from two cancer hospitals were interviewed using the self-designed questionnaire to assess their pain level and quality of life. 
Statistical Analysis: Descriptive analysis was used to describe the frequencies and percentages. Chi-square test was used to determine 
statistical significance. Results and Conclusion: In 33% of the oral cancer patients, pain medication did not have an analgesic effect; 
32.8% of the patients needed stronger pain medication; 36% had severe mood swings; 31.3% had severe sleep disturbance; and 39.1% had 
severe interference in eating food. On using numeric pain intensity scale, 42.2% had severe pain and 51.5% had moderate pain due to oral, 
pharyngeal, and esophageal squamous cell carcinoma and its treatment. This simplified questionnaire can be used as a preliminary tool to 
evaluate oral cancer pain and quality of life.
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was used to evaluate pain level. The 8-item questionnaire was 
validated by subjecting it to 35 subject experts and conducting a 
pilot test to ensure that the items can be understood and correctly 
interpreted by the intended respondents. The validation stage 
ensured that the questionnaire is psychometrically sound. 
As cancer patients go through pain and mental agony, it is 
not justified to use extensive questionnaires in the context 
of collecting in depth information about the disease from the 
patients. Furthermore, it is possible that in such a state, patient 
may provide a modified response. This 8‑item questionnaire 
was developed to minimize the interaction time with oral cancer 
patients and simultaneously collect the required information 
with respect to pain management and quality of life. Eating, 
sleeping, and mood swings reflect their basic quality of life and 
hence were considered in assessing quality of life.

Patients diagnosed with squamous cell carcinoma of head 
and neck, and who were willing to participate voluntarily 
were included and patients unwilling to participate, denied to 
sign the informed consent and with metastasis, were excluded 
from the study. Other head and neck malignancy such as brain 
tumours, salivary gland tumours, and thyroid carcinomas were 
also excluded from the study. After written informed consent 
of the patients, the survey was carried out. 

For illiterate patients and those who could not read or respond 
for any reason, the researcher read the questions and answers 
and recorded the responses.

Patients were interviewed by a single observer using a 
self-designed oral cancer pain management and quality of life 
evaluation questionnaire [Table 1]. Numeric Pain Intensity Scale 

Table 1: Simplified oral cancer pain and quality of life evaluation questionnaire
1. What do you think is the cause for your pain at present? (you can select more than one option)

a. Due to oral cancer
b. Due to oral cancer treatment
c. Other medical conditions

2. What type of pain are you experiencing now?
a. Aching
b. Burning
c. Stabbing
d. Throbbing

3. Are you currently under any pain medications for oral cancer treatment?
a. Not under medication
b. Daily
c. Only when necessary

4. How many hours does your oral cancer pain medication work? (Skip question number 4, if answer to question number 3 is ‘Not under medication’)
a. 0 hr
b. 1-2 hr
c. 2-3 hr
d. >3 hr

5. Do you need stronger and more effective oral cancer pain medication?
a. Yes
b. No
c. Not sure

Instructions: For question no. 6, 7, and 8, grading is based on a scale of 0‑10 with 0 as no effect, 1‑3 as mild, 4‑6 as moderate, and 7‑10 as 
severe

6. Do you have mood swings during treatment of oral cancer treatment?
a. No
b. Mild
c. Moderate
d. Severe

7. Do you experience sleeping difficulty due to oral cancer and its treatment?
a. No
b. Mild
c. Moderate
d. Severe

8. Do you experience eating difficulty due to oral cancer pain?
a. No
b. Mild
c. Moderate
d. Severe
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The study was conducted at Belgaum Cancer Hospital, 
Belgaum, and Karnataka Cancer Therapy and Research 
Institute, Hubli, Karnataka, after requisite permissions. 
A total of 64 patients with histological diagnosis of squamous 
cell carcinoma of oral cavity, pharynx, and oesophagus 
undergoing treatments like surgery, or radiotherapy, concurrent 
chemoradiotherapy, and palliative therapy were included in the 
study through convenience sampling.

Statistical analysis
Data gathered from completed questionnaires were entered 
in a Microsoft Excel spreadsheet and statistical analysis was 
done by using Statistical Package of Social Science (SPSS 21). 
Chi‑square test was used to determine statistically significant 
differences for the responses given by oral cancer patients. 
P ≤ 0.05 was considered statistically significant.

results

An analysis of the data from the questionnaire revealed the 
mean age of the study population was 53.11 ± 7.3 years. The 
study recruited 64 patients out of which 44 patients were 
males (68.8%) and 20 patients were females (31.2%). 67.2% of 
the patients reported that their pain was due to their oral cancer, 
15.6% of the patients reported pain was due to treatment, 
and 17.2% of the patients reported pain is due to oral cancer 
and its treatment. Most common site for oral squamous cell 
carcinoma was the buccal mucosa with 48.5% and the least 
common site was the tongue with 3.1%. The site distribution of 
oral squamous cell carcinoma is given in pie chart [Graph 1]. 
51.6% of the patients experienced aching type of pain and 
30.4% of the patients experienced burning type of pain during 
oral cancer treatment.

93.8% of the patients take pain medication on a regular basis 
whereas 6.3% of the patients take medication only when 
necessary. In 33% of the patients, pain medication does 
not have any analgesic effect. In 25% of the patient, pain 
medication works for 1–2 hours after administration of the 
medications [Graph 2].

32.8% of the patients reported that they need stronger 
medication [Graph 3]. 12.5% of the patients were uncertain 
about the need for stronger medication. 36% of the oral cancer 
patients had severe mood swings. 45.3% of the patients had 
moderate mood swings. 31.3% of the patients had severe sleep 
disturbance. 23.5% of the oral cancer patients had moderate 
sleep disturbance [Graph 4]. 39.1% of the patients had severe 
interference in eating. 25% of the patients had moderate 
interference in eating [Graph 5]. On using numeric pain 
intensity scale, 42.2% had severe oral cancer pain, 51.5% had 
moderate pain, and 6.3% had no pain.

dIscussIon

According to National Cancer Registry Programme (NCRP), 
around 80–90% of oral cancer is directly attributable to 
tobacco use.[8] The mean age of oral cancer patients is 

50 years.[9] Treatment includes surgery, different types of 
radiotherapy, concomitant chemo radiotherapy, and palliative 
care. Pain and soreness in the mouth are the most common 
symptoms in patients undergoing oral cancer treatment. 
Patients were administered topical anaesthetics, non-steroidal 

Graph 1: Site distribution of oral cancer

Graph 2: Duration of effective oral cancer pain control

Graph 3: Need stronger pain medication for oral cancer pain
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anti‑inflammatory drugs and morphine on a regular basis for 
pain management as per WHO ladder.

The mean age of the oral cancer patients in the present study 
is 53.11 ± 7.30 years which was consistent with the results 
of study done by Shenoi et al.[9] The present study showed 
67.2% of the patients had pain at the time of diagnosis which 
was higher to the results of the study conducted by Jean 
Potter et al.[10] This suggested that there is delay in seeking 
oral cancer treatment. The most common acute oral side 
effect of chemotherapy and radiotherapy is oral mucositis.[11] 
Combined chemotherapy and radiation therapy resulted in 
increased frequency, severity, and duration of mucositis.[12] In 
the present study, 30.4% of the patients had burning type of 
pain which was lower compared to the study done by McGuire 
DB et al.[13] This reduction in burning pain may be due to the 
advances in treatment like intensity-modulated radiotherapy 
and use of amifostiene. However, in the present study, 51.6% 
patients experienced aching type of pain.

According to Oliveira KG et al., 66.6% of patients used 
analgesics for pain control. In the present study, 93.7% of 
the patients used analgesics on regular basis for pain control 
which is higher compared to the study done by Olivieira 
KG, et al.[14] Further, 33% patients had no pain relief despite 
taking pain medications which is consistent with the results 
of Hinther A, et al.[15] 32.8% of the patients reported that 
they need stronger pain medication for their oral cancer pain. 
This further warrants the need for novel approaches in pain 
management.

Along with pain, the quality of life is also affected due 
to oral cancer. In the present study, 36% of the patients 
had severe mood swings due to oral cancer pain. Hence, 
according to Janosky JE, a psychologist should be a part of 
multidisciplinary approach to oral cancer management along 
with rational administration of antidepressants and anxiolytics 
for management of mood swings.[16]

54.8% of oral cancer patients had moderate to severe sleep 
disturbance which is comparable to that of study done by 

Oliveira KG, et al. where moderate to severe pain indicated 
greater impairment on insomnia.[14]

In the present study, 64.1% had moderate to severe interference 
in eating food. This is inconsistent with the study done by Nie 
M, et al. where drinking fluid, eating semi solid food, and 
choked when eating were also considered. Further, eating fluid 
and semifluid items leads to food leakage from the defects in 
surgically resected maxilla or mandible.[17] Lango MN, et al. 
also suggested that dysphagia measure identifies patients 
predisposed to oral recurrence and death.[18] According to 
Goswami et al., patients undergoing oral cancer treatments 
experience emotional distress, concerns for appearance, 
changes in daily activities, feeling blamed, denial, avoidance, 
discomfort, stigmatization, financial insecurity and public 
support, and eating and chewing difficulty.[19] In the present 
study, on using numeric pain intensity scale, 42.2% had severe 
oral cancer pain and 51.5% had moderate pain. This result is 
not consistent with Saxena A, et al. where 70% had severe 
oral cancer pain and 14% had moderate pain.[20] However, this 
result of the present study is significant because in two decades 
we have achieved reduction in pain intensity from severe to 
moderate in oral cancer patients.

Extensive discussion on assessment of pain through various 
questionnaires is given by H Brevik et al.[21] The advantages 
of this simplified oral cancer pain management and quality of 
life evaluation questionnaire used in the present study are user 
friendliness, better patient cooperation, easily comprehensible 
by all patients, large population can be evaluated in short period 
of time, and can be translated in regional language.

Limitations and future prospects
Although this study focused on oral cancer, it did not 
differentiate among the stages of cancer and was done with 
a limited sample size. Therefore, the pain and quality of life 
could not be correlated among the various stages of oral cancer. 
In future, similar studies with larger sample size could be done 
with prime focus on correlating the findings of different stages 
of oral cancer in regard to pain and quality of life.

Graph 4: Sleeping difficulty due to oral cancer pain Graph 5: Eating difficulty due to oral cancer pain
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conclusIon

In 33% of the oral cancer patients, pain medication did not 
have analgesic effect. 93.7% of the oral, pharyngeal, and 
oesophageal squamous cell carcinoma patients undergoing 
treatment have moderate to severe pain. Focus in treating oral 
cancer patients should be on pain management, as pain causes 
moderate to severe eating difficulty, sleeping difficulty, and 
mood swings. This simplified questionnaire on quality of life 
can be used as preliminary tool to evaluate oral cancer pain 
and quality of life. Effective methods in pain management are 
required to improve the quality of life in oral cancer patients.
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Introduction
Class III skeletal malocclusion may 
result from mandibular prognathism, 
maxillary retrusion, or a combination 
of both.[1] Maxillary deficiency is more 
frequent, accounting for 60%–63% of 
the causes of this type of malocclusion.[2] 
Maxillary skeletal deficiency can also be 
associated with deficiency of the middle 
third of the face, confirmed by the contour 
of the zygomatic bone, orbital ridge, and 
subpupillary area.[3] Intraoral examination 
reveals increased axial inclination of the 
maxillary incisors and decreased axial 
inclination of the mandibular incisors in an 
attempt to mask the real maxillomandibular 
discrepancy. Bone discrepancy is reflected 
in the facial soft tissues, causing an 
unfavorable esthetic impact, which may 
be aggravated by the facial asymmetry 
present in most cases.[4,5] Patients with 
these disharmonies are usually treated 
with a combination of orthodontic and 
orthognathic surgical procedures to improve 
occlusion and facial esthetics.[6]
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Abstract
The purpose of this case report is to describe and discuss a combined surgical and orthodontic 
technique for the management of transverse maxillary deficiency and mandibular prognathism in 
the treatment of skeletal Class III malocclusion in a mature patient. Skeletal Class III malocclusion 
can present with maxillary deficiency or retrognathism, mandibular excess or prognathism, or 
a combination. The maxillary arch is narrow and often requires expansion. A 25‑year‑old patient 
presented with a constricted maxilla, a skeletal Class III malocclusion with a large mandible, Angle’s 
Class III malocclusion, retroclined lower incisors, proclined upper incisors, crowding of maxillary 
and mandibular teeth, and bilateral posterior crossbite. The case report shows that an adult patient 
with Class III malocclusion (constricted maxilla and large mandible) can be treated with rapid 
maxillary expansion accompanied by bilateral maxillary osteotomies, followed by a reduction 
bilateral sagittal split osteotomy (BSSO). As the patient was 25 years old with a bilateral crossbite, 
a surgically assisted rapid maxillary expansion procedure was performed. As the diastema space was 
available at the end of expansion, it proved to be beneficial for the presurgical decompensation of 
Class III, thus creating a negative overjet, followed by which a BSSO setback was done.

Keywords: Class III malocclusion, mandibular prognathism, mandibular setback, surgically 
assisted palatal expansion, transverse maxillary deficiency
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This report presents the treatment of a Class 
III skeletal malocclusion with a transverse 
and sagittal discrepancy, with a severity 
that demanded an orthodontic and surgical 
treatment for the establishment of normal 
occlusion and adequate facial esthetics.

Case Report
A male patient aged 25 years came to the 
Department of Orthodontics, SDM College 
of Dental Sciences, a constituent unit of 
Shri Dharmasthala Manjunatheshwara 
University, Dharwad, India, with a chief 
complaint of irregular teeth. Clinical 
examination revealed Angle’s Class III 
subdivision malocclusion with a narrow 
maxilla, posterior crossbite, deviation of 
the mandibular midline to the right, and 
mild crowding in the mandibular anterior 
region, with proclination of the maxillary 
anteriors [Figure 1].

On a lateral cephalogram analysis, the 
patient presented with a Class III skeletal 
pattern with an ANB value of −5° and 
a Wits appraisal value of −10 mm. The 
patient had an orthognathic maxilla with a 
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SNA value of 83° and a prognathic mandible with a SNB 
of 88°. The upper incisors were proclined with a U1‑SN 
value of 122°, and the lower incisors were retroclined with 
a L1 to MP value of 80°; hence, a typical Class III natural 
compensation was seen [Figure 2 and Table 1].

The analysis of plaster models confirmed a narrow maxilla 
with a bilateral posterior crossbite, negative dentoalveolar 
discrepancy in both the arches, an overjet of 1.0 mm, and 
an overbite of 1.0 mm.

The main goals of the orthodontic‑surgical treatment were 
to achieve maxillary expansion and a mandibular setback 
for the correction of the Class III skeletal and dental 
malocclusion [Figure 3]. Surgical maxillary expansion with 
the creation of a midline diastema and retroclination of the 
maxillary incisors, while maintaining the anchorage with 
the use of modified transpalatal arch [Figure 4], was the 
decided treatment plan. In the mandibular arch, proclination 
of the mandibular incisors by increasing their axial 
inclination was carried out, which accentuated the negative 
overjet, thus permitting more amount of skeletal correction. 
The presurgical decompensation procedure created a 
negative overjet of −4 mm. Initially, surgery was performed 
to split the mid‑palatine raphae, and a Hyrax expander was 
placed immediately after the surgery to promote the rapid 
expansion of the maxilla with two activations per day. The 
placement of buccal corticotomies decreased the resistance 
offered by the maxilla during expansion [Figure 5].

After a 10 mm of diastema was achieved following the 
maximally expansion, fixed mechanotherapy (straight wire 
appliance with Roth prescription slot 0.022” × 0.28”) was 
started. A sequence of 0.014” to 0.021 × 0.025” NiTi and 
stainless steel wires were placed [Figure 4].

Subsequently, retraction of the maxillary incisors was 
performed, maintaining the anchorage with a modified 
transpalatal arch (with premolar extensions) [Figure 6]. 
The intercuspation was checked by occluding the 

Table 1: Cephalometric values
Measurements Norm Pretreatment Posttreatment
ANB 2° −5° −1°
A┴‑B┴‑ −1 −10 −3
Wits 0 −10 (B ahead) −6 (B ahead)
Harvold 42 36
Vertical

SN‑GoGn 32° 30° 27°
FH‑GoMe 25° 24 20

Maxillary
SNA 82° 83° 83°
A┴‑N┴ 1 2 ahead 2 ahead

Mandibular
SNB 80° 88° 84°
B┴‑N┴ 12(B ahead) 5 (B ahead)
GoPog 83.7 85 76
Saddle angle 123° 123°

Dental
UI to SN 102±2 122° 116°
UI to NA 22/4 40°/13 39°/10
UI to APog 28°/9 28°/7
LI to MP 90° 80° 87°
LI to NB 25/4 20°/4 20°/3.5
LI to APog 27°/7 26°/3
Interincisal angle 130±5 125° 127°

Soft tissue
E line U=−4, L=−2 U=4, L=1 U=4, L=1
H line L=3 L=2
S line U=0, L=0 U=4, L=1 U=2.5, L=0
Nasolabial angle 102±8 120° 108°
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plaster models that were obtained periodically until 
satisfactory occlusion was attained for performing 
the surgery [Figure 7]. Presurgical intraoral 
preparation was done by the placement of crimpable 
hooks in the interbracket spans between all the 
teeth for intermaxillary fixation during the surgical 
process [Figure 8].

Surgery was planned according to facial analysis, predictive 
cephalometric tracing, and preparation of the surgical splint. 
Postsurgical orthodontics was carried out after the surgery, 
in order to achieve a Class I molar and canine relationship 
normal overjet and overbite and coincident midlines. After the 
active treatment phase, a wraparound‑type retention plate was 
used in the maxillary arch and a stainless steel 3 × 3 lingual 
canine‑to‑canine retainer was placed in the mandibular arch.

At the end of treatment, a functional occlusion, normal 
overjet and overbite, adequate intercuspation, with a Class 
I molar and canine relationship, coincident midlines, and 
normal lateral and protrusive excursions were achieved. 
Mandibular prognathism was eliminated and facial esthetics 
considerably improved [Figures 9‑11].

Discussion
Achieving planned results is a challenging process 
when the malocclusion is of a skeletal origin. Hence, a 
multidisciplinary approach is required in such cases. The 
surgical decompensation should also be carried out by 
keeping the final result in mind.

This case showed features of a typical Class III 
malocclusion with a prognathic mandible and a constricted 
maxillary arch. As the upper incisor proclination was 
increased, it was necessary to correct its angulation and 
create a proper negative overjet so that the prognathic 
mandible could be set back.

When the discrepancy is severe, extractions are planned 
to align and/or correct the molar relation or incisor 
proclination. Because of the need for correction of 
bilateral posterior crossbite and improving the incisor 
angulation, expansion of the constricted maxillary arch 
was needed.[7] A surgical approach was chosen as the 
discrepancy was severe and more skeletal correction was 
required than dental. This was done using the surgically 
assisted rapid palatal expansion (SARPE) procedure. The 
wide range of variation (15–27 years)[8] for closure of the 
mid‑palatal suture underlines the futility of being dogmatic 
over an upper age limit for RME before having recourse 
to surgery. As the patient was 25‑year‑old, a surgically 
assisted rapid maxillary expansion procedure was done. The 
suggested procedures for surgically assisted RME are as 
follows: palatal osteotomy (midline or side of the midline), 
bilateral palatal osteotomies, lateral maxillary osteotomies, 
and anterior maxillary osteotomies.[9] Later, the incisor 
proclination was corrected, and a negative overjet was 
created utilizing the diastema space as a part of presurgical 
decompensation. Furthermore, the retroclined lower incisors 
were made upright on the basal bone, and a bilateral sagittal 
split osteotomy was carried to position the mandible back.

On comparative cephalometric analysis, the ANB angle 
improved from −5° to −1°, proving an improvement 
in profile posttreatment. The upper incisor proclination 
improved from 122° to 116° showing a favorable 
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Figure 5: Surgical expansion
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posttreatment outcome. The posttreatment interincisal angle 
came to a more ideal value of 127°. The posttreatment 
L1‑MP angle improved from 80° to 87°, which according 
to Tweed’s is ideal for a stable treatment result. The 
nasolabial angle improved to a near ideal 108°.

It is evident from the superimposition on the cranial 
base that there was a bodily setback of the mandibular 

skeletal base achieving ideal positive overjet. Furthermore, 
the expansion of the maxilla and the meticulous 
management of the expansion space for decompensation 
also improved the final upper incisor position and 
angulation [Figures 12 and 13].
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Figure 10: (a-c) Post-treatment extraoral photographs
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Figure 8: (a-c) Decompensation casts
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Figure 7: (a-c) Decompensation
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Figure 6: (a-e) Postexpansion
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Figure 9: (a and b) Bilateral sagittal split osteotomy
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The total treatment duration required for completion of the 
treatment was 2 years and 4 months.

Conclusion
In the present case report, the management of the adult 
Class III patient with constricted maxilla and a prognathic 
mandible is shown. We first initiated the surgical 
orthodontic procedure for the correction of crossbite 
by SARPE, where the decompensation of the maxillary 
dentition was achieved by utilizing the space obtained by 
expansion, creating a negative overjet. Such an approach 
should be used when a skeletal maxillary constriction is 
present rather than performing extractions.

The mandibular setback procedure was performed post 
the surgical expansion to correct the sagittal discrepancy. 
This new approach achieved ideal skeletal, soft tissue, and 
dental outcomes which will aid in the long‑term stability of 
orthodontic treatment.
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Aims and Objectives: The present study was undertaken for evaluating various 
hand instrumentation techniques with different instruments in the formation of 
smear layer. Materials and Methods: One hundred and seventy‑five extracted 
mandibular molars were collected and were cut at cementoenamel junction. 
Afterward, the distal roots were separated. Working length was determined, and 
roots were divided into five equal groups with 35 roots in each group as follows: 
Group A: K‑type files with conventional step‑back technique, Group B: Canal 
Master U instrument with clockwise–counterclockwise rotation, Group C: Flex‑R® 
files with clockwise–counterclockwise rotation, Group D: FlexoFiles® with 
conventional step‑back technique, and Group E: Nickel titanium files with 
conventional step-back technique. Biomechanical preparation was done according 
to their respective groups. The teeth in various groups were scanned under scanning 
electron microscope and scoring was done. All the results were analyzed by SPSS 
software version 17.0. Results: Scanning electron microscopic results indicated 
that apparently there seems to be a significant difference in the scoring of the smear 
layer between each group at all the three levels, but the difference was statistically 
nonsignificant. Microleakage was present in all the samples. Nonsignificant results 
were obtained while comparing the microleakage in between different the groups. 
However, microleakage was highest in Group D. Conclusion: The amount of 
smear layer is maximum at the apical third and lesser in the middle third followed 
by the coronal third in all the groups. All the samples showed microleakage to a 
varying extent.

Keywords: Endodontic, hand instrumentation, smear layer
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The cleanliness of the root canal wall after preparation 
has been investigated by various authors using hand 
instrumentation or automated devices. All of them 
have found that completely clean root canal wall could 
not be achieved without any of the different techniques 
and devices investigated.[6-8] Hence, under the light 

Introduction

T reatment in dentistry is aimed not only at the 
eradication of the disease and alleviation of pain 

but also toward the restoration of the oral system to a 
healthy state. This is possible only if an attempt is made 
to minimize the probable etiologic factor which could 
result in treatment failure.[1-3] Unknown and unrecognized 
for years, the smear layer has become a force to be 
reckoned with during the last decade. The smear layer is 
thought to modify dentin permeability, reduce the sealer 
adhesion, and alter root canal obturation so much that it 
might serve as an index of an instrument’s capacity to 
instrument and to mill the dentin surface.[4,5]
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of the above-mentioned data, the present study was 
undertaken for evaluating various hand instrumentation 
techniques with differ instruments in the formation of 
smear layer. The aim was to further establish whether 
the amount of smear layer had any role to play in the 
amount of microleakage associated with each type 
of instruments after canals were obturated with gutta 
percha.

Materials and Methods
The present study was conducted with the aim of 
assessing hand instrument techniques on the formation 
of smear layer in root canal preparation by scanning 
electron microscope and dye penetration. One hundred 
and seventy‑five extracted mandibular molars were 
collected and were cut at cementoenamel junction. 
Afterward, the distal roots were separated. Only those 
teeth were selected which had a straight distal canal. 
If the apical foramen was open to over # 20 K‑file, the 
tooth was rejected. The teeth were cleaned and stored in 
normal saline for 1 week.

Working length determination
Contents of the root canal were removed by conventional 
method. The length of the distal canal was measured 
with # 15 K‑file, with the stopper placed in contact with 
a coronal landmark and tip of the file flushed with the 
anatomic apex of the root. These roots were divided 
into five equal groups with 35 roots in each and they 
were grouped according to the type of instrument and 
technique used for the preparation of canals, as shown 
in Table 1.

Biomechanical preparation
Group A
K‑type file with conventional step‑back technique was 
used in the preparation of root canals. Canals were 
instrumental at the apex up to #35. From #35 onward, 
each file was shortened by 1 mm in progressive sequence 
up to #50 during the biomechanical preparation. 
5.25% solution of sodium hypochlorite was used as an 
intracanal irrigant, and the tooth was held in wet gauze 
so as to prevent drying of the root. After preparation, the 
roots were stored in distilled water.

Group B
Manual Canal Master U instrument with Canal Master 
instrumentation technique was used to prepare the 
root canals. Every manual Canal Master is designed to 
work in clockwise rotation of 120°. Apical preparation 
was done till #35. From 35 onward, each Canal Master 
instrument was shortened by 1 mm in sequential order 
till size 50. Intracanal irrigant was used in the manner as 
in Group A.

Group C
Flex-R® file with balanced force technique was used to 
prepare the root canals. Instrumentation was done by 
placement cutting and removal of each file using only 
rotary motions. Placement was accomplished using 
clockwise rotation of 180° and light apical pressure. 
Cutting was accomplished using counterclockwise 
rotation 120° or more, and apical pressure was adjusted 
to match file’s strength. Cleaning or debris removal was 
accomplished using one to two noncutting no-pressure or 
slight outward-pull clockwise rotations so as to engage 
all debris in the fluids. Cleaning was accomplished only 
after the desire working length had been reached and 
maintained with counterclockwise rotation.

Group D
The canals were prepared with FlexoFiles® in the 
conventional step‑back technique as was done in Group A.

Group E
Nickel titanium (NiTi) files with conventional step‑back 
technique were used as in Group A.

The teeth in various groups were scanned under 
scanning electron microscope and scoring was done. 
Photomicrographs of representative samples were taken 
as reference standard for the scoring.

Scoring:
• 0 – No smear layer with all tubules opened
• 1 – Little smear layer with >50% tubules opened
• 2 – Moderate smear layer, with <50% tubules opened

Table 1: Division of the roots according to study groups
Group Instrument type
Group A K‑type files with conventional step‑back technique
Group B Canal Master U instrument with clockwise-

counterclockwise rotation
Group C Flex‑R files with clockwise‑counterclockwise rotation
Group D FlexoFiles with conventional step-back technique
Group E NiTi files with conventional step‑back technique

Table 2: Statistical evaluation of scanning electron 
microscope study of smear layer at apical level

Group Grade Total
0 1 2 3

A 0 0 3 7 10
B 0 0 4 6 10
C 0 0 6 4 10
D 0 0 2 8 10
E 0 0 7 3 10
Total 0 0 22 28 50
χ2 6.98 (nonsignificant)
Degree of freedom 4
Coefficient of contingency 0.3500
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• 3 – Heavy smear layer with outline of tubules 
obliterated.

All the results were analyzed using SPSS software 
version 16.0 (IBM, Armonk, New York). Chi-square test 
and analysis of variance for one‑way classified data were 
used for evaluation of level of significance.

Results
In order to study the association between the five groups 
and the gradings made at apical level, Chi-square test of 
association among attributes was performed and coefficient 
of contingency was computed [Figure 1]. It was found that 
the computed value of Chi-square was 6.52 at 8 degrees of 
freedom, whereas the critical value was 15.51 at 5% and 
20.09 at 1%. Since, the computed value did not exceed 
the critical value, the difference between the groups was 
insignificant [Tables 2 and 3]. The results between all the 
groups were insignificant [Table 4]. At the apical level, all 
groups showed only scores 2 and 3, though the percentage 
of Grade 2 was maximum in Group C, that is, 60% and 
minimum in Group D, that is, 20% and percentage of score 
3 was minimum in Group E, that is, 30% and maximum 
in Group A, that is, 70% [Table 5]. The mean value of 
microleakage was the highest (3.493) in Group D, whereas 
on the other extreme, the minimum value was 2.932 in 
Group E. The 95% confidence interval for means of rest 
of the group can be interpreted similarly [Table 6]. Value 
of mean squares between groups turned out to be 1.298, 
whereas that within groups was 1.334; consequently, the 

value of variance ratio as computed from the available 
data turned out to be only 0.973, which was considerably 
less than the critical value of 2.46 (5% probability level) 

Table 4: Statistical evaluation of scanning electron 
microscopic study of smear layer at coronal level
Group Grade Total

0 1 2 3
A 2 6 2 0 10
B 3 4 3 0 10
C 4 5 1 0 10
D 4 5 1 0 10
E 4 4 2 0 10
Total 17 24 9 0 50
χ2 3.08 (nonsignificant)
Degree of freedom 8
Coefficient of contingency 0.2409

Table 3: Statistical evaluation of scanning electron 
microscopic study of smear layer at middle level

Group Grade Total
0 1 2 3

A 1 1 8 0 10
B 1 1 8 0 10
C 2 2 6 0 10
D 0 4 6 0 10
E 2 3 5 0 10
Total 6 11 33 0 50
χ2 6.52 (nonsignificant)
Degree of freedom 8
Coefficient of contingency 0.3395

Table 5: Percentages of scoring at all the three levels in 
all the five groups

Group Apical (%) Middle (%) Coronal (%)
0 1 2 3 0 1 2 3 0 1 2 3

A 0 0 30 70 0 80 10 10 20 60 20 0
B 0 0 40 60 0 80 10 10 30 40 30 0
C 0 0 60 40 0 60 20 20 10 50 40 0
D 0 0 20 80 0 60 40 0 40 50 10 0
E 0 0 70 30 0 50 30 20 40 40 20 0

Table 6: The mean value of apical microleakage along 
with standard deviation and coefficient of variation of all 

the five groups
Group Number of 

observations
Mean SD CV 95% CI for mean

A 25 3.388 1.033 30.5 2.953-3.823
B 24 3.301 0.946 28.7 2.893-3.709
C 25 3.076 1.329 43.2 2.515-3.635
D 25 3.493 1.230 35.2 2.975-4.012
E 24 2.932 1.063 36.3 2.473-3.391
SD: Standard deviation, CV: Coefficient of variation, 
CI: Confidence interval

Figure 1: (a) Score 0 – smear layer at the coronal third, (b) score 
1 – smear layer at the middle third, (c) score 2 – smear layer at the apical 
third, (d) score 3 – smear layer at the apical third

dc
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of variance ratio at the corresponding number of degrees 
of freedom [Table 7].

Discussion
FlexoFiles introduced by Maillefer in 1981 are twisted 
instruments that have a triangular cross-section. The 
working end has 29 spirals. The angle between the 
cutting flutes and long axis is 30° at the tip region and 
45° at the working end. When used in a rotary reaming 
motion, the FlexoFiles displays the highest cutting 
efficiency of all instruments.[8-12] Nevertheless, it has been 
observed that enlargement of severely curved canals may 
lead to undesirable changes in canal shape.[13-16]

More flexible systems were developed with the passage 
of time. NiTi, known as NiTi files, were introduced for 
endodontic use.[15-17]

In the present study, the root canals were prepared 
with different instrumentation techniques and their 
effectiveness was evaluated by scoring of smear layer 
in the coronal, middle, and apical region, ×1000 
magnification. The scoring of photomicrographs of all 
the five groups at the three different levels is given in 
Table 1. These results were put to statistical analysis, and 
it was found that there was no statistically significant 
difference between all the groups [Tables 2-4]. These 
findings are in concurrence with those of Prati et al.,[18] 
who also got similar results when they used K‑files, 
Ergoflex, Canal Master, and Flex‑R instruments. Reddy 
et al., in another study, observed that Manual NiTi 
files produced significantly less smear layer and debris 
compared to rotary ProTaper instruments.[19] Similarly, 
apparent difference was observed in the scoring between 
K‑type files and Flex‑R files, which is concurrence with 
Wu and Wesselink[20] who revealed significant difference 
in cleanliness between Flex‑R and K‑files in terms of 
debris. They also revealed that the amount of debris 
remaining in the apical portion is more than that in the 
middle and coronal portion regardless of the technique 
performed.

In our study, we obturated the teeth using lateral 
condensation with zinc oxide eugenol as a sealer. 
Lateral condensation was chosen because of insignificant 
volumetric changes after obturation, to produce apical 
seal and a three‑dimensional filling, and due to long 

history of use. Zinc oxide eugenol sealer was used as it 
has adequate flow characteristic ability to chelate with 
gutta percha and has good tissue tolerance, antimicrobial 
property, and nonstaining characteristic.[12-14,21]

Our study revealed microleakage in all samples, but 
Karagöz-Küçükay and Bayirli[22] in their study found 
78.9% samples with no leakage and 21.1% samples 
with leakage. The difference in the results may be due 
to the use of Calcibiotic root canal sealer sealer and 
thermoplasticized gutta percha used in their study.

The result of our study are in concurrence with the 
results of a study conducted by Economides et al.[23] who 
assessed the microleakage after obturating the teeth with 
gutta percha and Roth 811, a zinc oxide eugenol-based 
sealer, in the presence of smear layer. The efficacy 
may depend completely on the operator and how 
meticulously he/she is using each instrument. In another 
study conducted by Zand et al., the authors compared 
the efficacy of NiTi Flex K‑file instruments and 
rotary FlexMaster and RaCe instruments in root canal 
preparation and concluded that NiTi Flex K‑files resulted 
in significantly more smear layer (P < 0.05) compared to 
RaCe and FlexMaster instruments only in the apical third 
of the canal.[24]

Conclusion
In the present study, smear layer is produced by all the 
hand instrumentation techniques after irrigation with 
5.23% sodium hypochlorite. In addition, the amount of 
smear layer is maximum at the apical third and lesser 
in the middle third followed by the coronal third in all 
the groups. All the samples showed microleakage to a 
varying extent.
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Evaluation of the Effect of Long-term Use of Three Intracanal 
Medicaments on the Radicular Dentin Microhardness and 
Fracture Resistance: An in vitro study

Usporedba dugotrajne primjene triju intrakanalnih lijekova na 
mikrotvrdoću i otpornost na lom korijenskog dentina: in vitro 
istraživanje

Uvod

Sustav korijenskog kanala sastoji se od glavnog kanala i 
različitih lateralnih kanala, ramifikacija, petlji, istmusa i delti 
(1). Zato je u slučaju infekcije teško eliminirati bakterije du-
boko unutar dentina koje izazivaju periapikalnu patologiju 
(2). Istaknimo da tijekom instrumentacije korijenskog kana-

Introduction

The root canal system is comprised of the main canal 
and various complexities such as lateral canals, ramifications, 
loops, isthmuses, deltas (1). In infected root canals, bacte-
ria, which persist deep within the dentin, may be difficult to 
eradicate and trigger periapical pathosis (2). During a root 
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Abstract
Objectives:	 The	aim	of	 this	 research	was	 to	evaluate	 the	effect	of	 long-term	use	of	 three	 intraca-
nal	medicaments	on	the	radicular	dentin	microhardness	and	fracture	resistance.	Material and meth-
ods:	A	chemomechanical	preparation	was	done	using	the	Protaper	rotary	instruments	up	to	F3.	The	
teeth	were	stored	in	an	incubator	at	37°C	at	100%	humidity	and	were	categorized	in	three	groups	by	
random	allocation,	namely:	Triple	Antibiotic	Paste	(TAP),	Calcium	hydroxide	paste	(Apexcal)	and	Le-
dermix.	Following	medicament	application,	the	access	openings	of	all	teeth	were	sealed	with	4	mm	
thickness	of	cavit.	The	samples	were	stored	for	periods	of	1	week,	1	month	and	3months.	Two	dentin	
cylinders	measuring	5mm	and	3mm	were	obtained	from	each	sample.	The	cervical	third	was	used	for	
fracture	resistance	and	the	middle	third	was	used	for	micro	hardness	evaluation.	The	microhardness	
testing	was	done	using	a	Knoop	microhardness	tester,	and	the	fracture	resistance	testing	was	done	
using	the	universal	testing	machine.	Results:	Calcium	hydroxide	showed	maximally	negative	effect	
on	the	physical	properties	of	radicular	dentin	compared	to	TAP	(p=	0.0100	at	one	month	and	Leder-
mix	(p=0.0001	at	one	month	).	With	an	increase	in	the	application	time,	there	was	an	increased	dete-
rioration	in	the	physical	properties	of	radicular	dentin.	Conclusion:	Long-term	placement	of	calcium	
hydroxide,	Triple	Antibiotic	Paste,	and	Ledermix	(p=	0.0001at	3	months)	significantly	affects	the	mi-
crohardness	and	fracture	resistance	of	radicular	dentin.
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canal preparation almost half of the root canal surface and 
ramifications may remain untouched (3). 

An adequate chemo-mechanical preparation to obtain 
a three-dimensional seal is important to attain a successful 
endodontic therapy (4). Failure of endodontic treatment is 
most commonly related to the perseverance of pathogenic 
microbes that thrive very well even after a thorough cleaning 
and shaping is done (5). 

Combined use of adequate isolation techniques, biome-
chanical preparation, effective irrigating solutions and tech-
niques, along with a proven disinfecting medicament play a 
major role in determining the success of a root canal thera-
py (6).

Medicaments play a major role in preparing the root ca-
nals for long term treatment protocols, especially in situa-
tions of regenerative endodontics and apexification. Calcium 
hydroxide (CH), Triple Antibiotic Paste (TAP), Double An-
tibiotic Paste (DAP) and Ledermix are the most commonly 
used intracanal medicaments (7).

Calcium hydroxide (CH) is widely used to achieve disin-
fection within the root canal. It is also used for the induction 
of apexogenesis and apexification, in management of inter-
nal eradicular resorptive defects, various perforations and in 
treating periradicular pathoses; nevertheless, it has been used 
as a dental-pulp capping agent (8, 9). 

Bystrom et al. confirmed the fact that E. faecalis is the 
most resilient strain against CH (10-11).

Various studies have proved that long-standing use of CH 
may have an adversative effect on the physical properties of 
radicular dentin (12). Almost 50% of reduction in micro-
tensile fracture strength (MTFS) of teeth was seen by Rosen-
berg et al. while they were studying long-term application of 
CH (7-84 days) (13). Even the mean elastic modulus of bo-
vine dentine increased drastically, as seen by Kawamoto et al. 
(2008), thus making it more prone to fracture (14).

Lately, a newer formulation called ‘triple antibiotic paste’ 
(TAP) has been given by Hoshino et al. Ciprofloxacin, met-
ronidazole and minocycline together form TAP (15). The 
abovementioned antibiotics exhibit effective antimicrobial 
and antibacterial properties (16).

Trauma and periapical pathosis in immature permanent 
teeth impede the deposition of minerals by the disruption 
in blood flow thereby causing cessation of complete root de-
velopment (17). The apexification technique promotes apical 
closure by either placement of a MTA apical plug or with pe-
riodic changes of intracanal medicaments (18, 19). Another 
treatment option is the Regenerative endodontic procedure 
which is designed to replace the damaged structures to rees-
tablish the pulp-dentin complex thereby maintaining the vi-
tality of pulp (20). According to Fouad, a complete disinfec-
tion is required for a higher level of efficacy than is needed in 
clinical endodontics (21). Thus, the establishment of a sus-
tained sterile microenvironment within the root canal which 
is achieved through adequate decontamination procedures 
will give the newly formed tissue adequate time to establish 
itself within the endodontic environment (22). 

Disinfection of the root canal is considered to be a crucial 
step as infection prevents regeneration, repair and stem cell 

la gotovo polovina površine samog kanala i njegovih ograna-
ka ostane neobrađena (3).

Adekvatna kemijsko-mehanička preparacija kojom se po-
stiže trodimenzionalno brtvljenje važna je za uspješnu endo-
dontsku terapiju (4). Neuspjeh se najčešće veže za trajnu pri-
sutnost patogenih mikroorganizama koji nastavljaju živjeti u 
dentinu čak i nakon detaljnog čišćenja i širenja kanala (5).

Kombinirana upotreba pravilne izolacijske tehnike (su-
hoga radnog polja), biomehanička preparacija, učinkovite 
otopine za ispiranje i tehnika rada te dokazano djelotvorno 
dezinficirajuće sredstvo ključni su za uspješno liječenje kori-
jenskog kanala (6).

Lijekovi su u protokolima dugotrajne terapije veoma važ-
ni u pripremi korijenskog kanala, posebno u slučaju regene-
rativne endodoncije i apeksifikacije. Kalcijev hidroksid, tro-
struka antibiotička pasta (TAP), dvostruka antibiotička pasta 
(DAP) te Ledermix najčešće se primjenjuju kao intrakanal-
ni lijekovi (7).

Kalcijev hidroksid (CH) često je u upotrebi kao sredstvo 
za dezinfekciju unutrašnjosti korijenskog kanala, a koristi se i 
za poticanje apeksogeneze i apeksifikacije, u liječenju internih 
radikularnih resorptivnih defekata, različitih perforacija te u 
liječenju periapikalne patologije. Upotrebljava se i kao sred-
stvo za prekrivanje pulpe (8, 9).

Bystrom i suradnici potvrdili su da CH slabo djeluje na 
bakterije Enterococcus faecalis (10, 11).

U mnogim istraživanjima autori su potvrdili da dugotraj-
na upotreba CH-a nepovoljno utječe na fizička svojstva radi-
kularnog dentina (12). Rosenberg i suradnici opazili su goto-
vo 50-postotnu redukciju mikrotenzilne snage (MTFS) zuba 
nakon dugotrajne (7 – 84 dana) upotrebe CH-a (13). Čak je 
i srednji modul elastičnosti goveđeg dentina značajno pora-
stao, čime je postao sklon frakturama (14).

Nedavno su Hoshino i suradnici predstavili noviju for-
mulaciju nazvanu trostruka antibiotička pasta (TAP) koja sa-
država ciprofloksacin, metronidazol i minociklin (15). Svi 
navedeni sastojci imaju antimikrobna i antibakterijska svoj-
stva (16).

Trauma i periapikalna patologija nezrelih trajnih zuba 
ometaju odlaganje minerala prekidanjem dotoka krvi, te ta-
ko zaustavljaju razvoj korijena zuba (17). Apeksifikacijska 
tehnika potiče zatvaranje apeksa postavljanjem MTA čepa, 
ili periodičnim izmjenama intrakanalnih lijekova (18, 19). 
Druga terapijska mogućnost jest regeneracijski endodont-
ski postupak kojim se pokušava zamijeniti oštećene struktu-
re kako bi se ponovno uspostavio pulpno-dentinski kompleks 
te očuvao vitalitet pulpe (20). Prema stajalištu Fouada, po-
trebna je potpuna dezinfekcija, u većoj mjeri nego u sluča-
ju kliničke endodoncije (21), pa je uspostava održivoga ste-
rilnoga mikrookoliša unutar korijenskog kanala adekvatnim 
dekontaminacijskim postupcima prijeko potrebna da bi no-
vostvoreno tkivo dobilo dovoljno vremena za svoju organiza-
ciju unutar endodontskog prostora (22).

Dezinfekcija korijenskog kanala smatra se ključnom zato 
što infekcija onemogućuje regeneraciju, oporavak i aktivnost 
matičnih stanica (23, 24). Protokol Američkoga društva za 
endodonciju (AAE) preporučuje upotrebu TAP-a u regene-
racijskim endodontskim postupcima (25), ali i u liječenju ra-
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activity (23, 24). The American Association of Endodontics 
(AAE) protocol advocates the use of TAP in regenerative end-
odontic procedures (25). Its use is also advocated in the treat-
ment of radicular resorptive defects, root fracture, and also 
in the non-surgical management of periapical pathosis (26).

The use of TAP is associated with a few limitations; Tooth 
discoloration is the biggest drawback of this medicament, 
which arises due to the presence of minocycline which has 
a negative impact on the esthetics of the patient, especially 
when used in the anterior teeth (27, 28). TAP, when used for 
long term, has shown to cause an increased radicular dentin 
demineralization and an associated reduction in microhard-
ness (22, 29).

Ledermix™ paste is a commercially available intracanal 
medicament paste that was introduced by Schroeder and Tri-
adan in 1960. It is a polyethylene glycol-based paste con-
taining tetracycline antibiotic, demeclocycline HCl (conc. of 
3.2%), and a corticosteroid, triamcinolone acetonide, conc. 
1% (30, 31). It is efficient in alleviating pain, in the inhibi-
tion of inflammatory root resorption and as an antimicrobi-
al agent (32). In cases of root resorption and large periapi-
cal lesions, Ledermix is kept for a prolonged period of time 
(33, 34). Long term exposure of enamel to Ledermix causes 
a drastic reduction in the microhardness which is due to the 
aqueous tetracycline component. Due to lack of litera-
ture in this field this study was designed to evaluate the long-
term impact of these medicaments on properties such as mi-
crohardness and fracture resistance of radicular dentin.

The aim of this work is to compare and evaluate the effect 
of long-term use of three intracanal medicaments on the ra-
dicular dentin microhardness and fracture resistance.

Null	hypothesis	

There is no difference in the effect of long term place-
ment of calcium hydroxide, Triple Antibiotic Paste and Le-
dermix on the radicular dentin micro hardness and fracture 
resistance.

Material and methods

Source	of	data	

The study was conducted in Department of Conservative 
Dentistry and Endodontics, KAHER’ s KLE VK Institute of 
Dental Sciences’, KLE Academy of Higher Education and 
Research (KLE University) Belagavi.

The microhardness testing was conducted at M.I.T (Ma-
nipal Institute of Technology). The fracture resistance testing 
was performed at K.L.E Engineering College Belagavi. A to-
tal of 180 extracted, human permanent single rooted premo-
lar teeth were selected.

Selection	criteria	

Extracted human permanent single rooted premolar 
teeth with patent canals and the teeth with apical width cor-
responding to #20 K-file or less were included. Carious teeth, 
teeth with apical width more than #20 K-file size, teeth with 
calcified canals, teeth with fracture/crack or a restoration, 
teeth with internal/external resorption were excluded.

dikularnih resorptivnih defekata, fraktura korijena te u neki-
rurškom zbrinjavanju periapikalne patologije (26).

Upotreba TAP-a povezana je s nekoliko ograničenja, a 
najveće je diskoloracija zuba zbog minociklina, što može ne-
gativno utjecati na estetiku, posebno ako se koristi na pred-
njim zubima (27, 28). Pokazalo se da TAP potiče poveća-
nu demineralizaciju radikularnog dentina i smanjuje njegovu 
mikrotvrdoću (22, 29).

Pasta Ledermix™ komercijalno je dostupna intrakanal-
na medikamentna pasta koju su predstavili Schroeder i Tria-
dan 1960. godine kao proizvod na bazi polietilen glikola ko-
ji sadržava tetraciklinski antibiotik, demeklociklin HCl (3,2 
%) te kortikosteroid triamcinolon acetonid (1 %) (30, 31). 
Učinkovit je u uklanjanju boli, inhibiciji upalne resorpcije 
korijena te kao antimikrobno sredstvo (32). U slučaju resor-
pcije korijena i velikih periapikalnih lezija Ledermix se ostav-
lja dulje u korijenskom kanalu (33, 34). No dulja izloženost 
cakline Ledermixu može drastično smanjiti mikrotvrdoću 
zbog vodene komponente tetraciklina. Kako nema dovoljno 
literature o toj temi, u ovom istraživanju htio se procijeniti 
dugotrajni utjecaj tih lijekova na mikrotvrdoću i otpornost 
na lom radikularnog dentina.

Svrha ovog istraživanja bila je usporediti i procijeniti uči-
nak dugotrajne upotrebe triju intrakanalnih lijekova na mi-
krotvrdoću i otpornost na lom radikularnog dentina.

Nulta	hipoteza

Poslije dugotrajne upotrebe nema razlike u učinku kalci-
jeva hidroksida, trostruke antibiotičke paste i Ledermixa kad 
je riječ o mikrotvrdoći i otpornosti na lom radikularnog den-
tina.

Materijal i metode

Izvor	podataka

Istraživanje je provedeno u Zavodu za restaurativnu den-
talnu medicinu i endodonciju KAHER’s KLE VK Instituta 
dentalnih znanosti KLE u Belagaviju.

Testiranje mikrotvrdoće obavljeno je u Tehnološkom in-
stitutu u Manipalu, a otpornost na lom na Inženjerskom fa-
kultetu KLE u Belagaviju. Odabrano je 180 ekstrahiranih 
jednokorijenskih ljudskih pretkutnjaka. 

Kriteriji	za	odabir

U istraživanje su bili uključeni ekstrahirani jednokorijen-
ski ljudski pretkutnjaci s prohodnim kanalima i to oni koji su 
na apeksu imali prohodnost pri uporabi pilice br. 20 ili ma-
nje. Zubi s karijesom, širim apeksom, kalcificiranim kanali-
ma, frakturama/pukotinama ili ispunima te zubi s internom/
eksternom resorpcijom nisu bili uključeni u istraživanje.
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Methodology	
180 extracted, human single rooted premolar teeth were 

selected. Cleaning of visible blood and gross debris was done 
using an ultrasonic scaler. The extracted teeth were handled 
according to OSHA (Occupational Safety and Health Ad-
ministration) guidelines. 0.1% thymol solution was used for 
the storage of the samples until use.

A round bur with a high-speed handpiece was used to 
make an access cavity in each tooth specimen. Apical paten-
cy was attained using a size 10 K file ((Mani. Inc., Tochigi, 
Japan. A 15 K-file (Mani. Inc., Tochigi, Japan) was extended 
1 mm beyond the apical foramen by visualizing its tip, fol-
lowing which 1 mm was removed from the predetermined 
working length. Shaping and cleaning was carried out using 
the Protaper (Dentsply, India) rotary instruments till F3 with 
endo motar(X -Smart, Dentsply, India). In between each in-
strumentation change, the canals were irrigated with 2mL of 
3% NaOCl (Vishal Dentocare Pvt. Ltd., Ahmedabad India), 
followed by 2mL of 17% EDTA (DEOR Deo Smear-Off, In-
dia) as the final irrigant. The canals were subsequently rinsed 
with 5-mL of sterile saline using a 27-gauge needle. Follow-
ing irrigation of teeth, sterile paper points (Dentsply, India) 
were used to dry the root canals.

The teeth were stored in an incubator at 37°C at 100% 
humidity. The teeth were stored for periods of 1 week, 1 
month and 3months. 

Medicament	application	
180 specimens were allocated to the following three 

groups: Group I: Triple Antibiotic Paste (TAP); Group II: 
Calcium hydroxide paste (Apexcal); Group III: Ledermix

Group I: Triple Antibiotic Paste (TAP)
1st experimental group (n = 60), For the preparation of 

TAP, 1mg / ml of each antibiotic powders (USP-grade) in 
equal quantities of metronidazole, ciprofloxacin and minocy-
cline in a ratio of 3:1 was combined with polyethylene glycol. 
A sterile lentulo spiral was used for the introduction of the 
prepared medicament into the root canals with a slow-speed 
handpiece. Following this, the medicament was compacted 
to the level of the CEJ using sterile pluggers (Sybron endo). 

Group II: Calcium hydroxide paste (Apexcal)
For the second experimental group (n = 60), commercial-

ly available Ca (OH) 2 paste (Apexcal) was used. The medica-
ment application to the root canal space was done in a similar 
manner as described previously. 

Group III: Ledermix 
For the third experimental group (n = 60), commercially 

available Ledermix paste was used. The paste was introduced 
into the root canals as elaborated previously. Following me-
dicament application, 4mm of cavit (3M ESPE) was used 
to seal all the prepared specimens. After the coronal seal was 
achieved, flowable composite (Ivoclar Vivadent) was used to 
obtain an apical seal. 

Preparation	of	root	specimens	
A low-speed diamond saw (Agar Scientific) under constant 

water cooling was used for decoronation of the prepared sam-

Metodologija
Odabrano je 180 ekstrahiranih humanih jednokorijen-

skih premolara. Vidljive i velike naslage očišćene su ultra-
zvučnim strugačem. Sa zubima se zatim postupalo prema 
smjernicama OSHA-e (Occupational Safety and Health Ad-
ministration). Do početka istraživanja čuvani su u 0,1-po-
stotnoj otopini timola.

Pristupni kavitet učinjen je na svakom zubu okruglim 
svrdlom s pomoću nasadnog instrumenta s velikim brojem 
okretaja. Prohodnost do apeksa ustanovljena je pilicom br. 10 
(Mani Inc., Tochigi, Japan). Pilicom br. 15 prošlo se 1 mm 
preko apikalnog foramena sve do pojave vrha, a taj je mili-
metar odbijen od unaprijed određene radne duljine. Obliko-
vanje i čišćenje obavljeno je Protaperovim (Dentsply, Indija) 
rotirajućim instrumentima do F3 s endomotorom (X-Smart, 
Dentsply, Indija). Između svake upotrebe dviju pila kanali su 
isprani s 2 mL 3-postotne otopine NaOCl-a (Vishal Den-
tocare Pvt. Ltd., Ahmedabad, Indija) i 2 mL 1-postotne oto-
pine EDTA-e (DEOR Deo Smear-Off, Indija) kao posljed-
njom otopinom. Kanali su na kraju isprani s 5 mL sterilne 
fiziološke otopine s pomoću igle 27. Nakon irigacije kanali su 
potpuno osušeni sterilnim papirnatim štapićima.

Zubi su odloženi u inkubator na 37 °C uz 100-postotnu 
vlagu i to od tjedan do mjesec dana i tri mjeseca.

Primjena	lijekova	
Uzorci su podijeljeni u tri skupine: 1 – trostruka antibio-

tička pasta (TAP); 2 – pasta od kalcijeva hidroksida (Apexcal); 
3 – Ledermix

Skupina 1 – trostruka antibiotička pasta (TAP)
U prvoj eksperimentalnoj skupini (n = 60) pomiješan je 

1 mg svakoga antibiotičkog praška u jednakim količinama 
(metronidazol, ciprofloksacin i minociklin) s polietilen gli-
kolom u omjeru 3 : 1. Za unos pripremljenog medikamenta 
u korijenske kanale korišteno je sterilno lentulo svrdlo s ma-
lim brojem okretaja. Nakon toga uložak je sterilnim plugge-
rima (Sybron endo) komprimiran do caklinsko-cementnog 
spojišta. 

Skupina 2 – kalcijev hidroksid (Apexcal)
Za drugu eksperimentalnu skupinu (n = 60) odabrana je 

komercijalno dostupna pasta Ca(OH)2 (Apexcal). Postavlja-
nje lijeka u korijenski kanal obavljeno je na sličan način kao 
što je već opisano.

Skupina 3 – Ledermix
Za treću eksperimentalnu skupinu (n = 60) korištena je 

komercijalno dostupna pasta Ledermix. Unesena je u kori-
jenske kanale kako je već opisano. Nakon toga svaki je uzo-
rak zatvoren s 4 mm Cavita (3M ESPE). Nakon koronalnog 
brtvljenja, apikalno brtvljenje postignuto je tekućim kompo-
zitom (Ivoclar Vivadent).

Priprema	uzoraka	korjenova
Krune su uklonjene dijamantnom pilom s malim brojem 

okretaja (Agar Scientific) pod konstantnim ispiranjem, 0,5 
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ples, 0.5mm radicular to the CEJ. The decoronated segment 
was then sectioned horizontally in order to obtain 2 radicular 
dentin discs. Fracture resistance assessment was performed on 
the 5-mm section cervical to the CEJ and microhardness eva-
luation was made on the middle third 3-mm root section. 5 
mL of sodium hypochlorite in combination with gentle, ma-
nual agitation with a ProTaper F3 instrument followed by fi-
nal irrigation with 5 mL of EDTA was used for the eliminati-
on of the medicament from each prepared section.

Microhardness	testing
A Vickers Microhardness Tester (MCS Mechatronic) was 

used to measure the microhardness of each tooth specimen. 
Three indentations were created on the polished surface of 
each specimen with the help of a 50-g load held straight to 
the polished side for 15 s. The indentations were made 500 
lm from the pulp dentin interface. The optical microscope 
was used to observe indentations created. The mean of the 
values obtained for the three indentations was representative 
for each specimen at each depth. 

Fracture	resistance	testing
The Universal testing machine (MCS Mechatronic) was 

used for assessment on each 5-mm root section. The low-
er platform was used to place the specimen vertically with 
the coronal side facing upwards. A cylindrical loading fixture 
with a radius = 1.9 mm was fixed to the upper crosshead until 
the spherical tip touched the root specimen. A loading force 
at a cross head speed of 0.5 mm per minute was applied un-
til the root cylinder fractured and was expressed in newtons. 

Results 

Comparisons of three groups with micro-hardness and 
fracture resistance at different time points are respectively 
shown in Figure 1 and Figure 2. Data analysis with Tukey’s 
multiple posthoc for hardness and fracture resistance is 
shown in Table 1 and Table 2.

mm apikalno od caklinsko-cementnog spojišta. Segment bez 
krune horizontalno je prerezan da bi se dobila dva radikular-
na dentinska diska. Procjena otpornosti na lom provedena je 
na petmilimetarskim presjecima cervikalno od caklinsko-ce-
mentnog spojišta, a procjena mikrotvrdoće na trimilimetar-
skim presjecima sredine korijena. Za ispiranje lijekova kori-
šteno je 5 mL natrijeva hipoklorita u kombinaciji s nježnim, 
manualnim pomicanjem instrumenta ProTaper F3, a na kra-
ju je sve isprano s 5 mL EDTA-e.

Ispitivanje	mikrotvrdoće
Za mjerenje mikrotvrdoće svakog uzorka korišten je ure-

đaj Vickers Microhardness (MCS Mechatronics). Učinjene 
su tri indentacije na poliranoj površini svakog uzorka s po-
moću utega težine 50 grama pritisnutog 15 sekunda na po-
liranu površinu. Indentacije su napravljene 500 lm od spo-
ja pulpe i dentina. Pregledane su optičkim mikroskopom, a 
srednja vrijednost svih triju korištena je kao reprezentativna 
mjera za svaki uzorak na svakoj dubini.

Ispitivanje	otpornosti	na	lom
Za procjenu otpornosti na svakom presjeku korišten je 

uređaj Universal Testing Machine (MCS Mechatronics). Na 
donju platformu uzorak je postavljen okomito, s koronalnim 
dijelom prema gore. Cilindrični vijak promjera 1,9 mm po-
stavljen je na gornju križnu glavu tako da njegov vrh dodiru-
je uzorak korijena. Primijenjena sila od 0,5 mm u minuti sve 
dok korijen nije puknuo izražena je u njutnima (N).

Rezultati

Usporedba triju skupina s mikrotvrdoćom i otpornost na 
lom u različitim vremenskim odsječcima prikazani su na sli-
kama 1 i 2. Analiza podataka Tukeyjevom multiplom post-
hoc analizom za mikrotvrdoću i otpornost na lom nalazi se u 
tablicama 1 i 2.

Figure 2 Comparison	of	three	groups	with	fracture	resistance	at	
different	time	points

Slika 2.	 Usporedba	tri	skupine	s	otporom	na	lom	u	različitim	
vremenskim	točkama

Figure 1 Comparison	of	three	groups	with	micro	hardness	at	
different	time	points

Slika 1.	 Usporedba	tri	skupine	s	mikrotvrdoćom	u	različitim	
vremenskim	točkama
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Statistical	analysis
The ANOVA test revealed a significant difference in three 

groups with microhardness and fracture resistance at differ-
ent time points by one-way ANOVA between all the three 
groups i.e., Group I (Calcium hydroxide), Group II (Tri-
ple Antibiotic Paste) and Group III (Ledermix). The lowest 
scores for microhardness were shown by Group I (Calcium 
hydroxide) (49.73±5.25 %), (39.10±3.37 %), (31.09±1.18 
%) at 1 week, 1 month and 3 months, respectively. The low-
est scores for fracture resistance were shown by Group I (Cal-
cium hydroxide) (737.05±14.92 %), (725.40±15.74%), 
(711.35±15.84 %) at 1 week, 1 month and 3 months, re-
spectively. This was significantly different from the other two 
groups. Group II (Triple Antibiotic Paste) showed the scores 
for microhardness of (72.72 ± 7.93 %), (61.07 ± 5.42 %), 
(58.89 ± 6.85 %), and the fracture resistance scores were 
(752.85 ± 16.76%), (743.00 ± 16.54 %), (724.55 ± 16.28%) 
at 1 week, 1month and 3 months respectively. Group III (Le-
dermix) had scores for microhardness of (110.56 ± 28.25 %), 
(60.00 ± 10.95 %), (57.08 ± 10.64 %), and the fracture re-
sistance scores were (759.75 ± 22.30%), (752.05 ± 22.18 %), 
(739.05 ± 22.59 %) at 1 week, 1month and 3 months respec-
tively. The same values are shown in Figures 1 and 2. 

The pairwise comparison of the three experimental groups 
is described in detail in Table 1 and 2, and a significant dif-
ference was found between the Calcium hydroxide (Group 
I),Triple Antibiotic Paste (Group II), Ledermix (Group III)on 
the radicular dentin microhardness and fracture resistance.

Statistička	analiza
ANOVA je pokazala značajnu razliku između triju sku-

pina kad je riječ o odnosima mikrotvrdoće i otpornosti na 
lom u različitim vremenskim odsječcima. Najniže vrijednosti 
za mikrotvrdoću zabilježene su u skupini 1 (kalcijev hidrok-
sid) (tjedan dana – 49,73 ± 5,25 %), (mjesec dana – 39,10 
± 3,7 %), (3 mjeseca – 31,09 ± 1,18 %). Najniže vrijednosti 
otpornosti na lom dobivene su u također skupni 1 (kalcijev 
hidroksid) tjedan dana – 73705 ± 14,92 %, mjesec dana – 
725,40 ± 15,74 % i 3 mjeseca – 711,35 ± 15,84 %. Te su vri-
jednosti bile značajno različite od onih u ostalim dvjema sku-
pinama. Za skupinu 2 (TAP) dobivena je mala je vrijednost 
za mikrotvrdoću – 72,72 ± 7,93 %, 61,07 ± 5,42 %, 58,89 ± 
6,85 %, a za otpornost na lom vrijednosti su 752,85 ± 16,76 
%, 743,00 ± 16,54 %, 724,55 ± 16,28 %. Skupina 3 (Leder-
mix) imala je vrijednosti za mikrotvrdoću 110,56 ± 28,25 %, 
60,00 ± 10,95 % i 57,08 ± 10,64 %, a za otpornost na lom 
759,75 ± 22,30%, 752,05 ± 22,18 %, 739,05 ± 22,59 %. 
Vrijednosti vidi na slikama 1 i 2.

Usporedba parova triju ispitanih skupina detaljno je pri-
kazana na tablicama 1 i 2. Značajna razlika uočena je između 
kalcijeva hidroksida, TAP-a i Ledermixa i kad je riječ o mi-
krotvrdoći radikularnog dentina i o otpornosti na lom.

Times Groups vs Groups Mean  
Difference Std. Error p-value

1 week
Calcium hydroxide vs • Tap -22.99 5.44 0.0001**
Calcium hydroxide vs Ledermix -60.83 5.44 0.0001**
Tap vs Ledermix -37.84 5.44 0.0001**

1 month
Calcium hydroxide vs Tap -21.97 2.31 0.0001**
Calcium hydroxide vs Ledermix -20.90 2.31 0.0001**
Tap vs Ledermix 1.08 2.31 0.8880

3 months
Calcium hydroxide vs Tap -27.80 2.32 0.0001**
Calcium hydroxide vs Ledermix -25.99 2.32 0.0001**
Tap vs Ledermix 1.81 2.32 0.7180

**p<0.01

Table 1	 Pair	wise	comparison	of	three	groups	with	micro	hardness	at	different	time	points	by	Tukey’s	multiple	posthoc	procedures
Tablica 1.	 Usporedba	tri	skupine	s	mikrotvrdoćom	u	različitim	vremenskim	točkama	Tukeyjevim	višestrukim	postupcima

Times Groups vs Groups Mean  
Difference Std. Error p-value

1 week
Calcium hydroxide vs Tap -15.80 5.78 0.0220*
Calcium hydroxide vs Ledermix -22.70 5.78 0.0010**
Tap vs Ledermix -6.90 5.78 0.4610

1month
Calcium hydroxide vs Tap -17.60 5.81 0.0100*
Calcium hydroxide vs Ledermix -26.65 5.81 0.0001**
Tap vs Ledermix -9.05 5.81 0.2720

3 months
Calcium hydroxide vs Tap -13.20 5.85 0.0700
Calcium hydroxide vs Ledermix -27.70 5.85 0.0001**
Tap vs Ledermix -14.50 5.85 0.0420*

Table 2	 Pair	wise	comparison	of	three	groups	with	fracture	resistance	at	different	time	points	by	Tukey’s	multiple	posthoc	procedures
Tablica 2.	 Usporedba	tri	skupine	s	otpornošću	na	prijelom	u	različitim	vremenskim	točkama	Tukeyjevim	višestrukim	postupcima

*p<0.05’, **p<0.01
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Discussion

Due to the complexity of the root canal system, biome-
chanical preparation by itself is incompetent in complete-
ly eradicating microorganisms. Recent research has revealed 
that the bacteria present in instrumented canals prior to com-
pletion of treatment can increase in number and reach their 
pretreatment count in about 2-4 days (35). Amongst the per-
sistent bacteria within the root canal E. faecalis is the most 
resilient microorganism that causes persistent periapical le-
sions. In these cases, the use of intracanal medicaments is 
encouraged (36). The application time of intracanal medi-
caments varies depending upon its clinical use which may 
range from 1 to 4 weeks for decontamination of the root ca-
nal and even extend up to 11 weeks in cases of endodontic 
regeneration.

It has been affirmed that microhardness assessment gives 
an indirect substantiation of the mineral loss or gain in min-
eralized dental tissues as it is dependent upon the amount of 
calcified matrix per square millimeter (37). Arends and Bosch 
stated that microhardness testing is the most practical meth-
od of indirect quantitative analysis by accessing the amount 
of demineralization of dental hard tissues. Microhardness test 
provides an insight about the dentinal interaction with differ-
ent medicaments (36). 

Dentin may differ significantly between teeth and is as-
sociated with considerable number of variations. The tubular 
density of dentin has found to increase from cervical to apical 
areas of radicular dentin, which results in an inverse correla-
tion amongst radicular dentinal microhardness and radicular 
tubular density. This may cause alterations in the results due 
to the variances in adjacent areas of the dentinal tissue (38). 
Hence, in the present study, the microhardness measurement 
was performed in the middle-third of the root structure for 
each sample.

Vickers microhardness testing was chosen since it is less 
affected by measurement errors. Despite small sized samples 
and surface conditions the specimens can be evaluated with 
good accuracy (36). There have been cumulative reports of 
demineralization, associated surface weakening and deterio-
ration in the mechanical properties of radicular dentin which 
eventually led to microcracks and development of vertical 
root fracture following long term placement of intracanal me-
dicaments (39).The assessment of the mechanical properties 
of radicular dentin can be done by fracture resistance stud-
ies as it relates to the amount of demineralization. Hence, the 
fracture resistance evaluation was chosen as the second pa-
rameter to be tested in this study. In this study, the force was 
generated at an angle of 0 o, which results in the develop-
ment of a splitting stress over the tooth specimen. The stresses 
induced would be minimal because of less bending moments 
(40). In numerous clinical studies the immature permanent 
teeth treated by endodontic regeneration have shown an in-
crease in the radicular dentinal wall thickness limited mainly 
to the middle and the apical third rather than the cervical re-
gion, thus weakening this region with an increased incidence 
of fracture; therefore, the cervical third of the root was cho-
sen for fracture resistance test (29, 41).

Rasprava

Zbog kompleksnosti sustava korijenskog kanala, samo bi-
omehanička preparacija nije dovoljna za potpunu eliminaciju 
mikroorganizama. Istraživanja su pokazala da broj bakterija u 
instrumentiranim kanalima prije završetka terapije može po-
rasti do predterapijske razine za dva do četiri dana (35). En-
terococcus faecalis ističe se kao najperzistentnija bakterija koja 
najčešće uzrokuje perzistirajuće periapikalne lezije. U tom se 
slučaju preporučuju intrakanalni lijekovi (36). Vrijeme pri-
mjene takvih uložaka razlikuje se ovisno o kliničkoj upotrebi, 
uglavnom u rasponu od jednoga do četiri tjedna za dekonta-
minaciju korijenskog kanala, pa čak do 11 tjedana u slučaju 
endodontske regeneracije.

Potvrđeno je da procjena mikrotvrdoće daje indirektnu 
informaciju o gubitku ili dobitku minerala u mineraliziranom 
dentalnom tkivu, zato što je ono ovisno o količini kalcificira-
nog matriksa po četvornom milimetru (37). Arends i Bosch 
ustanovili su da je ispitivanje mikrotvrdoće najpraktičnija in-
direktna kvantitativna metoda za procjenu količine demine-
ralizacije tvrdih dentalnih tkiva. Ispitivanje mikrotvrdoće da-
je uvid u dentinsku interakciju s različitim lijekovima (36).

Dentin se prema sastavu može razlikovati od zuba do zu-
ba, a i povezan je s nizom varijacija. Gustoća tubula den-
tina povećava se od cervikalnoga prema apikalnome dijelu 
radikularnog dentina, što za posljedicu ima obrnutu korelaci-
ju između dentinske mikrotvrdoće i gustoće tubula. To mo-
že rezultirati razlikama u rezultatima zbog varijacija u okol-
nom dentinskom tkivu (38). U ovom istraživanju mjerenje 
mikrotvrdoće provedeno je u srednjem dijelu korijena sva-
kog uzorka.

Odabrano je mjerenje mikrotvrdoće prema Vickersu zato 
što na njega manje utječu pogreške pri mjerenju te se unatoč 
sitnim uzorcima i stanju površine uzorke može dosta dobro 
precizno procijeniti (36). Kumulativni opisi demineralizaci-
je, oštećenja površine i gubitak mehaničkih svojstava radiku-
larnog dentina s vremenom mogu prouzročiti mikropukotine 
i okomite frakture korijena nakon dugotrajne primjene in-
trakanalnih lijekova (39). Procjena mehaničkih svojstava ra-
dikularnog dentina može se dobiti i istraživanjem otporno-
sti na lom zato što je povezana s demineralizacijom. Stoga je 
kao druga metoda odabrano ispitivanje otpornosti na lom. 
Sila je u ovom istraživanju djelovala pod kutom od nula stup-
njeva, što rezultira stresom i pucanjem uzorka zuba. Izazvani 
stresovi minimalni su zbog toga što izostaje savijanje (40). U 
mnogobrojnim kliničkim istraživanjima nezrelih trajnih zuba 
liječenih endodontskom regeneracijom istaknuto je da se po-
većala debljina radikularnog dentina samo u srednjem i api-
kalnom dijelu korijena pa je cervikalni dio područje s po-
većanom incidencijom lomova. Upravo zato je za ispitivanje 
otpornosti na lom odabrana cervikalna trećina korijena (29).

Budući da nikal-titanijevi instrumenti iz seta Protaper 
pokrivaju cijeli raspon liječenja s manjim brojem instrume-
nata, što uključuje veću fleksibilnost, nenadmašnu učinko-
vitost i povećanu sigurnost, oni se u preparaciji korijenskih 
kanala koriste češće nego čelični (54). Kako bi bili standardi-
zirani, svaki je korijenski kanal prepariran Protaperom veliči-
ne F3, što odgovara veličini iglice br. 30.
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As NiTi Protaper instruments are intended to cover the 
entire range of treatment with fewer files which integrate 
greater flexibility, unparalleled efficacy and enhanced safety. 
They have been used over stainless steel instruments in order 
to prepare the root canals. For the standardization of the root 
canal, each root was prepared up to Protaper size F3, which 
corresponds to ISO #no. 30.

Manual agitation was done carefully in an attempt not to 
abrade the radicular dentin since it has been advocated that 
the persistence of endodontic intracanal medicament resi-
dues interact with the smear layer during instrumentation of 
the root canal (42, 43).

Hoshino et al. (10) recommended the usage of TAP 
(3Mix) – in a ratio 1:1:1.  - Ciprofloxacin 200mg, Metroni-
dazole 500mg, Minocycline 100mg. Ciprofloxacin and Mi-
nocycline have found to have minimal inhibitory concentra-
tion of 5 and 20 µg against E. feacalis and Metronidazole was 
stated to have no inhibitory effects (57). However, as a com-
bination (100µg each /ml) they have proven to inhibit entire-
ly the growth of every strain (58). In regenerative endodon-
tics, increased concentrations of TAP cause cytotoxic effects 
on the stem cells of dental pulp and apical papilla. Therefore, 
decreased concentration in a range of 0.1 mg/mL to 2 mg/
mL has been recommended. 

The lowest scores for microhardness and fracture resis-
tance were shown by Group I Calcium hydroxide at 1 week, 
1 month and 3 months, respectively. The present result could 
be explained by the alkaline pH of calcium hydroxide and its 
low molecular weight which denatures the collagenous ma-
trix (44). The results of the present study are consistent with 
a recently performed study by Yassen et al. which showed that 
Ca (OH)2 produced substantial collagen degradation of su-
perficially present root canal dentine after a short duration of 
1-week (45) . It is well understood that the collagen constitu-
ent is accountable for the toughness of the mineralized hard 
tissues, hence any defect produced compromises the mechan-
ical properties making it more susceptible to fracture, which 
has been seen in this study after 3 months. Long term appli-
cation of Ca (OH) 2 also enhances crack propagation (44). 
Increased susceptibility to fracture was seen in this study’s 
3-month fracture resistance data. Group II (Triple Antibiot-
ic Paste) showed the scores for microhardness of (72.72±7.93 
%), (61.07±5.42 %), (58.89±6.85 %), and the fracture re-
sistance scores were (752.85±16.76 %), (743.00±16.54 %), 
(724.55±16.28 %) at 1 week, 1month and 3 months respec-
tively. This may be credited to various acids commonly mixed 
with antibiotics to preserve their chemical steadiness and to 
regulate their tonicity. The results of the present study totally 
reject the null hypothesis.

Minocycline causes chelation of calcium, which in turn 
contributes to demineralization (44, 45). Studies show that 
increased concentration of TAP is directly proportional to the 
surface roughness (46). This also causes reduction in the in-
organic content and loss of dentin, which decreases the wet-
tability of dentin surfaces (47). The results obtained in the 
present research are in line with studies conducted by Yassen 
et el (2013) and Kinney et al. (2003) that demonstrated that 
1 g/mL TAP caused severe reduction in microhardness and 

Manualna agitacija provedena je nježno kako se ne bi do-
godila abrazija radikularnog dentina, zato što je poznato da 
zadržavanje intrakanalnog lijeka utječe na zaostatni sloj tije-
kom instrumentacije (43). Hoshino i suradnici preporučili 
su korištenje TAP-a (3Mix) u omjeru 1 : 1 : 1 (ciprofloksa-
cin 200 mg, metronidazol 500 mg, minociklin 100 mg). Ci-
profloksacin i minociklin imaju minimalnu inhibitornu kon-
centraciju za E. faecalis od 5 do 20 µg, a metronidazol nema 
nikakvo inhibitorno djelovanje na tu bakteriju (57). No po-
kazalo se da kombinacija (100 µg svakog antibiotika/mL) in-
hibira rast svih vrsta mikroorganizama (58). U regenerativnoj 
endodonciji povećana koncentracija TAP-a potiče citotoksič-
ne učinke na matičnim stanicama pulpe i apikalne papile. Za-
to se preporučuje smanjena koncentracija u rasponu od 0,1 
mg/mL do 0,2 mg/mL.

Najniže vrijednosti mikrotvrdoće i otpornosti na lom za-
bilježene su u skupini 1 (kalcijev hidroksid) nakon jednoga 
tjedna, mjesec dana i tri mjeseca. Ti rezultati možda su prou-
zročeni alkalnim pH kalcijeva hidroksida i njegovom niskom 
molekularnom masom koja denaturira kolageni matriks (44). 
Rezultati našeg istraživanja u skladu su s nedavno objavlje-
nim radom Yassena i suradnika u kojem se ističe da Ca(OH)2 
izaziva značajnu degradaciju kolagena površinskog dentina u 
korijenskom kanalu nakon samo tjedan dana (45). Jasno je 
da je kolagen odgovoran za čvrstoću mineraliziranoga tkiva 
pa svaki njegov defekt kompromitira mehanička svojstva tki-
va koje postaje osjetljivo na frakture, baš kao što smo i mi po-
tvrdili nakon tri mjeseca. Dugotrajna primjena kalcijeva hi-
droksida potiče širenje pukotina (44). Povećana osjetljivost 
na lom uočena je u našem istraživanju na uzorcima nakon tri 
mjeseca. U skupini 2 (TAP) zabilježena je vrijednosti za mi-
krotvrdoću 72,72 ± 7,93 %, 61,07 ± 5,42 % i 58,89 ± 6,85 
%, a za otpornost na lom 752,85 ± 16,76 %, 743,00 ± 16,54 
% i 724,5 ± 16,28 % nakon tjedan dana, mjesec dana i tri 
mjeseca. To se može pripisati različitim kiselinama koje se do-
daju antibioticima da bi se sačuvala njihova kemijska aktiv-
nost te kontrolirao tonicitet. Rezultati dobiveni u ovom istra-
živanju u cijelosti odbacuju nultu hipotezu.

Minociklin uzrokuje kelaciju kalcija, što pogoduje demi-
neralizaciji (44). Istraživanja pokazuju da je povećana kon-
centracija TAP-a izravno proporcionalna hrapavosti površine 
(46). To također smanjuje anorganski sadržaj i gubitak den-
tina, što smanjuje mogućnost njegova vlaženja (47). Rezulta-
ti našeg istraživanja u skladu su s onima koje su objavili Ya-
ssen i suradnici te Kinney i suradnici koji su naveli da 1 g/mL 
TAP-a značajno reducira mikrotvrdoću i otpornost na lom 
radikularnog dentina nakon tjedan i mjesec dana. TAP po-
većava udio organskog sadržaja (29, 48). Razlog za promjene 
u kemijskim svojstvima radikularnog dentina nakon upotre-
be TAP-a jest kiselost (pH = 2,9) pa zbog toga nastaje povr-
šinska demineralizacija (29). TAP manje negativno djeluje na 
kemijsku strukturu radikularnog dentina od CH-a, što smo i 
mi potvrdili u ovom istraživanju. Vrijeme je važan čimbenik, 
jer je dulja izloženost izravno proporcionalna s demineraliza-
cijom (26). Rezultati koje su objavili Madhusudhana i surad-
nici u skladu su s našim istraživanjem (40).

Na uzorcima izloženima Ledermixu zabilježena je manja 
redukcija mikrotvrdoće i otpornosti na lom radikularnog de-
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fracture resistance of the radicular dentin at time intervals 
of 1 week and 1 month. TAP increases the organic content 
(29, 48). The reason attributed to the change in the chemical 
properties of radicular dentin following the use of TAP is due 
to its acidic ability (pH = 2.9) and associated surface demin-
eralization (29). TAP has a less negative effect on the chemi-
cal structure of radicular dentin compared to CH which was 
also found in the present study. Time period being an im-
portant factor, the increased exposure time is directly pro-
portional to demineralization (26). The results obtained by 
Madhusudhana K et al. are consistent with the results of the 
present study (40). 

The samples exposed to Ledermix intracanal medicament 
showed less reduction in the radicular dentin microhardness 
and fracture resistance. This could be attributed to its low-
er pH (8.76) compared to the Ca (OH)2 intracanal medica-
ment (65). It has been proposed that a higher alkaline pH 
may cause denaturation of the organic matrix or result in the 
collapse of the dentine inorganic matrix. Studies have found 
that the denaturing of organic matrix is promoted by high 
pH (49). There is encapsulation of the organic matrix by the 
inorganic hydroxyapatite, and the penetration of the intraca-
nal medicament requires greater time (e.g., 4 weeks in some 
studies), thus making the dentinal structure more brittle with 
an increased susceptibility to fracture.

Further in vivo studies are needed in order to apply the 
results obtained from the present study in clinical setting. 
There is insufficient evidence to current protocols followed in 
regenerative endodontics. This has been proposed based up-
on research and previous case reports. The area of regenera-
tive endodontics is still in its budding stage where we need 
evidence-based data to determine the best treatment time, 
the best medicament(s), and the best concentration without 
compromising the physical properties of the tooth.

Conclusions

Within the parameters of this in vitro study, the null hy-
pothesis has been rejected and the following conclusions can 
be drawn: The results of the present study suggest avoiding 
long term use of intracanal medicaments which are general-
ly used in regenerative endodontics to obtain a sterile envi-
ronment to promote growth. The three-month application of 
Ca (OH)2, TAP and Ledermix intracanal medicaments sig-
nificantly decreased the fracture resistance and microhardness 
of radicular dentin compared to the 1-week application. A 
prolonged exposure of intracanal medicaments has adverse 
effects on chemical and mechanical properties of root canal 
dentin. 

Limitations: Further research is needed in order to opti-
mize the time of application in various long term endodon-
tic procedures and to investigate the demineralization effect 
of TAP and Ledermix.

Informed Consent Statement

Informed consent was obtained from all subjects involved 
in the study

nina. To bi se moglo pripisati njegovu nižem pH (8,76) u us-
poredbi s kalcijevim hidroksidom. Sumnjalo se da viši, alkal-
ni pH može potaknuti denaturaciju organskoga matriksa ili 
kolaps anorganskoga matriksa dentina. Istraživanja su poka-
zala da denaturaciju organskoga matriksa uzrokuje visoki pH 
(49). Događa se enkapsulacija organskoga matriksa anorgan-
skim hidroksiapatitom, a za prodor lijeka u kanal treba više 
vremena (npr. 4 tjedna u nekim istraživanjima), nakon čega 
dentinska struktura postaje krhkija i sklona pucanju.

Buduća istraživanja in vivo trebala bi ispitivati rezultate 
našeg istraživanja u kliničkom okružju. Nema dovoljno do-
kaza za trenutačne protokole koji se primjenjuju u regenera-
tivnoj endodonciji, a oni su predloženi na temelju istraživanja 
i ranijih uspješnih slučajeva. Područje regenerativne endo-
doncije još uvijek je u razvojnoj fazi pa su nam potrebni po-
datci potkrijepljeni dokazima kako bismo odredili najbolju 
terapiju, najučinkovitije lijekove i njihovu najvišu moguću 
koncentraciju, bez kompromitiranja fizičkih svojstava zuba.

Zaključak

Unutar ograničenja ovoga istraživanja in vivo opovrgnuta 
je nulta hipoteza te je bilo moguće zaključiti sljedeće: rezul-
tati ovog istraživanja pokazuju da treba izbjegavati dugotraj-
nu upotrebu intrakanalnih medikamenata uopće u regene-
rativnoj endodonciji u svrhu postizanja sterilnog okoliša u 
kojemu može doći do rasta. Tromjesečna primjena kalcijeva 
hidroksida, TAP-a i Ledermixa u kanalu značajno je smanji-
la otpornost na lom i mikrotvrdoću radikularnog dentina u 
usporedbi s primjenom od tjedan dana. Produljena primjena 
intrakanalnih lijekova nepovoljno utječe na mehanička svoj-
stva dentina korijenskog kanala.

Ograničenja: potrebna su daljnja istraživanja optimizaci-
je vremena primjene u različitim dugotrajnim endodontskim 
postupcima te je potrebno ispitati demineralizacijski učinak 
TAP-a i Ledermixa.

Informirani pristanak

Informirani pristanak dobiven je od svih ispitanika.
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Sažetak
Cilj rada: Željelo	se procijeniti	kako	dugotrajna	upotreba	triju	intrakanalnh	lijekova	utječe	na	mikro-
tvrdoću	 i	otpornost	na	 lom	radikularnog	dentina. Materijal i metode: Kemomehanička	preparacija	
obavljena	Protaperovim	rotirajućim	instrumentima	do	F3.	Zubi	su	zatim	stavljeni	u	inkubator	i	čuvani	
na	temperaturi	od	37	°C	u	100	posto	vlažnom	okružju	te	su	slučajnim	odabirom	podijeljeni	u	tri	sku-
pine:	trostruka	antibiotička	pasta	(TAP),	pasta	od	kalcijeva	hidroksida	(Apexcal),	Ledermix.	Nakon	
primjene	lijekova	svi	su	ulazni	otvori	zabrtvljeni	4	mm	debelim	slojem	Cavita.	Uzorci	su	zatim	uskla-
dišteni	tjedan	dana,	mjesec	dana	i	tri	mjeseca.	Od	svakog	uzorka	uzeta	su	po	dva	dentinska	cilindra	
debljine	3	i	5	mm.	Za	otpornost	na	lom	korištena	je	cervikalna	trećina,	a	za	procjenu	mikrotvrdoće	
srednja	trećina.	Mikrotvrdoća	je	ispitana	testerom	Knoop	Microhardness,	a	otpornost	na	lom	univer-
zalnim	ispitnim	uređajem.	Rezultati:	Kalcijev	hidroksid	najsnažnije	je	negativno	djelovao	na	fizička	
svojstva	radikularnog	dentina	u	usporedbi	s	TAP-om	(p	=	0,0100	nakon	mjesec	dana)	i	Ledermixom	
(p	=	0,0001	nakon	mjesec	dana).	Kako	se	povećavalo	razdoblje	djelovanja,	tako	su	se	pogoršavala	
fizička	obilježja	radikularnog	dentina.	Zaključak:	Dugotrajno	korištenje	kalcijeva	hidroksida,	TAP-a	i	
Ledermixa	(p	=	0,0001	nakon	3	mjeseca)	znatno	utječe	na	mikrotvrdoću	i	otpornost	na	lom	radiku-
larnog	dentina.
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Efficacy of free gingival graft in the 
augmentation of keratinized tissue 
around implants: A prospective clinical 
study
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Abstract:
Background: Effectuating adequate width of keratinized tissue (WKT) can lead to a healthy and stable implant/
soft tissue interface which is important for the long term success of the implant. The use of free gingival grafts 
(FGG) for widening the WKT around dental implants increases the amount of attached gingival tissue and 
prevents clinical attachment loss.Aim: The aim of the study was to assess the ability of FGG to create a healthy 
implant/soft tissue interface. Methods and Material: A total of 10 edentulous sites in 10 patients with inadequate 
keratinized tissue indicated for replacement of missing teeth were treated. An implant was placed in edentulous 
sites and the keratinized tissue was augmented using FGG at the second stage of implant surgery. WKT was 
recorded at baseline, 3rd month and 6th month post‑operatively. Plaque index (PI), gingival index (GI), probing 
depth (PD) and papillary index (PPI) and were recorded at 3 and 6 months post‑operatively to evaluate the health 
of peri‑implant tissues. Paired t‑test was used for standard deviation and the level of significance was taken as 
5% (P < 0.05). Results: The WKT at 3 (3.2±1.61mm) and 6 months (3±1.56 mm) compared to the baseline was 
statistically significant (P = 0.034). The other parameters PI, GI, PD, PPI showed no clinical significance from 
3 and 6 months (P > 0.05). Conclusions: Augmentation of FGG created a significant gain in the WKT which 
resulted in a healthy implant/soft tissue interface.  
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INTRODUCTION

The requirement for keratinized tissue around 
dental implants is contended.[1] Studies have 

shown that even without the presence of the 
attached keratinized tissue, periodontal health 
can be maintained.[2] However, some studies 
have shown that the absence of keratinized 
tissue leads to implant failure and the mobile 
mucosa can disrupt the implant which can cause 
accumulation of plaque, further enhancing the 
risk of inflammation.[3-5] The study states that 
widening the width of the keratinized tissue 
might be advantageous to the peri-implant tissue 
health, including minimal plaque accumulation 
and mucosal inflammation.[6]

There is inconsistency in the literature regarding the 
relationship between the width of the keratinized 
tissue and the health status of peri-implant tissue. 
However, it is accepted that the long-term stability 
and healthy soft-tissue implant can be achieved if 
a sufficient area of keratinized tissue is present.[7,8] 
There are many surgical techniques for increasing 
the width of keratinized tissue including Free 
gingival graft  (FGG), apically positioned flap, 
coronally positioned palatal sliding flap, and 

acellular dermal matrix graft.[9] Among all, FGG 
is highly recommended, predictable, and is a 
versatile procedure used to increase the width of 
attached gingiva.[10] Hence, the aim of the study 
was to evaluate the use of free gingival graft in 
increasing the width of keratinized tissue around 
dental implants and its ability to create a healthy 
implant/soft-tissue interface.

MATERIALS AND METHODS

Patients who presented with an edentulous area 
having inadequate keratinized tissue were selected 
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at the outpatient unit of the department of periodontics. The 
study included a total of 10 individuals between the age of 18 
and 40 years. The study was conducted for a duration of 2 years. 
The research was approved by the Institutional Research and 
Ethical Committee obtained of K.L.E. Society’s Institute of 
Dental Sciences on October 30, 2009 (IEC no.: 430), and written 
informed consent was obtained before the commencement 
of the study. Patients with at least one edentulous area in 
mandibular posterior region requiring replacement of tooth/
teeth, unremarkable medical history, and those with keratinized 
tissue <3 mm at the edentulous site were included in the study. 
Patients with uncontrolled diabetes, coagulation disorders, 
allergies to materials used in the study, acute infection/
pathology at the surgical site, smokers, and pregnant women 
were excluded from the study. A two-stage implant procedure 
was performed for every patient at all the sites. Augmentation 
of the keratinized tissue was done at the second stage of implant 
surgery. The width of keratinized tissue was measured according 
to the method described by Hall Wb in 1982, with the help 
of a Williams periodontal probe at baseline, 3 months, and 6 
months after gingival augmentation procedures by a single 
operator.[11] Health of peri-implant tissues was also evaluated at 
3 and 6 months after the second stage of gingival augmentation 
procedure using plaque index (Silness and Loe, 1964), gingival 
index (Loe and Silness, 1963), papillary index (Jemt, 1997), and 
marginal recession (Miller, 1985) levels.[12-15]

Following the initial examination and treatment planning, 
all patients received initial therapy including full mouth 
scaling, root planing, and oral hygiene instructions. Alginate 
impressions were taken for all the patients for both the 
arches, and study models were prepared. A surgical stent 
was fabricated on the casts to guide the implant placement in 
the correct position and angulation.[16] Preoperative intraoral 
peri-apical radiographs and digital orthopantomograph were 
taken for each case [Figure 1]. Ridge mapping was done with 
a ridge mapping instrument to evaluate the bone width.[17] 
All patients underwent blood investigations such as bleeding 
time, clotting time, and hemoglobin levels. The extraoral 
surface of the patient was scrubbed with 7.5% povidone-iodine 
solution. The operative site was anesthetized with 2% xylocaine 
hydrochloride with adrenaline (1:80,000). After achieving 
adequate anesthesia, a crestal incision was given at the 
edentulous site using a Bard-Parker blade No. 15. The incision 
was extended to the teeth adjacent to the edentulous area by 
giving a crevicular incision to achieve adequate flap reflection. 
A full‑thickness mucoperiosteal flap was reflected to expose 
the underlying bone using a periosteal elevator.

The stent, prepared on the patient’s cast, was placed in the 
patient’s mouth after disinfecting it with 5% povidone-iodine. 
A 2-mm pilot drill was used to drill the bone at 800 rpm through 
the access hole prepared in the stent. The depth of the osteotomy 
site was achieved using the pilot drill, depending on the length 
of the dental implant to be placed. Subsequently, the osteotomy 
site was widened using sequential widening drills according to 
the diameter of the implant being placed. Two-piece implants 
with an internal hex connection (HI-TEC™ implants) were 
inserted into the osteotomy site using a torque wrench, and 
subsequently, a cover screw was placed on the dental implant. 
The flap was sutured over the dental implant using black 
braided silk sutures, thus completely submerging the dental 

implant.[10] A postoperative intraoral periapical radiograph 
was taken after the placement of the dental implant [Figure 2].

The extraoral surface of the patient was scrubbed with 7.5% 
povidone-iodine solution. The operative site was anesthetized 
with 2% xylocaine hydrochloride with adrenaline (1:80,000) 

Figure 1: Preoperative orthopantomograph

Figure 2: Postoperative intraoral peri-apical radiograph

Figure 3: Palatal donor site after harvesting the free gingival autograft
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and injected with greater palatine nerve block on the palate 
before harvesting a free gingival graft.

A tin foil template was designed according to the area to be 
augmented at the recipient site, and free gingival graft was 
harvested from the palate using template as a guide. The graft 
was harvested from the mesial surface of the maxillary first 
premolar to distal surface of the maxillary first molar [Figure 3], 
to avoid obtaining a graft with excessive fatty or glandular 
tissue.

After obtaining the graft, it was placed on a moist gauze to 
prevent desiccation [Figure 4]. Excessive fatty or glandular 
tissue was trimmed. A split-thickness incision was performed 
at recipient site to receive the donor graft; the graft was 
sutured at the recipient site to the underlying periosteum using 
resorbable sutures [Figure 5]. The patients were instructed 
to wear a custom-made acrylic stent on the maxillary arch 
at donor site for hemostasis and comfort, especially during 
eating. A periodontal dressing was placed over the treated 
site.[18,19] Postoperative instructions were given along with a 
prescription for analgesics and antibiotics (amoxycillin 500 
mg twice a day for 5 days and ibuprofen 600 mg twice a day 
for 3 days).

After 10 days following the surgery, the periodontal pack 
was removed, and the area was irrigated thoroughly with 
normal saline. The patients were instructed to rinse with 
chlorhexidine mouthwash daily for another 1 week. Oral 
hygiene instructions were reinforced. Patients were asked 
to discontinue using the stent for the palatal wound. 
Patients were evaluated at 3 and 6 months [Figure 6a 
and b] postoperatively to assess the increase in width of 
keratinized tissue and to evaluate the health of peri-implant 
tissues.[9] At each visit, the oral hygiene instructions were 
reinforced [Figure 7]. The implants were loaded after 4–6 
months with delayed loading protocol followed by placement 
of cement-retained prosthesis (porcelain fused to metal 
[PFM] crown).

The width of keratinized tissue was evaluated at baseline, 3 
months, and 6 months postoperatively. The mean and standard 
deviation were calculated and compared using the paired t-test. 
The level of significance was taken as 5% (P < 0.05). The plaque 
index, gingival index, and papillary index were evaluated at 3 
and 6 months postoperatively. Their mean values and standard 
deviations were calculated at 3- and 6-month intervals and 
were compared using paired t-test.

Figure 5: Suturing the graft with resorbable sutures

Figure 7: Evaluating the health of peri‑implant soft tissuesFigure 6: (a) Three months postoperatively; (b)  6 months postoperatively
b

a

Figure 4: Free gingival autograft harvested
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RESULTS

There were total 10 sites replaced with dental implants 
evaluated on 10 patients (6 males and 4 females). The mean age 
of the patients was 32.89 ± 11.23 years. Following the placement 
of the implant, plaque index, gingival index, probing depth, 
and papillary index were evaluated at 3 and 6 months. These 
parameters were analyzed using the paired t-test and were 
found to be insignificant [Table 1].

No mucosal recession was noted at any of the 10 sites at 3 and 6 
months postoperatively. The mean width of keratinized tissue 
at baseline was 2 ± 0.81 mm, which increased to 5.2 ± 1.75 mm 
at 3 months [Table 2]. The mean width of keratinized tissue at 6 
months was 5 ± 1.56 mm. The mean gain in width of keratinized 
tissue was 3.2 ± 1.61 mm at 3 months and 3 ± 1.56 mm at 6 
months. However, the difference between the width of the 
keratinized tissue at 3 and 6 months was not statistically 
significant (P = 0.343) [Table 3].

DISCUSSION

The soft-tissue adaptation to the implant abutment forms 
the first line of defense to prevent the development of 
peri-implantitis. The health of peri-implant tissues is vital for 
the success and longevity of the implants.[17]

The connective tissue graft and acellular dermal allograft can 
be used to augment the zone of keratinized tissue around the 
dental implants, but the free gingival graft still remains the gold 
standard to increase the width of attached gingiva. Therefore, 
the aim of this prospective clinical study was to increase the 
width of keratinized tissue around dental implants using a free 
gingival graft and to evaluate the amount of increase in the 
width of keratinized tissue achieved over a period of 6 months.

The plaque scores were reduced at 6 months compared to the 
baseline. The decrease in the plaque scores indicated efficiency 
of the patients in maintaining the areas plaque free. This finding 
was in accordance with the study done by Kennedy et al., who 
concluded that it was easier for patients to maintain oral hygiene 
in areas of adequate keratinized tissue.[18] Similarly, reduction 
in mean gingival index was not found to be significant when 
compared at 3 months and at 6 months of evaluation in this 
study. Mehdi Adibrad et al. found a higher amount of bleeding on 
probing and gingival inflammation around implants surrounded 
by a loose nonkeratinized tissue.[19] On clinical examination, a 
healthy sulcular depth was achieved in all the 10 implant sites 
at 3- and 6-month intervals, which was suggestive of a healthy 
peri-implant soft tissue. Evaluation with a periodontal probe 
represents a simple and good technique to evaluate the health 
of peri-implant tissues. The papillary index indicated a complete 
fill of embrasure spaces with interdental papilla and maturation 
of the graft. This outcome further supports the results drawn in 
a study that stated that the formation of the interdental papilla 
is completely unpredictable with mobile nonkeratinized tissue 
and a firm zone of keratinized tissue is needed for a predictable 
interdental papilla formation.[15] Further, a study conducted by 
Zigdon and Machtei showed a greater mucosal recession around 
dental implants surrounded with inadequate keratinized tissue.[3]

Evaluation of the results showed that there was a statistically 
significant increase in the width of keratinized tissue at the 3rd 
and 6th months compared to the baseline. There was a slight 
reduction in the width of keratinized tissue at the end of 6 
months as compared to the 3-month value, suggesting a slight 
shrinkage in the graft during maturation and healing. Graft 
immobility is of utmost importance during the healing period 
of the free gingival graft [Table 3].

Yan et al. compared the free gingival graft and acellular 
dermal allograft for soft-tissue augmentation around implants 
and concluded that though acellular dermal allograft has 
an advantage of a better color match and reduced patient 
morbidity, it is associated with a delayed wound healing and 
a greater shrinkage as compared to a free gingival graft.[11] A 
57% contraction of the acellular dermal allograft compared to 
a 16% contraction for the free gingival graft was reported by 
Rose and Sullivan et al.[20]

The increase in the width of keratinized tissue with a healthy 
peri-implant tissue was achieved at the implant sites with the 
augmentation of FGG and regular oral hygiene maintenance 
by the patient.

CONCLUSION

Within the limitations, the study evaluated the application 
of free gingival graft to increase the width of keratinized 

Table 2: Width of keratinized tissue
Site number Baseline 

(WKT 0), mm
3 months 

(WKT 1), mm
6 months 

(WKT 2), mm
1 2 7 7
2 2 7 6
3 2 5 6
4 3 5 5
5 1 3 3
6 2 2 2
7 3 6 5
8 1 6 6
9 1 4 4
10 3 7 6
Mean width 2±0.81 5.2±1.75 5±1.56
WKT  Width of keratinized tissue; mm ‑ Millimeter

Table 1: Clinical parameters
3 months 6 months P

Plaque index 0.52±0.32 0.30±0.45 0.081
Gingival index 0.35±0.34 0.25±0.29 0.223
Probing depth (mm) 2.1±0.88 2±0.82 0.343
Papillary index 2.7±0.48 2.8±0.42 0.343
*P<0.05 is considered significant. mm ‑ Millimeter; P ‑ Probability value

Table 3: Comparison between width of keratinized tissue 
at baseline, 3-, and 6-month intervals using paired t-test

Mean increase in 
width of keratinized 

tissue (mean±SD), mm

P

Baseline versus 3 months (K1) 3.2±1.61 <0.001*
Baseline versus 6 months (K2) 3±1.56 <0.001*
3 months versus 6 months (K3) − months 0.343
*P<0.05 is considered significant, *Statistically significant value. K1  Increase 
in width of keratinized tissue at 3 months; K2  Increase in width of keratinized 
tissue at 6 months; K3  Change in width of keratinized tissue from 3 to 6 
months; SD  Standard deviation; mm ‑ Millimeter; P ‑ Probability value
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tissue around dental implants and assessed the health of 
peri-implant tissues over 6 months postoperatively. The 
results demonstrated a significant increase in the width of 
the keratinized tissue at 3 and 6 months postoperatively. 
Healthy implant/soft-tissue interface aids in achieving a stable 
implant/soft-tissue interface, which is eventually important 
for the long-term success of the dental implant. However, 
larger sample size and longer follow-up periods are essential 
to evaluate the further prognosis of the free gingival graft in 
increasing the width of inadequate keratinized tissue around 
dental implants.

Recommendations
In the future, more prospective studies are necessary to 
evaluate the effect of increasing the width of keratinized tissue 
around implants with a free gingival graft on peri-implant 
tissue health and whether this procedure offers long-term 
benefits to the patients.
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ORIGINAL ARTICLE

Determination of the oral health status and behaviors, treatment needs, 
and guardians’ perception of oral health among preschool children 
attending Integrated Child Developmental Scheme Anganwadi centers of 
Belagavi, South India: A cross-sectional study

Vaibhav Kumar1,2,3*, Anil Ankola3, Roopali Sankeshwari3, Sagar Jalihal3, Swarali Atre2, Sreekanth Kumar Mallineni4
1Department of Public Health Dentistry, TPCT’s Terna Dental College, Nerul, Navi Mumbai, Maharashtra, India, 2Suitradhaar Strategies Pvt. Ltd, 
India, 3Department of Public Health Dentistry, KLE VK Institute of Dental Sciences, KLE Academy of Higher Education and Research, Belagavi, 
Karnataka, India, 4Department of Preventive Dental Science, College of Dentistry, Majmaah University, Al-Majmaah, Riyadh Province, Saudi Arabia

ABSTRACT

Background and Aim: Anganwadi centers are the epicenters of health services for many Indian 
children. The study aims to assess the oral health status, treatment needs, and association with 
demographic variables, oral health behaviors, and parents’ perception among preschoolers in these 
Anganwadis.
Methods: A descriptive cross-sectional study was conducted among 1200, 3–5-year-old preschoolers 
from 48 Anganwadis in Belagavi. They were examined in accordance with the WHO Oral Health Pro 
forma (2013). A self-administered questionnaire assessed their parents’ perception of their oral health. 
SPSS software (version 20) was used for statistical analysis. Chi-square test computed categorical 
data. One-Way ANOVA test was used for multiple group comparisons. P<0.05 was considered 
statistically significant.
Results: The prevalence of dental caries was found to be 76.1% and gingival bleeding was found in 
30.4% participants. The most common oral mucosal lesions were ulcers (5.1%) followed by abscess 
in 4.5% of children. About 67% of the parents perceived their child’s oral health as good. A staggering 
98.5% of parents had not taken their children to the dentist ever. About 76.8% of the children required 
prompt treatment.
Conclusion: Poor oral health status necessitates prompt action with age-specific targeted interventions 
for the curtailment of the prevalent oral maladies along with preventive strategies for the rejuvenation 
and resurrection of the plummeted oral health status for restoring the quality of life, coupled with 
motivation meted out to utilize the abundant dental services available in Belagavi.
Relevance to Patients: Preschool children attending the ICDS Anganwadi centers form a nested 
cohort of a triangulation of need, presentation, and requirement for a targeted and focused intervention 
pertaining to oral health hygiene and other important constructs of overall general well-being. This 
hypothesis generating exploratory study opens up ways and channels for such oral health related 
translational activities to be planned, implemented and periodically evaluated, as part of the standard 
procedures and protocols of the machinery.

1. Introduction

India’s soul lives in its villages with nearly 65% of the population dwelling here. 
Despite these statistics, this population remains vulnerable in terms of literacy and access 

Journal of Clinical and Translational Research
Journal homepage: http://www.jctres.com/en/home

ARTICLE INFO

Article history:
Received: February 28, 2021
Revised: May 12, 2021
Accepted: June 16, 2021
Published online: July 16, 2021

Keywords:
rural oral health
parental perception
health services
early childhood caries

*Corresponding author
Vaibhav Kumar
Department of Public Health Dentistry, 
TPCT’s Terna Dental College, Nerul, 
Navi Mumbai-400706, Maharashtra, India; 
Suitradhaar Strategies Pvt. Ltd., India.
Tel: +91-9742501587
E-mail: drvaibhav1989@gmail.com

© 2021 Kumar, et al. This is an Open 
Access article distributed under the terms 
of the Creative Commons Attribution-
NonCommercial 4.0 International License 
(http://creativecommons.org/licenses/by-
nc/4.0/), permitting all non-commercial use, 
distribution, and reproduction in any medium, 
provided the original work is properly cited.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


 Kumar et al. | Journal of Clinical and Translational Research 2021; 7(4): 436-442 437

 DOI: http://dx.doi.org/10.18053/jctres.07.202104.007

to healthcare. India’s rural literacy rate has been reported to be 
73.5% compared to the urban literacy rate of 87.7%. Health 
literacy rates are lower in the rural population, which, along with 
the lower economic status, contribute to the prevailing neglect of 
oral health among rural Indians [1]. In-vogue 21st century, a milieu 
of increasing health-care costs and resource constraints targeted 
healthcare to specific strata of society and defined age groups have 
become of paramount importance. However, the current system 
has a limited capacity to provide prompt access to dental services, 
particularly to young underprivileged children of rural and semi-
urban areas [2].

In pursuance of the national health policy for children, India’s 
Government initiated the Integrated Child Developmental Scheme 
(ICDS). Coming under the ambit of this is an Anganwadi worker 
bestowed with the responsibility of organizing informed preschool 
education in Anganwadi centers for 3–5-year-old children. These 
Anganwadi workers also provide outreach services to low-income 
families who require immunization, healthy food, clean water, and 
clean toilets. An Anganwadi center forms the focal point for the 
delivery of these services to the children and their mothers and 
caters to a population of roughly 1000 people. A “Mukhyasevika” 
supervises 20-–25 Anganwadi workers. Four “Mukhyasevika”-s 
are headed by a Child Development Projects officer (CDPO). 
According to official data, an estimated 1.053 million Anganwadi 
centers are employing 1.8 million, mostly female, workers, and 
helpers across the country and reach a staggering total of 58.1 
million children. Today, ICDS Scheme is one of the world’s largest 
and most unique outreach programs for early childhood care and 
development. Thus, Anganwadi centers are India’s primary tool 
against the scourges of child malnutrition, infant mortality, and 
curbing preventable diseases, establishing a primary link with 
health and other preschool children’s services [3].

More than 90% of dental diseases are preventable. Healthy 
oral habits and status established during early childhood are 
maintained and imprinted and are of great importance for oral 
health and general well-being in later life [4]. The changing 
concept in health education is directed toward a common risk 
factor approach wherein the key idea is the promotion of general 
health by controlling risk factors that may significantly impact 
a lower cost, greater efficiency, and effectiveness than disease-
specific approaches [5]. Child Oral Health has tremendous 
potential to indicating health inequalities, more pronounced during 
the preschool periods. Reducing these inequalities benefit wider 
society by potentially freeing up scarce health system resources.

Anganwadis form a nested niche for assessing preschool 
children coming from the lower socioeconomic backgrounds. The 
previous studies conducted among preschool children attending 
Anganwadis show the prevalence of dental caries as high as 
63.58% [6]. It has been stated that the initiation of brushing habits 
is late among preschoolers attending Anganwadi centers, and there 
is a lack of awareness about brushing habits and methods among 
parents and Anganwadi workers [7]. In Belagavi, the prevalence 
rate of early childhood caries (ECC) among preschool children 
was 63.17% [8]. Starkly revealing, the dental health of preschool 
children has not been clearly documented to the same extent as 

school children’s oral health [9]. Therefore, these Anganwadi 
Centers constitute a focal point that can be easily targeted, 
assessed, and assisted in improving oral health and hygiene 
practices. Targeted interventions at the level of Anganwadis can 
be beneficial not only for the child but also for the parent and 
the Anganwadi worker. Preliminary treatment and guidance could 
also be provided to reduce the burden of oral diseases in these 
communities ultimately.

With a paucity of a documented Oral Health Survey exclusively 
done in Belagavi to take the Anganwadi preschoolers under 
its umbrella and a risk factor in the preschool age group, this 
study is designed with the primary aim of assessment of the oral 
health status and treatment needs among 3–5-year-old Children 
attending the Anganwadi Centers of Belagavi. The secondary aim 
being, assessment of the association of demographic variables, 
oral health behaviors, and parents’ perception of their child’s oral 
health status and oral hygiene practices on the dental health of 
these children.

2. Materials and Methods

A descriptive cross-sectional study was conducted among 
3–5-year-old children attending Anganwadi Centers of Belagavi, 
Karnataka, from December 2015 to February 2016.

Permissions were obtained from the Institutional Research and 
Ethical Committee, CDPO, Belagavi and the in-charge Anganwadi 
workers.

A pilot study was done among 50 preschool children to check 
the comprehension, reliability of the questionnaire, the flaw, and 
feasibility of the intended survey and prevalence of dental caries. 
Using the following formula the sample size was 1135, which was 
rounded off to 1200.

Sample Size=4 pq/d2

=4×(77×23)/(2.5)2

=1135.
Prevalence of Dental Caries (p)=77%
Free of Dental Caries (q)=(1−p)=23%
Absolute Admissible error (d)=2.5%.
The sampling method and procedure are depicted in Figure 1.
Written informed consent was obtained from the parents of 

all the participating preschool children. The inclusion criteria 
consisted of (1) children 3–5 years of age attending Anganwadi 
Centers of Belagavi; and (2) children whose parents were willing 
to give written informed consent. The exclusion criteria entailed 
the exclusion of physically or medically compromised children and 
children with debilitating diseases or suffering from uncontrolled 
systemic conditions.

On the scheduled dates, and the preschoolers’ were examined 
according to the WHO Oral Health Pro forma (2013) [10]. Type III 
examination was performed by a single trained investigator under 
natural light. The cotton rolls were used to clean the teeth of 
the food debris, and CPI probes were used to confirm doubtful 
dental caries. A self-administered questionnaire was prepared to 
assess the parents’ perception of their child’s oral health status 
and oral hygiene practices based on the latest WHO Questionnaire 
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for children (2013). A minor modification was done to make the 
questionnaire culturally and demographically appropriate and to 
incorporate the indigenous oral hygiene tools used, Indian food 
items consumed while questions pertaining to tobacco use were 
omitted. The content was reviewed and validated by experts who 
have carried out extensive research in child and maternal health. 
The mean Lawshe’s Content Validity Ratio was discerned to stand 
at 0.92. After data collection, an interactive oral health education 
camp was conducted and children were also referred to a dental 
hospital for comprehensive treatment.

Data were analyzed using SPSS version 20 (IBM, USA). 
The correlation between subscales, and global health and oral 
health questions were evaluated using Spearman’s correlation 
test. Categorical data were analyzed by Chi-square test. One-
Way Analysis of Variance (One-Way ANOVA) test was used for 
multiple group comparisons. P<0.05 was accepted as indicating 
statistical significance.

3. Results

The majority of the study participants were 4 years old (43.2%) 
and belonged to lower socioeconomic strata (64.4%). Slightly 
more boys (50.9%) participated than girls (49.1%). Only 6.5% 
of mothers are uneducated Table 1. On their examination, it was 
found that 76.1% of them were affected by dental caries, followed 
by gingival bleeding (30.4%) (Table 2 and Figure 2). Around 67% 
of parents perceived their child’s oral health as good. About 30% 
of the children had experienced toothache in the past 12 months 
(Figure 3). The majority (98.5%) of the parents opined that they 
had never taken their children to a dentist, nor had their child 
received any form of professional dental care (Figure 4). The 
marginal 1.5% of attendees had been taken to the dentist on 
experiencing pain/trouble with teeth, gums or mouth. Around 60% 
of the children cleaned their teeth themselves, and only 39.2% did 

so under parent’s supervision or assistance. The majority (56.9%) 
of children brushed their teeth once or more than once a day. All 
the participants used toothbrushes for cleaning their teeth and not 
any other oral hygiene aids. Toothpaste use was reported among 
around 67% of them. However, 93.4% of the parents reported 
being unaware that toothpaste contains fluoride.

Significantly highest prevalence of dental caries (78.9%) and 
gingival bleeding (34.9%) was noted among the children belonging 
to families with lower socioeconomic status. A significantly greater 
proportion of children whose parents perceived their child’s status 
of teeth and gums as poor had dental caries and gingival diseases 
than those who perceived them as good. Gingival bleeding was 
significantly highest among 4 years old children (68.1%) and 
males (40.9%). A significantly greater proportion of those who 
did not use toothpaste (38.3%) suffered from gingival bleeding. 
The Mean Caries Experience among study subjects according to 
the age group was illustrated in Table 3.

Oral mucosal lesions were observed with significantly (p<0.05) 
highest prevalence among 3 years age group (16%), females 
(15.7%), and children from upper socioeconomic status (66.7%). 
Children who cleaned their teeth under parent’s supervision 
(12.8%) had a significantly greater prevalence of oral mucosal 
lesions than those who cleaned their teeth themselves (7.5%) 
(Table 2). Enamel fluorosis occurred with significantly greater 

Table 1. Distribution of study population according to the demographic 
variables
Variable Number Percent

Age (years)
3 493 41.1
4 518 43.2
5 189 15.8

Gender
Male 589 49.1
Female 611 50.9

Socio-economic status
Upper 36 3
Upper Middle 175 14.6
Lower Middle 216 18
Lower 773 64.4

Duration child attending Anganwadi center
1 year 505 42.1
2 years 506 42.2
3 years 189 15.8

Level of education of mother
No formal schooling 77 6.5
Less than primary school 245 20.4
Primary school completed 322 26.8
Secondary school completed 165 13.8
High school completed 381 31.8
College/University completed 10 0.8
No female adult in the household 0 0

Total 1200 100

Figure 1. Schematic representation of sampling technique
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prevalence among those with upper socioeconomic status (13.8%) 
and those attending Anganwadi centers for 1 year (1.9%). When 
compared, dental erosion was found to be significantly highest 
among 4 years old children (20.5%), males (18%), those attending 
the Anganwadi centers for 2 years (18.6%), and in children from 
upper socioeconomic status (33.3%) than their counterparts. It 

Table 3. Mean caries experience among study subjects according to 
the age group
Caries experience 3 Years 4 Years 5 Years P-value

Mean±SD Mean±SD Mean±SD

Decayed teeth (dt) 2.89±1.42 3.01±1.85 3.32±1.90 0.012*
Missing teeth (mt) 0.09±0.04 0.21±0.09 0.09±0.03 0.421
Filled teeth (ft) 0.03±0.02 0.28±0.11 0.19±0.08 0.001*
dmft 3.01±1.38 3.50±1.84 3.60±1.72 0.001*

Table 2. Association of dental caries status and periodontal status with 
various independent variables among study subjects
Independent variable Number 

of 
subjects

Dental 
caries  
n (%)

Periodontal 
disease  
n (%)

Oral 
mucosal 

lesions n (%)

Age (years)
3 493 375 (76) 12 (2.4)* 79 (16)*
4 518 394 (76.1) 353 (68.1)* 24 (4.6)*
5 189 145 (76.7) 0* 12 (6.3)*

Gender
Male 589 454 (77) 241 (40.9)* 19 (3.2)*
Female 611 460 (75.2) 124 (20.3)* 96 (15.7)*

Socio-economic status
Upper 36 22 (61.1)* 12 (33.3)* 24 (66.7)*
Upper middle 175 112 (64)* 35 (20)* 12 (6.9)*
Lower middle 216 170 (78.7)* 48 (22.2)* 24 (11.1)*
Lower 773 610 (78.9)* 270 (34.9)* 55 (7.1)*

Duration of the child attending Anganwadi center
1 year 505 399 (79) 54 (1.7)* 91 (18)*
2 years 506 367 (72.5) 251 (49.6)* 12 (2.4)*
3 years 189 140 (74.1) 60 (31.7)* 12 (6.3)*

Perception about child’s teeth
Good 800 606 (75.8)* 305 (38.1)* 67 (8.4)*
Poor 400 308 (77)* 60 (15)* 48 (12)*

Perception of child’s gums
Good 802  598 (74.6) 170 (21.2)* 81 (10.1)*
Poor 398  316 (79.4) 195 (52.3)* 44 (11.1)*

Teeth cleaning
By child himself 730 589 (80.7) 212 (29) 55 (7.5)*
With parent’s assistance 470 325 (69.1) 153 (32.6) 60 (12.8)*

Frequency of teeth cleaning
Once or more in a day 683 497 (72.8) 152 (22.3) 67 (9.8)
Less than once a day 517 417 (80.6) 213 (41.2) 48 (9.3)

Use of toothpaste
Yes 800 606 (75.6) 212 (26.5)* 48 (12)
No 400 308 (77) 153 (38.3)* 67 (8.4)

Figure 2. Distribution of study population according to oral health 
status

Figure 4. Parent’s response regarding their child’s frequency of visiting 
dentist in the past 12 months

Figure 3. Parent’s response regarding toothache experienced by child in 
past 12 months
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was found to be in significantly greater prevalence among those 
whose parents perceived their oral health as good (12%) than those 
who perceived it as poor (9%). Dental trauma showed a significant 
increase with the increase in age. Just 11.8% 3 years olds suffered 
from dental trauma, whereas 20.5% of 4-year-old and 19% of 
5-year-old children reported it. A significantly higher prevalence 
was observed among males (20.2%) and upper socioeconomic 
status children (33.3%). Among the dental trauma injuries, 6.7% 
of the kids reported having enamel and dentin fractures. There was 
a statistically significant associated report of pulp involvement in 
males than in females, an increased prevalence of pulp involved 
dental injuries with age (P<0.05) (Table 4). Prompt treatment 
was needed in >76% of the children in all age groups (Figure 5). 
Among those needing immediate treatment due to dental origin’s 
pain or infection, 9.7% belonged to the lower middle group and 
5.6% belonged to the upper class, and 7.6% belonged to the lower 
group (Figure 6) and these findings were statistically significant 
(P=0.001).

4. Discussion

The Anganwadi Centers offer basic level community healthcare 
through an already established, frontline primary health-care 
infrastructure. With a vulnerable population group and apt study 
setting to discern the oral cavity problems, the present status 
encompassed a comprehensive oral health status assessment of 
the subjects.

In this study, for ECC the prevalence rate of 76.1% was recorded, 
which was noticeably high when compared to Sonika et al. 
(48.3%) [11] and lower when compared to Al Hosani et al. (82–
94%) [12]. Bhayade et al. reported an ECC prevalence of 63.58% 
among preschoolers attending Anganwadi Centers of Nagpur [7]. 
This versatile range could be attributed to single definitive 
diagnostic criteria not being followed, cultural differences in 
child-rearing, infant feeding practices, and oral health beliefs. 
Anganwadi children have also been reported to be suffering from 
malnutrition Menaker et al., [13] have determined a positive 
association between higher caries prevalence and malnutrition. In 
coincidence with Hugoson et al., [14] a compromised periodontal 
status and gingival bleeding were reported among 30.4% of the 
preschoolers. Gingival bleeding was significantly higher in the 
children belonging to the lower socioeconomic strata and greater 
in those children who brushed their teeth less than once a day. The 
prevalence of gingival bleeding in this study had a takeoff with the 

Table 4. Association of enamel fluorosis, dental erosion and dental 
trauma with various independent variables among study subjects
Independent 
variable

Number 
of subjects

Enamel 
fluorosis 

n (%)

Dental 
erosion  
n (%)

Dental 
trauma  
n (%)

Age (years)
3 493 3 (0.6) 24 (4.9)* 58 (11.8)*
4 518 3 (0.5) 106 (20.5)* 106 (20.5)*
5 189 4 (2.1) 0* 36 (19)*

Gender
Male 589 6 (1.01) 106 (18)* 119 (20.2)*
Female 611 4 (0.7) 24 (3.9)* 81 (13.3)*

Socio-economic status
Upper 36 5 (13.8)* 12 (33.3)* 12 (33.3)*
Upper middle 175 5 (2.9)* 12 (6.9)* 22 (12.6)*
Lower middle 216 0* 36 (16.7)* 12 (5.6)*
Lower 773 0* 70 (9.1)* 154 (19.9)*

Duration of child attending Anganwadi center
1 year 505 10 (1.9)* 36 (7.1)* 70 (13.9)
2 years 506 0* 94 (18.6)* 94 (18.6)
3 years 189 0* 0* 36 (19)

Perception about child’s teeth
Good 800 4 (0.5) 96 (12)* 52 (6.5)*
Poor 400 6 (1.5) 36 (9)* 148 (37)*

Perception of child’s gums
Good 802 6 (0.7) 86 (10.7)* 180 (22.4)*
Poor 398 4 (1) 42 (10.6)* 54 (13.5)* Figure 6. Treatment needs among various socioeconomic status

Figure 5. Treatment needs among different age groups
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values reported by Dhar et al. [15] and Ketabi et al. [16], which 
could be because these studies have been conducted in a different 
study population, taking into consideration mixed dentition phases 
or young adolescents.

The prevalence of enamel fluorosis was 0.8%. The literature 
search revealed that most other studies performed on children 
were on mixed or permanent dentition, and there was a paucity 
of literature to discern enamel fluorosis exclusively for the 
primary dentition. According to the latest report by the Central 
Ground Water Board (Government of India - Ministry of Water 
Resources), fluoride levels found in groundwater were within 
allowable limits (>1.5 ml/l) in the Belagavi district. The minuscule 
prevalence of enamel fluorosis that has been detected could be 
due to including migrant population and dietary habits. Of the 
participants, 10.8% reported dental erosion characteristics, which 
could be attributed to dietary patterns. A statistically significant 
number of boys flinched with the occurrence of erosion, results 
being similar to those reported by Nayak et al. [17] Dental trauma 
was reported in 16.7% of the preschoolers with a majority (6.7%) 
only involving the enamel. These results fall in perspective with 
those documented by Chalissery et al. [18].

Among the Oral Mucosal Lesions, ulcers were reported to be 
prevalent in 5.1% and abscess in 4.5% of the participants, probably 
due to them suffering from viral fever-like conditions. In addition, 
there have been several reports of Anganwadi preschoolers 
suffering from malnutrition and other nutritional deficiencies [19]. 
Furthermore, the study duration was during the winter season, 
where children were reported to be more susceptible to oral 
ulcerations. The majority of the participants brushed their teeth 
once or more a day; these findings are in agreement with Al Malik 
et al. [19] study. The reason could be the urban setting of the 
study, with caregivers having greater knowledge and awareness 
regarding the importance of teeth brushing. It was observed that a 
more significant proportion of those who brushed their teeth less 
than once daily suffered from dental caries (80.6%) and gingival 
bleeding (41.2%) than those who brushed their teeth at least once 
a day. However, brushing once or more than once daily, a share of 
the population suffered from dental caries (72.8%) and gingival 
bleeding (22.3%). This could be because improper brushing 
technique is being performed for oral hygiene measures or failure 
to brush the teeth or rinse the in-between mouth meals. In this 
study, 60.8% of the children reportedly brushed independently. 
Similarly Jose et al. [20] reported that those who brushed by 
themselves reported having a greater prevalence of dental caries 
(80.7%) than those their parents assisted parents in cleaning their 
teeth. Preschool children lack adequate understanding or manual 
dexterity to execute oral hygiene measures, thereby requiring 
parental assistance or monitoring/supervision. As stated by the 
American Academy of Pediatric Dentistry (AAPD), a child should 
be supervised by adults when brushing their teeth and should be 
taught to spit out and not swallow the toothpaste [21]. It has also 
been recommended that a child should start independent brushing 
after attaining the age of seven [22].

A staggering 98.5% had never visited a dentist. All of those 
children who had to seek professional dental care (1.5%) had 

done so due to pain/trouble with teeth, gums, or mouth. The 
AAPD recommends the first visit to a dentist within 1 year of 
age and at least two routine visits to a dentist for a child every 
year [22]. Only symptomatic or painful conditions are causing 
severe discomfort alarm the parents to seek professional 
dental care. Numerous factors ranging from seemingly feeble 
awareness regarding dental health in the Indian scenario, fear, 
and anxiety associated with dental treatment to such treatment’s 
steep expense contribute to this. A vast majority (93.4%) of the 
parents seemed to be completely unaware that fluoride was an 
important constituent of kinds of toothpaste for caries prevention. 
It was revealed that the majority of the participants who required 
prompt treatment (including scaling) belonged to the lower or 
lower middle class.

The study has some limitations. The study being cross-
sectional, measures the cause and effect only at a given point in 
time. Thus, the inability to establish a causal relationship and the 
persistence of temporal ambiguity contribute to certain grey areas. 
In addition, there are potential sources of bias, such as interviewer 
bias and social desirability response bias. India’s oral public 
health system can be strengthened by using and intertwining 
this existing infrastructure and well-accepted initiatives to offer 
targeted oral health interventions and tackle the inequitable 
distribution of health services and poor oral health in rural India. 
Dental professionals participating in such interventions should 
identify the disease burden, address these preschoolers’ treatment 
needs and engage, educate, and train the Anganwadi workers by 
organizing programs such as “Train the Trainer.” Anganwadi 
workers can disseminate basic oral hygiene methods and practices. 
Parents should be aware of the importance of maintaining the 
good health of primary teeth and thereby instill a positive attitude 
toward preventive and therapeutic dental aid. Following a need-
based assessment, the government should allocate and release 
some extra funds to encapsulate the oral health and hygiene 
component in these Anganwadi centers and the existing health 
and nutritional packages offered. Oral disease prevalence among 
Anganwadi children should be gathered to put forth aggressive 
lobbying efforts for a targeted Oral Health Basic Necessity and 
Utility Package.

5. Conclusion

The oral health assessment of 3–5 year old children attending 
Anganwadi centers in Belagavi district revealed high prevalence 
of dental caries, gingival bleeding, and compromised periodontal 
status. A treatment needs analysis indicated the necessity of prompt 
treatment in majority of these children. Furthermore, poor oral 
hygiene habits, lack of awareness among parents about oral health 
and failure to seek timely help from dental professional have been 
found to exacerbate their oral health problems. Therefore, prompt 
action with age-specific targeted interventions for the curtailment 
of the prevalent oral maladies, preventive strategies to maintain 
good oral health status and motivation meted out to utilize the 
abundant dental services available in Belagavi is the need of the 
hour.
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Machine learning for identification of dental implant systems 
based on shape – A descriptive study
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Original Article

Aim: To evaluate the efficacy of machine learning in identification of dental implant systems from panoramic 
radiographs based on the shape.
Settings and Design: In vitro–Descriptive study
Materials and Methods: A Dataset of digital panoramic radiographs of three dental implant systems were 
obtained. The images were divided into two datasets: one for training and another for testing of the machine 
learning models. Machine learning algorithms namely, support vector machine, logistic regression, K Nearest 
neighbor and X boost classifiers were trained to classify implant systems from radiographs, based on the 
shape using Hu and Eigen values. Performance of algorithms was evaluated by its classification accuracy 
using the test dataset.
Statistical Analysis Used: Accuracy and recover operating characteristic (ROC) curve were calculated to 
analyze the performance of the model.
Results: The classifiers tested in the study were able to identify the implant systems with an average 
accuracy of 0.67. Of the classifiers trained, logistic regression showed best overall performance followed 
by SVM, KNN and X boost classifiers. 
Conclusions: Machine learning models tested in the study are proficient enough to identify dental implant 
systems; hence we are proposing machine learning as a method for implant identification and can be 
generalized with a larger dataset and more cross sectional studies.
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INTRODUCTION

Implants have become the most promising and accepted 
prosthetic alternative for missing teeth. Continuing 
innovation and advanced technologies have improved 
the performance and long‑term prognosis of  dental 

implants. Owing to the rising demand for dental 
implants, many manufacturers have entered the industry 
and produce over 220 implant brands and the diversity 
continues to grow. Each of  these implants varies 
in structure, morphology, connections, and surface 
characteristics.[1]
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These dental implants will need follow‑ups and aftercare 
in due course of  time due to biologic and mechanical 
complications such as screw loosening, implant or screw 
fractures, low implant stability, and peri‑implantitis.[2] 
During this serviceability, several information is required 
about the implant, for instance, manufacturer, implant 
system, fixation method, and abutment type used.[3] The 
difficulty of  identifying implant systems is augmented when 
information needs to be exchanged across different regions 
and countries. Since there is no information network 
across regions to identify implant systems, the problem 
gets complex.[1] In an attempt to identify the system and 
treat the complication, clinicians might end up in invasive 
treatment modalities and further to the extent of  making 
a new prosthesis, thus increasing the cost of  treatment.[4]

Currently, patient previous records and radiographs are 
the only tools in identifying implant systems. Patient 
records may not be available all the time, and using 
radiographs requires a significant amount of  human 
effort and experience as the procedure involves processing 
of  larger data, i.e., implant features such as shape, size, 
threads, connection, apex, and collar, to draw a meaningful 
conclusion about the type of  implant used.[1] Every clinician 
may not be experienced enough to identify the implant 
system that he encounters. There is a continuous thrust in 
the process of  identification of  various implant brands. 
However, there is a limited research on methods and 
techniques that allow the identification of  dental implant 
systems clearly.[2]

Artificial intelligence (AI) has made a tremendous impact 
in solving problems of  every field, particularly medicine. 
Over the last few decades, AI has made tremendous 
progress in empowering the machines to automatically 
process and categorize complex data[1] and has shown 
good competence and positive outcomes when ventured 
into various medical and dental fields. One of  the AI 
technologies, machine learning method, is appropriate for 
classification, object detection, and prediction and proved 
to be close to or superior to that of  humans. In dental 
field, diagnosis using radiographs, predicting prognosis, 
tumor classification, and various other domains has been 
addressed using a machine learning method.[3] If  this 
system can be adopted for identifying implant systems, it 
will help dentists and prevent from missing problems or 
making errors. Considering the scope of  AI, this study 
was undertaken with intent to evaluate the efficacy of  
machine learning in identification of  different dental 
implant systems. We hypothesize that machine learning 
is efficient in identifying different dental implant systems 
from radiographs.

Review of literature
Several studies have documented the basic design of  
implants, based on these specific designs; dentists can identify 
different implants from radiographic images.[5,6] Based on the 
radiographic identification, Michelinakis et al.[7] proposed, if  
a database can be created of  known implant systems, then 
several leading questions concerned with the dental implant 
being identified will minimize the number of  possibilities 
remarkably, and the database is known as implant recognition 
software. However, the database comprises implant features 
based on the particulars given by the implant manufacturer 
in the brochure. To recognize a dental implant, particulars in 
each of  the drop‑down menus that include implant details 
should be entered manually. Furthermore, the software 
does not directly analyze the images. The database provides 
matching implants based on answers to these queries, and 
then, a dentist has to match them with that of  the patient.[7] 
This system requires dentists to verify if  two images of  the 
implant are matching to identify implant system. In contrast, 
in the current study, AI model (computer) itself  identifies 
the implant based on radiographic image.

Rami Jandali developed a miniature radiofrequency chip 
that can be fitted into screw hole of  the dental implant, 
and the chip would be loaded with information about 
the implant system. A wireless reader can be used to 
communicate with the chip, and useful information can be 
extracted.[8] A wireless reader sends electromagnetic waves 
to activate the chip which could be hazardous to human 
health, and every clinician may not have this specialized 
device at clinic.

Basically, till today, a dentist has to read the features of  
implant system from radiograph and make an appropriate 
guess about the type of  implant used. These methods have 
several limitations such as knowledge of  dentists about 
different implant systems, time consumed in process, and 
accuracy of  identification. Considering the rapid growth 
of  implant dentistry as a prosthetic option, there is a 
need for an appropriate and quick scientific method for 
identification of  implant systems. Contribution of  this 
paper is proposing a method for identification of  dental 
implant systems with standard techniques of  computer 
vision based on the shape.

MATERIALS AND METHODS

Study design
A dataset of  digital panoramic radiographs was obtained. 
Several machine learning algorithms were trained to classify 
implant systems from radiographs, and their classification 
accuracy was assessed. Performance of  the algorithms 
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was primarily evaluated by its classification accuracy 
that corresponds to correct classifications. The accuracy 
and receiver operating characteristic (ROC) curve were 
calculated to analyze the AI model performance. 

Data preprocessing
The study was approved by the Institutional Review 
Board (KAHER/EC/21‑22/D‑290721002). The study 
was conducted at KAHER’s KLE VK Institute of  Dental 
Sciences and Gogte Institute of  Technology, Belagavi, 
Karnataka, India. Anonymized digital panoramic radiographs 
of  patients who underwent implant treatment were obtained 
from the Department of  Oral Radiology during the period 
January 2021 to April 2021. Ethical clearance was obtained 
from KAHER University Ethical Committee. As the study 
was a noninterventional design and anonymized data were 
collected, individual informed consent was waived by the 
Ethical Board. Radiographs with unknown implants, haziness, 
distortion, blur, and several other conditions that hinder 
the clinical recognition and classification of  dental implant 
systems were excluded. Images were segmented (cropped) 
to focus on implant image and exported as PNG images. 
Types of  dental implant systems and corresponding number 
of  images were categorized and labeled based on patient 
records from a department ledger. Images were divided into 
two datasets: one for the training (80%) and the other for 
testing (20%). Training dataset was used to train the model by 
learning, and testing dataset was independent of  the training 
dataset which was used to analyze the performance of  model. 
The dental implant systems considered in the study were 
Osstem TS III SA Regular, Osstem TS III SA Medium, and 
Noris Medical Tuff.

Training of the AI model
The machine learning model was trained to identify 
the dental implant systems based on feature extraction, 
i.e., shape of  the implant (geometry of  the implant) 
using Hu and eigenvalues. Supervised machine learning 
techniques, support vector machine (SVM), K‑nearest 
neighbor (KNN), X boost, and logistic regression 
classifiers, were tested in the study.

Feature extraction using Hu moments and eigenvalues
After preprocessing of  images, features were extracted 
using Hu and eigenvalues. Hu moments basically describe, 
distinguish, and quantify the object shape in an image, 
thus helping to define the shape of  an object. When using 
eigenvalues, for an unknown input image, the algorithm 
subjects the image to eigenspace and is recognized utilizing 
space partitioning method, which determines the object 
and its location in space in accordance with the number of  
images that describe position from the image set.

Machine learning entails predicting and classifying the 
data. For this, various algorithms/classifiers are employed 
according to the dataset. Supervised learning techniques 
were used to classify implant systems through Hu and 
eigenvalue based on feature extraction.

In SVM, the algorithm generates a hyperplane or a line 
known as a decision boundary that separates data into 
classes. Here, the chore is to find that ideal line which 
separates the dataset into classes. Advantage of  SVM 
approach is that they are accurate, robust, and effective even 
with smaller training dataset. In linear regression, the goal 
is to train algorithm with input features and output labels 
and achieve best‑fit line or curve amid data to separate the 
classes. KNN algorithm presumes the similarity among 
available data and new data and then puts the new data 
into a category that is most similar to available categories. 
KNN functions, by finding the distance between query 
and the nearest neighbour in the existing data, based on 
the threshold value it chooses the most frequent label or 
class. The basic principle behind X boost classifier is that 
it generates multiple weak learners and combines their 
predictions to devise one strong rule. Following multiple 
iterations, weak learners are integrated to form one strong 
learner which will predict an outcome that is most accurate.

Prediction
Once the algorithm was trained, the model was analyzed 
with a test dataset; the algorithm will predict the likelihood 
of  particular implant system as an output.

Testing of the artificial intelligence model
Figure 1 depicts the schematic illustration of  training 
and testing of  the AI model. The trained AI model was 
tested for its validity and performance using the test 
dataset. In testing, a number of  implant systems identified 
correctly (true positive; TP) and those identified as other 
implant systems (false positive; FP), false negative (FN; 
misdetection), and true negative (TN) were identified. 
Accuracy was calculated based on the following formula, 
and ROC curve was plotted. These values interpreted the 
performance of  the trained AI model.

Accuracy =
TP + TN

TP + FP + FN + TN
RESULTS

The image classification performance of  all the classifiers 
tested is shown in Table 1.

Classification accuracy of classifiers
Table 1 shows the classification accuracy of  classifiers based 
on Hu moments and eigenvalues. Based on Hu moments, 
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the logistic regression model attained the top performance 
with the highest accuracy followed by SVM classifier. 
KNN, an X boost classifier, showed similar performance 
in implant recognition. All the classifiers showed similar 
accuracy when trained, based on eigenvalues except KNN 
classifier which showed lesser accuracy in comparison to 
the rest classifiers.

Receiver operating characteristic curves
ROC curve is a statistical tool to measure the performance 
of  trained model and is plotted between false‑positive 
rate (FPR) upon x‑axis and true‑positive rate (TPR) upon 
y‑axis. TPR is the percentage of  actual positive classes that 
are correctly identified. FPR denotes the percentage of  
classes that are incorrectly identified to be positive.

TPR = TP
TP + FN

FPR = FP
TN + FP

A classifier with random performance shows a straight 
line from origin which is considered as baseline where 
FPR = TPR. Anything above this baseline is measured 
to be good performance and below is bad performance. 
Classifiers that display a curve closer to the top left indicate 
better performance. The closer the curve to 45° diagonal 
of  ROC area, the lesser is the accuracy.

Hu moments based receiver operating characteristic curves of 
classifiers
Logistic regression model
Figure 2 shows the ROC curve for logistic regression 
classifier based on Hu moments. Class 0 depicts Osstem TS 
III SA Regular, class 1 depicts Osstem TS III SA Medium, 
and class 2 depicts Noris Medical Tuff  implant systems. 
Logistic regression showed the highest accuracy for class 2 
implant systems followed by class 0 and class 1.

K neighbor classifier
Figure 3 depicts that KNN classifier showed the highest 
accuracy for class 0 implant system followed by class 2 and 
class 1 implant systems.

Support vector model
Figure 4 illustrates that SVM classifier showed the highest 
accuracy for class 2 implant system followed by class 0 and 
class 1 implant systems.

Gradient boosting (X boost) classifier
Figure 5 shows the performance of  X boost classifier for 
classification of  implant systems and did not display any 
difference.

Eigenvalue based receiver operating characteristic curves of 
classifiers
Logistic regression model
With respect to Figure 2 logistic regression model showed 
the highest classification accuracy for class 2 implant 
systems followed by class 0 and class 1; the performance 
was similar to performance of  the same classifier based 
on Hu moments.

K neighbor classifier
With respect to Figure 3 KNN classifier showed the 
highest accuracy for class 0 implant system followed by 
class 2 and class 1 implant systems; this performance was 
similar to performance of  the same classifier based on 
Hu moments.

Support vector model
With respect to Figure 4 SVM classifier showed the highest 
accuracy for class 2 implant system followed by class 0 and 
class 1 implant systems; this performance was similar to 
performance of  the same classifier based on Hu moments.

Gradient boosting (X boost) classifier
With respect to Figure 5 the performance of  X boost 
classifier for classification of  each implant system was 
similar and did not show much difference; this performance 
was similar to performance of  the same classifier based 
on Hu moments.

Among the classifiers tested, logistic regression gave the 
best performance followed by SVM classifiers, followed by 
X boost and KNN classifiers in identifying dental implant 
systems. In regard to the implant systems, classifiers showed 
good accuracy with Noris Medical Tuff  (class 2) implant 

Table 1: Classification accuracy of classifiers
Machine learning 
model

Classification 
accuracy of 

classifiers based 
on Hu moments

Classification 
accuracy of 

classifiers based 
on eigenvalues

SVM classifiers 0.47 0.67
KNN 0.33 0.17
Logistic regression 0.50 0.67
X boost 0.33 0.67

SVM: Support vector machine, KNN: K‑nearest neighbor

ClassificationImages Feature
extraction

Osstem
TS III SA

Prediction

1. Hu moments
2. Eigenvalues
(Implant shape)

linear regression,
SVM classifiers,
X boost, and KNN
classifiers
classify images
into different
implant systems

Figure 1: Schematic illustration of artificial intelligence model
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system followed by Osstem TS III SA Regular (class 0), 
followed by Osstem TS III SA Medium (class 1).

DISCUSSION

Over the years, dental implants have become the standard 
treatment alternative for restoring missing teeth; yet biologic 
and mechanical, technical, and esthetic complications 
associated with these dental implants are inevitable.[9] 
Dental implants will need maintenance as long as they 
remain in patients’ oral cavity. Due to lack of  network for 
sharing information, clinicians face difficulty in identifying 
the implant system[1] and challenge is not only scientific but 
also professional and ethical.[10] Armamentarium required 
for maintenance of  each implant system is different and 
is a critical issue in post implant treatment.[11] Hence, an 
automated system to identify the dental implant system will 
assist clinicians in instant identification and save chairside 
time, improving the patient care. Considering these 
issues, AI‑based technology was adopted to formulate an 
algorithm to identify different implant systems.

A study was conducted on i3 processor and performed with 
Python comprising OpenCV, PIL, and sklearn libraries. 
A dataset of  digital panoramic images was acquired and 
divided as training and testing datasets. Algorithms were 
trained using preprocessed images by extracting the shape 
features based on Hu and eigenvalues. Trained algorithms 
were tested for their performance using test dataset.

Digital radiographs are the starting point for evaluation of  
different implant brands across regions.[12,13] Radiographs 
are the most effective and convenient ways in daily clinical 
setting as a method for identifying the dental implant 
systems. Panoramic radiographs offer the advantages of  
being standardized to certain extent, hence the implant 
shapes are also standardized regardless of  the patient, 
although some images were unclear due to overlapping 
of  shadows in the maxillary anterior and sinus region. 
This may cause misdetection; in such cases, periapical 
radiographs would be useful.[3] It was observed that 
the number and quality of  images play a crucial role in 
accuracy of  AI model. The most commonly used implant 

Figure 2: Logistic regression model Figure 3: K neighbor classifier

Figure 4: Support vector model Figure 5: Gradient boosting (X boost) classifier
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systems, Osstem and Noris, were considered to evaluate 
identification accuracy, and the algorithms used in the 
current study were able to identify these implant systems 
with an acceptable accuracy.

In computer vision and image processing, object recognition 
is a task of  identifying the object and labeling it in an image. 
An object is identified by feature extraction such as color, 
shape, texture, or other features. Based on these features, 
objects are classified and each class is assigned a name.[14] In 
the present study, feature extraction was done based on the 
geometric shape (outline) of  the implant. It was possible to 
train the classifiers for implant identification with relatively 
small dataset available, and classifiers could identify the 
implants accurately. Herein, we are proposing this method 
of  machine learning for identifying the implants and can 
be generalized with a larger dataset which would improve 
the accuracy of  the classifiers, and practical application of  
the AI can be attained. In the present study, classifiers were 
trained based on implant shape; further, different features 
can be extracted such as edges, corners, pixels, and apex 
to train the model. The proposed method can be tested 
with various other algorithms available, to different implant 
systems being used with a large and accurate database. This 
will create stronger implant classification methods using 
AI techniques.[1] In this study, we have made an attempt to 
apply AI technology to help solve the implant identification 
problem; the results showed that this objective can be 
achieved with good accuracy. The proposed method will 
assist clinicians in instant identification of  implant systems 
saving patient and clinician time and also prevents missing 
problems and making errors in implant identification. 
This will preclude the trial and error method for implant 
identification, possibility of  invasive treatment modalities, 
and treatment expenses associated with errors in implant 
identification.

Several studies[1‑4,15,16] have applied deep learning and 
convolutional neural networks for identifying dental 
implant systems and achieved an accuracy of  0.80–0.95 
in identifying the implant systems. Sukegawa et al.[1] used 
5 CNN models which are basic CNN, VGG16, VGG19 
transfer learning models, finely tuned VGG16 and VGG19 
to identify implant systems and achieved accuracy in the 
range of   0.860–0.935. Lee et al.[2] used automated DCNN 
utilizing Neuro‑T version 2.0.1 for implant recognition, 
and the accuracy (area under curve [AUC]) of  0.945 was 
achieved with this model. Lee and Jeong[15] tested deep 
CNN architecture (GoogLeNet Inception‑v3) for implant 
identification and achieved accuracy (AUC) of  0.971with 
these models. In the current study, SVM classifiers, KNN, 
X boost, and logistic regression were tested. To the best of  

our knowledge, this is the first study to use these classifiers 
in implant recognition.

In medical field, AI techniques have been used to address 
the issues of  arthroplasty implants identification. Jaret et al. 
analyzed the performance of  deep learning algorithms 
in identifying arthroplasty implants of  the knee and hip 
from plain radiographs. They could achieve a near‑perfect 
accuracy of  99% and inferred that these methods constitute 
a significant opportunity in providing cost‑efficient 
treatment for revision arthroplasty.[17,18]

The present pilot study had few limitations; images were 
taken from a single source, and different X‑ray setups and 
devices can be considered for image acquisition to test the 
applicability of  these algorithms. This will discern the real‑life 
implication of  machine learning in implant recognition as 
patients do come from across different regions, and dental 
implant systems and radiography devices vary in each region 
of  the world. The second limitation was smaller dataset; an 
accurate and large dataset will build a stronger classification 
method. Third, various other machine learning models can 
be tested considering different features of  the dental implant.

Digitalization in dentistry is on its peak in these modern 
times. These AI techniques can be beneficial in overcoming 
critical challenges in dentistry. Machine learning in 
particular will push forward the diagnostic measures and 
simplify the treatment planning minimizing the errors and 
eventually enhance the efficiency of  entire health system. 
Although very limited studies are being done in this 
area, more systems with broader applications in implant 
recognition are required in this concern.[19,20]

CONCLUSION

In the current study, we illustrated that the classifiers tested 
were able to identify dental implant systems extracted from 
digital panoramic radiographs with good accuracy, even 
with a smaller dataset. In particular, logistic regression 
and SVM classifiers showed excellent classification 
performance. Hence, we conclude that machine learning 
technology is efficient in identifying the dental implant 
systems from radiographs and will play a significant role in 
assisting the clinician in implant identification, thus saving 
the chairside time.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.



Benakatti, et al.: Efficacy of machine learning in identification of dental implants

The Journal of Indian Prosthodontic Society | Volume 21 | Issue 4 | October-December 2021 411

REFERENCES

1. Sukegawa S, Yoshii K, Hara T, Yamashita K, Nakano K, Yamamoto N, 
et al. Deep neural networks for dental implant system classification. 
Biomolecules 2020;10:984.

2. Lee JH, Kim YT, Lee JB, Jeong SN. A performance comparison between 
automated deep learning and dental professionals in classification of  
dental implant systems from dental imaging: A multi‑center study. 
Diagnostics (Basel) 2020;10:910.

3. Takahashi T, Nozaki K, Gonda T, Mameno T, Wada M, Ikebe K. 
Identification of  dental implants using deep learning‑pilot study. Int 
J Implant Dent 2020;6:53.

4. Kim JE, Nam NE, Shim JS, Jung YH, Cho BH, Hwang JJ. Transfer 
learning via deep neural networks for implant fixture system 
classification using periapical radiographs. J Clin Med 2020;9:1117.

5. Sahiwal IG, Woody RD, Benson BW, Guillen GE. Macro design 
morphology of  endosseous dental implants. J Prosthet Dent 
2002;87:543‑51.

6. Sahiwal IG, Woody RD, Benson BW, Guillen GE. Radiographic 
identification of  nonthreaded endosseous dental implants. J Prosthet 
Dent 2002;87:552‑62.

7. Michelinakis G, Sharrock A, Barclay CW. Identification of  dental 
implants through the use of  Implant Recognition Software (IRS). Int 
Dent J 2006;56:203‑8.

8. Jandali R. Global Implant Solutions llc. Dental Implant Identification 
System. United States Patent US20090155744A1; 18 June, 2009.

9. Sadid‑Zadeh R, Kutkut A, Kim H. Prosthetic failure in implant 
dentistry. Dent Clin North Am 2015;59:195‑214.

10. Mattheos N, Janda MS. Exotic encounters with dental implants: 
Managing complications with unidentified systems. Aust Dent J 

2012;57:236‑42.
11. Saghiri MA, Freag P, Fakhrzadeh A, Saghiri AM, Eid J. Current 

technology for identifying dental implants: A narrative review. Bull 
Natl Res Cent 2021;45:1‑11.

12. Nuzzolese E, Lusito S, Solarino B, Di Vella G. Radiographic dental 
implants recognition for geographic evaluation in human identification. 
J Forensic Odontostomatol 2008;26:8‑11.

13. Molander B. Panoramic radiography in dental diagnostics. Swed Dent 
J Suppl 1996;119:1‑26.

14. Bansal M, Kumar M, Kumar M. 2D object recognition techniques: 
State‑of‑the‑art work. Arch Comput Methods Eng 2020;28:1147‑61.

15. Lee JH, Jeong SN. Efficacy of  deep convolutional neural network 
algorithm for the identification and classification of  dental implant 
systems, using panoramic and periapical radiographs: A pilot study. 
Medicine (Baltimore) 2020;99:e20787.

16. Hadj Saïd M, Le Roux MK, Catherine JH, Lan R. Development of  
an artificial intelligence model to identify a dental implant from a 
radiograph. Int J Oral Maxillofac Implants 2020;36:1077‑82.

17. Karnuta JM, Luu BC, Roth AL, Haeberle HS, Chen AF, Lorio R, et al. 
Artificial intelligence to identify arthroplasty implants from radiographs 
of  the knee. J Arthroplasty  2021;36:935‑40 .

18. Karnuta JM, Haeberle HS, Luu BC, Roth AL, Molloy RM, 
Nystrom LM, et al. Artificial intelligence to identify arthroplasty 
implants from radiographs of  the hip. J Arthroplasty 2021;36:290‑4.

19. Grischke J, Johannsmeier L, Eich L, Griga L, Haddadin S. Dentronics: 
Towards robotics and artificial intelligence in dentistry. Dent Mater 
2020;36:765‑78.

20. Machoy ME, Szyszka‑Sommerfeld L, Vegh A, Gedrange T, Woźniak K. 
The ways of  using machine learning in dentistry. Adv Clin Exp Med 
2020;29:375‑84.



SCOPUS 

C
o

n
te

m
p

o
ra

ry
 C

lin
ic

a
l D

e
n

tis
try

     •     V
o
lu

m
e

 1
2
     •     Issu

e
 3

     •    J
u

ly
-S

e
p

te
m

b
e
r 2

0
2
1

     •     P
a
g
e
s
 ***-****

Volume 12 / Issue 3 / July - September 2021

Spine 8 mm



259 © 2021 Contemporary Clinical Dentistry | Published by Wolters Kluwer - Medknow

Introduction
The ideal treatment modalities to 
replace missing teeth should fulfill both 
conservation and enhanced clinical 
efficiency.[1] The removal of tooth structure 
and restorative materials in the process 
of rehabilitation should have minimal 
detrimental effect on the integrity of the 
prepared tooth.[2] The clinical efficiency 
is increased with the recent rotary cutting 
tools, but the excessive heat generated 
during the tooth preparation procedure 
might damage the remaining tooth structure 
and interfere with the vitality of the pulp.[3,4]

The rotary technology has come a long way 
from the first handpiece made of sharpened 
stones to the bow drills, clockwork drills, 
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Abstract
Context: Welded diamond and vacuum diffusion technology (WDVDT) burs in comparison to 
electroplated burs claim to approach the solution of dental hard tissues by increased cutting efficiency, 
decreasing the overheating of oral tissues and thus reducing the microcracks on the prepared tooth 
surface. Aims: This study aimed to evaluate the cutting efficiency of two different rotary diamond 
burs used for tooth preparation with their repeated usage on the surface changes of the prepared 
tooth. Settings and Design: This in vitro comparative study evaluated the cutting efficiency and 
surface changes of the teeth prepared with conventional electroplated burs and WDVDT burs. 
Subjects and Methods: Thirty freshly extracted, healthy, noncarious human premolars were divided 
into Group A and Group B with 15 each, and were further subdivided into three subgroups depending 
on the different usage intervals as first, fifth, and tenth (A1–A3 and B1–B3). The surface of each 
prepared specimen was evaluated quantitatively using a surface profilometer, and qualitative analysis 
was done using a scanning electron microscope. Statistical Analysis Used: Two‑way ANOVA and 
Turkey’s multiple post hoc tests were used. Results: The mean surface roughness of Groups A1, A2, 
and A3 was 1.50 ± 0.40, 2.39 ± 0.39, and 2.65 ± 0.65 Ra, respectively. The mean surface roughness 
of Groups B1, B2, and B3 was 0.76 ± 0.23, 0.92 ± 0.10, and 1.24 ± 0.07 Ra, respectively. The 
mean surface roughness of the prepared tooth surface was significantly higher in Group A and its 
subgroups when compared to that of Group B and its subgroups. Conclusions: The study results 
showed that surface roughness was considerably lesser and also had less wear and increased cutting 
efficiency of tooth preparations using burs made with WDVDT compared to the preparations using 
conventional electroplated burs.

Keywords: Electroplated burs, surface roughness, tooth wear, welded diamond and vacuum 
diffusion burs
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pneumatic drills, belt‑driven drills, and 
finally to today’s electric handpieces 
equipped with an internal cooling system 
and air turbine power. The technological 
advancements in dental handpieces 
demanded a gradual evolution of drill bits 
or dental burs over the years.[5]

The aim of an ideal dental restoration 
is to have a successful restoration with 
a prolonged prognosis, which includes 
the restoration and prepared tooth. This 
prognosis depends on many variables 
which include geometry of the preparation, 
fit of the restoration, type of the luting 
agent used, and periodontal condition of 
the abutment teeth.[6‑9] Many investigators 
have stated that three major factors affect 
wetting, namely, surface free energy, 
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surface topography of the adherent, and the viscosity of the 
liquid, of which the influence of surface topography was 
the least understood.[9,10] Evidence suggests that enhancing 
the surface area and wetting improves the bonding 
considerably.[10] However, the surface finish can be a 
critical variable in the success of any restoration, but ideal 
roughness is required to enhance the wettability between 
luting agent and the prepared tooth surface. The excessive 
roughness is avoided in the tooth preparation to minimize 
the air entrapment between luting cement and dentin, which 
affects the longevity of the restoration.[11]

During clinical tooth preparation for direct and indirect 
restorations, inlays, onlays, veneers, and crowns, a portion 
of enamel and dentin is removed by machining. Such 
preparations require safe, efficient, and rapid cutting, and 
the preferred rotary instruments are diamond burs.[1]

Tooth preparation with diamond burs is often associated 
with indenting and scratching of enamel and dentin with 
sharp diamond particles. Such procedures may produce 
surface and subsurface damage by making cuts in the 
enamel and dentin, a result of fracture due to tensile stresses 
generated perpendicular to the surface being formed. The 
machining‑induced damage in these materials was found 
to be influenced by diamond particle size and removal 
rate. Therefore, tooth preparation by means of dental burs 
containing sharp diamonds is expected to produce damage 
in the enamel.[12]

It is well recognized that the grinding efficiency of 
conventional diamond burs deteriorates with repeated 
usage.[13] These burs reveal major shortcomings such as the 
potential smearing of Ni2

+ ions from the metallic binder 
onto the dental substrate.[14]

A new technology of rotary diamond burs, based on welded 
diamond and vacuum diffusion technology (WDVDT), 
is now available. According to the manufactures, this 
technology claims to offer a wide range of advantages 
over conventional electroplated technology burs, like 
high concentration of diamond grain of about 80%, 
heterogeneity in grain size, high speed of processing, high 
wear resistance, minimal cracks and microfractures on the 
tooth surface, and a claimed reduction in productivity costs 
in the clinical usage with sustained improvement in the 
efficacy with their subsequent usage.[15] The present study 
intended to evaluate the cutting efficiency of WDVDT burs 
with conventional electroplated diamond burs and their 
effect on the surface roughness and surface topography of 
dentin during tooth preparation. We hypothesized that the 
type of the rotary diamond burs and their cutting efficiency 
with their subsequent usage will have an effect on the 
surface changes of prepared tooth.

Subjects and Methods
This in vitro study compared the cutting efficiency and 
surface changes of the teeth prepared with conventional 

electroplated burs and WDVDT burs. The inclusion criteria 
were freshly extracted premolar teeth, and teeth with 
carious lesion, restorations, wasting diseases, or any other 
surface anomaly were excluded.

Specimen preparation

Thirty freshly extracted, healthy, noncarious human premolars 
were used in this study. All teeth were without any carious 
lesions and free from any surface enamel flaws. The selected 
teeth were cleaned, rinsed, disinfected, and subsequently 
placed in 10% formalin in a closed container and stored in 
artificial saliva. All the teeth were mounted on a cylindrical 
acrylic fixture of dimensions 3 cm in height and 1.5 cm 
in diameter. The samples were divided into two groups of 
15 specimens each prepared using conventional electroplated 
burs (Group A) and WDVDT burs (Group B) [Figure 1]. 
Each group was further subdivided into three categories 
with five specimens each; subgroups A1, A2, and A3 were 
prepared using conventional electroplated burs at first, fifth, 
and tenth usage, respectively. Similarly, subgroups B1, B2, 
and B3 were prepared using WDVDT burs at the first, fifth, 
and tenth usage, respectively.

For all the teeth, a standardized tooth preparation was 
carried out to receive complete cast crowns, by using 
a modified milling unit. The teeth were prepared first by 
flattening the occlusal surface to the depth of the central 
groove to expose the dentin. The axial reduction was 
standardized by using a modified milling unit. All the tooth 
preparations initially were of rough cut with a torpedo 
diamond bur and subsequently finished. The length of the 
tooth preparation was controlled by the working height 
setting of the milling unit.

The specimens in each group and subgroups were prepared 
using conventional electroplated burs and WDVDT 
burs  the rotary diamond burs used for the first, fifth and 
tenth usage in both the groups were documented for the 
study. After every subsequent use of rotary diamond burs 
for all the specimens, that is, first, fifth, and tenth usage, 
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Figure 1: Group A: Conventional electroplated burs and Group B: Welded 
diamond and vacuum diffusion technology burs
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the specimens from each subgroup were subjected for 
evaluation of their surface profile of the prepared tooth 
surface and the rotary diamond burs.

The surface of each specimen, that is, the prepared tooth 
surface, was evaluated quantitatively using a surface 
profilometer, and qualitative analysis was done using a 
scanning electron microscope (SEM).

All the specimens in each group and subgroup were cleaned 
with a steam cleaner under 0.3 Mpa pressure and were then 
placed in an ultrasonic cleaner for 180 s to remove any 
tooth debris and impurities present on the prepared tooth 
surface.

Surface profile analysis

For all the specimens in each subgroup, the quantitative 
surface roughness for the prepared tooth surface was 
measured using the surface profilometer [Figure 2]. Each 
traverse of the profilometer stylus was made to contact 
from the occlusal surface toward the prepared margin 
and was recorded parallel to the long axis of the prepared 
tooth. The precision of the surface analyzer was calibrated 
according to the American National Standard Institute for 
the surface roughness that will not exceed 1%. A total of 
five measurements were recorded for each specimen. The 
Ra values were recorded and tabulated for all the specimens 
which were prepared using different rotary diamond burs 
with their subsequent usage that is, the first, fifth, and tenth 
usage.

For the qualitative surface roughness evaluation the used 
rotary diamond burs according to their subsequent usage 
and the prepared tooth surface were subjected to scanning 
electron microscopic examination, the specimens were 
subjected to scanning electron microscopic examination. 
The prepared tooth in each subgroup was mounted on a 
clear acrylic resin block and sectioned horizontally along 
the long axis of the prepared surface using a hard tissue 
microtome to obtain the section of the prepared surface for 
SEM analysis [Figure 3].

The resultant prepared tooth specimen in each group, 
subgroup, and the rotary diamond burs with their 
subsequent usage intervals were subjected to SEM 
evaluation to assess the surface profile of each specimen 
qualitatively [Figure 4]. The resultant findings were useful 
to describe the overall surface changes of the prepared 
tooth surface and the surface profile of each rotary diamond 
bur with their repeated use at each specific interval. The 
topographic observations of SEM of the prepared tooth 
surface and the rotary burs used were compared with each 
other as a complementary measure to the quantitative results 
obtained with profilometric analysis [Figures 5 and 6]. The 
resultant data were tabulated. The study findings were 
subjected to statistical analysis to draw the conclusions 
from the experimental data.

Results
The study evaluated the effects of different rotary diamond 
burs used with their subsequent usage at different intervals on 
the effect of surface changes of prepared tooth surface. There 
were two different rotary diamond burs used in the study, 
namely, Group A – electroplated burs and Group B – welded 
WDVDT burs. These groups were further subdivided into 
Groups A1–A3 and Groups B1–B3 depending on their 
subsequent usage at three different intervals.

Table 1 and Graph 1 show surface roughness in two main 
groups, that is, Group A and B, and their subgroups. It 
was found that the mean surface roughness of the prepared 
tooth surface was significantly higher in Group A and 
its subgroups when compared to that of Group B and its 
subgroups.

Table 2 shows the interaction between group and the 
usage, which was assessed by two‑way repeated‑measures 
ANOVA. Because there was no statistically significant 
integration (P = 0.0627), the main effects (difference 
between the two study Groups A and B) can be interpreted 
as direct effects of the study group.
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Figure 2: Profilometer (quantitative surface roughness evaluation of the 
prepared tooth) Figure 3: Hard-tissue microtome
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Table 3 shows pair‑wise comparison of surface roughness 
values of Group A and Group B with respect to their 
subgroups using Turkey’s multiple post hoc procedures. The 
mean difference in the surface roughness between Group A 

and Group B at the first usage (A1 vs. B1) was statistically 
significant (P = 0.0433). The mean difference in the surface 
roughness between Group A and Group B at the fifth 
usage (A2 vs. B2) was statistically significant (P = 0.0002). 
The mean difference in the surface roughness between 
Group A and Group B at the tenth usage (A3 vs. B3) was 
statistically significant (P = 0.0002).

The results of the present study indicated that there was a 
significant difference on the rotary diamond burs in Group 

Figure 4: Scanning electron microscope (qualitative surface evaluation of 
the prepared tooth and the rotary diamond burs)

Figure 5: Scanning electron microscope images for conventional 
electroplated (Group A) burs and prepared tooth surface after their first 
usage, fifth usage, and tenth usage

Figure 6: Scanning electron microscope images for welded diamond and 
vacuum diffusion technology (Group B) burs and prepared tooth surface 
after their first usage, fifth usage, and tenth usage
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Graph 1: Comparison of two main groups (Group A and Group B) and three 
subgroups with mean surface roughness



Sethi, et al.: Evaluate the cutting efficiency and surface changes of tooth using welded diamond and vacuum diffusion burs and electroplated burs

A and Group B with respect to their subsequent usage 
studied at different intervals.

Discussion
Tooth preparation, a fundamental aspect of restorative 
dentistry, necessitates a safe, efficient, and speedy cutting 
of the tooth structure using handpiece along with dental 
burs and a coolant delivery system.[16,17] The technological 
innovations in dental handpieces demanded a gradual 
evolution of drill bits or dental burs over the years.

Conventional diamond burs, using both natural and 
synthetic diamonds, are manufactured in multiple layers by 
electrodeposition, sintering, or microbrazing and provide 
continuous regeneration of the cutting surface as wear 
occurs. Studies have shown that the cutting efficiency of 
conventional diamond burs depends on both the diamond 
bur grit size and duration of the cutting procedure.[18] Over 
short cutting periods, medium, coarse, and supercoarse 
have similar cutting rates, except on prolonged use, the 
latter’s efficiency decreases.[17,19]  

These literatures provide few guidelines for bur selection 
and they suggest the recommendations for bur selection for 
different clinical procedures.[20‑23]

The present study evaluated the cutting efficiency of 
two different technology rotary diamond burs, Group 
A – conventional electroplated diamond burs and Group 
B – WDVDT burs used in fixed prosthodontics with their 
subsequent usage.

In this study, the Ra (surface roughness) values obtained by 
profilometer for both the groups were comparable with that of 
their SEM images. The topographic observations of the tooth 
surface were compared with each other as a complement 
to the quantitative results obtained with surface roughness 
assessment. Comparatively, the SEM images revealed that 
the specimens treated with WDVDT burs did develop cracks 
as those created by the conventional electroplated burs. The 
size of the cracks, however, increased sequentially after 
each (first, fifth, and tenth) use, more evidently seen in the 
teeth prepared by the conventional electroplated burs. These 
findings are contrary to the study by Prithviraj et al.,[24] 
which evaluated the cutting efficiency and longevity of 
diamond burs made either with electroplated or proprietary 
brazing system (PBS), suggested that the cutting efficiency 
was limited in the former group. Ayad et al.[25] compared 
the surface roughness of tooth preparation using tungsten 
carbide burs and conventional diamond burs and evaluated 
the outcomes using profilometer and SEM and found that 
the bur wear after repeated use was comparable in both 
the groups. Emir et al.[26] conventional rotary diamond burs 
wear after their multiple uses and should be changed after 
maximum of 5 teeth preparations.

Evaluation of SEM images after cutting cycles for both 
Group A and B rotary diamond burs revealed two major 
findings. First, higher crater formations and appreciable 
wear of the nickel matrix of Group A (conventional 
electroplated burs) diamond burs. Crater formation occurs 
in those areas where diamond particles have been pulled out 
during the cutting cycle. Second, SEM also revealed that 
the Group A (conventional electroplated burs) coarse rotary 
diamond burs displayed a qualitatively greater embedding 
of the diamond particles, resulting in less exposed cutting 
surfaces than Group B (WDVDT burs) rotary diamond 
burs. It may be speculated that the resultant decreased 
availability of exposed diamond particles is the primary 
reason behind the lower cutting efficiency exhibited by 
Group A rotary diamond burs.

These findings suggest that the surface roughness indeed 
increased gradually in both the groups, however, its 
magnitude was lesser by >50% in the WDVDT group, 
which could translate to better cutting efficiency and last 
for longer periods. Pilcher et al.[27] and Majd et al.[28] 
noted that cutting rates for all diamond burs decreased 
with continued use and that wear and loss of diamond 
particles and binder material caused the decrease in 

Table 2: Comparison of two main groups (A and B) 
and three subgroups with mean surface roughness by 

two‑way ANOVA
Sources of 
variation

Degrees of 
freedom

Sum of 
squares

Mean sum 
of squares

F P

Main effects
Main groups 1 10.89 10.89 80.8710 0.0001*
Sub groups 2 3.44 1.72 12.7537 0.0002*

Two‑way interaction effects
Main groups 
× sub groups

2 0.84 0.42 3.1151 0.0627

Error 24 3.23 0.13
Total 29 18.40

*P<0.05

Table 1: Mean, standard deviation, and coefficient of 
variance of difference in average surface roughness Ra 

values (µm) of groups and subgroups of A and B
Groups with 
sub groups

n Mean SD SE CV

Group A with 
subgroup A1

5 1.50 0.40 0.18 26.69

Group A with 
subgroup A2

5 2.39 0.39 0.18 16.41

Group A with 
subgroup A3

5 2.65 0.65 0.29 24.63

Group B with 
subgroup B1

5 0.76 0.23 0.10 30.03

Group B with 
subgroup B2

5 0.92 0.10 0.04 10.74

Group B with 
subgroup B3

5 1.24 0.07 0.03 5.58

SE: Standard error; SD: Standard deviation; CV: Coefficient of 
variation
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cutting rates. Borges et al.[14] found that conventional burs 
lost their cutting efficiency mainly due to rapid wear on 
their tips compared to the rest of the bur, and such burs 
needed frequent replacement. Grajower et al.[21] and Micci 
et al.[29] had also previously observed considerable wear in 
the conventional diamond burs.

The proprietary WDVDT offers many advantages such as 
high concentration of diamond grain (80%), high quality 
of diamond grain and high‑quality cut, resistance to wear 
and long life which is at least 10–15 times more, resistance 
to geometrical shape deformation, works twice faster, and 
cost maximization owing to minimal productivity cost in 
the clinical practice.[30]

The limitation of this study is as this being an in vitro study, 
all the clinical parameters were not taken into consideration 
and only two different technologies of rotary diamond 
burs were studied; inclusion of other technologies for 
comparison such as Sintered, chemical vapor deposition, 
and PBS bonding might have attributed variable results.

The findings of this study will help the clinicians to 
select a rotary diamond instrument among the available 
wide variety considering their advantages such as high 
concentration of diamond grains, heterogeneous grain 
size, and high wear resistance with minimal detrimental 
effect on the surface of the prepared tooth. The type and 
technique of manufacturing of the diamond burs will have 
a significant influence on the surface roughness and cutting 
efficiency of tooth preparation in fixed prosthodontics.

Conclusions
The diamond burs made with the conventional electroplated 
burs showed the highest average surface roughness of 
the prepared teeth as compared to the WDVDT burs. The 
cutting efficiency was retained to a maximum level even 
after subsequent usage among the burs made of WDVDT 
technology. Owing to the inherent advantages of this novel 
technology of manufacturing burs, they have the potential 
to be maximizing the effectiveness of tooth preparation 
with minimal cost implications as compared to the standard 
electroplated burs that are widely used nowadays.
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A B S T R A C T

One of the main domains of paediatric dentistry is providing oral health care, especially to the children with
special needs, like those affected with autism spectrum disorder (ASD). Such children exhibit poor oral hygiene
primarily due to their limited communication ability, lack of joint attention, oversensitivity to sensory stimuli and
motor coordination deficits. In such cases, multiple studies suggest and emphasize on the importance of early use
of interventional services. Children affected with ASD tend to be visual learners, and therefore, are better suited
for visual interventional methods. Amongst which, picture exchange communication system (PECS), originally
developed by Bondy-Frost, is gaining rapid momentum. It is suggested to help individuals to initiate requests and
communicate their needs via picture cards; hence aid in acquiring functional communication and speech, improve
socio-communicative impairments, and decrease the behavioural problems. This scoping review aims to raise
awareness on PECS amongst the dental fraternity, by emphasizing its usage pertaining to dentistry. PECS though
rated hard, has proved to be beneficial in improving oral hygiene practices among autistic children.

1. Introduction

The term “autism”, first coined by Bleuler (1911), was a name given to
denote a specific abandonment behaviour disorder seen in schizophrenic
patients.1 Over the past several years, the criteria used to describe autism
have changed notably but the most accepted definition is by the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5), that states Autism
spectrum disorders (ASDs) as a group of disorders with severe, pervasive
neuro-developmental impairment; characterized by a triad of substantial
qualitative impairments in reciprocal social interaction and communication;
and restricted repetitive patterns of behaviour, interests and activities.2

The National Institute on Deafness and Other Communication Dis-
orders (2010) reports that nearly 25% of autism affected individuals are
unable to use speech as their primary mode of communication. Early
interventional services are thus, proven to be more beneficial in them.3

Autistic behaviour pattern usually gets noticed as early as 12–14 months
of age. Thus, early prevention and maintenance of oral hygiene in chil-
dren affected with ASD is a serious challenge to paediatric dentist-
s/general dentists, primarily due to difficulties in interpersonal contact,
and lack of motor coordination among children.

2. Classification

The American Psychiatric Association (2013) merged four distinct
autism diagnoses into one umbrella diagnosis of autism spectrum disor-
der (ASD) namely; Autistic Disorder, Asperger's Syndrome, Pervasive
Developmental Disorder (PDD) and Childhood Disintegrative Disorder.2

3. Prevalence and aetiology

According to a systematic review by Anil Chauhan et al.
(2019),autism is more prevalent in rural population (14:10,000) than in
urban population (12:10,000) in India; which were relatively lower than
those reported in the United States and United Kingdom.4 It does not
show racial, ethnic, and socioeconomic predilections, but boys are re-
ported to be affected more.5 The current research suggests the aetiology
to be multifactorial, involving genetic mutations, neuro-psychopathy,
exposure to heavy metals and foetal exposure to the medications (val-
proic acid or thalidomide).6
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4. Clinical manifestations

Leo Kanner described the characteristic symptoms of autism: seclu-
sion, performing ordinary actions with compulsion, exceptional memory,
echolalia, oversensitivity to sensory stimulus and a limited range of in-
terests.7 They also lack joint attention, difficulty with memory tasks.8

Thus, they experience difficulty in learning and adapting oral hygiene
practices,9,10 often requiring repeated oral hygiene instructions with
extensive involvement of parents and/or care providers.11 The most
common oral findings in these children are increased incidence of carious
lesions, generalised gingivitis, gingival hypertrophy,increased plaque
index and periodontal disease and masochistic oral habits.12 Bhalla
et al.(2006) suggest that the primary need for an autistic patient is pre-
vention of oral diseases before their clinical presentation. Hence there is
a need for a functional communication tool that educates children on oral
hygiene practices and helps them develop their communication skills.

Techniques incorporated in clinical practice:
Various techniques used by paediatric dentists either singly or in

combination, are as follows:

a) Tell-show-do method, wherein the clinician explains and demonstrates
the procedure prior to the treatment and is a great method to famil-
iarize and desensitize children with treatment procedures but is less
effective due to lack of joint attention in people with ASD.13

b) Voice control, where in the clinician uses an authoritative tone, to
tame the unaccommodating behaviour/tantrums thrown by chil-
dren.14 But the children with ASD might not have the ability to un-
derstand and respond to this technique.15

c) Praises and smiles act as positive reinforcement. However, it might not
guarantee the desired behaviour in children with ASD unless it was
conditioned as a reinforcer.16

d) Autistic kids were shown to learn by imitation, therefore, some cli-
nicians adopted “Just like me” and modelling techniques to reinforce the
desired behaviour.16

e) The use of physical restraints has been a controversial topic. Some
clinicians and researchers use the “deep pressure theory” to justify its
use, which reports that experiencing deep pressure can have a
calming to the over-sensory systems in individuals affected with
ASD.17

f) Most importantly, such children need utmost tender love and care
while treating them.18

g) Augmentative and Alternative Communication (AAC):

As mentioned above, the speech in these children ranges from no
speech to primitive speech with echolalia.19 The present strategies like
AAC systems, focuses on the development of functional communication.
This includes the use of manual signs, speech generating devices, and
various picture-based systems; most popular of all is Picture Based
Communication System (PECS).

It often gets difficult for clinicians to choose the intervention that is
best suited for these individual and the decision is based on the function
of the individual and their pre-treatment characteristics.20 Significant
research is lacking to date, that recommends clear guidelines for deter-
mination and implementation of the most effective communication
strategy in a child with ASD. Thus, the aim of this review is to analyse the
current literature available for the Picture Exchange Communication
System (PECS) and raise awareness of PECS among dental peers, to help
them implement this system in their daily practice.

5. Picture exchange communication system

The Picture Exchange Communication System (PECS) is a method of
augmentative communication system (ACC), requiring repeated in-
structions which are reported to be better reinforced with pictorial de-
pictions as autistic children are visual learners.21 As a result, they
respond and adapt better with visual tools as it facilitates functional

communication, improve severe impairments of functional speech, and
decrease the behavioural problems.

It combines evidence-based procedures,22 does not require an addi-
tional language system or any prerequisite skill requirements, like
imitation or intentional abilities.23 This method was developed to help
young children with ASD learn to initiate requests and communicate
their needs via picture cards. The ability of the child to match a picture
with an object is considered a prerequisite before employing this method.
PECS is a specific, manualized protocol, which relies on the principles of
applied behaviour analysis like reinforcement, delay, and generalization.
It consists of six phases:

� Prior to Phase I, a reinforcer sampling must be conducted, which in-
cludes an informal inventory of items and activities that are of
particular interest to the learner.
� Phase I: The Physically Assisted Exchange: the child is taught to hand a
blank picture card to a communicative partner.
� Phase II: Expanding Spontaneity: a pictorial communication book is
introduced, and increased distance is placed between the child and
communicative partner. The child is required to select a picture
symbol from the communication book and approach the communi-
cative partner to request for that item.
� Phase III: Picture Discrimination: the child is taught to discriminate
among multiple pictures on the PECS board.
� Phase IV: Sentence Structure: The child seeks out their PECS board,
creates a ‘‘sentence’’ on the sentence strip by combining the ‘‘I want
card’’ and the card of a desired item. Further which they approach
their communicative partner and gives him/her the sentence strip.
� Phase V: Responding to “What Do You Want?”: The child is taught to
respond to the question, ‘‘what do you want?’’
� Phase VI: Responsive and Spontaneous Commenting: The child is taught
to respond to the question, ‘‘What do you see?’’ by selecting a card
depicting the same object and combining it with an ‘‘I see’’21

Literature Review on PECS:
While there have been several studies conducted on the efficacy of

PECS, some notable ones that provide substantial evidence are as follows:
SL.
NO

AUTHORS TITLE OF THE
STUDY

METHODOLOGY CONCLUSION

1. Flippin,
M.,
Reszka, S.,
& Watson,
L.24

Effectiveness of
the picture
exchange
communication
system (PECS) on
communication
and speech for
children with
autism spectrum
disorders: A meta-
analysis

A systematic
review of articles
about PECS
written between
1994 and June
2009 was
conducted.
Quality of
scientific articles
was assessed,
and used as an
inclusion
criterion. They
were assessed
separately for
single-subject and
group studies for
communication
and speech
outcomes.

i)This study
reports
increase in
communication
and relative lack
of improvement
in speech across
the PECS
literature for
children with
ASD.
ii) Phase IV was
identified
as a possibly
influential step,
characteristic
for speech
outcomes.

2. Stephanie
L. Hart,
Devender
R.
Banda.25

Picture Exchange
Communication
System with
Individuals With
Developmental
Disabilities: A
Meta-Analysis of
Single Subject
Studies

This article
reviews 13
published single-
subject studies to
examine the
effectiveness of
PECS, its effects on
speech and
problem
behaviours,
generalization,

i) Results indicate
that PECS helped
increase
functional
communication
in all except 1
participant.
ii) Additionally,
PECS was
reported to
decrease problem

(continued on next page)
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(continued )

SL.
NO

AUTHORS TITLE OF THE
STUDY

METHODOLOGY CONCLUSION

and social validity
of the
intervention.

behaviours and
increased speech
in some
individuals.

3. Paul
Yoder,
Wendy L.
Stone.26

A Randomized
Comparison of the
Effect of Two
Prelinguistic
Communication
Interventions on
the Acquisition of
Spoken
Communication
in Pre-schoolers
With ASD

Each treatment
was delivered to
children for a
maximum of 24 h
over a 6-month
period. Spoken
communication
was assessed in a
diligent test of
generalization at
pre-treatment,
post-treatment,
and 6-month
follow-up periods

i) Increase in
nonimitative
spoken
communication
acts and different
nonimitative
words used at the
posttreatment
period noted
more in PECS
than RPMT group
ii) 59% of
children who had
PECS training
developed
independent
speech, and 30%
of children
developed speech
in conjunction
with PECS

PECS since then, has been adapted in various clinical and social set-
tings for children with ASD. It is relatively simple to use and teach,
inexpensive, and therefore, is a promising intervention. This intervention
has previously been used in psychological medicine to develop commu-
nication skills, reinforce adaptive behaviour and self-help skills, and to
decrease problematic behaviour.27 Multiple studies have since been
conducted using PECS in clinical dentistry by incorporating picture
cards/visual guide to educate children on proper tooth brushing tech-
niques, oral hygiene instructions, and to familiarize themwith preventive
and emergency dental procedures. These studies have reported
improvement of oral and gingival health, decrease of fear/anxiety among
the subjects and better acceptance of treatment. A few studies that have
used PECS are summarized as follows:
SL.NO AUTHORS TITLE OF THE

STUDY
METHODOLOGY CONCLUSION

1. O. B. Al-
Batayneh,
T.S. Nazer,
Y. S. Khader,
A.I. Owais.28

Effectiveness of
a tooth-brushing
programme
using picture
exchange
communication
system (PECS)
on gingival
health of
children with
autism spectrum
disorders

37 children with
ASD and their
parents/
caregivers were
trained for tooth
brushing
technique, using
PECS as a
picture-cards
series

i) Improvement
in Gingival
index (GI) and
Periodontal
Index (PI) score
was seen in the
participants
ii) Children
acquired PECS
in a short
amount of time.

2. Lilia
Doichinova,
Natalia
Gateva,
Krasimir
Hristov.29

Oral hygiene
education of
special needs
children. Part I:
children with
autism spectrum
disorder

1-year oral
hygiene training
programme
based on PECS
was given to 30
children with
ASD, depicting
the sequence of
actions involved
in maintaining
oral hygiene.

Improvement in
Oral Hygiene
Index and
overall oral
hygiene among
children with
ASD, suggesting
that PECS was a
suitable visual
method for even
non-verbal
children with
ASD.

3. Ichijiro
Morisaki, T.
T. Ochiai,
Shigehisa

Behaviour
guidance in
dentistry for
patients with

A 5-year-old boy
with autistic
disorder was
trained with a

This method of
behaviour
guidance was
means of

(continued on next column)

(continued )

SL.NO AUTHORS TITLE OF THE
STUDY

METHODOLOGY CONCLUSION

Akiyama,
Jumpei
Murakami.30

autism spectrum
disorder using a
structured visual
guide

structured visual
guide with
TEACHH norms
to familiarize the
child with
emergency
dental care
management
procedures

psychological
desensitisation,
graduated
exposure, and
familiarization
with respect to
dental
procedures,
thereby
allowing
children to
accept
treatment with
minimal or no
fear and
anxiety.

4. Adriana
Gledys Zink,
Michele
Baffi Diniz,
Maria Teresa
Botti
Rodrigues
dos Santos,
Renata
Oliveira
Guar�e.31

Use of a Picture
Exchange
Communication
System for
preventive
procedures in
individuals with
autism spectrum
disorder: Pilot
Study.

26 patients with
ASD, (with no
prior use of
PECS) were
divided into two
groups: with no
previous
experience of
dental treatment,
and with
previous
experience and
trained for Son-
Rise Program
that represented
the routine of the
dental office to
make them
accept
preventive
dental
procedures.

i) PECS
facilitated
patient-
professional
communication
during
preventive
procedures,
including those
ASD patients
with previous
dental
experience.
ii) The patients
without
previous dental
experience
required a lower
number of
attempts to
accept the
following PECS

5. Dr Nameeda
K S, Dr
Anagha
Saseendran,
Dr.
Fathimath
Nihala K, Dr
Richa
Lakhotia, Dr
Keshav
Bajaj, Dr
Priya
Nagar.32

Effectiveness of
Picture
Exchange
Communication
System (PECS)
on dental plaque
and oral health
of children with
autism

A prospective
interventional
study was done
on children with
ASD. Based on
PECS, a series of
pictures that
showed method
and technique of
tooth brushing
were used. These
pictures were
placed in the
bathroom, at
home and/or at
the autism
centre. OHI–S
and PI were
recorded at each
clinical visit (pre
and post).

i) Statistically
significant
change in OHI
and PI score was
observed. (p
value < 0.001)
ii) PECS can be
used in children
with ASD to
maintain oral
hygiene and to
communicate
before and
during the
preventive
dental
treatment
procedures.

6. Conclusion

PECS is greatly being used in socio-communicative training for chil-
dren with ASD. This system is suggested to help develop functional
communication among children with ASD, which promotes inter-
personal interactions between the child and the dentist. Hence, it
stands as a promising tool. Being in the dental fraternity, nothing is as
rewarding as watching our patients wear a healthy and confident smile.
In the wake of the era of inclusivity, it is our duty as budding dentists and
paediatric dentists to slowly evolve and incorporate new interventional
methods in our clinical practice that will aid in providing quality oral
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care to special children. Future research to characterise affected children
based on cognitive level, age, and disability might predict gains in speech
during PECS training. Additional research on efficiency of PECS would
increase its level of acceptance and implementation in clinical settings
and help clinicians make informed decisions for children affected with
ASD.
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CASE REPORT

Infected Radicular Cyst of Deciduous Second Molar 
Mimicking Dentigerous Cyst of Second Premolar in a Young 
Child: A Rare Entity
Shweta Kajjari1, A Gowtham2, Priya Meharwade3, Chaitanya Uppin4, Shivayogi M Hugar5, Chandrashekhar Badakar6

Ab s t r Ac t 
Radicular cysts are the most common cystic lesions in the oral cavity. Radicular cysts have a rare occurrence in the primary dentition. Radicular 
cysts arising from deciduous teeth are reported to occur in the age range of 3–19 years with a male predominance. The etiological factor is 
long-standing dental caries and dental trauma. The present case report describes the inflammatory radicular cyst involving the deciduous 
mandibular second molar. Surgical management includes enucleation of the cyst along with mandibular second premolar in a 5-year-old female 
patient. The surgical cavity was closed by an obturator appliance to maintain the patency. Eventful healing was seen after 3 months of follow-up.
Keywords: Dentigerous cyst, Enucleation, Obturator, Radicular cyst.
International Journal of Clinical Pediatric Dentistry (2021): 10.5005/jp-journals-10005-1954

In t r o d u c t I o n 
Different types of inflammatory lesions are seen in the oral cavity 
of children. Odontogenic cysts represent the most common form 
of cystic lesions affecting the maxillofacial region. A radicular 
cyst is the most common cyst occurring in the jaw. Radicular 
cysts are defined as a cyst arising from epithelial residues (cell 
rests of Malassez) in the periodontal ligament as a consequence 
of inflammation, usually following the death of the dental pulp.1

Among odontogenic cysts, radicular cysts comprise about 60% 
but are very rare in the primary dentition.2 Radicular cysts are less 
common in deciduous dentition because of the distinct biological 
cycle of primary teeth.3 They represent only 0.5–3.3% of the total 
number of cysts in the primary dentition.4 Most common etiological 
factor is due to sequelae of dental caries or due to traumatic dental 
injuries to the deciduous dentition. Radicular cysts arising from 
deciduous teeth are reported to occur in the age range of 3–19 
years with a male predominance. The most commonly involved 
deciduous teeth are mandibular molars (67%), maxillary molars 
(17%) followed by anterior teeth.5

Radicular cysts when it is with deciduous teeth pose a 
diagnostic challenge as they mimic the same clinical, radiological, 
and histopathological features of dentigerous cyst.6 These cysts 
are often asymptomatic unless there is an acute inflammatory 
exacerbation and, therefore, these lesions are usually diagnosed 
on routine radiographic examination. Twenty-eight such cases 
have been recorded in the literature from 1898 to 1983.7 It has 
been accounted that radicular cysts of 112 cases with deciduous 
teeth have been reported in the dental literature from 1927 to 
2004.8 Hereby describing a case report of infected radicular cyst 
of deciduous second molar mimicking the dentigerous cyst of the 
second premolar.

cA s e de s c r I p t I o n 
A 5-year-old female patient reported to the Department of Pediatric 
and Preventive Dentistry, KLE VK Institute of Dental Sciences, 
Belagavi, Karnataka, India with the chief complaint of intraoral 

swelling (Figs 1 and 2) and pain in the lower right back tooth region 
since 1 month. The patient was apparently alright 1 month back 
and noticed intraoral swelling of initial peanut size and gradually 
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Fig. 1: Intraoral clinical picture of mandible
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increased to the size of approximately 2 × 3 cm oval size, which was 
tender on palpation along with intermittent nature of pain in the 
lower right back tooth region.

On general examination, there was no history of any 
hospitalization, and a history of trauma to the jaws was noted. 
Extraoral examination revealed there was no evidence of swelling. 
Intraoral examination revealed the mixed dentition stage. 74 and 
84 were carious, 75 was grossly decayed. The patient gives a past 
dental history of gross destruction of 85 and exfoliated eventually. 
The buccal vestibule on the right back region shows obliteration 
and swelling was extended from the distal aspect of the mandibular 
right first molar to the mesial aspect of the mandibular right first 
permanent molar. The swelling was hard in consistency and tender 
on palpation. For further investigation, OPG was advised and it 
revealed unilocular radiolucency measuring about 2 × 2 cm around 
the developing second premolar with a well-defined border, and 
radiolucency was seen which was extended up to the distal aspect 
of developing mesial root of permanent first molar (Fig. 3).

The provisional diagnosis was made based on clinical and 
radiographic examination as a dentigerous cyst.

All the surgical procedures were explained to the parents and 
written informed consent was taken for the same. Under aseptic 
conditions, surgical enucleation of the lesion along with the 
extraction of the 45, 84, 44, and 46 and grossly decayed 75 was 
done (Figs 4 and 5). A surgical socket was treated with Corney’s 
solution for 9 minutes then it was packed with gauze piece followed 
by suture placement (Figs 6 and 7). The specimen was sent for 
histopathological examination.

Histopathological examination revealed a cystic lesion lined 
by squamous epithelium which is ulcerated at places (Fig. 8). The 
subepithelial tissue shows dense chronic inflammatory infiltrate 
(Fig. 9). Based on histopathological findings, the final diagnosis was 
made as an infected radicular cyst of the right posterior mandibular 
region.

Suture removal was done after 1 week, and the healing was 
uneventful. As the defect was larger in size, an obturator was 
planned to maintain the patency and for the eventful healing of 
the cavity, so upper and lower elastomeric impressions were made. 
Obturator was fabricated and delivered till further treatment was 

Fig. 2: Intraoral swelling wrt mandibular right posterior region

Fig. 3: OPG shows the radiolucent area around erupting second premolar

Fig. 4: Enucleated cyst along with 45

Fig. 5: Extraction of grossly decayed 75 and surgical removal of 84, 44, 
and 46 along with the lesion

Fig. 6: Postoperative picture of the cystic cavity
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advocated (Fig. 10). The parents were instructed to irrigate the 
socket with betadine and saline solutions and to maintain proper 
oral hygiene. The patient was kept under follow up for every 15 days 

to check for healing and the adaptation of the obturator. After 
3 months of follow-up, the surgical site shows proper closure of 
the wound healing and parents were satisfied with the treatment 
(Fig. 11).

dI s c u s s I o n 
Radicular cysts which develop from the non-vital deciduous teeth 
are considered to be very rare, because of their distinct biological 
cycle and uncommon before the age of 10 years.9 According to 
Bernardi et al., the mechanism of radicular cyst includes pulpal 
necrosis, colonization, and proliferation of microorganisms 
within the root canal system, the release of bacteria toxins 
and inflammatory mediators into the periapical region, and a 
combination of factors involving epithelial-stromal interaction. The 
periradicular inflammation leads to the proliferation of epithelial 
cell rests.10

The radicular cyst has maxillary predominance in permanent 
teeth in contrast to that in deciduous it affects mandibular teeth 
because of the frequent caries occurrence in the lower arch. 
Sometimes radicular cysts which arise from deciduous teeth may 
resemble dentigerous cyst radiographically like in our present 

Fig. 7: Postoperative picture of the suture placement Fig. 8: Histopathological picture shows cystic lesion lined by squamous 
epithelium which is ulcerated at places

Fig. 9: Subepithelial tissue shows dense chronic inflammatory infiltration
Fig. 10: Obturator insertion after suture removal

Fig. 11: After 3 months of follow-up
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case. The provisional diagnosis was made as a dentigerous cyst as 
the OPG reveals developing second premolar with well-defined 
border and radiolucency was extended up to the distal aspect 
of developing mesial root of the permanent first molar. But the 
definitive diagnosis was made as a radicular cyst of mandibular 
second molar based on the histopathological findings.

The surgical treatment options for the cystic lesions of the 
jaws include either marsupialization or enucleation. The mode of 
the treatment mainly depends on the size and localization of the 
lesion, the bone integrity of the cystic wall, and its proximity to 
surrounding vital structures.11

Suggested treatment of choice for smaller radicular cyst 
in younger children is marsupialization if involved permanent 
tooth might be brought into its normal stage of the eruption, but 
the major disadvantage behind marsupialization is remnants of 
pathological tissue and its recurrence.12

In our present case, as the cystic lining was surrounded and 
firmly attached to the unerupted second premolar, enucleation of 
the cyst along with the involved tooth was the preferred option and 
also due to the extensive size of the lesion and apical displacement 
of the unerupted second premolar. Enucleation is done to minimize 
disfigurement and to avoid further postoperative complications.

An obturator was also required to decompress the cystic lesion, 
to maintain patency of the surgical opening, and to prevent the 
accumulation of food debris into the cystic cavity.13

co n c lu s I o n 
This is a case presentation of an infected radicular cyst and 
successfully managed with the enucleation with recall visits for 
healing. Proper diagnosis and treatment plan place an important 
role in treating this type of case which mimics the dentigerous cyst 
radiographically. Follow-up visits are mandatory in such types of 
cases. A fixed type of prosthesis was planned for later rehabilitation 
of the missing teeth.
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Comparative Evaluation of the Effect of Alum and Herbal 
Mouthrinses on Plaque Inhibition in Children: A Randomized 
Clinical Trial
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Ab s t r Ac t
Background: Gram-positive and gram-negative bacteria that compose oral biofilms produce many metabolites that induce the formation of 
dental plaque. Dental plaque is the main factor for the initiation and progression of oral diseases. Plaque preventive measures like mechanical 
or chemical approaches can be used in combination with this.
Aims and objectives: A study was done to compare and evaluate the effects of 0.02 M alum mouthrinse, herbal mouthrinse, and saline on 
plaque inhibition in children.
Materials and methods: Sixty healthy children of age-group 9–12 years were included in the study and divided into 3 groups of 20 each: group 
I: alum containing mouthwash (0.02 M), group II: saline, and group III: herbal mouthwash, rinsing two times daily for 30 days. Plaque index scores 
were recorded from each individual on the 1st, 15th, and 30th day.
Results: Alum group (group I) showed a highly significant reduction of plaque at 1st, 15th, and 30th day when comparison to herbal group 
(group III) and saline group (group II).
Conclusion: Ingredients in the alum group (group I) were effective in plaque inhibition, it may serve as an alternative antimicrobial mouthwash. 
Further long-term study with a large population group is recommended to determine the efficacy of alum-containing mouthwash and herbal 
(Hi-ora) mouthwash in improving oral health status.
Keywords: Alum, Herbal, Mouthrinses, Plaque, Saline.
International Journal of Clinical Pediatric Dentistry (2021): 10.5005/jp-journals-10005-2036

In t r o d u c t I o n 
Dental plaque is a biofilm seen on oral surfaces which is considered 
as an etiologic factor for dental decay and gum disease. The 
formation of an acquired pellicle is the first stage in bacterial plaque 
formation. The source of energy for certain bacteria in the oral 
cavity is from the enamel pellicle of salivary constitutes. Dietary 
starch hydrolysis is by alpha-amylase, a component of acquired 
enamel pellicle derived from saliva provides additional glucose 
for metabolism by plaque microorganisms in close proximity to 
the tooth surface.1–3

Lactic, formic, and acetic acid are produced from fermentable 
carbohydrates which coincide with a pH drop in plaque that 
leads to tooth demineralization. This leads to further growth of 
microorganisms contributing to the cariogenicity of the dental 
plaque.2,3

Plaque preventive measures like mechanical or chemical 
approaches can be used in combination with this. The various 
vehicles for delivery of chemical agents with anti-plaque are 
toothpastes, mouthrinses, gels, varnishes, chewing gum, spray, 
irrigators, etc. Antimicrobial agents may aid in protection by 
reducing plaque formation on the tooth surface, by inhibiting only 
those bacteria directly associated with oral diseases, or by inhibiting 
acid production or protease activity.4–6

Traditional mechanical methods have been proved 
inadequate for controlling plaque and caries, so endeavor on 
latest chemotherapeutic agents for preventing plaque-induced 
oral disease. Mouthrinses have been developed to deliver broadly 
the same functional benefits as toothpaste. Mouthwash is defined 

as a deodorizing antiseptic non-sterile aqueous solution, removes 
food particles, reduces bad breath, and provides a pleasant taste. 
Mouthwashes can reach difficult to clean areas such as interproximal 
surfaces and can also reduce the growth of biofilms on soft 
tissues.7–9 Different types of mouthwashes are used for preventing 
dental caries, oral malodor, gingival and periodontal diseases 
like chlorhexidine digluconate (antiseptic), stannous fluoride 
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(anticariogenic), essential oils (antimicrobial), triclosan (antiseptic), 
sanguinarine (herbal extracts), cosmetic and cetylpyridinium 
chloride mouthwash.10

Various metal salts, polyvalent cations like tin, zinc, and 
aluminum (Al) as potassium sulfate salt, alum have plaque inhibitory 
activity so used in mouthwashes. Rinsing with a mixture of alum, 
salt, and vinegar for oral health was advocated by Hippocrates in 
ancient times.11 Alum mouthwashes used for its properties like 
astringent, anti-plaque, anti-gingivitis, antimicrobial, antiseptic, 
anti-calculus, decreasing dentinal hypersensitivity, prevention of 
halitosis, reduction of enamel dissolution, and symbiotic activity 
with fluoride.12–14 However, chemical mouthwash has many side 
effects, such as extrinsic staining of the teeth, temporary taste 
alteration, supragingival calculus formation. This has restricted 
its usage in children.15 Hence, attention is now turning to the 
use of natural antimicrobial compounds (herbal extracts). The 
combination of herbal extracts leads to the synergistic reduction 
of both dental plaque and gingival bleeding.9

Natural herbs like triphala, tulsipatra, neem, clove oil, and many 
more are used against various oral health problems.5,16 Hi-ora is 
a liquid that acts as an oral antiseptic, prevents gum and tooth 
disease, prevents bad breath and mouth ulcers, and also helps 
in gum tightening. It does not contain alcohol and sugar and 
is prepared with active ingredients like Pilu (Salvadora persica), 
Bibhitaka (Terminalia bellerica), Nagavalli (Piper betle), Gandhapura 
taila (Gaultheria fragrantissima), Ela (Elettaria cardamomum), 
Peppermint satva (Mentha spp), and Yavanisatva (Trachyspermum 
ammi). Hi-ora has an antimicrobial, anti-plaque, antiseptic, analgesic 
effect, reduces halitosis, inhibits the growth of periodontal and 
cariogenic pathogens. Herbal mouthwashes are now considered 
as an alternative and metallic compounds have been used in the 
past for their antimicrobial properties.17

However, very few studies have assessed the effect of alum 
mouthwash and herbal mouthwash on plaque inhibition. Hence, 
this study aimed to evaluate the effect of the alum mouthwash on 
plaque inhibition among 9–12 years old children.

MAt e r I A l s A n d Me t h o d s 
Double-blind randomized three parallel groups were taken among 
9–12 years old children. Consent was obtained from the local ethical 
committee and permission was sought from the concerned study 
participants. Survey design is given in Flowchart 1. The study sample 
consists of 9–12 years old 60 healthy children with a mean age of 
10 years (Fig. 1). A total of 100 children were screened, of which 60 
children were randomly selected which satisfied the inclusion and 
exclusion criteria.

They were divided into 3 groups, 20 in each group: group I: 
alum mouthwash (0.02 M) 0.885% hydrated aluminum potassium 
sulfate in distilled water at pH of 3–3.6. Group II: normal saline rinse 
(0.9%). Group III: herbal (Hi-ora) mouthwash. The plaque status of 
the children was recorded using plaque indices. The duration of 
the study was 1 month; which was divided into three phases: 1st, 
15th, and 30th day.

Fig. 1: Gender distribution among the study samples

Flowchart 1: Flowchart of protocol
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Inclusion Criteria
• 9–12 years old 60 healthy children.
• Four restored\decayed and\or missing teeth (deft/DMFT ≤ 4).

Exclusion Criteria
• History of current or past 1-month antibiotic usage.
• Cellulitis, abscess, draining sinus, or other emergency dental 

treatment.
• Use of oral hygiene aids other than routine toothbrushing.

de n tA l exA M I n At I o n Pr o c e d u r e 
Clinical assessments were performed by a single qualified dentist 
using autoclaved mouth mirror, probe, gloves, mouth mask, and 
portable dental operatories. Chemical sterilization (Korsolex) 
procedure was used to sterilize the instruments. Surface examined 
for a supragingival plaque of all eligible teeth are divided into 
mesio-facial, facial, and disto-facial, palatal or lingual surface is 
considered as single surface and was scored using plaque index–
Sillness P and Loe H in 1964.

Method of Preparing 0.02 M Potash Alum 
Solutions18,19

The weighed quantity of potassium aluminum sulfate is usually 
found in its dodecahydrate form (molecular formula) KAl(SO4)2 
12H2O was calculated using its molecular weight 474.39 wt of 
alum = mol wt × 0.02 = 9.4878 g was dissolved initially in 800 mL 
of distilled water, to which was added 1 g of sodium benzoate (as a 
preservative), 0.5 g of sodium saccharine (as a sweetening agent). In 
another beaker, 200 mL of water was taken and to it, 0.5 mL of Tween 
20, and 0.5 mL of peppermint oil was added and mixed properly 
and the resultant mixture was transferred to 800 mL alum solution 
and further mixed well with the help of a propeller mixture to get a 
clear solution. The pH of the solution was maintained between 3.0 
and 3.5 and this can be adjusted by using sodium hydroxide (Fig. 2).
The formula is as follow for every 1 L of solution:
Potassium aluminum sulfate: 9.4878 g
Sodium benzoate: 1 g
Sodium saccharine: 0.5 g
Peppermint oil: 0.5 mL
Tween 20: 0.5 mL
Distilled water: 1000 mL.

rI n s I n g Pr o c e d u r e 
Using a graduated dispensing cup, the monitor measured 10 mL 
undiluted alum and Hi-ora mouthrinses into disposable cups (Fig. 3) 
and instruct the children of each group to do oral rinse by swishing 
10 mL undiluted solution for 60 seconds once daily after meal. At 
the end of the investigation, beakers containing mouthrinses were 
coded according to the group and the data were decoded. The 
children were told not to eat/drink/rinse for 30 minutes after rinsing. 
A sufficient supply of mouthrinse, calibrated cups were given for 
the entire study period and told to continue normal oral hygiene 
procedures to children, except the use of mouthrinse.4 Following 
this, clinical assessments of plaque status (baseline) were done.

cl I n I c A l As s e s s M e n ts 
Plaque index: By Sillness P and Loe H in 1964.

Surface examined for a supragingival plaque of all eligible 
teeth are divided into mesiofacial, facial and distofacial, palatal 
or lingual surface is considered as single surface and was scored 
using plaque index–Sillness P and Loe H in 1964. The plaque was 
scored from 0 (no plaque) to 3 (plaque covers two-thirds or more 
of the tooth surface) after disclosing the teeth with erythrosine 
3% solution. The same procedure was repeated at the 15th and 
30th day period use of the mouthwash (Figs 4 to 6). After baseline 
examination, children received complete oral prophylaxis soon 
after receiving mouthwashes.

Statistical Evaluation
Chi-square test was used to compare the effectiveness of the 
alum, saline, and herbal groups at baseline, 15th day, and 30th day 
post rinsing. Overall group mean comparison was done by using 
Kruskal–Wallis test. Wilcoxon’s signed ranks test for intragroup 
comparison and Mann–Whitney “U” test for intergroup comparison 
of plaque status.

re s u lts 
Intergroup Comparison of Plaque Index Scores
Plaque index scores showed statistically not significant (p = 0.74) 
in any of the groups at intergroup comparison at different time 
intervals baseline, 15th day, and 30th day (Table 1) whereas in 
alum group at time-wise comparison of plaque index scores at 

Fig. 2: Materials used for alum mouthrinse preparation Fig. 3: Herbal–Hi-ora mouthrinses
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baseline, 15th day, and 30th day (Table 2) showed highly statistically 
significant (p = 0.002).

Intragroup Comparison
Statistically no significant reduction in mean plaque scores between 
baseline and 15 days group I: 1.68500 (p = 0.653) vs group II: 2.20000 
(p = 0.226) vs group III: 0.143500 (p = 0.837); between 15 days and 30 
days group I: 0.321500 (p = 0.062) vs group II: 0.082500 (p = 1.000) 
vs group III: 0.228000 (p = 0.264).

But there was statistically high significant reduction in mean 
plaque scores between baseline and 30 days group I: 0.490000 
(p = 0.002) vs group II: 0.302500 (p = 0.047) vs group III: 0.371500 
(p = 0.019) (Table 3 and Fig. 7).

dI s c u s s I o n 
Plaque biofilm is a complex arrangement of bacteria in a 
self-sustaining community correlated with the initiation and 
progression of oral disease. Plaque preventive measures like 
mechanical or chemical approaches can be used in combination 
with this. Chemical antimicrobial agents can reach difficult to 
clean areas such as interproximal surfaces and can also reduce the 
growth of biofilms on soft tissues and as a local drug delivery agent. 
So, herbal and alum mouthrinse can be an alternative to other 
antimicrobial/antiseptic components in mouthwashes.

In the present study, a comparison with alum and herbal was 
done as they are the emerging components in mouthwashes and 
as a safe alternative to the conventional ingredients. Our study 
evaluated the effect of mouthwashes in plaque control in vivo. Since 

Table 1: Intergroup comparison of plaque index scores at baseline, 15th, and 30th days of the three groups

Time N Mean Std deviation F p
Base alum 20 1.38250 0.230717 0.34 0.72
Saline 20 1.30750 0.397782
Herbal 20 1.33750 0.208929
15th day alum 20 1.21400 0.497895 0.46 0.63
Saline 20 1.08750 0.368809
Herbal 20 1.19400 0.466413
30th day alum 20 0.89250 0.496640 0.3 0.74
Saline 20 1.00500 0.384537
Herbal 20 0.96600 0.505979

Fig. 6: Disclosing agent showing plaque status on the 30th day after 
using an alum mouthrinse

Fig. 4: Disclosing agent showing plaque status at baseline after using 
an alum mouthrinse

Fig. 5: Disclosing agent showing plaque status on the 15th day after 
using an alum mouthrinse
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the main effect of mouthwash is for plaque control and indices were 
used to evaluate the same using a disclosing agent.

Seventy percent of the population were males and 30% were 
females. The mean age of the population was 10.85 years in the 
alum group, 10.20 years in the saline group, and 9.95 years in the 
herbal group (Fig. 8).

ef f e c t o n Pl Aq u e stAt u s 
In the present study, we found that the mean value of plaque index 
scores in the alum group was found to be 1.38250 ± 0.230717 
at baseline, 1.21400 ± 0.497895 on the 15th day, and 0.89250 ± 
0.496640 on the 30th day. The alum mouthrinse group showed 

a very high statistically significant (p = 0.002) reduction in the 
amount of plaque on the 30th day compared to the herbal (p = 
0.022) and saline group (p = 0.043). Also, a statistically significant 
mean difference of alum (p = 0.002), herbal (p = 0.019), and saline 
(p = 0.047) groups between baseline and 30th day was noticed. No 
statistically significant (p = 0.726) between the groups. Thus, alum 
mouthwash emerged as the most effective adjunctive oral hygiene 
measure in plaque inhibition of our study.

Alum mouthwash significantly (p < 0.05) reduced the amount of 
plaque after 2 and 4 weeks, the mean value of plaque index scores 
in alum group was 1.58 ± 0.11 at 4 weeks in a study conducted by 
Putt et al.11 Another study by Shetty et al. showed no statistically 
significant (p > 0.5) changes between the groups (Herbal Hi-ora 
and Chlorhexidine mouthwash) in plaque index scores at the end 
of 5 days.20

Siddeshappa et al. conducted a randomized clinical trial for 
a period of 21 days showed a statistically significant reduction in 
clinical and microbiological parameters with the use of herbal, 
chlorine dioxide mouthwashes and concluded that herbal 
mouthwash was statistically efficacious in controlling plaque and 
gingivitis with potent antimicrobial activity.21

In contrast to our study, Al-Bayaty et al. showed a statistically 
highly significant difference (p < 0.001) in plaque index scores 
between the groups (herbal Salvadora persica and placebo 
mouthrinse).22 Another study conducted by Bajaj showed a 
significant difference (p = 0.001) in plaque scores from baseline 
to the end of 9 months between the groups (herbal triphala and 
chlorhexidine).23 A similar study conducted by Aspalli found that a 

Table 2: Plaque index scores of the three groups at different time intervals (baseline, 15th, and 30th day)

Groups N Mean Std deviation F p
Alum base 20 1.38250 0.230717 6.79 0.002hs
15th day 20 1.21400 0.497895
30th day 20 0.89250 0.496640
Saline base 20 1.30750 0.397782 3.32 0.043sig.
15th day 20 1.08750 0.368809
30th day 20 1.00500 0.384537
Herbal base 20 1.33750 0.208929 4.07 0.02sig.
15th day 20 1.19400 0.466413
30th day 20 0.96600 0.505979

Table 3: Mean difference of plaque index scores at different time 
intervals (baseline, 15th, and 30th day)

Groups time Mean difference p
Alum base 15th day 0.168500 0.653
     30th day 0.490000 0.002
     15th day 30th day 0.321500 0.062
Saline base 15th day 0.220000 0.226
      30th day 0.302500 0.47
      15th day 30th day 0.82500 1.00
Herbal base 15th day 0.143500 0.837
        30th day 0.371500 0.019
        15th day 30th day 0.22000 0.264

Fig. 7: Intergroup comparison of plaque index scores at baseline, 15th, 
and 30th days of the three groups

Fig. 8: Mean age distribution of samples
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highly significant (p < 0.0001) reduction in plaque scores between 
the groups (herbal hi-ora and non-herbal mouthwash).24 The 
effect of daily supervised rinsing of alum containing mouthrinse 
in existing plaque and gingivitis in children is determined by 
Putt, Kleber, Smith et al.’s study. It is known that, due to natural 
astringency, alum solutions can be formulated into a compatible, 
palatable mouthrinse use.25,26 Amount of plaque significantly (p < 
0.05) reduced by daily use of mouthrinse containing 0.02 M alum 
for 30 seconds relative to the placebo. No adverse effects were 
observed in the oral cavity after using the alum mouthwash for 4 
weeks and were accepted by the children who participated in the 
study.12 In addition, long-term studies need to be conducted to 
determine the effect of mouthwash on oral health.

co n c lu s I o n 
From the present study, the following conclusions were drawn:

• The study demonstrated that alum-containing mouthwash and 
herbal mouthwash improve plaque inhibition.

• Alum containing mouthwash (group I) and herbal mouthwash 
(group III) showed a statistically significant reduction in plaque 
index scores at baseline, 15th day, and 30th day.

• Ingredients in the alum oral rinse were effective in reducing 
plaque status. Hence, it may serve as an alternative antimicrobial 
mouthwash.

• Further long-term study with a large population group is 
recommended to determine the efficacy of alum-containing 
mouthwashes and herbal (Hi-ora) mouthwashes in improving 
oral health status.
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ABSTRACT
Introduction: Glass‑ionomer cement (GIC) have been 
indispensable to pediatric dentistry. Along with these, 
newer materials like bulk‑fill alkasite cement (Cention 
N) are popularizing. In spite of this, the search is still on 
for the “ideal” bioactive material which could provide 
a therapeutic edge. In light of this, incorporation of 
antibiotics in GIC or newer materials like bulk‑fill 
alkasite cement (Cention N) would provide a novel 
alternative material to the dentists. Aim: The study 
was aimed at comparing the antibacterial efficacy 
of conventional glass‑ionomer cement (CGIC) 
and bulk‑fill alkasite cement (Cention N) with 
doxycycline (DOX) and double antibiotic paste (DAP) 
containing metronidazole and ciprofloxacin (1.5% 
w/w) on Streptococcus mutans and Lactobacillus. 
Materials and Methods: Agar well diffusion method 
was followed, in which material discs of 10 mm were 
made and inserted into the wells. Inhibition zones 
were calculated after incubation for 24 h at 37°C with 
zone interpretation scale. Results: A highly significant 
statistical correlation was found between antibacterial 
efficacy of the control groups (CGIC and bulk‑fill alkasite 
cement [Cention N]) without antibiotics as compared 
to the experimental group (CGIC and bulk‑fill alkasite 
cement [Cention N] with DOX and DAP), P = 0.0001 
and P = 0.0006 for the CGIC group and P = 0.0147 
and P = 0.0080 for the Cention N group (P < 0.05). 
Conclusion: Incorporation of antibiotics significantly 
enhanced the antibacterial efficacy of CGIC and 
bulk‑fill alkasite cement (Cention N).

KEYWORDS: Antibacterial efficacy, bulk‑fill 
alkasite cement, double antibiotic paste, doxycycline, 
glass‑ionomer cement
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Introduction
Dental caries is the most prevalent disease all over the 
world. The burden of dental caries for both developed 
and developing countries has been almost 5%–10% 
of total health‑care budget, which is seen to be more 
than the cost incurred for treating cardiovascular 
diseases.[1] Moreover, due to high cost of treatment, 
the incidence of untreated dental caries in children 
is seen to be substantial in developing countries. Not 
only does this disease cause a huge financial burden 
if not treated adequately but also decreases the 
overall health‑related quality of life in the pediatric 
population.[2]

There has been an evolution of dental materials used to 
treat caries since the 1900s. Glass‑ionomer cement (GIC) 
were used since the 1970s in primary as well as 
permanent dentition as restorative cement. They were 
first described by Alan Wilson and Brian Kent.[3] This 
material is popular due to its cariostatic action, mainly 
due to its fluoride‑releasing property. It also has 
minimal cavity preparation, unlike amalgam due to its 
chemical bonding to tooth structure. The disadvantages 
of this material include poor mechanical properties, 
low stress‑bearing capacity, and inferior esthetics. Due 
to this, GIC since its early days is evolving. Although 
conventional glass‑ionomer cement (CGIC) are still 
rampantly used, better materials such as composites 
and compomers are also providing an alternative to 
GIC.

Composites became popular during the 1980s, 
resin‑modified glass ionomers and compomers were 
introduced in the 1990s, and the latest materials on 
the rise are bulk‑fill composites.[4‑6] Cention N is a 
newer bulk‑fill “alkasite” restorative material, which 
is essentially a subgroup of the composite material 
class. It has the property of releasing fluoride, calcium, 
and hydroxide ions and can be self‑cured as well as 
light cured. This material caused less polymerization 
shrinkage as compared to composite and hence is a 
newer, better restorative material.[7]

It is a known fact that the antibacterial treatment 
of dentin reduces the overall bacterial load of the 

cavity.[8] The property of treating infections locally is 
an interesting notion. Although many synthetic as well 
as herbal materials have been added to GIC to increase 
its overall antibacterial efficacy, antibiotics are the 
most reliable. Antibiotics such as doxycycline (DOX) 
and double antibiotic pastes (DAPs) have been 
used in dentistry for many years. They inhibit the 
growth of microorganisms by acting on their cellular 
structures. The purpose of our study is to analyze the 
antibacterial efficacy of CGIC and bulk‑fill alkasite 
cement against Streptococcus mutans and Lactobacillus 
spp. independently and in combination with DOX 
and DAP for determination of relative antibacterial 
efficacy.

Materials and Methods

Preparation of material
In this study, a CGIC (Fuji 2 GIC) and a bulk‑fill 
alkasite cement (Cention N) were used as controls. 
In the experimental group, two groups of antibiotics, 
DAP containing metronidazole and ciprofloxacin 
and DOX in combination with the control groups, 
were used. Uniform discs were made from a Teflon 
mold containing control and experimental materials 
which were mixed as per manufacturer’s instructions. 
Antibiotics were combined in a proportion of 
1.5% w/w, as given in Tables 1 and 2.

Test organisms
Two microorganisms selected for the study were wild 
strains of Lactobacillus spp. and S. mutans. The purity 
was assessed at 35°C for 48 h prior to testing of the 
extracts.

Inoculum preparation
In the study, the log‑phase method was executed. 
At least three to five well‑isolated colonies of the 
same morphological type were selected from agar 
culture plate further, each colony was scooped with 
a loop, and the growth was transferred into a tube 
containing 4–5 mL BHI broth. The broth culture 
was incubated at 35°C for 2–6 h until it achieved a 
turbidity of 0.5 McFarland standards. The turbidity 
of actively growing broth culture was adjusted with 

Table 1: Proportion of the experimental materials added to Conventional GIC Group
Material used in experimental material: Group A In percentage (w/w) In Grams Powder: Liquid Ratio
Conventional GIC 98.5% 98.5 1.4:1

i) Doxycycline (DOX) 1.5% 1.5
ii) Double Antibiotic Paste( DAP) 1.5% 1.5

Table 2: Proportion of the experimental materials added to Bulk-Fill Alkasite Cement group
Material used in experimental material: Group B In percentage (w/w) In Grams Powder: Liquid Ratio
Bulk‑Fill Alkasite Cement 98.5% 98.5 4.6:1

i) Doxycycline (DOX) 1.5% 1.5
ii) Double Antibiotic Paste ( DAP) 1.5% 1.5
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broth to obtain a final turbidity optically comparable 
to that of the 0.5 McFarland standards, done visually 
by comparing the inoculum tube and the standards 
against a white card with contrasting black lines.

Antibacterial efficacy using agar well diffusion 
assay
The agar well diffusion assay method was followed 
for determining the zones of inhibition of test material. 
The Mueller‑Hinton agar was used to prepare the 
Petri plates upon autoclaving and kept for setting or 
solidifying for 10–15 min. The targeted test organism 
of 0.1 mL was added to media plates and spread with 
sterile cotton swabs evenly throughout the plates. 
After 10 min, agar wells were made with appropriate 
diameter borers. The test material discs were added to 
wells, and the plates were kept in an incubator at 37°C 
for growth. The zones of inhibition were recorded with 
zone interpretation scale [Figures 1 and 2].

Results
Data from the agar diffusion tests using CGIC and 
bulk‑fill alkasite cement combined with DOX and 
DAP against S. mutans and Lactobacillus spp. are given 
in Tables 3 and 4.

Intragroup comparison
The triplicate experiment using CGIC with and 
without antibiotic against S. mutans and Lactobacillus 
spp. is shown in Figure 1. The mean antibacterial 
efficacy of CGIC against S. mutans was seen to be 
zero, whereas against Lactobacillus spp., the control 
group gave a mean of 3.67 with a standard deviation 

(SD) of 6.35 [Figure 3].

Irrespective of the organism tested, the mean 
antibacterial efficacy of CGIC without addition of 
antibiotics was found to be 1.83. When combined with 
DAP, antibacterial efficacy was found to be 22.83 with 
SD of 6.01. The mean antibacterial efficacy of CGIC 
with DOX was 27.33 with SD of 10.13 [Figure 2]. 
The comparison between antibacterial efficacy of 
CGIC and CGIC with DAP and DOX was seen to be 
statistically highly significant with P = 0.0006 and 
P = 0.0001, respectively (P < 0.05).

The mean antibacterial efficacy of the bulk‑fill alkasite 
cement (Cention N) against S. mutans and Lactobacillus 
spp. was 13.0.A mean antibacterial efficacy of 27.17 was 
seen against the organisms when Double Antibiotic 
Paste(DAP) was added to Cention N. Addition of 
DOX to Cention N gave a mean antibacterial efficacy 
of 28.50 [Figure 4]. Intragroup comparison of the 
control and experimental groups gave a significant 
P value. Comparison of the control group with DAP 
and DOX group yielded P = 0.0147 and P = 0.0080, 
respectively (P < 0.05).

Intergroup comparison
Comparison was also done between CGIC combined 
with antibiotics against the bulk‑fill alkasite 
cement (Cention N) combined with antibiotic. While 
comparison of the two control groups without 
antibiotics yielded a mean antibacterial efficacy of 
1.83 for CGIC and 13.00 for the bulk‑fill alkasite 
cement (Cention N), it was seen that irrespective of the 
organisms tested, the antibacterial efficacy increased 
significantly when antibiotics were added to CGIC.

Figure 1: Represent inhibition zones (in triplicate experiment) achieved by conventional glass‑ionomer cement, conventional glass‑ionomer 
cement + doxycycline, and conventional glass‑ionomer cement + double antibiotic paste against Lactobacillus spp. and Streptococcus mutans, 
respectively

[Downloaded free from http://www.jisppd.com on Thursday, January 6, 2022, IP: 182.48.226.113]



Joshi, et al.: Novel dental material in pediatric dentistry

Journal of Indian Society of Pedodontics and Preventive Dentistry | Volume 38 | Issue 4 | October-December 2020 |364

Discussion
Our study shows the effect of adding antibiotics to 
CGIC and a bulk‑fill alkasite cement (Cention N). In 
addition to this, in our study, the antibacterial efficacy 
of the materials without addition of antibiotics is 
also shown. The results of our study show promising 
antibacterial properties of the tested experimental 
materials.

GIC has been known to be antibacterial, possibly due to 
the release of fluoride, though this has not been reliable. 
Many authors report no antibacterial efficacy of fully 
set CGIC.[9,10] Our study supports this, as no inhibition 
zone was found in CGIC (control group) which is a 
significant finding (mean antibacterial efficacy = 1.83), 

although this may be due to limited activity of fluoride 
after setting reaction is completed.[10]

The difference in the CGIC (control group) and 
the two experimental groups is statistically highly 
significant with P = 0.0006 for DAP containing 
ciprofloxacin and metronidazole and P = 0.0001 for 
DOX, respectively (P < 0.05). This finding signifies that 
addition of antibiotics to CGIC will benefit the overall 
antibacterial efficacy of the material. This finding 
coincides with other similar studies.[11‑13]

Cention N is a newer bulk‑fill alkasite cement. There 
is scanty evidence as to its antibacterial efficacy. 
Our study findings conclude that the bulk‑fill 
alkasite cement (Cention N) has higher antibacterial 
efficacy (mean antibacterial efficacy = 13) as compared 

Figure 2: Represent inhibition zones (in triplicate experiment) achieved by bulk‑fill alkasite cement, bulk‑fill alkasite cement + doxycycline, and 
bulk‑fill alkasite cement + double antibiotic paste against Lactobacillus spp. and Streptococcus mutans, respectively

Table 3: Inhibition zones in millimetre for conventional Glass Ionomer Cement Group
Conventional Glass Ionomer Cement 

Type II
Conventional Glass Ionomer Cement Type 

II + Doxycycline
Conventional Glass Ionomer Cement Type II + 

Double Antibiotic Paste
Lactobacillus spp S. mutans Lactobacillus spp S. mutans Lactobacillus spp S. mutans
No Zone No Zone 31 mm 18 mm 39mm 18mm
11 mm No Zone 30mm 20mm 39mm 21mm
No Zone No Zone 20mm 18mm 30mm 17mm

Table 4: Inhibition zones in millimetre for Bulk-Fill Alkasite Cement (Cention N) Group
Cention N Cention N + Doxycycline Cention N + Double Antibiotic Paste

Lactobacillus spp S. mutans Lactobacillus spp S. mutans Lactobacillus spp S. mutans
21mm 14mm 31 mm 28 mm 25mm 28mm
29 mm 14 mm 31mm 28mm 23mm 27mm
No Zone No Zone 28mm 25mm 36mm 24mm
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to CGIC (mean antibacterial efficacy = 1.83). Addition of 
antibiotics to this material also significantly increased 
its antibacterial efficacy. The difference in antibacterial 
efficacy of the control group and experimental groups 
is statistically significant with P = 0.0147 for the DAP 
group and P = 0.0080 for the DOX group (P < 0.05), 
although it is our view that further studies regarding 
physical properties of the cement on addition of 
experimental materials are required.

Antibiotics have been used in dentistry in oral 
formulations as well as in paste form in local treatment 
of infections. They have also been used widely in 
the field of periodontics. The rationale of using two 
different antibiotic pastes is that a greater efficacy may 
be achieved due to mixed microflora. To avoid the 
development of resistance, mixture of antibiotics like 
DAP containing ciprofloxacin and metronidazole is 
better than a single antibiotic.

It has been known from previous studies that addition 
of antibiotics or other materials to GIC diminishes 
its physical properties. A study by Prabhakar et al. 
showed that 1% antibiotic mixture (ciprofloxacin 
and metronidazole) enhanced the antibacterial 
efficacy of CGIC without affecting shear strength.[13] 
Yesilyurt et al. also found that addition of antibiotics 
in 1.5% w/w (ciprofloxacin, metronidazole, and 
minocycline) increased antibacterial efficacy and 
least affected physical properties.[10] Hence, our study 
included addition of 1.5% w/w of antibiotics to CGIC 
and bulk‑fill alkasite cement (Cention N).

The main mechanism of action of the novel material 
seems to be due to the effect of the added antibiotics 
on the structure of the microorganisms. DOX inhibits 
protein synthesis by binding to 30S ribosomal subunit. 
Metronidazole acts by inhibiting the nucleic acid synthesis 
by disrupting the DNA of microbial cells, whereas 
ciprofloxacin inhibits DNA replication by inhibiting 
bacterial DNA topoisomerase and DNA gyrase.

Comparative analysis of two antibiotics (DOX and 
DAP) did not give a statistically significant difference 
between the antibacterial efficacies. Nevertheless, 
DOX shows slightly higher antibacterial efficacy as 
compared with the double antibiotic group. In spite 
of this finding, DOX gives a yellow hue to the cement 
which may present as a drawback to the esthetics, but 
this needs to be further tested.

In our experiment, wild strains of S. mutans and 
Lactobacillus spp. have been used since these organisms 
are commonly isolated from carious lesions. It was also 
seen that with respect to organisms, Lactobacillus spp. 
gave higher zones of inhibition as compared to S. 
mutans. This was probably due to higher susceptibility 
of Lactobacillus spp. to the antibiotics.

In practice, this novel material has a variety of applications 
ranging from incomplete carious removal in primary 
teeth to liners in permanent teeth. It shows promising 
usefulness in atraumatic dentistry treatment. Further 
in vivo studies utilizing this material are required for 
better clinical application. Thus, addition of antibiotics 
such as DOX and DAP containing ciprofloxacin 
and metronidazole to CGIC and bulk‑fill alkasite 
cement (Cention N) increases its antibacterial efficacy.

Conclusion
Through the results of this in vitro study, we concluded 
the following:
1. Fully set CGIC has minimal antibacterial efficacy 

against S. mutans and Lactobacillus spp.
2. Addition of antibiotics such as DOX and DAP 

containing metronidazole and ciprofloxacin to 
CGIC and bulk‑fill alkasite cement (Cention N) 
significantly increases the antibacterial efficacy of 
these restorative materials.
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Figure 4: Mean antibacterial efficacy of Cention N with and without 
antibiotics

Figure 3: Mean antibacterial efficacy of conventional glass‑ionomer 
cement with and without antibiotics
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Comparative evaluation of root ZX Mini® apex locator and radiovisiography
in determining the working length of primary molars: An In Vivo study
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A B S T R A C T

Introduction: Working length determination is a crucial step for success of pulpectomy. Various new modalities
have been developed. The newest technology includes EAL. Electronic apex locators require less chair side time,
do not produce pain and avoid unnecessary radiation which makes it more superior in paediatric endodontic
procedures.
Aim: To evaluate and compare Root ZX mini apex locator and Radiovisiography (RVG) for determining working
length in primary molars.
Materials and methods: A sample of 30 primary molar teeth was subjected to working length determination by Root
ZX mini and RVG. The data was collected and then tabulated and subjected to statistical analysis.
Results: On comparison among two groups, it was found there was no difference between the efficiency of mo-
dalities. A positive correlation was seen among Root ZX mini and RVG (ICC ¼ 0.99).
Conclusion: Root ZX mini and radiovisiography are seen to be precise in determination of working length in
primary molars. It can be said that Root ZX mini i. e the electronic apex locators can be used as an adjunct to
Radiovisiography and conventional radiography.

1. Introduction

Endodontic treatment of primary teeth provides a mechanism to
maintain the teeth in the dentition until their normal exfoliation time.1

However, a radiographic image provides only a two-dimensional image
of three dimensional structures, giving limited information about apical
foramen and has other disadvantages and constraints such as limited
mouth opening of children, poor patient co-operation, increasing
appointment time and exposure to ionizing radiations.2

Electronic apex locators do not produce pain, help to reduce the
treatment time, and help avoid unnecessary radiation which makes it
more superior in pediatric endodontic procedures. Thus, they are rec-
ommended for endodontic treatment in children.4

Few in vitro studies conducted using Root ZX mini apex locator
showed an accuracy of 96.2%.3,4 But on literature search it was found
that there is a scarce literature about in vivo studies. So, we have
designed this In Vivo study to compare and evaluate Root ZX mini apex
locator and RVG for working length determination in primary teeth.

2. Materials and Methods

Ethical clearance was obtained from institutional review board.
Subjects for the study were selected according to the inclusion and
exclusion criteria. Consent and assent of the patients and parents were
obtained. It is prospective study.

2.1. Inclusion criteria

Children between- 4–8 years whose Frankl’s behavior rating scale
was Definitely positive (þþ), Positive (þ) with primary molars indicated
for Pulpectomy having minimum two third of root length remaining.5

2.2. Exclusion criteria

Primary molars with developmental anomalies, Primary molars with
caries involving furcation, Children with systemic diseases and special
health care needs, Primary molars with calcified root canals, Evidence of
root fracture, trauma.
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3. Methodology

A case history was recorded in a special format prepared for this
study. The extent for caries and the root canal anatomywas assessed with
pre-operative intra oral radiographs with 5 mm stainless steel wire for
assessing any change in angulation during the analysis of subsequent
radiovisiographs.

For the selected cases Local anaesthesia was administered using 2%
lignocaine with adrenaline (1:80,000). The teeth were then isolated with
rubber dam. Deep caries were excavated with a spoon excavator, first
removing peripheral caries then proceeding towards the pulp. The
remaining caries was removed using no. 330 tungsten carbide bur. A No.
2 straight fissure bur in a slow speed handpiece was used to remove the
roof of pulp chamber.6

Removal of the coronal pulp was done with a large excavator or a
slowly rotating no. 4 round bur following which the canal was negotiated
using K-File and the radicular pulp was removed.10 Each of the selected
tooth was then subjected to working length determination by two mo-
dalities namely Root ZX mini® apex locator and Radiovisiography.

The electronic working length was determined by using Root ZX
mini® apex locator. The ground lead of the locator was placed on each
patient’s labial commissure and endodontic file was clasped to the
opposite electrode. The K-file was advanced apically until the apex
locator signals that the apex has been reached.7 Three measurements
were recorded for each root and themean of it was considered as working
length which was recorded in the master chart.

The digital radiograph was obtained using a computed dental radi-
ography system, #1 sensor and X-ray system using paralleling technique.
The position and angulation was kept constant throughout the study
using Rinn XCP film Holder.8 Working length was determined using K-
File, the Electronic ruler which is available in the software was used for
the measurement of working length. The calibration of working length on
radiovisiograph was done by placement of 5 mm stainless steel wire (0.7
mm) on the sensor vertically. After the radiovisiograph is taken, cali-
bration was done and then the length was measured on the screen by the
Kodak software. The correction of any change in angulation if present
was done by measuring the change in dimension of the 5 mm wire and
then adjusting the working length proportionally.9–11 The actual working
length was calculated by using Ingle’s method and in cases of resorption
Weine’s correction was used.12 Two trained examiners recorded the
working length independently and the measurements were put in the
master chart. After the measurements, pulp debridement was carried out
in conjunction with copious irrigation followed by obturation with a
biocompatible material. Final restorations were done with stainless steel
crown.

3.1. Sample size estimation

The estimated sample size is 30 patients and was calculated using a
formula.

n¼ ðZ1�α=2 þ Z1�βÞ2

½FZðρ1Þ � FZðρ0Þ�
2 þ 3

Where.

ρ
0 ¼ 0, ρ1 ¼ 0.754, Z1-α/2 ¼ 2.58, Z1-β ¼ 1.682
n ¼ sample size
ρ
0: Population correlation coefficient.
ρ
1: Sample correlation coefficient.
α: Significance level.
1-β: Power.

3.2. Statistical analysis

The data obtained was statistically analyzed using SPSS Software

Version 20. Level of significance was set at p¼ 0.05. Following tests were
used dependent t-test, Kolmogorov Simonov test, Karl Pearson’s corre-
lation coefficient and Kappa statistics.

4. Results

It was seen that out of thirty participants sixteen participants were
male (53.33%) and fourteen participants were female (46.67%). Partic-
ipants ranged from ages 4–8 years. The mean age of the participants was
seen to be 6.03 years with a standard deviation of 1.35 years.

On comparison of RVG and Root ZX mini methods the results show
that there was statistically significant difference in working length
determination by RVG and ROOT ZX Mini in canal 1 (0.0023*), canal 2
(0.0091*), canal 3 (0.0004*) where the standard deviation for Root ZX
mini was less when compare to RVG(Table 1, Graph 1). However, there
was no statistically significant difference seen when average was taken.
Master chart showing the values for various canals (Tables 2a, 2b, 2c).

When the correlation between RVG and Root ZX mini methods with
respect to working length at canal1, canal 2, canal 3 and their average by
Karl Pearson’s correlation coefficient was done It was seen that good
correlation exists between RVG and Root ZX Mini in all the canals and it
was found to be statistically significant (p ¼ 0.0001*) (Table 3).

The inter examiner agreement with respect to working length at
canal1, canal 2, canal 3 and their average by Kappa statistic showed a
positive correlation (Table 3).

5. Discussion

Primary teeth are said to play a pivotal role in dental development. If
premature loss of these teeth occurs it can lead to space closure leading to
malocclusion in permanent dentition. There are various procedures that
are used to preserve the teeth which include indirect pulp capping,
pulpotomy, pulpectomy etc.13

Pulpectomy is a procedure which includes complete removal of cor-
onal as well as radicular pulp. One of the most important steps for pul-
pectomy treatment to be success is working length determination.
Working length determination is done to establish the position of the
apical foramen and hence extent of the obturation. Various modalities
have been developed over the years for working length determination.14,

It is seen from earlier literature that radiographs are 81.6% accurate in
determination of working length in permanent teeth.15

5.1. Justification for the study

Various studies have been conducted on use of apex locators and
conventional radiography in permanent teeth and showed that the EAL’s
were more efficient when compared to radiography.

Scarce literature is present when the same is considered for primary
molars. Hence, in this study a comparison was carried out between the
same two modalities in primary molars. It was seen that there was no
statistically significant difference between Root ZX mini apex locator and
Radiovisography when it comes to working length determination in
primary molars. It states that EAL can be used and are equally efficient in
primary molars even though there is presence of physiologic root
resorption.

Various studies found in literature comparing radiography and EAL’s
showed similar results when done in permanent teeth. A study was
conducted by Orosco et al. where he compared Root ZX with radiography
in determining the working length in permanent teeth. It was seen that
the conventional radiography an EAL were more efficient that digital
radiography.20

In accordance to above stated studies our study showed that, when
the measurements of RVG were compared with EAL for the tooth as a
whole for primary teeth, the results obtained showed no statistically
significant difference. It was seen that RVG and Root ZX mini both had
equal efficacy in primary teeth when compared to permanent teeth.
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However, Sara et al. found out that Root ZX was most accurate fol-
lowed by the Radiography and least accurate was tactile sense in per-
manent teeth. She found that the Root ZX was able to locate the apex in
within 0.5 mm in almost 143 out 150 cases (95%), this was seen in case of
permanent teeth.20

On the contrary our study showed that when primary molars are
considered as a whole both RVG and Root ZXmini showed no statistically
significant difference, but when individual canals are compared for the
primary teeth there is statistically significant difference seen between
EAL and RVG, in which the standard deviation for Root ZX Mini was less
as compared to RVG. Hence it can be said that Root ZXmini showedmore
accuracy as compared to RVG. This was similar to the studies stated
above. This is one of study that compares fifth generation apex locator
with the Radiovisiography hence this study is different from other
studies.

In 1963 Electronic apex locators started gaining popularity due to its
ease of use, compact size and decreased exposure to ionizing radiation. In
this study Root ZX Mini a fourth generation electronic apex locator has
been used. These apex locators are said to be similar to impedance type.16

The main principle of this generation EAL is that it measures the

Table 1
Table showing comparison of RVG and Root ZX mini methods with respect to working length at canal 1, canal 2, canal 3 and their average by dependent t-test.

Canals Methods Mean Std. Dv. Mean Diff. SD Diff. Paired t P-value

Canal 1 RVG 11.50 1.15
Root ZX mini 11.25 1.07 0.25 0.41 3.3397 0.0023a

Canal 2 RVG 11.42 1.14
Root ZX mini 11.23 1.01 0.18 0.36 2.7956 0.0091a

Canal 3 RVG 12.03 1.27
Root ZX mini 11.68 1.35 0.35 0.48 4.0261 0.0004a

Average RVG 11.49 1.06
Root ZX mini 11.52 1.09 �0.03 0.15 �1.0871 0.2859

*p < 0.05.
a Canal 1: Mesiobuccal in Maxillary and Mandibular Molars, Canal 2 (Distobuccal in Maxillary and Mesiolingual in Mandibular Molars), Canal 3 (Palatal in Maxillary

and Distal In Mandibular Molars).

Graph 1. Graph showing comparison of RVG and Root ZX mini methods with
respect to working length at canal1, canal 2, canal 3 and their average by
dependent t-test.

Table 2a
Table showing master chart for working length determination using Root ZX mini and RVG for canal 1.

Canal 1 (Mesiobuccal in Maxillary and Mandibular Molars)

Sr. No. Age Tooth No. Gender Examiner 1 Examiner 2 RVG Reading 1 Reading 2 Reading 3 Root ZX mini

1 4 55 F 12.0 14.0 13.5 13.0 13.0 13.0 13.0
2 4 54 F 12.0 12.0 12.0 12.5 12.5 12.5 12.5
3 4 54 F 12.0 12.0 12.0 11.5 11.5 11.5 11.5
4 4 54 M 13.0 13.0 13.0 13.0 13.0 13.0 13.0
5 4 55 M 12.0 12.5 12.5 12.0 12.0 12.0 12.0
6 5 55 M 11.0 11.0 11.0 10.5 10.5 10.5 10.5
7 5 55 F 12.0 12.5 12.5 12.5 12.5 12.5 12.5
8 5 64 M 13.0 13.0 13.0 12.0 12.0 12.0 12.0
9 5 64 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
10 5 65 F 12.0 12.5 12.5 11.5 11.5 11.5 11.5
11 5 65 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
12 6 65 F 12.0 12.0 12.0 11.0 11.0 11.0 11.0
13 6 74 M 11.0 11.5 11.5 11.5 11.5 11.5 11.5
14 6 74 F 12.0 12.5 12.5 12.5 12.5 12.5 12.5
15 6 74 F 11.0 11.0 11.0 10.5 10.5 10.5 10.5
16 6 75 M 12.0 12.0 12.0 11.5 11.5 11.5 11.5
17 6 75 M 13.0 13.0 13.0 12.5 12.5 12.5 12.5
18 6 75 F 12.0 12.5 12.5 12.0 12.0 12.0 12.0
19 7 75 M 11.0 11.0 11.0 10.5 10.5 10.5 10.5
20 7 75 M 10.0 10.0 10.5 10.5 10.5 10.5 10.5
21 7 84 F 10.0 10.0 10.0 10.5 10.5 10.5 10.5
22 7 84 M 10.0 10.5 10.5 10.0 10.0 10.0 10.0
23 7 84 F 13.0 13.0 13.0 13.0 13.0 13.0 13.0
24 7 84 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
25 7 85 F 10.0 10.5 10.5 10.5 10.5 10.5 10.5
26 8 85 M 10.0 10.0 10.0 10.5 10.5 10.5 10.5
27 8 85 M 9.5 9.5 9.5 9.5 9.5 9.5 9.5
28 8 85 F 11.0 11.0 11.0 10.5 10.5 10.5 10.5
29 6 85 M 10.0 10.0 10.0 10.0 10.0 10.0 10.0
30 6 85 F 9.5 9.5 9.5 9.0 9.0 9.0 9.0
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impedance of tooth at two different frequencies. As the file is seen to
proceed apically, difference among the impedance values is seen and
keeps changing. It is seen that at apex this difference in the impedance

value is maximum.17 At each frequency impedance of the model is
measured and file position is determined from these two impedances
ratio.18 Root ZX mini was seen to be more advantageous because of its

Table 2b
Table showing master chart for working length determination using Root ZX mini and RVG for canal 2.

Canal 2 (Distobuccal in Maxillary and Mesiolingual in Mandibular Molars)

Sr. No. Age Tooth No. Gender Examiner 1 Examiner 2 RVG Reading 1 Reading 2 Reading 3 Root ZX mini

1 4 55 F 13.0 13.0 13.0 13.0 13.0 13.0 13.0
2 4 54 F 12.5 12.5 12.5 12.5 12.5 12.5 12.5
3 4 54 F 12.0 12.0 12.0 11.5 11.5 11.5 11.5
4 4 54 M 13.0 13.0 13.0 13.0 13.0 13.0 13.0
5 4 55 M 13.0 13.0 13.0 12.0 12.0 12.0 12.0
6 5 55 M 12.0 12.0 12.0 12.0 12.0 12.0 12.0
7 5 55 F 13.0 13.0 13.0 12.5 12.5 12.5 12.5
8 5 64 M 13.0 13.0 13.0 12.0 12.0 12.0 12.0
9 5 64 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
10 5 65 F 12.5 12.5 12.5 12.5 12.5 12.5 12.5
11 5 65 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
12 6 65 F 12.0 12.0 12.0 11.0 11.0 11.0 11.0
13 6 74 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
14 6 74 F 11.0 11.0 11.0 11.0 11.0 11.0 11.0
15 6 74 F 11.5 11.5 11.5 11.5 11.5 11.5 11.5
16 6 75 M 12.0 12.0 12.0 11.5 11.5 11.5 11.5
17 6 75 M 12.0 12.0 12.0 12.0 12.0 12.0 12.0
18 6 75 F 12.5 12.5 12.5 12.0 12.0 12.0 12.0
19 7 75 M 10.5 10.5 10.5 10.5 10.5 10.5 10.5
20 7 75 M 10.5 10.5 10.5 10.5 10.5 10.5 10.5
21 7 84 F 10.0 10.0 10.0 10.5 10.5 10.5 10.5
22 7 84 M 11.0 11.0 11.0 10.5 10.5 10.5 10.5
23 7 84 F 12.0 12.0 12.0 12.0 12.0 12.0 12.0
24 7 84 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
25 7 85 F 10.5 10.5 10.5 10.0 10.0 10.0 10.0
26 8 85 M 10.0 10.0 10.0 10.0 10.0 10.0 10.0
27 8 85 M 10.0 10.0 10.0 10.0 10.0 10.0 10.0
28 8 85 F 10.0 10.0 10.0 10.0 10.0 10.0 10.0
29 6 85 M 10.0 10.0 10.0 10.0 10.0 10.0 10.0
30 6 85 F 10.0 10.5 10.5 10.0 10.0 10.0 10.0

Table 2c
Table showing master chart for working length determination using Root ZX mini and RVG for Canal 3.

Canal 3 (Palatal in Maxillary and Distal In Mandibular Molars)

Sr. No. Age Tooth No. Gender Examiner 1 Examiner 2 RVG Reading 1 Reading 2 Reading 3 Root ZX mini

1 4 55 F 14.0 14.0 14.0 14.0 14.0 14.0 14.0
2 4 54 F 13.0 13.0 13.0 13.0 13.0 13.0 13.0
3 4 54 F 13.0 13.0 13.0 13.0 13.0 13.0 13.0
4 4 54 M 15.0 15.0 15.0 15.0 15.0 15.0 15.0
5 4 55 M 13.0 13.0 13.0 13.0 13.0 13.0 13.0
6 5 55 M 12.0 12.0 12.0 12.0 12.0 12.0 12.0
7 5 55 F 12.0 12.0 12.0 12.0 12.0 12.0 12.0
8 5 64 M 14.0 14.0 14.0 14.0 14.0 14.0 14.0
9 5 64 M 13.0 13.0 13.0 13.0 13.0 13.0 13.0
10 5 65 F 12.0 12.0 12.0 12.0 12.0 12.0 12.0
11 5 65 M 11.5 11.5 11.5 11.5 11.5 11.5 11.5
12 6 65 F 12.0 12.0 12.0 12.0 12.0 12.0 12.0
13 6 74 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
14 6 74 F 12.5 12.5 12.5 12.5 12.5 12.5 12.5
15 6 74 F 11.5 11.5 11.5 11.5 11.5 11.5 11.5
16 6 75 M 12.5 12.5 12.5 12.5 12.5 12.5 12.5
17 6 75 M 13.0 13.0 13.0 13.0 13.0 13.0 13.0
18 6 75 F 13.0 13.0 13.0 13.0 13.0 13.0 13.0
19 7 75 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
20 7 75 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
21 7 84 F 11.0 11.0 11.0 11.0 11.0 11.0 11.0
22 7 84 M 11.5 11.5 11.5 11.5 11.5 11.5 11.5
23 7 84 F 13.0 13.0 13.0 13.0 13.0 13.0 13.0
24 7 84 M 13.0 13.0 13.0 13.0 13.0 13.0 13.0
25 7 85 F 11.0 11.0 11.0 11.0 11.0 11.0 11.0
26 8 85 M 10.5 10.5 10.5 10.5 10.5 10.5 10.5
27 8 85 M 10.0 10.0 10.0 10.0 10.0 10.0 10.0
28 8 85 F 10.0 10.0 10.0 10.0 10.0 10.0 10.0
29 6 85 M 11.0 11.0 11.0 11.0 11.0 11.0 11.0
30 6 85 F 10.0 10.5 10.5 10.0 10.0 10.0 10.0
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compact design, ease of use.19 Hence in this study the comparison was
made between Root ZX Mini and RVG.

In the present study, when the working length determination is
compared among each canal:

For mesio buccal canal of Maxillary and mandibular molars p ¼
0.0023, for palatal canal of maxillary and distal canal of mandibular
molars p ¼ 0.0091 for distobuccal of maxillary and mesiolingual of
mandibular molars p ¼ 0.0004. Hence, a statistically significant (p <

0.05) difference was seen. Karl Pearson’s coefficient test showed a 99%
co relation between radiovisiography and Root ZX mini (ICC ¼ 0.9900).
The electronic apex locator showed good reliability when compared to
RVG. It is also seen that when the actual reading was at the 0 mark
instead of the apex mark more accurate results were obtained.

Limitations of the study include incorporation of larger sample size
and comparison with newer generation of electronic apex locators.

For future prospects, as the fourth generation of electronic apex lo-
cators showed reliable results, further studies can be carried out for its
comparison with newer generations of electronic apex locators.

6. Conclusion

� Radiovisiography and EAL showed same results and were
comparable.
� There was a positive co-relation seen between Radiovisiography and
Root ZX mini.
� As the Root ZX mini and radiovisiography are seen to be precise in
determination of working length in primarymolars. It can be said that
Root ZX mini i. e the electronic apex locators can be used as an
adjunct to Radiovisiography.
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ABSTRACT
Background: Most of the nations have proposed 
research regulations to protect the rights and 
welfare of the research participants. Among 
such regulations are the informed consent and 
assent. In the present world, informed consent 
and assent is the cornerstone in health practice. 
Aims and Objectives: To compare and evaluate the 
knowledge and attitude toward informed consent 
and assent for biomedical research involving 
children among health‑care professionals in Belagavi 
city. Materials and Methods: A cross‑sectional 
questionnaire study was conducted among 300 
house surgeons divided into four groups of 
Medical, Dental, Nursing, and Ayurveda faculty of 
Belagavi city. A self‑administered multiple choice 
questions were used to evaluate the knowledge 
and a five‑point Likert scale was used to asses 
attitude regarding informed consent and assent for 
research involving children. Statistical analysis was 
done using SPSS version 20. Results: There was 
statistically significant difference in mean knowledge 
and attitude among all four groups (P < 0.05), 
and there was no significant correlation between 
knowledge and attitude as a whole in each group of 
professionals (P > 0.05). Conclusion: Emphasis on 
additional training is the need of the hour for all the 
faculty participants and also incorporation of study 
material regarding informed consent and assent for 
research involving children by the policy makers.

KEYWORDS: Assent, informed consent, research

Assessment of knowledge and attitude toward 
informed consent and assent for biomedical research 

involving children among health‑care professionals in 
Belagavi city: A questionnaire study

Vidyavathi H. Patil, Shivayogi M. Hugar, Niraj S. Gokhale, Shweta Kajjari, Nivedita Saxena, 
Pooja K. Dialani
Department of Pediatric and Preventive Dentistry, KAHER’s KLE VK Institute of Dental Sciences, Belagavi, Karnataka, India

by fundamental ethical principles as it involves human 
participants to protect their rights and well‑being.[1] To 
understand the social and behavioral characteristics, 
advancement of knowledge in health, disease, and 
therapeutics, the pediatric research has become vital. 
For this, the informed consent and the child assent which 
are prudent agreement to participate in research have 
become the important element.[2] Wherein, informed 
consent is a process which discloses appropriate 
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Introduction
Over the recent decades motivated by the need to 
improve health, medical research has greatly increased 
in many countries. Such research needs to be guided 
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information by the researcher or health‑care provider 
to the patient or guardian so as to make voluntary 
choice to accept, participate, or refuse a research or 
treatment; and the assent is the child’s agreement to 
participate in research.[3]

The Nazi physicians due to scientific aspiration 
committed the most horrid of atrocities due to racial 
discrimination in the human subjects who were 
prisoners. To prevent such calamities from happening 
in future, the Nuremberg military tribunal formed a 
code of conduct called the Nuremberg code, according 
to which voluntary informed consent had to be 
obtained from all research participants. However, it 
excluded individuals who cannot legally consent like 
the mentally handicapped, unconscious individuals, 
and the minors. Knowing this weakness, the legally 
authorized representatives were permitted to give 
consent for research for such individuals by the 
Helsinki Declaration of 1964.[4] In 1976, the American 
Academy of Pediatrics published the term “Informed 
Consent” which was relatively a new concept at that 
time. It acknowledged the importance of informed 
consent in an extensive and well written report as a 
comprehension of procedures to be undertaken on 
minor by the patient’s whole family. Later in 1982, the 
Council for International Organizations of Medical 
Sciences in collaboration with the World Health 
Organization for the first time gave the concept of 
assent which has evolved considerably since then.[5]

Health‑care professionals and researchers as per the 
regulations governing research must obtain informed 
consent and assent for any biomedical research 
involving children. Considerable studies have been 
done with this regard in the Western world, but very 
few studies have been done in India. Hence, the aim of 
this study is to compare and evaluate the knowledge 
and attitude among health‑care professionals toward 
informed consent and assent for biomedical research 
involving children in Belagavi city.

Materials and Methods
A cross‑sectional questionnaire study was conducted 
in the department of pediatric and preventive dentistry 
after obtaining ethical approval from the Institutional 
Review Board and permission to conduct study among 
house surgeons of different faculties was taken from 
the corresponding institution head. A sample size of 
296 was calculated using standard sample size formula 
which was rounded to 300. The samples were divided 
into four groups (Group A, B, C, and D) with 75 
participants in each from medical, dental, nursing, and 
Ayurveda respectively.

We developed the questionnaire based on our study 
objectives by taking the guidance from the previous 
literature published regarding knowledge and attitude 
toward informed consent and assent for biomedical 

research involving children among different health 
professionals. The study tool consisted of two parts. 
The first part assessed the participant’s knowledge 
by asking them to select the correct answer from the 
multiple choice questions. The second part assessed 
their attitude on a 5‑point Likert scale.

The inclusion criteria for the study included house 
surgeons from medical, dental, nursing, and Ayurveda 
institutions in Belagavi city. The exclusion criteria for 
the study were undergraduates who are still studying, 
postgraduates, and participants who did not give 
consent for the study.

The questionnaire was distributed to the participants, 
and the data collected from them were entered in excel 
sheet and were analyzed using SPSS version 20 (SPSS 
Inc., Chicago, IL, USA).

Results

Knowledge among health professionals
When comparison of knowledge scores was tested 
using Chi‑square test among medical, dental, nursing, 
and Ayurveda house surgeons, there was statistically 
significant (P < 0.05) difference in knowledge between 
groups with respect to as to from whom the consent 
and assent has to be obtained, Helsinki declaration for 
informed consent, account of the child’s developmental 
level to obtain assent, the age for obtaining oral 
assent, the governing bodies which regulate consent 
and assent norms, conditions where in consent can 
be waived off or deferred, and the elements that the 
informed consent must include. However, there was no 
statistically significant difference in knowledge among 
groups regarding knowledge on the terminologies of 
consent and assent, how the consent has to be obtained 
in case of an illiterate parent or legally authorized 
representative, when the re‑consent may be needed 
and Nuremberg code [Table 1].

The Chi‑square test was used to find the association 
between levels of knowledge (low, average, and 
high) among groups and was found to be statistically 
significant. The dental group showed high level of 
knowledge and nursing group showed low level of 
knowledge in our study [Table 2].

When comparison for mean knowledge was done for the 
four groups using one‑way ANOVA, it was found to be 
statistically significant [Table 3]. Pair‑wise comparison 
of knowledge was done using Tukey’s multiple post 
hoc procedure, and it was found statistically significant 
for all pairs except for medical versus Ayurveda and 
dental versus Ayurveda group [Table 4].

Attitude among health professionals
When comparison of attitude scores was tested using 
Kruskal–Wallis ANOVA among medical, dental, 
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nursing, and Ayurveda house surgeons, there was a 
statistically significant (P < 0.05) difference in attitude 
between groups with respect to as to that every 
researcher should take consent and assent before 
start of a study, the curriculum should strengthen 
the topics on consent and assent, information shared 
with consent and assent should differ as per gender, 
information of research should be shared in consent 
and assent, consent and assent to be taken because 
of modern ethical issues and patient autonomy, 
alternative treatment, risks and uncertainties to be 
mentioned in consent and assent forms, and risk of 
invasion of privacy of ethical documents during 
sharing of patient care among professionals. However, 
there was no statistically significant difference in 
attitude among groups regarding the necessity of 
governing body to regulate the norms of consent and 
assent, researcher facing hurdles to obtain consent 
and assent for research involving children, and 
the presence of predominant paternalistic culture 
in India may have an influence to get consent and 
assent [Table 5].

The Chi‑square test was used to find the association 
between levels of attitude (low, average, and high) 
among groups and was found to be statistically 
significant. However, with respect to attitude, the 
Ayurveda group showed the high level of attitude 

compared to other professionals with the least being 
among nursing professionals [Table 2].

When comparison for mean attitude was done for the 
four groups using one‑way ANOVA, it was found to be 
statistically significant [Table 3]. Pair‑wise comparison 
of attitude was done using Tukey’s multiple post hoc 
procedure, and it was found statistically significant 
for all pairs except for medical versus Ayurveda and 
dental versus Ayurveda group [Table 4].

Correlation between knowledge and attitude 
among health professionals
Karl Pearson’s correlation coefficient revealed 
that there was no significant correlation between 
knowledge and attitude as a whole and in each group 
of professionals (P > 0.05) [Table 6].

Discussion
The pediatric and adolescent research trails have 
increased in number all over the world.[5] The protection 
of safety, well‑being, rights, and dignity of participants 
is the prime responsibility of every researcher. For 
this, they should be aware of the medical, scientific, 
legal, ethical, and social requirements in a research 
proposal and should also comply with it.[6] For this, 

Table 1: Comparison of four groups of professionals with correct knowledge in each item
Items Medical (%) Dental (%) Nursing (%) Ayurveda (%) Total (%) χ2 P
The authority to allow a child to participate in research 
rests on

56.00 78.67 38.67 66.67 60.00 0.0000 1.0000

The child’s agreement to participate in research is 
termed as

36.00 48.00 26.67 38.67 37.33 6.6458 0.0841

In a research involving children the investigator must 
obtain consent and assent from

53.33 70.67 33.33 41.33 49.67 30.6972 0.0001*

In case of an illiterate parent/LAR the informed 
consent can be best obtained by

36.00 53.33 29.33 61.33 45.00 7.2818 0.0635

Re‑consent may be needed in following cases except 10.67 25.33 28.00 30.67 23.67 7.3327 0.0620
Voluntary informed consent has to be obtained from all 
research subject was stated by

40.00 34.67 21.33 18.67 28.67 7.4088 0.0600

Which of the following is permitted consent by LAR for 
research involving children?

29.33 21.33 21.33 37.33 27.33 9.9453 0.0191*

Which of the following should the assent process take 
into account?

54.67 85.33 42.67 62.67 61.33 11.6714 0.0086*

The assent process should be similar to the informed 
consent process for children of

24.00 52.00 32.00 41.33 37.33 14.0198 0.0029*

Oral assent must be obtained in the presence of parent/
LAR for children between

30.67 17.33 16.00 17.33 20.33 19.8465 0.0002*

Who decides either one or both parents would be required 
for consent before the child is enrolled in research

36.00 33.33 21.33 41.33 33.00 20.0808 0.0002*

For research involving minimal risk or low risk, the 
consent can generally be taken from

33.33 65.33 33.33 37.33 42.33 21.9972 0.0001*

In which of the following situations in a child the 
consent may be waived off

26.67 42.67 10.67 25.33 26.33 23.7211 0.0001*

Essential elements of an informed consent must include 
all except

30.67 30.67 30.67 30.67 30.67 27.0000 0.0001*

In which of the following situations a deferred consent 
may be taken for research involving children?

34.67 17.33 33.33 33.33 29.67 30.6972 0.0001*

*P<0.05. LAR=Legally authorized representatives
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the researcher should have through knowledge and 
an attitude toward informed consent and assent for 
biomedical research involving children.

The child’s right weather to participate as research 
subject and parents participation in health‑related 
decision have been acknowledged all over the world 
through ethical guidance in clinical research since the 
Helsinki Declaration in 1964.[6] The power of authority 
of child’s assent should increase by age according 
to some of the international instruments regulating 
human research.[7,8] In UK, the age is defined as school 
age by the Royal college of Pediatrics.[9] Moreover, in 
the United States, the child’s seventh birthday is set as 
age by which assent can be obtained as per the National 
Commission for the Protection of Human Subjects of 
Biomedical and Behavioral research.[10] In India as per 

Indian Council of Medical research, the verbal/oral 
or written assent, as approved by the EC, should be 
obtained from children of 7–18 years of age.[6]

Informed consent is essential in pediatric research as 
it protects the participating children from any possible 
harm and reflects respect to an individual by their 
enrollment in research.[2] The requirement of simple 
consent may be dated back to eighteenth century 
English law for surgical procedures, it was only in 
the 1950’s the doctrine of true informed consent was 
developed by the American courts.[11] As children 
lack the intellectual capacity to make decisions, the 
authority to allow a child to participate in research 
rests on parents/legally authorized representatives.[12]

This study was conducted among 300 house surgeons 
of medical, dental, nursing, and Ayurveda to appraise 
their knowledge and attitude toward informed consent 
and assent for biomedical research involving children. 
The study showed that only 11% of house surgeons 
had high level of knowledge on informed consent 
and assent, with an average knowledge level being 
66.33% and low level knowledge being 22.67%. When 
compared among different faculty house surgeons, the 
high level of knowledge was seen more among dental 
professionals followed by Ayurveda, Medical with the 
least being among the nursing professionals.

Nearly 60% of participants have an idea as to who is 
the authority person to give informed consent and the 
developmental level of child to be taken into account 
to obtain assent from the child. However only around 
42%–49% of them had knowledge on how informed 
consent to be taken from an illiterate person, from whom 
consent and assent to be taken as well as who can give 
incase of research involving minimal risk. Many of them 
fared poor knowledge in answering about when exempt 
can be given for re‑consent, Nuremberg code, Helsinki 
Declaration, age of child for oral assent to be taken, 
condition when consent can be waived off and differed.

However in case of attitude, only 17.33% of participants 
had high attitude level, with an average being 68% and 

Table 2: Association between levels of knowledge and attitude by groups
Medical (%) Dental (%) Nursing (%) Ayurveda (%) Total (%)

Levels of knowledge
Low level 21.33 10.67 41.33 17.33 22.67
Average level 69.33 68.00 58.67 69.33 66.33
High level 9.33 21.33 0.00 13.33 11.00
χ2, P 34.2850, 0.0001*

Levels of attitude
Low level 10.67 9.33 28.00 10.67 14.67
Average level 69.33 82.67 68.00 52.00 68.00
High level 20.00 8.00 4.00 37.33 17.33
χ2, P 46.4740, 0.0001*

Total 100.00 100.00 100.00 100.00 100.00
*P<0.05. ≤Mean ‑ SD=Low level, ≤Mean‑SD, >Mean + SD=Average level, ≥Mean + SD=High level. SD=Standard deviation

Table 3: Comparison four groups of professionals 
with mean knowledge and attitudes by one‑way 
ANOVA
Groups Knowledge Attitude

Mean SD Mean SD
Medical 5.32 2.38 40.65 4.39
Dental 6.76 2.35 40.45 3.76
Nursing 4.19 1.68 38.13 3.70
Ayurveda 5.84 2.21 42.19 5.11
Total 5.53 2.35 40.36 4.50
F 18.3090 11.4635
P 0.0001* 0.0001*
*P<0.05. SD=Standard deviation

Table 4: Pair wise comparisons by Tukeys multiple 
post hoc procedures
Groups Knowledge Attitude
Medical versus dental 0.0003* 0.9918
Medical versus nursing 0.0077* 0.0018*
Medical versus Ayurveda 0.4585 0.1245
Dental versus nursing 0.0001* 0.0050*
Dental versus Ayurveda 0.0469* 0.0628
Nursing versus Ayurveda 0.0001* 0.0001*
*P<0.05
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least attitude among 14.67%. When compared among 
different faculties, the Ayurveda house surgeons had 
high level of attitude, followed by the medical, dental 
with the least being among the nursing house surgeons.

Nearly 55% of the participants strongly agreed that 
consent and assent to be taken before the start of the 
study. Around 51%–54% of them agreed that they face 
hurdles to obtain consent and accent and they feel that 
the presence of predominant paternalistic culture may 
have an influence to obtain it for research in children. 

Table 5: Comparison of four groups of professionals with attitude scores in each item by Kruskal‑Wallis ANOVA
Items Summery Professionals Total percentage 

attitude
H P

Medical Dental Nursing Ayurveda Total
Do you feel that every researcher should 
take consent and assent before the start 
of the study

Mean 4.31 4.45 4.03 4.49 4.32 55 (strongly agree) 8.9940 0.0290*
SD 0.94 0.68 1.07 0.74 0.89 27 (agree)

Do you feel that the curriculum should 
strengthen the topics on consent and 
assent

Mean 3.95 4.27 4.19 4.36 4.19 36.66 (strongly agree) 11.1810 0.0110*
SD 0.85 0.53 0.71 0.78 0.74 45.66 (agree)

Do you feel the necessity of a governing 
body to regulate the norms for consent 
and assent for research involving children

Mean 4.07 4.12 4.08 4.29 4.14 35 (strongly agree) 3.5310 0.3170
SD 0.88 0.72 0.82 0.73 0.79 44.66 (agree)

Do you feel a researcher faces hurdles to 
obtain consent and assent for research 
involving children

Mean 3.99 3.85 3.97 4.12 3.98 23.33 (strongly agree) 5.4190 0.1440
SD 0.83 0.56 0.87 0.72 0.76 52.65 (agree)

Do you feel the information shared with 
consent and assent should differ as per 
the gender of the concerned person

Mean 3.69 3.16 3.39 4.07 3.58 22.66 (strongly agree) 24.3930 0.0001*
SD 1.13 1.17 1.22 0.78 1.14 32 (agree)

Do you feel all information about your 
research should be shared in consent and 
assent form before the start of you study

Mean 4.05 4.03 3.56 4.19 3.96 32.33 (strongly agree) 12.7600 0.0050*
SD 0.88 0.82 1.15 0.71 0.93 36.49 (agree)

It helpful to take consent and assent 
because of modern ethical issues and 
patient autonomy

Mean 3.95 4.19 3.63 4.25 4.00 27 (strongly agree) 22.9060 0.0001*
SD 0.82 0.63 0.94 0.76 0.83 43.33 (agree)

Do you feel the presence of predominant 
paternalistic culture in India may have 
an influence to get consent and assent in 
a research

Mean 3.95 3.92 3.84 4.05 3.94 21 (strongly agree) 2.5590 0.4650
SD 0.73 0.59 0.87 0.70 0.73 54.33 (Agree)

Do you agree that in the consent and assent 
form the alternative treatment, risks and 
uncertainties need to be mentioned

Mean 4.17 4.17 3.69 4.11 4.04 28.66 (strongly agree) 14.0340 0.0030*
SD 0.81 0.62 1.00 0.67 0.81 49.66 (agree)

As a researcher in today’s computer 
era one should be aware of the risk 
of invasion of privacy of the ethical 
documents during sharing of patient care 
among professionals

Mean 4.53 4.29 3.76 4.25 4.21 40 (strongly agree) 32.4690 0.0001*
SD 0.66 0.67 0.98 0.62 0.80 43.66 (agree)

*P<0.05. SD=Standard deviation

Table 6: Correlation between knowledge and 
attitude scores in each group by Karl Pearson’s 
correlation coefficient method
Groups Correlation between knowledge and attitude scores in

r t P
Medical 0.0354 0.3025 0.7631
Dental −0.2073 −1.8101 0.0744
Nursing −0.1083 −0.9307 0.3551
Ayurveda −0.1509 −1.3041 0.1963
Total 0.0354 0.3025 0.7631

Furthermore, 43% felt that it is helpful in today’s 
scenario because of modern ethical issues and patient 
autonomy. However, nearly 17% of participants 
remained neutral with attitude and 70% (strongly 
agree and agree) of them felt that information shared in 
consent and assent should differ by gender of research 
participant.

Thus this study illustrates that there is dissimilar 
knowledge and attitude and no correlation between 
knowledge and attitude among different faculty 
house surgeons on informed consent and assent for 
biomedical research involving children. There are 
certain limitations in this study. First, only house 
surgeons were involved in the study. It did not 
include postgraduates, academicians, and private 
practitioners. Hence, there could be difference of 
knowledge among them. Second, the knowledge type 
questions asked were of basic information regarding 
informed consent and assent and did not cover broad 
range of topics in them. Moreover, finally, we did not 
collect any information regarding these topics being 
taught in their course content of their profession.
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Conclusion
This study revealed that the house surgeons of 
the medical, dental, nursing, and Ayurveda had 
unbalanced knowledge and dissatisfactory attitudes, 
thereby emphasizing training and need for education 
and practice by current recommendations by the 
guidelines put forth by competent authorities to be 
given regarding legal jurisprudence for research 
involving children at the undergraduate training.
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Our office is always running out of 
plastic orthodontic elastic placers. This 
beautifully illustrated Pearl teaches how 
to make one chairside in a pinch, using 
only .036" stainless steel wire and plastic 
tubing.

NEAL D. KRAVITZ, DMD, MS 
Associate Editor for Pearls

An Efficient and Ergonomic 
Device for Easy Elastic Wear

Various types of elastics are prescribed for cor
rection of molar relationships or crossbites, or 
for occlusal settling. This has long been an 

integral part of orthodontic treatment that requires 
patient cooperation. Patients may have difficulty 
attaching the elastics properly with only their fin
gers, however, especially if they are not provided 
with disposable elastic placers. To improve patient 
compliance and ease of placement, we have de
vised the SEAT (simple elastic applicator tool).

Fabrication 
1. Cut a 67" length of .9mm or .036" stainless 
steel wire (A). Using a universal plier, bend a helix 
about 6mm in diameter at the midpoint of the wire.
2. Add bends at points 1 and 2 as shown (B), mak
ing the two arms parallel to each other. Plastic 
sleeves can be placed over the arms to improve the 
grip of the device.
3. Bend the wire at points 3 and 4 (C), so that the 
arms cross over each other. These bends give the 
device a reverseaction property.
4. Bend the wire again at points 5 and 6, making 
the two arms converge slightly toward each other 
(D).
5. Make a Ubend in one of the arms at point 7 to 
form a hook (E). Cut off the excess wire from the 
hook arm and from the other arm as shown.

Instructions for Use
Press the upper and lower arms of the SEAT 

together (F) to separate the arms for elastic inser
tion. Place the elastic over the hook, then engage 
the straight arm around the hook to secure the 
elastic (G). After intraoral placement of the elastic 
(H), press the upper and lower arms together again 
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to release the elastic from the SEAT.
This tool offers several advantages. Because 

of its reverseaction design, it will not release the 
elastic until desired. The .036" stainless steel wire 
is rigid enough to withstand deformation forces, 
but easy to adjust if necessary. The SEAT is quick 
and simple for the orthodontist to fabricate from 
inexpensive materials. The design makes wearing 
elastics much easier for the patient, which in turn 
will ensure ideal compliance and treatment finish
ing. Finally, it serves as a motivating factor by giv
ing the patient a sense of involvement and respon
sibility for treatment.
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ORIGINAL RESEARCH

Comparative Evaluation of Efficacy of Calcium Hydroxide, 
Propolis, and Glycyrrhiza glabra as Intracanal Medicaments in 
Root Canal Treatment
Kshipra Tamhankar1, Neha S Dhaded2, Preeti Kore3, Jyoti M Nagmoti4, Shivayogi M Hugar5, Anand C Patil6

Ab s t r Ac t
Aim: To evaluate and compare the antimicrobial efficacy of Ca(OH)2, 25% propolis, and 25% Glycyrrhiza glabra as intracanal medicaments in 
root canal treatment.
Materials and methods: Total 60 freshly extracted permanent incisors were decoronated and chemomechanical preparation of root canal 
was performed. Samples were inoculated with a pure culture of Enterococcus faecalis and incubated for 21 days. Colony-forming units (CFUs) 
were recorded before medication. Incubated samples were randomly categorized into three groups, namely, Ca(OH)2, propolis, and G. glabra, 
with 20 samples in each group. Antibacterial activity was assessed by evaluating the variance in the CFUs on Day 7. Paired “t” test and Post-hoc 
Tukey’s test were applied to analyze the data.
Results: Reduction of CFUs was noticed in all the groups (p <0.001), however the reduction was more predominant in the propolis group.
Conclusion: Propolis is more effective against E. faecalis, when compared to G. glabra and Ca(OH)2.
Clinical significance: Propolis could be used as an effective medicament in root canal treatment.
Keywords: Antimicrobial, Calcium hydroxide, Glycyrrhiza glabra, Propolis.
The Journal of Contemporary Dental Practice (2021): 10.5005/jp-journals-10024-3106

In t r o d u c t I o n
Endodontic therapy principally involves the procedures of 
biomechanical preparation, and microbial control followed by 
complete closure of the canal. Bacterial contamination inside the 
root canal system is considered as the primary etiological factor for 
oral infections. Enterococcus species are the most common species 
isolated in post-treatment evaluation of endodontic therapy.1 The 
predominant goal of endodontic therapy is to restrict the bacterial 
proliferation in the radicular dentin which will eventually aid in 
preventing reinfection.2 The morphological characteristic of the 
root canal system is intricate with many anatomical irregularities, 
which are unapproachable through chemomechanical procedures. 
Thus, intracanal medication is encouraged between the procedures 
for reducing bacterial proliferation, which also assists in providing 
a favorable environment for periapical tissue repair.2

In the field of endodontics, medicaments like chlorhexidine 
(CHX), iodine potassium iodide (IKI) and sodium hypochlorite 
(NaOCl) demonstrate wide-cut spectrum of antimicrobial activity. 
However, they never earned wide acceptance due to the plethora 
of adverse effects they possessed. In some in vitro studies, CHX 
is considered to be lethal to canine embryonic and gingival 
fibroblasts at bactericidal concentrations.3,4 Sodium hypochlorite at 
concentrations greater than 0.5% possibly leads to the development 
of fragile teeth due to the dentine collagen damage. IKI has been 
shown to evoke an allergic reaction in some people.3,4

Conventionally, Ca(OH)2 is frequently used for the eradication 
of microbes.5 It shows the antimicrobial effect by inactivating 
membrane transport mechanisms of the organisms due to 
its high alkaline nature.5 It also presents broad-spectrum 
antibactericidal activity, specifically targeting endodontic 
microorganisms. However its efficacy against Enterococcus faecalis 

is controversial.5–7 Additionally, the increasing rate of unpredictable 
cytotoxic reactions and the inefficiency of commercially available 
medicaments to eliminate microflora effectively from the deeper 
layers of dentinal tubules have lead to a need for the researchers 
to explore a substitute.8,9

In recent times, utilization of alternate therapeutic agents 
derived from insects, florae, and microorganisms has been 
substantially increased.10,11 Natural medicines have an imperative 
role in today’s medicine, due to increased antibiotic-resistant strains 
and side effects produced by commercially available synthetic 
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in a propeller at 400  rpm, until gel consistency was achieved. 
Weighed quantity of glycerin which is used as humectant (SD fine 
chemicals, Mumbai, India), and the gel mixture was mixed by stirring 
in a propeller at 400 rpm for 15 minutes. Sodium benzoate is used 
as a preservative (Balaji Chemicals, Mumbai, India) and the gel 
mixture was mixed and stirred for 30 minutes, to achieve an even 
distribution of gel ingredients. Sodium methylparaben and sodium 
propylparaben (SD fine chemicals, Mumbai, India) were weighed 
and dissolved in 10 mL of sterile distilled water.

Finally, the quantity of gel mixture was adjusted with 
plain sterile distilled water and stirred for 10  minutes. Gel was 
moved to previously sterilized plastic container and stored at 
room temperature (Patent Application No. 201841042422A and 
201941054463A).18 The prepared gel was subjected to minimum 
inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) procedures.

Determination of Minimum Inhibitory Concentration 
and Minimum Bactericidal Concentration of Natural 
Extracts
The MIC and MBC were evaluated by broth dilution methods, 
followed by agar diffusion methods. MIC was assessed against ATCC 
strains of E. faecalis. Inoculum of standard strains of organisms was 
prepared as per 0.5 McFarland standard.

The powder was weighed and dissolved in 0.5 mL of dimethyl 
sulfoxide present in Eppendorf microcentrifuge tube. It was 
subsequently vortexed and used immediately. Ten autoclaved 
Eppendorf tubes were labeled with the serial numbers from 1 to 
10. The standard operating protocols of vertical laminar flow were 
followed. In the vertical laminar flow, MIC procedure was carried 
out by adding 200  μL of plain brain heart infusion (BHI) broth 
from second to tenth tube by using a micropipette, followed by 
the addition of 200  μL of respective extract to first and second 
tubes. Broth and extract solution were thoroughly mixed using 
a micropipette. Further, 200 μL of diluted extract were pipetted 
and added to the third tube. The procedure was continued till the 
ninth tube and then the diluted extract from the ninth tube was 
pipetted and discarded. Serial dilution started from the second tube 
and continued till the ninth tube. Here, first tube was designated 
as the positive control and tenth tube as the negative control. Two 
hundred microliter of BHI broth was added to all the 10 tubes. 
Finally, 200 μL of E. faecalis inoculum was added to all the 10 tubes.

The Eppendorf tubes were kept for incubation in a CO2 
desiccator for 48 hours. The MIC was recorded, and the inhibitory 
concentration was confirmed by transferring each of these serial 
dilutions onto the blood agar culture plates under laminar airflow 
for propolis group. The culture plates were kept for incubation 
for 24 hours. Colony-forming units (CFUs) were logged after the 
respective clock times of incubation.

Preparation of Specimens
Samples were thoroughly cleansed and stored in compliance to 
the guidelines of Occupational Safety and Health Administration.19 
Before canal instrumentation, teeth decoronation was done using a 
high-speed bur along with water spray to attain standardized 16-mm 
longroots. Canal patency and working length were accomplished 
by placing 10# K file (Mani. Inc, Tochigi, Japan) to the terminus 
and deducting 1  mm from this measurement.20 ProTaper rotary 
instrument size F5 was employed to prepare the canals. The canals 
were irrigated with 3% NaOCl after each instrument (Vishal Dentocare 

drugs. Several researches discovered that various natural products 
have antimicrobial and curative effects, suggesting its use as an 
intracanal medicament.8–11

Propolis is one such natural, flavonoid-rich, wax-cum resinous 
product of Apis mellifera more commonly known as honeybee. It 
predominantly comprises of resins, aromatic oils, minerals, vitamins, 
and flavonoids, among which flavonoids and hydroxyl cinnamic acid 
are found to be responsible for its biological activity.12 In dentistry, 
it is widely used as a pulp capping agent,13 storage medium for 
avulsed tooth,14 sealant for dentinal hypersensitivity,15 and as 
endodontic cavity disinfectant.14 Propolis is efficacious against 
many resistant microbes including E. faecalis and Candida albicans 
and is also biocompatible with the periradicular tissues as compared 
to existing intracanal medicaments.16

Glycyrrhiza glabra, more commonly known as licorice, one 
of the traditional medicinal plants used in phytomedicine from 
past 4000  years.17 In Ayurvedic formulations, its roots are used 
for bronchial-related therapies.17 Glycyrrhizin, a diglucuronide 
derivative of glycyrrhetinic acid, is primarily accountable for 
its antibacterial properties.17 G. glabra has been reported to be 
effective against E. faecalis. Moreover, it is also biocompatible with 
fibroblasts when compared to Ca(OH)2.5 However, when literature 
search was carried out, there were no studies comparing the efficacy 
of propolis and G. glabra with Ca(OH)2 as an intracanal medicament 
against E. faecalis. So an attempt was made to carry out this research 
to evaluate the bactericidal effect of propolis, G. glabra and Ca(OH)2 
against E. faecalis.

MAt e r I A l s A n d Me t h o d s
The study was conducted in the Department of Conservative 
Dentistry and Endodontics. Ethical clearance was obtained from 
the Research and Ethical Committee of the Institution.

Sixty freshly extracted, single-rooted, and single canal incisors 
and canines were taken. Patients indicated for extraction due to 
periodontically compromised teeth and prosthetic rehabilitation 
were selected. Teeth with single patent canals, with no signs of 
internal or external resorption were included in the study. Teeth 
that were carious, restored, fractured, or with cracks were excluded. 
Additionally, teeth having calcified canals were also excluded from 
the study.

Preparation of Natural Extracts
Propolis dry powder was purchased from Hi-Tech Natural Products 
Ltd., India (Batch No. CRF/150/2016) and was certified from Central 
Bee Research and Training Institute, Ministry of MSM Enterprises, 
Govt. of India, Pune. G. glabra dry powder was collected and 
authenticated from the Institutional Ayurveda College.

Preparation of Carboxymethylcellulose
Carboxymethylcellulose (CMC) was obtained from sodium 
carboxymethylcellulose (SCMC; Coloron Industries, Goa, India). Two 
grams of SCMC was weighed and dispensed in 50 mL of distilled 
water obtained from Benzer Multitech Private Limited, Pune, India. 
The solution was continuously stirred with a magnetic stirrer for 
at least 120  minutes at room temperature. It was later kept for 
24 hours to hydrate.

Preparation of Test Medicament
Twenty-five grams of propolis and G. glabra powder were weighed 
separately and amalgamated with the SCMC gel by constant stirring 
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Pairwise comparison of CFUs between groups has been 
demonstrated in Table 2. Highly significant results were observed 
when calcium hydroxide and G. glabra were compared along the 
pairs with p = 0.0001(p <0.001). Furthermore, when propolis and 
G. glabra were compared along the pairs, significant results were 
observed with p  =  0.002 (p <0.05) Compared to other groups, 
propolis had larger variation in terms of CFUs and G. glabra had the 
least CFUs (Fig. 2A). Postmedicament, propolis showed the highest 
reduction in CFUs and a highly significant “p” value was obtained 
(p <0.001) as shown in Fig. 2B.

dI s c u s s I o n
Endodontic therapy prominently relies on proper elimination of 
bacterial growth from the pulp space.2 To eradicate microorganisms 
in the complex root canal system, instrumentation plays a central 

Pvt. Ltd., Ahmedabad India), and last irrigation was done using 17% 
ethylenediaminetetraacetic acid (EDTA) (DEOR Deo Smear-Off, India). 
It was allowed to remain for 1 minute and then rinsed with 2 mL 
saline.21 The specimens or samples were dried using paper points.

Contamination of Specimens
A pure culture of E. faecalis was isolated and grown for 24 hours 
in blood agar media. The culture was then suspended in 5  mL 
BHI broth and then incubated for 4 hours at 37°C. Samples were 
inoculated with 10 μL of E. faecalis and incubated for 21 days at 37°C.

Collection of Samples
After an incubation period of 21 days, the samples were evaluated 
for the microbiological analysis before placement of the 
medicaments (Premedicament sample S1). Each tooth was irrigated 
with 100 μL of sterile saline and then size-50 absorbent paper point 
was used for drying (Dentsply, India). Around three paper points 
were taken for each sample following the similar procedure as 
described above. After this, the paper points were shifted to a test 
tube containing 1  mL of sterile solution. Twenty-five microliter 
aliquots of each dilution were layered or plated on blood agar. 
The CFUs were counted after 24  hours using stereomicroscope. 
After this, the medicament was placed in 60 specimens which 
were divided randomly into three groups of 20 each. Group I 
included Ca(OH)2, group II included 25% propolis, and group III 
included 25% G. glabra. The prepared pastes were carried into the 
canal using lentulo spiral (Mani Inc, Tachigi-ken, Japan) and were 
further condensed using hand pluggers (Sybron endo). The coronal 
openings of the root canals were sealed with a nonpermanent filling 
material to avoid any leakage.

The choice of irrigants in our study was 3% sodium hypochlorite 
(NaOCl), 17% EDTA, and 0.9% normal saline.22 Sodium hypochlorite 
(3%) was used for irrigation first. Final irrigation was done with 2 mL 
of 17% EDTA and it was allowed to remain for 1 minute, followed 
by rinsing with 2 mL of saline.

The specimens were kept at 37°C in 100% humidity for 7 days 
to simulate clinical conditions. After 1 week, the medicaments were 
removed with saline and passive ultrasonic irrigation. A total samples 
of 60 were then sent for microbiological analysis (Postmedicament 
sample S2). The antibacterial efficacy was assessed by comparing 
the reduction in CFUs, before (premedicament sample S1) and after 
(postmedicament sample S2) placement of the medicament. The 
CFU was then converted to log CFU.

re s u lts
Data analysis was done using Rv64 (3.5.1) software. Normality was 
checked using the Shapiro–Wilk test. The difference between the 
study groups was analyzed by the Kruskal–Wallis test. Box plots 
were used to compare all three groups. The paired data were 
derived using Wilcoxon signed-rank test and the correlation was 
done by Karl person’s correlation coefficient. A p-value of ≤0.05 was 
considered as statistically significant.

Lesser CFUs were observed for propolis when compared with 
other groups. However, significant reduction of CFUs was observed 
in all three groups as indicated by a highly significant “p” value (p 
<0.001), before and after the medicament (Table 1). Comparison 
of CFUs within the groups showed significant difference in each 
of the three groups in both premedicament (p  =  0.0017) and 
postmedicament (p <0.001) (Fig. 1).

Table 1: Comparison of three study groups at different time points with 
mean CFU counts

Group*
Premedicament 
sample

Postmedicament 
sample p-value

Calcium  
hydroxide 
group 5.06 ± 0.02 3.65 ± 0.05 <0.0001*
Propolis group 5.22 ± 0.01 1.25 ± 0.07 <0.0001*
Glycyrrhiza 
glabra group 4.86 ± 0.02 2.82 ± 0.07 <0.0001*

*Wilcoxon signed-rank test

Table 2: Pairwise comparison to find the significant difference in colony-
forming units between different groups

p-value

Calcium 
hydroxide 
group

Propolis 
group

Premedicament#

Calcium hydroxide group —
Propolis group 0.257 —
Glycyrrhiza glabra group 0.257 0.026*

Postmedicament*

Calcium hydroxide group —
Propolis group 0.012 —
G. glabra group <0.0001 0.002

#Students t-test; *Wilcoxon test is used

Fig. 1: Comparison of three study groups at different time points with 
mean CFU counts
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Herbal products have been used since ancient times in folk 
medicine involving both eastern and western medical traditions. 
Antimicrobial agents of plant origin have enormous therapeutic 
potential. Propolis, renowned for its antimicrobial activity, was 
introduced into dentistry by Krell in 1996. It consists of highly 
active bioflavonoids which have antimicrobial, antioxidant, 
and anti-inflammatory properties. The antioxidant property of 
propolis is attributed to its radical scavenging ability and that 
the anti-inflammatory property is due to the presence of caffeic 
acid phenethyl ester.26 The mechanism of antibacterial action for 
propolis may be attributed to its flavonoid content, various esters of 
caffeic acid, galangin (3,5,7-trihydroxyflavone), and its bioautogram 
components. Also, the ultraviolet-absorbing component of 
propolis has been shown to inhibit bacterial DNA-dependent RNA 
polymerase.27,28

G. glabra, the name given to the roots and stolons of Glycyrrhiza 
species, has been used since ancient times as a traditional 
herbal remedy. G. glabra contains several classes of secondary 
metabolites with which numerous human health benefits have 
been associated.29 The antimicrobial effect of G. glabra extract 
against E. faecalis may be related to the glycyrrhizin. The mode 
of action of antibacterial effects of saponins seems to involve 
membranolytic properties, rather than simply altering the surface 
tension of the extracellular medium, thus being influenced by 
microbial population density.30

The MIC was tested using the broth dilution method, and the 
MBC was detected by sub-culturing these on antibiotic-free media. 
In this study, the mean of MIC of propolis group was 25 µL, and  
G. glabra group was 12.5 µL against E. faecalis. The mean of MBC of 
propolis group was 25 µL and G. glabra was 25 µL.

Results of the present study were in accordance with the 
other authors who found that bactericidal effect of 57% Ca (OH)2 
is less effective in restricting bacterial growth compared to other 
medicaments.31,32 These findings represent the low activity of 
Ca(OH)2 in restricting bacterial growth. This might be ascribed 
to the E. faecalis’s capability of maintaining the pH homeostasis 
through ions penetrating the cell membrane and the cytoplasm’s 
buffering capability along with proton pump action assisting pH 
homeostasis.33

In this study, propolis showed a significant reduction in E. 
faecalis in 7 days. Awadeh et al. also reported better bactericidal 

role in the cascade of treatment procedures. Proper and thorough 
instrumentation with effective irrigation removes most necrotic 
pulp tissue and a significant number of microbes by direct 
mechanical cleansing action.2 Sometimes, even with thorough 
instrumentation, remnants can be localized in certain areas 
including isthmuses, dentinal tubules, and lateral canals or the 
dentinal walls of the root surface area where mechanical cleaning 
and irrigation are ineffective.22 In such scenarios, antibacterial 
medication assists effectively in removing the remnant bacterias 
that are retained after canal preparation.22 Thus, clinical disinfection 
along with intracanal irrigants and medications are essential 
cornerstone for a successful outcome of root canal treatment.

Calcium hydroxide is a commonly used intracanal medicament. 
The release of hydroxyl ions in an aqueous environment is 
responsible for the antimicrobial activity of calcium hydroxide. 
Their lethal effects on bacterial cells are probably caused by 
the mechanisms such as damage to the bacterial cytoplasmic 
membrane, protein denaturation, and damage to DNA.22

However, calcium hydroxide exerts antibacterial effects 
in the root canal system as long as a high pH is maintained. 
Several studies have attested to the ineffectiveness of Ca(OH)2 in 
eliminating microbial cells. Two studies revealed that Ca(OH)2 had 
no antibacterial effect as a paste or as the commercial preparation 
Pulpdent when used against Streptococcus sanguis. It was also 
shown that a Ca(OH)2 paste failed to eliminate, even superficially, 
E. faecalis in the dentinal tubules.23,24

The reason for the limited antimicrobial effect of calcium 
hydroxide on facultative anaerobes could be attributed to the 
dentine buffering effect. The antibacterial activity of calcium 
hydroxide is related to its high pH (12.5) which has a destructive 
impact on bacterial cell membranes and protein structure. However, 
to be effective against bacteria located inside dentinal tubules, 
hydroxyl ions from calcium hydroxide must diffuse through the 
dentin and reach sufficient levels to be lethal. Dentin hydroxyapatite 
has a strong buffering property that must be overcome by hydroxyl 
ions leaving the root canal space. Proton donors in the hydroxyl 
layer of hydroxyapatite are responsible for the buffering of alkaline 
substances. It has been demonstrated that calcium hydroxide 
alkalinizes the dentin, but the pH values reached may be insufficient 
to kill some bacterial strains particularly E. faecalis which can survive 
a high pH of 11.5.25

Figs 2A and B: Comparison of colony-forming units within the groups (A) premedicament (B) postmedicament
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efficacy of propolis against E. faecalis when compared to Ca 
(OH)2,34 which agrees with the findings of our study. Contrastingly, 
in a study conducted by Oncag et al., an insignificant difference 
between sodium hypochlorite, saline, EDTA, and propolis was 
reported at 48  hour period; on the 10th day, propolis showed 
greater bactericidal effect than others.35 The antibacterial action 
of propolis can be attributed to its flavonoids, caffeic acid esters, 
galangin, and its bioactive components. Moreover, the ultraviolet 
absorbing component of propolis is reported to inhibit bacterial 
DNA-dependent RNA polymerase.35

In this study, a significant reduction of CFUs was observed for  
G. glabra. This finding is in line with the study conducted by Badr et 
al., who observed significant diminution in the CFUs with G. glabra. 
The reason attributed for the same is the presence of glycyrrhizin 
which is responsible for its antimicrobial effect against E. faecalis.5 
Based on the available evidence, propolis and G. glabra can be used 
as effective alternate intracanal medicaments in comparison with 
Ca(OH)2 during a root canal treatment for eradicating endodontic 
microbes. However, in vivo studies are needed to support the findings.

Limitation of our study is that it is an in vitro study and an in 
vivo study needs to be carried out in future with larger sample size. 

co n c lu s I o n
Within the limitations of this in vitro study, both propolis and  
G. glabra have demonstrated better antimicrobial efficacy against  
E. faecalis compared to Ca(OH)2. The practice of herbal alternatives 
as intracanal medicaments may prove to be advantageous; 
however, more clinical studies are needed to explicate the efficacy 
of propolis and G. glabra. In future, more studies should focus 
toward other commonly detected microbes in root canal infections.
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Assessment of the Healing of Dental Implant Surgical Site
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Parameters: An Exploratory Study
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The purpose of this study was to evaluate whether low-level laser therapy improves healing of the implant surgical site with clinical and

biochemical parameters. Thirty patients with an edentulous space spanning a single tooth were selected. The patients were randomly

allocated to 1 of 2 groups: control group and test group. The test group received laser energy at a power of 2 J/cm2 with a total of 4–6 J

energy over each implant. Clinical parameters (implant stability quotient, probing index, modified sulcus bleeding index) and

osteoprotegerin were assessed at baseline and follow-up intervals (2 weeks, 6 weeks, and 3 months). The test group showed significantly

higher implant stability quotient than the control group at 2 weeks (57.93 6 3.95 vs 35.67 6 3.08; P , . 01) and 3 months (58.86 6 3.75 vs

67.06 6 3.78; P , . 01). A significant rise in osteoprotegerin levels of the test group (686.30 6 125.36 pg/mL at baseline and 784.25 6

108.30 pg/mL at 3 months; P , . 01) was seen contrary to significant decline in the control group (839.50 6 249.08 pg/mL at baseline vs

415.30 6 78.39 pg/mL at 3 months; P , . 01). Within the limitations of the study, the findings suggest that the healing of peri-implant hard

and soft tissues may be enhanced with the use of low-level laser therapy as an explicit modality during the postoperative period.

Key Words: photobiostimulation, osteoprotegerin, dental implant, healing

INTRODUCTION

D
ental implants were invented to extricate patients

from the effects of loss of teeth and the surrounding

alveolar bone. Successful osseointegration, a prereq-

uisite for loading an implant with a superstructur-

e,1depends on the stability of implants. Primary and secondary

stability play an important role in implant therapy. Primary

stability is influenced by bone quality, bone quantity, implant

geometry, and surgical technique. Secondary stability, a

biologic phenomenon resulting from secondary bone contact

by bone regeneration and remodeling, dictates the time of

functional loading.

Various modalities have been used to enhance the process

of osseointegration and low-level laser therapy (LLLT) has

shown considerable potential in postoperative treatment

targeting local bone healing.2 Laser therapy stimulates the

maintenance of a cell’s redox status to prevent oxidative stress,

thus regulating cell growth and division.2 The propensity of

LLLT toward densification of bone through osteogenesis has

been proven in cases of osteodistraction.3

It has been reported that LLLT application accelerates the

process of wound healing by enhancing fibroblast proliferation

and matrix synthesis as well as by increasing neovasculariza-

tion.3,4

Although many studies have investigated the effect of LLLT

on implants, no study has used a biochemical parameter to

evaluate the outcomes. Furthermore, these studies do not

provide methodical evidence showing how LLLT affects implant

stability and success rate in humans.5–7 Also, satisfactory

evidence was not found in a recent systematic review and

meta-analysis of existing clinical studies regarding the effects of
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photobiomodulation therapy on implants.8 Hence, in our study

we intended to evaluate whether LLLT improves healing of a

dental implant surgical site during the osseointegration process

using the osteoprotegerin (OPG) marker.

It is important to quantify implant stability at various time

points and project a long-term prognosis.9 The use of

biomarkers is an objective method of estimating the effect of

LLLT on the tissues. One such biomarker is OPG, which is a

physiologically important regulator in the differentiation and

function of osteoclasts.10–13 It acts to prevent the differentia-

tion of an osteoclast precursor into a mature osteoclast. The

receptor activator of nuclear jB ligand (RANKL) protein is

expressed by osteoblasts, and the receptor activator of nuclear

jB (RSNK) originates on the surfaces of osteoclast precursors

and mature osteoclasts. RANKL binds to RANK, and this

coaction is necessary for the formation, function, and existence

of osteoclasts. OPG acts as a trap receptor for RANKL, and its

binding prevents RANKL and RANK from interacting; thus, the

function of osteoclasts is hampered.14 Hence, OPG needs

further investigation as a possible biomarker of implant health

status.15

MATERIALS AND METHODS

This study was centered on the hypothesis that LLLT enhances

bone healing around dental implants. Sample size was

determined based on power analysis. Thirty patients (13 men

and 17 women) older than 18 years were selected and provided

informed written consent before enrolling in the study. The

study protocol, including recruitment procedures, exclusion/

inclusion criteria, and the informed consent, was approved by

the Institutional Ethics Committee (registration no. ECR/262/

Inst/UP/2013) and followed the principles of the Declaration of

Helsinki. We included participants with a single missing tooth,

healthy adjacent teeth, Simplified Oral Hygiene Index scores

ranging from 0 to 1.2, and implant sites categorized under type

A of Misch and Judy classification with adequate height and

width of bone not requiring grafting procedures. Exclusion

criteria were chronic and debilitating illnesses, treatment with

steroids and other medications (eg, bisphosphonates) that alter

bone metabolism, pregnancy, bleeding disorders, and history

of smoking.

Participants were randomly assigned to 1 of 2 groups using

the coin-toss randomization method. The test group consisted

of participants who underwent laser biostimulation of the

surgical site, and the control group comprised participants who

did not undergo any intervention.

Surgical procedure and laser biostimulation

The preoperative investigations conducted were orthopanta-

mogram, 3-dimensional cone-beam computed tomography of

the edentulous space and routine blood investigations

(hemoglobin percent, bleeding time, clotting time, random

blood sugar, total leukocyte count, differential leukocyte count,

hepatitis B surface antigen, human immunodeficiency virus

viral markers).

All the implants were placed by a trained and calibrated

investigator to avoid bias. A full-thickness mucoperiosteal flap

was raised under local infiltration of 2% lignocaine anesthetic

solution (LOX 2% adrenaline; Neon Laboratories Ltd, Mumbai,

India), and the osteotomy site was prepared to receive an

implant of specific dimensions. A nonsubmerged healing

protocol was followed. After implant placement, the gingival

former was placed, and the mucoperiosteal flaps were

adapted and sutured around it. Postoperative medication

included amoxicillin (500 mg/8 hours) for 5 days. Nonsteroidal

anti-inflammatory agents were prescribed for postoperative

analgesia. All the participants were instructed to rinse with

0.12% chlorhexidine digluconate solution twice daily for 2

weeks.

The neodymium-doped yttrium aluminum garnet (Nd:YAG)

laser application was carried out by another investigator who

was blinded to the allocation of participants to the test or

control groups. The participant was blinded to the intervention.

Pulsed Nd:YAG laser beam of wavelength 1064 nm (Fotona

lightwalker dental laser system, Ljubljana, Slovenia) was applied

over the implant site in a mesial-distal direction for 60 seconds

by using an R-24 hand piece (Figures 1 and 2). The pulse-

repetition rate was 30 Hz. The laser was used at maximum

energy of 2 J with an energy density 0f 7.07 J/cm2 over each

implant during each session.5,6,16–20 The total energy applied to

each implant at the end of the study was 28 J/cm2. The

participants allocated to the test group were treated with laser

beam irradiation at baseline, 2 weeks, 6 weeks, and 3 months

after implant placement. In the control group, the application

of laser energy was at a power of 0 J/cm2 (no irradiation).

Measurement of clinical parameters

The healing around dental implants was assessed using

modified plaque index, modified sulcus bleeding index,

probing depth, and radiofrequency analysis21 measured after

2 weeks, 6 weeks, and 3 months of implant placement. The

outcome evaluation for clinical parameters was performed by a

single calibrated investigator. Probing depth was assessed by

inserting a standard periodontal probe with a point diameter of

0.5 mm using a probing force of 0.5 N. Wireless radio frequency

analysis (Ostell implant stability quotient [ISQ]) was used in this

study. A metal rod (peg) was connected to the implant by

means of a screw connection (Figure 3). The magnetic

attachment on top of this peg was excited by magnetic pulses

from a handheld computer.22

Measurement of biochemical parameter (OPG levels in
saliva)

An unstimulated saliva (5 mL) sample was collected into a pre-

labeled sterile container using the resting drooling technique.

The samples were centrifuged, and the supernatant was

transferred into a sterile Eppendorf tube and appropriately

labeled. After processing, all the samples were stored at –808C

until batch analysis. The first saliva sample was collected just

before implant surgery to record the baseline data. Subsequent

samples were collected at 2 weeks, 6 weeks, and 3 months after

implant placement. All the samples were collected between 9

AM and 12 PM to minimize diurnal variations associated with

saliva sampling.23
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The human OPG enzyme-linked immunosorbent assay

(ELISA) kit (Qayeebio, Shanghai Qayee Biotechnology Co) was

used to estimate OPG in the saliva samples. The depth of color

change in the sample mainly depends on the concentration of

OPG. The methodology and analytic procedures in the study

were reviewed by an independent statistician.

Statistical analysis

SPSS v20 (SPSS Inc) was used to analyze the data. Paired

samples t-test was used to compare observations in the 2

groups. Shapiro-Wilk’s test was used to test the null hypothesis

that the data are normally distributed.

RESULTS

All the results and the analytic interpretations were reviewed by

an independent statistician. Thirty volunteer participants were

assigned to the control or the test group. The modified plaque

index scores were lower in the test group than the control

group, although the difference was not statistically significant

(P , .05). The score gradually reduced from 2 weeks to 3

months (Table 1). The probing depth values were significantly

lower in the test group at 6 weeks and 3 months as compared

to the control group (P , .01). (Table 1).

The test group showed lower modified sulcus bleeding

index scores than the control group. The difference was not

statistically significant; however, the score was markedly

FIGURES 1–3. FIGURE 1. Fotona’s light walker dental laser system with R24 handpiece. FIGURE 2. Application of pulsed Nd:YAG laser beam of
wavelength 1064 nm over the implant site in a mesial-distal direction. FIGURE 3. Ostell device showing implant stability quotient value
measured during the follow-up
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decreased during the 6-week and 3-month follow-up in the test

group (Table 1). There was a significant difference in ISQ

(P , .01) between the control and test groups at 2 weeks, 6

weeks, and 3 months (Table 1). After 6 weeks of follow-up, 80%

of implants in the test group achieved medium stability (60–69

ISQ) and 20% showed high stability (.70 ISQ). On the other

hand, all the implants in the control group showed low stability

after 6 weeks of follow-up (Table 2).

The OPG level in the control group reached its peak value

at 2 weeks compared with the baseline value, followed by a

decline at 6 weeks and a statistically significant decline at 3

months (P , .001). In the test group, the salivary OPG levels

increased at 2 weeks, followed by a further rise at 6 weeks and a

statistically significant (P¼ .045) peak at 3 months. The OPG

levels showed a significant difference (P , .001) between the

test group and control group at 3 months, while no difference

was observed at baseline, 2 weeks, and 6 weeks (Table 3; Figure

4).

DISCUSSION

The present study was planned to investigate the healing

around the dental implant with LLLT by using OPG as an

important biochemical parameter. The results showed that LLLT

improved clinical and biochemical parameters.

The quantitative assessment of biomarkers can be done

using gingival crevicular fluid (GCF) or saliva samples.

Contamination of GCF samples by blood, saliva, or dental

plaque affects the accuracy in volume determination and

composition of GCF.24 Prolonged time taken in collecting GCF

will change the protein concentration of the initial GCF

collected.25 A limited quantity of GCF sample collected results

in significant error in evaluating the biomarker.26 These

limitations can be overcome using saliva as the sample of

choice. Owing to its ease of collection, repeatability, and

noninvasive sample-collection technique, saliva was chosen to

assess the OPG levels in this study.

We used LLLT in the study due to its prominent anti-

inflammatory effects on the gingival and periodontal tissue by

reducing endothelial activation, inhibiting leukocyte extravasa-

tion into the gingival stroma and inactivating bacterial

lipopolysaccharide.27,28

It is well established that the effect of photobiomodulation

depends on various parameters like wavelength, mode, energy

density, exposure time, and frequency of treatment.17 Various

animal studies have successfully used laser energy density in

the range of 4–7 J/cm2.2 Significant improvement in implant

stability, osteocyte viability, expression of RANKL, and OPG was

observed in studies that used energy density of 6–7 J/cm2.4,6,17

A Nd:YAG laser was not found to be used predominantly in any

of these studies. Although many studies have demonstrated

successful use of higher densities of laser power, in an attempt

to achieve maximum efficacy with lower power, Nd:YAG laser of

energy density 7.07 J/cm2 was used in our study.

A considerable reduction in the plaque index, sulcus

bleeding index, and probing depth scores around the implants

corresponds to a significant reduction of peri-implant patho-

genic microbes and diminished expression of proinflammatory

cytokines with LLLT. In addition, LLLT has been used as an

adjunct to mechanical debridement in the treatment of peri-

implant diseases, resulting in faster soft-tissue healing.29 The

expression of OPG notably increased and was maintained in

healing peri-implant tissues with LLLT. Previous studies have

also shown that LLLT resulted in a remarkable increase in the

expression of OPG and expansion of metabolic activity of bone

cells.17,19

Higher ISQ in the test group can be associated with the

elevated salivary OPG levels in the test group. Hence, LLLT was

shown to improve implant stability by enhancing OPG

TABLE 1

Comparison of values of various clinical parameters in the test and control groups (mean 6 standard deviation)

Follow up

Modified Plaque Index Probing Depth (mm) Modified Sulcus Bleeding Index Implant Stability Quotient

Control Test Control Test Control Test Control Test

2 weeks 0.6 6 0.51 0.6 6 0.51 0.67 6 0.48 0.60 6 0.50 35.67 6 3.08 57.93 6 3.95**

6 weeks 0.73 6 0.46 0.47 6 0.52 3.65 6 0.32 3.22 6 0.29** 0.66 6 0.49 0.40 6 0.51 52.40 6 3.15 67.80 6 2.48**

3 months 0.6 6 0.5 0.4 6 0.5 4.48 6 0.25 3.18 6 0.19** 0.67 6 0.48 0.33 6 0.48 58.86 6 3.75 67.06 6 3.78**

**P , .01.

TABLE 2

Distribution of patients according to implant stability
quotient (ISQ) scale

Stage of

biostimulation ISQ Scale Test (n ¼ 15) Control (n ¼ 15)

2 weeks Low (,60) 8 15

Medium (60–69) 7 0

High (.70) 0 0

6 weeks Low (,60) 0 15

Medium (60–69) 12 0

High (.70) 3 0

3 months Low (,60) 0 8

Medium (60–69) 10 7

High (.70) 5 0

TABLE 3

Osteoprotegerin level in the control and test groups (mean
6 standard deviation)

Control Test P Value

Baseline 839.50 6 249.08 686.30 6 125.36 .105

2 Weeks 896.20 6 249.79 729.00 6 107.78 .075

6 Weeks 758.50 6 259.84 783.75 6 101.55 .780

12 Weeks 415.30 6 78.39 784.25 6 108.30** ,.001

**P , .01.
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expression. Animal studies have also shown improvement in

bone volume, connective tissue density, osseointegration, and

reduction in trabecular separation under the influence of

OPG.5,6 High initial stability in the test group may have resulted

in reduced micromovement and an accelerated rate of

osseointegration. Studies in human participants have shown a

positive influence of LLLT on osseointegration in posterior

maxilla6 and no effect on ISQ in the posterior mandible.5 These

inconsonant results may be due to the difference in the density

and architecture of bone in different areas of maxilla and

mandible. Our study was not restricted to a specific area of the

jaw. The quality of bone (whether D1, D2, D3, or D4) was not

standardized. The influence of LLLT on different areas of the jaw

is an independent research problem that is beyond the scope

of this study. Hence, further site-specific research should be

done to attain decisive results.

The present study suggests that laser treatment of implant

sites favorably influences the healing of soft tissue and

osseointegration. Improved OPG levels in the test groups

might also indicate the early stability and functional loading of

implants. Hence, our findings might be a positive impetus to

further research in this arena.

Dispute being one of the imperative studies to evaluate the

healing of soft and hard tissues under the influence of LLLT, the

study has some limitations; it was undertaken in a restricted

population confined to a single geographic area. This limits the

generalization of the results to a larger diverse population.

A split-mouth study design should have been used to

eliminate the confounding factors. As the study was carried out

for a short period of 3 months, response of the bone–implant

junction to laser therapy in the early loading period was not

evaluated. The study did not include participants with

medically compromised conditions, such as osteoporosis and

diabetes mellitus, which require the assistance of such

therapies to improve osseointegration. Hence, studies consid-

ering compromised medical situations should be conducted

and the advantages of lasers evaluated in these situations.

Since the study was not site specific, the variability of bone

morphology and microstructure in different areas of the jaw

was not considered.

Further long-term studies should be undertaken with larger

sample sizes representing varied population to effectively

generalize the results of the study in a broad manner. Future

studies should explore the efficacy of LLLT based on different

powers, energy densities, wavelengths, irradiation times, and

dosage. Hence, randomized controlled trials should be con-

ducted to help establish a consistent protocol with different

types of lasers used for photobiostimulation. Additionally, the

benefits of therapeutic modalities like magnetic energy should

be investigated to reduce the duration of healing.

Certain factors impede the application of these study

findings to clinical practice. The operator must be familiar with

the dental laser system and needs definitive training.

Additionally, batch analysis of the saliva samples was done

using a 94-well ELISA kit, which is neither economical nor

convenient for evaluating salivary OPG levels for a single

patient at different follow-up intervals in clinical practice.

Fundamentally, research should also be directed toward

convenient application of the results attained in these studies

to clinical practice.

CONCLUSION

Within the limitations of the study, it can be suggested that the

healing of peri-implant hard and soft tissue may be enhanced

with the use of LLLT as an explicit modality during the

postoperative period. Enhanced osseointegration and early

implant stability can be achieved for loading, thus shortening

the time required for conventional loading. The biomarker OPG

can be used as a diagnostic assay to determine progress in

bone healing at the cellular level. To ascertain the exact effect

of laser therapy on healing of peri-implant hard and soft tissues,

further large-scale trials will be required on a different

population with a sound sample size.

ABBREVIATIONS

CBCT: cone beam computed tomography

ELISA: enzyme-linked immunosorbent assay

GCF: gingival crevicular fluid

ISQ: implant stability quotient

LLLT: low-level laser therapy

Nd:YAG: neodymium-doped yttrium aluminum garnet

OPG: osteoprotegerin

RANK: receptor activator of nuclear jB

RANKL: receptor activator of nuclear jB ligand

TNF: tumor necrosis factor

ACKNOWLEDGMENTS

We thank Dr A. R. S. Bhatt, Dr Pushpa Bharati, and Dr Y. B. Palled

(University of Agricultural Sciences, India) for assistance in sta-

tistical analysis. We thank Dr S. B. Javali and HealthMinds

private limited (KLE Academy of Higher Education & Research,

India) and Chetan A. G. for useful discussions and comments.

NOTE

The authors declare that they have no conflict of interests.

FIGURE 4. Plot showing osteoprotegerin levels at baseline, 2 weeks,
6 weeks, and 3 months in the control and test groups.

234 Vol. XLVII / No. Three / 2021

Effect of LLLT on Implant Surgical Site Healing



REFERENCES

1. Branemark P-I. Osseointegration and its experimental background.
J Prosthet Dent. 1983;50:399–410.

2. Prados-Frutos J, Rodriguez-Molinero J, Prados-Privado M, Torres J,
Rojo R. Lack of clinical evidence on low-level laser therapy (LLLT) on dental
titanium implant: a systematic review. Lasers Med Sci. 2016;31:383–392.

3. Ismail DK, Fatih MC, Elvan P, Funda T, Ercument O, Asriye M. A
comparison of the low-level laser versus low intensity pulsed ultrasound on
new bone formed through distraction osteogenesis. Photomed Laser Surg.
2012;30:438–443.
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ABSTRACT
Fibrodysplasia ossificans progressiva (FOP) 
is an exceptionally atypical genetic disorder 
characterized by heterotopic bone formation within 
skeletal muscles, ligaments, tendons, and other 
connective tissues that affects one in 2 million 
people. A 4‑year‑old girl with FOP was referred to 
our practice with complaints of pain and discomfort 
in both sides of the lower jaw. Clinical examination 
revealed deep multiple caries and buccal gingival 
abscess in relation to multiple teeth. Endodontic 
care and conservative dental procedures were 
planned and performed chairside after a detailed 
discussion with FOP medical and dental experts. 
Very brief dental appointments were conducted 
with breaks to prevent muscle fatigue. No usage of 
regional anesthesia or dental dam clamps was done. 
The patient and her parents were counseled for oral 
hygiene maintenance, and periodic topical fluoride 
treatments were performed during successive 
follow‑up appointments. The child is followed for 
34 months post‑treatment. The dental treatment 
modifications implemented for the present case 
were enough to institute good oral health and to 
prevent the creation of heterotopic ossifications in 
the maxillofacial region.

KEYWORDS: Caries, fibrodysplasia ossificans 
progressiva, heterotopic ossification, pediatrics, 
pediatric dentistry

Chairside endodontic management of a child with 
fibrodysplasia ossificans progressiva
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c.617G>A, matching to Arg206His (R206H) of the 
ACVR1 gene, was found in all patients with classic 
FOP.[3] Misdiagnosis is common.[4] The solitary evident 
clinical sign of FOP at birth is malformation of the 
great toes. Soft tissue swellings leading to heterotopic 
ossification often appear in the first decade of life.[2,5] 
The exacerbation of these ossifications can be caused 
by dental treatment, ensuing disease progression.[6] 
The temporomandibular joints (TMJ) possibly will be 
involved early on and are susceptible to trauma at any 
age. Proper oral health measures and prevention of 
caries are imperative in FOP.[7] Scores of patients with 
FOP are alas not treated for caries early in life owing 
to the trepidation that dental manipulation may 
deteriorate the condition. Other reported reasons for 
nontreatment are lack of familiarity on how to access 
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Introduction
Fibrodysplasia ossificans progressiva (FOP) is 
a particularly infrequent genetic disorder with 
autosomal dominant inheritance pattern branded 
by heterotopic bone formation within skeletal 
muscles, ligaments, tendons, and other connective 
tissues. Largely cases are caused by unprompted 
mutations within the ACVR1 gene, which is coupled 
with the activin A receptor, a bone morphogenetic 
protein receptor.[1,2] ACVR1 was accredited as 
the gene responsible for FOP and the mutation 
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decayed teeth for restoration and need of knowledge 
about proper local and general anesthetic care.[5]

Case Report

Clinical history
A 4‑year‑old female patient of Asian race with a 
diagnosis of FOP was referred to our practice with the 
complaints of pain and discomfort in both sides of the 
lower jaw. The patient has two healthy siblings and the 
other members of the family had no similar findings 
of FOP. The patient had no previous history of dental 
treatment. The patient presented clinical characters 
of the FOP such as decreased mobility of peripheral 
joints (knees, elbows, and shoulders), vertebral 
column involvement, lateral deviation, and shortness 
of the great toes. Mouth opening was distinctly 
limited [Figure 1]. Intraoral examination revealed deep 
multiple caries and buccal gingival abscess in relation 
to 75 and 85 [Figure 2a and b], along with dental caries 
in few other teeth.  Intraoral periapical radiographs 
[Figure 3a and b] obtained and a diagnosis of chronic 
irreversible pulpitis with 74 and chronic furcal abscess 
with nondraining sinus with 75 and 85.

Prophylaxis
Corticosteroid prophylaxis was given after a detailed 
discussion with medical and dental experts, and 
consent for dental treatment was taken from the 
child’s parents. It included tablet prednisolone 
1–2 mgs/kg, (per oral) one day before treatment and 
three days post visit to prevent flare‑ups and then was 
slowly tapered.[8]

Endodontic and conservative care
The execution of endodontic care and conservative 
dental procedures were planned and performed 
chairside. The dental chair was positioned at 45° to 
endow with more soothe and to shun exacerbating 
the disease. Positioning concern is fundamental as 
patients’ bodies are often fused in a rigid position. 
However, all pressure points must be padded 
and the neck supported. Pulpectomy with 74, 75, and 
85 was carried out under intrapulpal anesthesia and 
in multiple appointment sessions over an 8‑week 
period and obturated with calcium hydroxide with 
iodoform (Metapex, Meta Biomed/Korea), followed 
by a restorative glass ionomer cement (GIC) (Ketac 
Molar, 3M ESPE, St. Paul, MN, USA) and stainless 
steel crown (3M ESPE, St. Paul, MN, USA) for final 
restoration. Excavation and review were done in 
relation to 84, followed by restoration with stainless steel 
crown Hall’s technique (3M ESPE, St. Paul, MN, USA). 
Other carious teeth were restored with GIC (Ketac 
Molar, 3M ESPE, St. Paul, MN, USA) [Figure 4].

Timeline
The timeline of treatment is detailed in Table 1.

Follow‑up
Post‑treatment, the patient and her parents were 
counseled for oral hygiene maintenance, and recurrent 
fluoride application was performed during successive 
follow‑up  appointments. The patient was evaluated both 
clinically and radiographically for consecutive periods 
of 3, 12, 24, and 34 months, respectively [Figure 5]. 
A orthopantomograph was taken [Figure 6]. No adverse 
effects including heterotopic ossifications were noticed 
during the course of follow‑up period. A dislodged 
restoration was during the followup (tooth #84) and 
was restored with GIC, followed by a stainless steel 
crown (Hall’s technique).

Discussion
Clinical diagnosis of FOP is apparent in the late stages; 
genetic analysis be confirmatory. In the pediatric age 
group, misdiagnosis is frequent as the active lesions 
are mistaken for infection and the chronic lesions are 

Figure 1: Photograph showing early diagnostic feature of fibrodysplasia 
ossificans progressiva. (note the hallux valgus deformity)

Figure 2: (a) Dental caries with 84, 85, and buccal gingival abscess with 
85 (b) Dental caries with 74, 75, and buccal gingival abscess with 75

ba

Figure 3: (a) Preoperative radiograph with 84 85 (b) Preoperative 
radiograph with 74,75

ba
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mistaken for benign bone tumors or fibromatosis.[9] 
Hence, genotyping of the ACVR1gene is of assistance 
for confirming or excluding a diagnosis of FOP in 
clinically affected or ambiguous patients. The most 
universal recurrent allele c.617 G>A, p.R206H, is also 
the most common in Indian patients with FOP.[10,11]

Patients with FOP have plentiful oral health‑care issues 
that entail enduring and diligent attention to prevent 
and minimization of risk when restorative care is 
necessary.[5] To the best of our knowledge, it is the first 
report of chairside endodontic treatment in a child 

with FOP with follow‑up for 34 months. This report 
shows that chairside dental management is possible, 
with assiduous precautions and under extenuating 
circumstances for patients with FOP. It is recommended 
that dental anesthesia be limited to intrapulpal only. The 
extent of mouth opening plays a crucial role and requires 
multiple short appointments. It is recommended not 
exceed more than 15 s, after which an interval of 30 s 
can be given before resuming the procedure. Limit 
the overall appointment to time to <10 min for each 
appointment. Corticosteroids are recommended as 
first‑line treatment at the start of flare‑ups or for flare‑up 
prophylaxis in conjunction with extensive dental 
procedures or operative intervention.[8,12]

Attentive measures must be taken every time to 
minimize ossifications, including avoiding regional 
anesthesia, and surgical procedures must be 
implemented whenever possible.[11] Mandibular 
blocks in patients with FOP are illicit because they will 
escort to the ossification of the pterygoid muscles and 
hurried ankylosis of the TMJ. General anesthesia can 
be safely administered to patients with FOP for dental 
procedures with attention to perioperative and airway 
management via a multidisciplinary approach. An 
awake nasal fiberoptic intubation should be considered 
the first preference for airway management. Majority 
of patients can be discharged home on the same day as 
their dental procedure.[6,12]

Conclusion
This case report outlines few necessary guidelines for 
chairside treatment of children with FOP. The dental 
treatment modifications implemented with chair and 
mouth opening period, position considerations, and 
strict intrapulpal anesthesia are important to establish 
good oral health and to thwart the configuration of 
heterotopic ossifications in the maxillofacial region.

Why is this paper important?
• Each child with FOP differs in stage of progression. 

It is extremely important to understand the present 
condition of the child with FOPA before planning 
the treatment under typical chairside/hospital 
setting.

• This case report provides the first data about 
chairside management of FOP patients and 

Figure 4: Post pulp therapy and final restoration with stainless 
steel crown with 74,75 and 85. Glass ionomer cement restoration 
with 84

Figure 5: Thirty‑four‑month follow‑up mandibular arch

Figure 6: Thirty‑four‑month follow‑up orthopantomograph

Table 1: Timeline of the patient
Date Treatment performed
May 2017 Dental examination and treatment planning
July 05, 2017 Endodontic procedures completed with 

multiple intracanal medicament dressings
August 2017 Restorative procedures complete
December 2017 3‑month follow‑up checkup
May 2018 1‑year follow‑up. Dislodged restorations
May 2019 2 years of follow‑up
March 2020 34 months of follow‑up
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recommends position consideration, use of 
intrapulpal anesthesia for chairside dental 
procedures, and mouth opening time periods and 
intervals.

• It recommends mouth opening periods of 15 s 
with a break interval of 30 s before resuming the 
procedure to prevent muscle fatigue. Recommends 
limiting the total appointment time to <10 min for 
each appointment.
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Abstract Width of attached gingiva plays an impor-

tant role in maintaining periodontal health, provides

stabilization of the gingival margin against frictional

forces and aids in dissipating physiological forces

exerted by the muscular fibers of the alveolar mucosa

on the gingival tissues. Inadequate width of attached

gingiva leads to attachment loss, soft tissue recession,

and impedes oral hygiene measures. Hence, proce-

dures using autografts and allografts have been

proposed to augment the attached gingiva. Allografts

like chorionic membrane (CM) are known to enhance

release of growth factors, promote neovascularization,

healing and enhance biotype. To assess the efficacy of

CM in increasing the width of attached gingiva,

vestibular depth and gingival thickness. Fifteen

patients with inadequate attached gingival width were

included in the study. Patients were randomly allo-

cated to each group: Control group, CM group and

CM ? platelet rich fibrin (PRF) group. Attached

gingiva width, vestibular depth, and gingival thickness

were measured at baseline and 4 weeks post proce-

dure. The control, CM and CM ? PRF groups showed

an increase in all parameters from baseline to 4 weeks.

The increase in the attached gingiva (p = 0.042)

width, vestibular depth (p = 0.043) and gingival

thickness (p = 0.034) were statistically significant at

4 weeks for CM group and CM ? PRF group respec-

tively. The CM ? PRF group showed better results

compared to other groups. CM and PRF can be

effectively incorporated to increase the width of

attached gingiva and depth of vestibule.

Keywords Chorion membrane � Vestibuloplasty �
Periodontitis � Platelet rich fibrin � Muco-gingival

problems

Introduction

Attached gingiva is the part of the gingiva that is

firmly attached to the underlying tooth and bone

(Orban 1948). It increases resistance to external injury

and contributes to stabilization of the gingival margin

against frictional forces. It also aids in dissipating

physiological forces exerted by the muscular fibers of

the alveolar mucosa on the gingival tissues.

The width of the attached gingiva varies in different

individuals and on different teeth of the same

individual (Santhosh Kumar and Anand 2015). Teeth

with narrow width of attached gingiva and decreased

vestibular depth cause accumulation of food particles

during mastication and impede oral hygiene measures
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(Rajpal et al. 2013). Several studies have evaluated the

role of adequate vestibular depth in the maintenance of

oral hygiene. Cases with high tension in vestibule

result in esthetic problems. Such cases require treat-

ments but are extremely complex to regenerate due to

the shallow vestibule.

Various techniques including apically positioned

flaps, pedicle grafts, free gingival grafts, and connec-

tive tissue grafts have been used to increase the width

of attached gingiva. The free gingival graft and sub-

epithelial connective tissue graft procedures require

harvest from a donor site, which is usually the palate.

The use of palatal donor tissue, especially when large

areas need to be grafted, increases morbidity and the

risk of surgical complications. In addition, adequate

amounts of donor tissue may not be available from the

palate. The free gingival graft, when used, retains its

tissue characteristics after transplantation to an ectopic

site (Karring et al. 1971, 1975).

Due to these limitations’ dermal substitutes, growth

factors, and other allografts and biomaterials are being

considered as alternative or adjunctive treatment

modalities.

One of the oldest biomaterials used for scaffolding

is the fetal membrane which was first used for the

transplantation of skin in 1910. In the last decade use

of fetal membranes in periodontal therapy has con-

siderably increased. Fetal membranes comprise amni-

otic and chorionic tissues. The chorion forms the outer

limits of the sac that encloses the fetus and is

composed of different types of collagen and cell-

adhesion bioactive factors (Niknejad et al. 2008;

Suresh and Gupta 2013). Chorion membrane (CM)

has gained importance due to its ability to reduce

scarring and enhance wound healing. In addition, it is

a biomaterial that can be easily obtained, processed,

and transported (Koob et al. 2013).

In the early 2000s, a new concept was developed by

Dr. Joseph Choukroun whereby the removal of

anticoagulants from PRP and modifications to cen-

trifugation procedures led to the development of

platelet rich fibrin (PRF) (Suresh and Gupta 2013;

Kothiwale et al. 2009; Griffin et al. 2006). This

second-generation blood derivative was therefore used

in the form of a fibrin membrane (also containing

leukocytes and growth factors), which has since been

utilized for a variety of surgical procedures either

alone or in combination with bone graft materials for

periodontal regeneration, sinus grafting, and ridge

augmentation.

Considering the various properties of PRF and CM,

the present study aimed to evaluate and compare the

effect of an innovative step of placing the CM along

with PRF and CM alone for increasing the width of

attached gingiva. The goal was to create more

keratinized tissue and to increase the width of attached

gingiva.

Materials and method

A total of 15 patients reporting to the Department of

Periodontics, at K. L. E’s V.K. Institute of Dental

Sciences, with\ 2 mm width of attached gingiva

were selected. Ethical approval for the study was

sought for and granted by the institutional ethical

board.

Inclusion criteria

Subjects with\ 2 mm width of attached gingiva and

having a positive tension test were included in this

study. Patients who had undergone any kind of

periodontal treatment during the past six months,

who were on antibiotics or immunosuppressant med-

ications six months prior to the study, chronic

smokers, alcoholics and smokeless tobacco users,

patients with any systemic disease that could influence

the periodontal outcome and pregnant and lactating

mothers were excluded from this study. Written

informed consent was obtained from all study partic-

ipants before starting the study.

The participants were randomly allocated with

envelope method into the following groups:

Control Group: Control.

CM Group: Chorionic membrane (CM).

CM ? PRF Group: PRF ? CM.

All patients were subjected to Phase-1 periodontal

therapy, which included oral hygiene instructions,

scaling and root planing. The surgical procedure was

performed by a single examiner. The chorionic

membranes (3 9 9 9 3 cm) were obtained from the

Tissue Bank of Tata Memorial Hospital, Mumbai,

India.
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Pre-surgical and post-surgical measurements

Pre-surgical and post-surgical measurements were

made by a single examiner usingWilliams periodontal

probe. The vestibular depth was determined by placing

the blunt end of a calibrated periodontal probe,

adjacent to the labial aspect of mandibular central

incisor, at the base of the vestibule with the lip relaxed,

maintaining contact with the remaining gingival tissue

and the crown of the tooth (Fig. 1). The width of the

attached gingiva was measured by subtracting the

sulcus depth from the distance between the free

gingival margin and the mucogingival junction. Gin-

gival thickness was measured by transgingival prob-

ing, half-way between the mucogingival junction and

the free gingival groove on the attached gingiva.

Surgical procedure

Control group

After Phase-1 therapy, local anesthesia using 1:80,000

lignocaine hydrochloride was administered, as the first

step. Then, at the mucogingival junction, a horizontal

incision was made using a #15 Bard Parker surgical

blade held parallel to the alveolar process and the

connective tissue and muscle fibers were dissected as

close as possible to the periosteum (Fig. 2). This

dissection allowed the vestibule to deepen in depth. At

this level of increased depth, a periosteal separation

incision perpendicular to the alveolar processwasmade.

Thumb pressure was applied in this area to create an

osseous exposure of 4–5 mm. The level at which the

periosteal separation was made determined the amount

of vestibular deepening. To allow proper blending with

the adjacent tissues, lateral relaxing incisionsweremade

at this new depth (Corn 1962). A tin foil of desired size

was placedover the surgical site (Fig. 4) followedby the

placement of periodontal dressing (Fig. 5).

CM group

Preoperative measurements were taken (Fig. 1). The

procedure performed for the Control group was

repeated at the surgical site followed by the placement

of desired size CM (Figs. 2 and 3) and positioning of

tin foil on the surgical site (Fig. 4) with application of

periodontal dressing (Fig. 5). The post-operative

measurements were recorded at baseline and at

4 weeks respectively (Fig. 6).

CM ? PRF group

Preparation of platelet-rich fibrin Before the

surgical procedure, 10 mL of blood was drawn from

the subject’s antecubital site. The blood sample was

collected in glass-coated plastic tubes without adding

an anticoagulant. These tubes were then immediately

centrifuged for 10 min at 3000 revolutions per minute.

The centrifuged blood mass presented with a

structured fibrin clot in the middle of the tube,

between the red corpuscle layer at the bottom and the

Fig. 1 Pre-operative

measurements being taken
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acellular plasma on the top. The fibrin clot could easily

be retrieved from the tube, shaped freely, and used

immediately after its collection. PRF was compressed

between two gauze pieces to take the form. The

baseline measurements were recorded at the surgical

site (Fig. 7). A surgical procedure was performed in

CM ? PRF Group patients (Fig. 8). The PRF

membrane was placed over the periosteal bed

(Fig. 9), over which the desired size of CM was

placed followed by the placement of tin foil of

appropriate size and periodontal dressing at operative

site similar to CM group. The post-operative

measurements were taken at 4 weeks (Fig. 10).

Post-surgical care Antibiotics and analgesics

(Amoxicillin 500 mg 3 times per day and Ibuprofen

400 mg 3 times per day for 5 days) were prescribed,

along with chlorhexidine di-gluconate rinses (0.2%)

twice daily for 2 weeks to all the groups. All the patients

were instructed to refrain from using a toothbrush or

mechanical cleaning at the surgical area. Soft diet was

advised for the 1st week of the healing period. Patients

were also informed to report to the hospital in case of

accidental dislodgement of the periodontal pack, for

repacking. On the 14th day, the periodontal pack was

removed, and the surgical sitewas evaluated for healing.

The patients were recalled at the 4th week.

Fig. 2 A incision made to

release the tension due to

muscle attachment at the

base of the vestibule

Fig. 3 Placement of desired

size of chorion membrane

Fig. 4 Placement of tinfoil

on the surgical site
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Statistical analysis

Mean values for all the parameters were obtained

using SPPS version 20. Wilcoxon signed-rank test was

used to find the significance within each group. Mann–

Whitney U-test was used to find the significance

between the three groups for parameters on non-

interval and interval scale.

Result

At baseline, participants of the Control, CM, and

CM ? PRF groups showed a comparable lack of

attached gingiva. The healing was uneventful for these

sites.

The mean values of the width of the attached

gingiva are depicted in Table 1. All the groups showed

an increase in the width at 4 weeks with the highest

increase noted in the CM ? PRF group (3.3 ± 0.67)

followed by CM group (2.5 ± 0.35) and the least in

the Control group (1.1 ± 0.22). At 4 weeks, on

comparison between Control and CM groups, there

was a high statistically significant (p = 0.008)

improvement in the width of attached gingiva for the

CM group. The CM ? PRF group showed a statisti-

cally significant increase in the width of attached

gingival on comparison with the Control group

(p = 0.008) as well as with the CM group

(p = 0.056) (Table 4).

Fig. 5 Application of periodontal dressing on the surgical site

Fig. 6 Postoperative

measurements taken at

baseline and at 4 weeks

Fig. 7 Baseline

measurements being taken

at surgical site
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Mean values for depth of the vestibule are depicted

in Table 2. There was additional increase in the

vestibular depth at 4 weeks in the CM ? PRF

(6.3 ± 0.97) and CM groups (5.3 ± 1.14) compared

to Control group (3.6 ± 0.89; p = 0.008). On com-

parison among the groups, CM versus CM ? PRF, no

statistical significant difference in the increase in

depth of the vestibule at 4 weeks was observed

(p = 0.435) (Table 4).

The mean values of gingival thickness are depicted

in Table 3. There was no improvement in the gingival

thickness at 4 weeks for Control (0.8 ± 0.27);

whereas CM (2 ± 0.35) and CM ? PRF

(2.2 ± 0.27) groups presented with increase in gingi-

val thickness, CM and CM ? PRF showed similar

statistical significant increase for gingival thickness

(P = 0.339) with no change in the thickness in control

group (Table 4).

Fig. 8 Immediate

postsurgical procedure

Fig. 9 PRF membrane

placed over the periosteal

bed

Fig. 10 Post-operative

measurements were taken at

4 weeks
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Table 1 Width of attached gingiva at baseline and at 4 weeks

Control CM CM ? PRF

Baseline (mean ± SD) 0.8 ± 0.27 0.7 ± 0.27 0.8 ± 0.27

4 weeks (mean ± SD) 1.1 ± 0.22 2.5 ± 0.35 3.3 ± 0.67

Intra- group p value

(Wilcoxan Signed-Rank Test)

0.083 0.042* 0.043*

SD Standard deviation, CM chorion membrane, PRF platelet rich fibrin

*p\ 0.05 is considered as statistically significant

Table 2 Depth of the vestibule at baseline and at 4 weeks

Control CM CM ? PRF

Baseline (mean ± SD) 3.4 ± 0.54 3.6 ± 1.14 2.5 ± 1

4 weeks (mean ± SD) 3.6 ± 0.89 5.3 ± 1.14 6.3 ± 0.97

Intra- group p value

(Wilcoxan Signed-Rank Test)

0.317 0.042* 0.043*

SD Standard deviation, CM chorion membrane, PRF platelet rich fibrin

*p\ 0.05 is considered as statistically significant statistically

Table 3 Gingival thickness at baseline and at 4 weeks

Control CM CM ? PRF

Baseline (mean ± SD) 0.8 ± 0.27 0.9 ± 0.41 1.1 ± 0.41

4 weeks (mean ± SD) 0.8 ± 0.27 2 ± 0.35 2.2 ± 0.27

Intra-group p value

(Wilcoxan Signed Ranks Test)

1 0.034* 0.034*

SD Standard deviation, , CM chorion membrane, PRF platelet rich fibrin

*p\ 0.05 is considered as statistically significant

Table 4 Inter-group

comparisons

SD Standard deviation, CM
chorion membrane, PRF
platelet rich fibrin

Mann–Whitney U test,

*p\ 0.05 statistically

significant

Group p value

Width of attached gingiva Control versus CM 0.008*

Control versus CM ? PRF 0.008*

CM versus CM ? PRF 0.056

Depth of the vestibule Control versus CM 0.05*

Control versus CM ? PRF 0.008*

CM versus CM ? PRF 0.435

Gingival thickness Control versus CM 0.007*

Control versus CM ? PRF 0.008*

CM versus CM ? PRF 0.339
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Discussion

Inadequate width of attached gingiva fosters plaque

accumulation and increases the rate of progression of

periodontal recession (Koob et al. 2013). Vestibulo-

plasty with secondary epithelialization is the conven-

tional procedure for increasing the vestibular depth

and the width of attached gingiva. However, in such a

procedure there is often recurrence of the shallow

vestibule and inadequate width of attached gingiva.

Autografts and commercially available allografts like

Alloderma are used to increase the width of attached

gingiva with vestibuloplasty. However, to the best of

our knowledge, there is no published data on the use of

CM along with PRF, a second-generation platelet

concentration, in increasing the width of attached

gingiva. Increase in the dimensions of attached

gingiva using CM and PRF offers several advantages.

The incorporation of CM and PRF do not require

donor tissue as observed in free gingival and connec-

tive tissue grafts. In the present study, the effective-

ness of CM and CM ? PRF in increasing the width of

attached gingiva, depth of the vestibule, and gingival

thickness has been evaluated.

The baseline measurements of width of the attached

gingiva had no statistical significance in the three

groups (Table 1). On clinical observation, increase in

width of attached gingiva was noted postoperatively in

all groups. Conversely, on re-evaluation at 4th week,

there was a relapse seen in the operated patients in the

Control group. However, on evaluation at 4th week,

the increase in the width of attached gingiva in

Control, CM, and CM ? PRF groups had increased

(1.2 ± 0.27), (2.5 ± 0.35), and (3.3 ± 0.67) respec-

tively (Table 1). The CM ? PRF group showed better

healing and texture of tissues and increase in width of

attached gingiva compared to other groups. The reason

may be the unique structural features of PRF consist-

ing of 3D polymerized fibrin network rich in various

growth factors such as transforming growth factor b-1
(TGF-b), platelet-derived growth factor (PDGF) and

vascular endothelial growth factor (VEGF). PRF has a

dense fibrin network with leukocytes, cytokines, and

structural glycoproteins which are gradually released

as the fibrin matrix is resorbed, aiding the process of

wound healing and regeneration. Several studies have

showed rapid and accelerated wound healing with the

use of PRF (Dohan Ehrenfest et al. 2009; Giannobile

1996).

Interestingly, years of experimenting with PRF has

revealed that, it functions via an increase in fibrin

associated with angiogenesis. Naturally, the fibrin is

considered as a biological matrix with an increased

source of VEGF and growth factors. PRF will

therefore promote and induce the formation of

neovascularization and new tissues at the recipient

site. It is thus apparent that the quality of the recipient

soft tissue bed is crucial for the procedure to be

successful. If a band of keratinized tissue is present, it

will further promote the fabrication of more kera-

tinized tissue. If, on the contrary, only a loose mucosal

non-attached tissue is present, a similar formation of

poor- quality tissue should be expected. This mech-

anism of action is described as ‘‘fibro-promotion’’

(Miron and Choukroun 2017). In the present study, the

PRF membrane was placed on a recipient bed with

existing band of keratinized tissue for augmenting the

depth of the vestibule, which resulted in an apprecia-

ble increase in the width and healing compared to the

other two groups (Table 3).

The vestibular depth at 4 weeks in Control, CM,

and CM ? PRF groups was (3.6 ± 0.89),

(5.3 ± 1.14), and (6.3 ± 0.97), respectively. The

difference in increase from baseline to 4 weeks in

the Control group was 0.317. In the CM, CM ? PRF

groups, the difference was 0.042 and 0.043, respec-

tively, which connote the significant increase in

vestibular depth, with no relapse observed. The

question was whether CM prevented the reattachment

of fibers. On clinical observation, when the patients

reported for post-operative visit, the sites in the CM,

CM ? PRF groups demonstrated increase in gingival

thickness whereas there was no change in the gingival

biotype in the Control group. The clinical assessment

showed no statistically significant difference in the

gingival thickness on comparison of CM and CM ?

PRF groups (Table 3). This indicated the addition of

PRF in the CM ? PRF group played no role in

increasing the gingival thickness. The common bio-

material incorporated in the two groups was CM.

Studies have demonstrated the ability of CM in

increasing the gingival thickness and aiding in wound

healing. Cell proliferation and migration are prime

steps of the natural process of wound healing. Mc

Quilling demonstrated that CM from dACM increased

the proliferation activity and migration of ker-

atinocytes and fibroblasts significantly. Another sali-

ent aspect of wound repair is the paracrine cell–cell
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mechanism within the microenvironment of the

wound. In the same study, Mc Quilling showed that

when keratinocytes and fibroblasts were exposed to

CM dACM, several changes such as increased KGF

and IL-6 production in fibroblasts and HB-EGF and

IL-1Ra in keratinocytes could be seen. When co-

cultured with keratinocytes, both KGF and IL-6 have

been observed to be upregulated in fibroblasts

(McQuilling et al. 2019).

The CM has numerous advantages due to its

structure and composition. Structurally, it consists

of: (1) reticular membrane; (2) basement membrane;

and (3) trophoblasts (McQuilling et al. 2019) The

extracellular matrix comprises collagen types I, III,

IV, V, and VI and cell-adhesion bioactive factors, such

as fibronectin and laminin (Niknejad et al. 2008;

Suresh and Gupta 2013; Simonpieri et al. 2009).

Laminin has a high affinity for binding epithelial cells,

and in contrast to traditionally available membranes,

this membrane allows for rapid epithelial cell growth.

The specific location of growth factors and cytokines

has been localized to the epithelial layer, chorion

layer, spongy layer individually and in combination.

Therefore, inclusion or exclusion of layers can affect

the amount of growth factors released during healing.

McQuilling characterised the release of cytokines and

growth factor from dACM and observed 94.2% of

measured factors released over 7 days in-vitro.

Griffin et al. compared the frequency of post-

operative complications among different soft tissue

grafting procedures, and noted that for each minute of

the procedure, there was a 4% increase in the

probability of developing moderate to severe pain

and a 3% increase in moderate to severe swelling

(Griffin et al. 2006). The present study provided the

advantage of omitting the surgical site for procure-

ment of soft tissue graft, thus eliminating pain and

swelling as reported in the above study. Since the PRF

was obtained from patients’ own blood, no rejection

was observed in patients who participated in the study.

The chorion has the ability of self-adherence to the

site; thus, making it less sensitive to the technique and

also reducing the chair time (Kothiwale et al. 2009).

The CM also has a good shelf life, is easily available,

supports healing, and is also cost-effective compared

to other allografts. It can be established from the

results of this study that CM and PRF can be

effectively incorporated to increase the width of

attached gingiva and depth of vestibule.

Conclusion

Within the limitations of the study, CM and CM ?

PRF membrane seem to be equally promising tissue-

engineered biomaterials. Hence, it can be an effective

option for increasing the width of attached gingiva,

vestibular depth, and gingival thickness. However,

randomized controlled trials with longer follow-up

period and larger sample size need to be carried out to

assess the long-term benefits.
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Comparison of Antimicrobial Efficacy of Diode Laser, 
Ultrasonic Activated and Conventional Irrigation with 2.5% 
NaOCl during RCT: An Interventional Study
Nikhil Jambagi1, Preeti Kore2, Neha S Dhaded3, Sneha A Patil4, Malini Shankar5

Ab s t r Ac t
Aim and objective: The aim and objective of the study was to evaluate and compare the antimicrobial efficacy of a diode laser irradiation, 
ultrasonic activated and conventional irrigation with 2.5% NaOCl on obligatory and facultative anaerobic bacteria in single-rooted canals.
Materials and methods: Total of 60 permanent maxillary and mandibular single-rooted (single canal) anterior teeth were selected. First microbial 
sample (S1) was collected after access opening and working length determination, using a sterile paper point. Cleaning and shaping were 
performed, with each instrument change accompanied by irrigation using 2 mL 2.5% NaOCl. After cleaning and shaping, disinfection protocol 
using diode laser (group1), ultrasonic activated irrigation with 2.5% NaOCl (group 2) and conventional irrigation with 2.5% NaOCl (group 3) 
was performed and second microbial sample (S2) was obtained. The colony characters of each type of growth on each media were noted and 
the organisms were identified using standard biochemical reactions.
Result: Gram-positive and gram-negative facultative anaerobe were predominantly isolated from the culture, and the highest reduction of 
the microbial count was seen in diode laser group with 60.92% followed by the ultrasonic group with 47.22% reduction and least reduction 
was observed in conventional irrigation with the ultrasonic group with 37.97%. The results were statistically significant with p-value <0.05.
Conclusion: Diode laser disinfection showed the highest reduction of microbial count compared to ultrasonic activated and conventional 
needle irrigation with 2.5% NaOCl group. 
Clinical significance: This study will help us to choose wisely between various irrigating methods and protocols. Diode laser in our study has 
shown superior disinfection of the root canals compared to others.
Keywords: 2.5% NaOCl, Conventional needle irrigation, Diode laser intracanal disinfection, Ultrasonic irrigation.
The Journal of Contemporary Dental Practice (2021): 10.5005/jp-journals-10024-3111

In t r o d u c t I o n
Endodontic infections are known to be polymicrobial in nature, 
with complex bacterial interactions and a predominance toward 
anaerobic species.1 A major goal of endodontic treatment is to 
achieve a bacteria-free environment in the root canal system 
to prevent any menace for successful treatment.2

Elimination of endodontic infection is quite different from 
most of the other sites in the human body. Host measures that 
are sufficient to eliminate the infectious organism from other 
sites do not suffice for the complete elimination of endodontic 
infection, mainly because of special anatomy and physiology of 
root canal.3 Large areas of the root canal such as fins, isthmus, cul 
de sac remain untouched even after mechanical instrumentation, 
regardless of the use of rotary or hand instrumentation. For this 
reason, various combinations of disinfecting solutions and various 
irrigation devices are used.4

Sodium hypochlorite (NaOCl) is one of the most widely used 
irrigating solution, hypochlorous acid in NaOCl is considered 
responsible for bacterial inactivation, when used in concentration 
varying from 0.5 to 6% effectively dissolves pulpal remnants and 
organic components of dentin.5

Irrigants have been traditionally delivered using a syringe 
and needle. The problem with this method of irrigation 
technique is an inadequate replacement of irrigant through 
the root canal system because the highest streaming velocity 
is present only in the lumen of the needle and high surface 
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tension of NaOCl prevents direct contact with dentinal walls 
of anatomic complexities.6

Over the last few decades, many mechanical devices have 
been developed to improve the penetration and effectiveness of 
irrigating solutions in the apical areas of root canal space. Passive 
ultrasonic irrigation (PUI) was first described by Weller et al. in 1980. 
It is called passive because it is related to the noncutting action of 
ultrasonic files. PUI relies on the transmission of acoustic energy 
from an oscillating file to an irrigant in the root canal. The energy 
is transmitted by means of ultrasonic waves.4

https://creativecommons.org/licenses/by-nc/4.0/
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Relatively new approaches to root canal disinfection include 
high power diode laser which made their debut in mid 1900s in 
the field of dentistry which has been predominantly used for soft 
tissue surgery, root canal disinfection, and laser-assisted bleaching.7 
The available wavelength ranges from 800 to 1064 nm, which emit 
continuous wave or gated pulsed mode using an optical fiber as a 
delivery system. A combination of smear layer removal, bacterial 
reduction, reduced apical leakage are advantages of the laser 
and make it viable for endodontic treatment.4 The laser light is 
thought to be able to reach areas in the root canal anatomy, which 
is impossible with traditional techniques.3

When the literature search was carried out, there were no 
studies carried out in Indian scenario or worldwide to evaluate 
the antimicrobial efficacy of a diode laser irradiation, ultrasonic 
activated and conventional irrigation with 2.5% NaOCl on 
obligatory and facultative anaerobic bacteria in single-rooted 
canals. So, an attempt was made to carry out this research to 
evaluate the antimicrobial efficacy of a diode laser irradiation, 
ultrasonic activated and conventional irrigation with 2.5% 
NaOCl  on obligatory and facultative anaerobic bacteria in 
single-rooted canals.

MAt e r I A l s A n d Me t h o d s
The study was conducted in the KLE’s VK Institute of Dental 
Sciences, Belagavi, Karnataka. Ethical clearance was obtained from 
the Research and Ethical Committee of KLE Academy of Higher 
Education and Research (KAHER), Belagavi.

Sixty maxillary and mandibular single-rooted canals (permanent 
incisors, laterals, canines, premolars), of both male and female 
patients of the age range of 15–50 years, with written informed 
consent were selected for the study. Patients were recruited 
from the out-patient department of conservative dentistry and 
endodontics in accordance with specific inclusion and exclusion 
criteria and sequential allocation of subjects was done into one of 
the three groups. A written informed consent was obtained from 
all participants before the allocation.

The inclusion criteria used in our study are patients with 
permanent teeth diagnosed as nonvital clinically using pulp vitality 
tests and radiographs, participants with noncontributory medical 
history, teeth with an adequate coronal structure to ascertain 
proper isolation, sterilization, temporization, and restoration. 
Exclusion criteria used in the study are patients with any systemic 
diseases, immune-compromised conditions and pregnancy, 
participants on any antibiotic therapy within 3 months from the 
beginning of the study, patients with acute periapical abscess, 
retreatment cases, teeth with calcified canals, immature apex and 
internal and external resorption were excluded from the study.8

Each tooth to be treated was anesthetized using local anesthesia 
(Xicaine, ICPA Health Product Ltd, Mumbai, India), isolated with a 
rubber dam (Hygenic, Coltene, Altstatten, Switzerland), and tooth 
crown cleaned with pumice and rinsed with sterile saline (Baxter 
India Limited, Bengaluru, India). The operative field was then 
disinfected following Mollers methodology of disinfection.9

Pulp chamber was opened under aseptic conditions with 
sterile water-cooled high-speed diamond points (Mani Dia-burs, 
Tochigi, Japan). Working length was determined by the apex 
locator (Dentaport ZX, J Morita, Tokyo, Japan) and confirmed on the 
radiographs. The first root canal sample S1 was obtained as follows.

Reduced transport fluid (transport media) was injected into 
the root canal and a size 10 or 15 K-file (MANI; Japan) was pumped 

circumferentially to 1 mm short of the estimated working length. A 
sterile paper point (Protaper Universal, Dentsply, Switzerland) was 
then inserted into the canal 1 mm short of the estimated working 
length and kept in place for 60 seconds. Three paper points were 
taken for each sample following the same procedure as described 
above and each of the paper points was immediately transferred 
to a reduced transport fluid (transport media).10 The sample S1 was 
collected and transferred to the laboratory immediately.

Thereafter, in the next appointment, instrumentation was 
performed with ProTaper Universal rotary system (Dentsply, 
Switzerland) using the crown down technique. A 2.5% sodium 
hypochlorite was used for irrigation in all three groups which were 
prepared from 3% NaOCl (Vishal Dentocare, Gujrat, India) by the 
Alligation method.11

After cleaning and shaping, root canals were divided into two 
experimental and one control group by sequential allocation of 
subjects into one of the three groups.

• Group I: The root canal was disinfected with high power diode 
laser 940 nm (Epic Biolase, California, USA) set at power 1 watts, 
using an oscillatory technique, the diode fiber with 200 µ fiber-
optic tip was introduced 1 mm short of apex, for 5 seconds, and 
repeated four times at an interval of 5 seconds between each 
one. 

• Group II: The root canal was ultrasonically irrigated (P5 Booster, 
Suprasson, SATELEC, France) for 3 minutes with a continuous 
flow of 50 mL with 2.5% sodium hypochlorite. 

• Group III: The root canal was irrigated with 2 mL of 2.5% sodium 
hypochlorite, after each instrumentation with a disposable 
syringe of 26 gauge needle (Unolok, Hindustan Syringes and 
Medical Devices Pvt. Ltd, Faridabad, India) and the second 
sampling (S2) were carried out above all groups. 

After the collection of sample S2, the final flush of irrigation was 
done with 2 mL of 17% EDTA (Prime Dental Product, India). Finally, 
the canals were rinsed with sterile saline followed by obturation.

For the microbiological procedures of sample S2, the clinical 
samples were collected in reduced transport fluid (transport media) 
and transferred to the laboratory immediately. The microbial analysis 
was done by counting the colony forming units (CFUs).

MI c r o b I o lo g I c A l Pr o c e d u r e
For microbiological procedures, the clinical samples were collected 
in reduced transport fluid and transferred to the laboratory 
immediately. Test tubes containing samples were incubated for 
30  minutes at 37°C and shaken vigorously in vortex mixture for 
60 seconds. Before inoculation samples were subjected to serial 
tenfold dilution in brain heart infusion broth. From the serial 
dilution, 0.1 mL was transferred to the culture media with 5.0 µg/
mL hemin and 0.5 µg/mL menadione.

For Obligate Anaerobes
The inoculum was mixed thoroughly and inoculated on 
supplemented Blood agar, Kanamycin Blood agar, and Brewer 
Anaerobic agar. This was incubated in a modified gas pack anaerobic 
jar for 5  days. Once the jar was opened the colony characters 
were studied and each colony type was immediately inoculated 
in thioglycollate broth. The final identification of the organism 
was carried out using a standard biochemical reaction. Separate 
selective media Actinomyces agar was prepared for Actinomyces 
species and incubated anaerobically as described previously. 
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For Facultative Anaerobes
Ten microliters of the sample was transferred to each of Chocolate 
agar, MacConkey’s agar, and Mitis Salivarious agar (MSA). The first 
two media were incubated aerobically at 37°C for 24 to 48 hours. 
The MSA was incubated in carbon dioxide jar (5% Carbon dioxide) 
for 48 hours. For Candida species, Sabourauds Dextrose agar was 
used. The colony characters of each type of growth on each media 
were noted and the organisms were identified using standard 
biochemical reactions.

re s u lts
Individual root canals yielded few anaerobic bacterial species, 
gram-positive and gram-negative facultative anaerobe were 
predominantly isolated from the culture. The species identified 
along with the percentages have been recorded and tabulated 
in Table 1.

For the purpose of ease of statistical analysis, the CFUs counts 
were converted into logarithmic transformation (log CFU).

In laser group, it was found that the log CFU value at the 
baseline level (S1) was 4.25 ± 0.08 which reduced to 1.66 ± 0.35 
postoperatively (S2). The difference was statistically significant with 
the p-value of 0.00001* and the percentage of change seen from 
baseline to postoperatively was 60.92% (Table 2, Fig. 1).

Table 3 and Figure 2 shows comparison made between S1 
and S2 value in ultrasonic group, the baseline level (S1) found 
was 4.25  ±  0.65 which reduced to 2.45 ±  0.40 postoperatively 
(S2). The difference was statistically significant with the p-value 
of 0.0002* and the percentage of change seen from baseline to 
postoperatively was 42.22%.

Table 1: Species identified from the root canal along with their 
percentages

Sl. No. Microrganism Type Percentage
1 Streptococci Gram-positive facultative 

anerobe
49.14

2 Escherichia coli Gram-negative facultative 
anaerobe

1.04

3 Fusobacterium 
nucleatum

Gram-negative obligate 
anaerobe

0.63

4 Porphyromonas 
gingivalis

Gram-negative obligate 
anaerobe

0.80

5 Proteus species Gram-negative facultative 
anaerobe

9.04

6 Klebsiella Gram-negative facultative 
anaerobe

35.88

7 Micrococci Gram-positive facultative 
anaerobe

0.17

8 Pseudomonas 
sp.

Gram-negative facultative 
anaerobe

0.62

9 Diptheria Gram-positive facultative 
anaerobe

0.44

10 Citrobacter Gram-negative facultative 
anaerobe

1.69

11 Provetella  
intermedia

Gram-negative obligate 
anaerobe

0.23

12 Shigella cocci Gram-negative facultative 
anaerobe

0.26

Table 2: Table showing comparison of S1 and S2 with respect to log CFU 
counts in group I (diode laser) by paired “t” test

Time-
points

Mean Std. 
Dv.

Mean 
Diff.

SD 
Diff.

% of 
change

Paired t p-value

S1 4.25 0.34
S2 1.66 1.58 2.59 1.54 60.92 7.5307 0.00001*

Fig. 1: Graphical representation showing comparison of S1 and S2 
with respect to log CFU counts in group I (diode laser) by paired 
“t” test

Table 3: Table showing comparison of S1 and S2 with respect to log CFU 
counts in group II (ultrasonic group) by paired “t” test

Tim-
points

Mean Std. 
Dv.

Mean 
Diff.

SD 
Diff.

% of 
change

Paired t p-value

S1 4.25 0.65
S2 2.45 1.78 1.79 1.75 42.22 4.5912 0.0002*

Fig. 2: Graphical representation showing comparison of S1 and S2 
with respect to log CFU counts in group II (ultrasonic group) by 
paired “t” test
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In conventional needle irrigation group, it was found that 
the log CFU value at the baseline level (S1) was 4.00 ± 0.20 which 
reduced to 2.48  ±  0.42 postoperatively (S2). The difference 
was statistically significant with the p-value of 0.0002* and the 
percentage of change seen from baseline to postoperatively was 
37.97% (Table 4, Fig. 3).

Inference
Highest reduction of the microbial count was seen in diode laser 
group with 60.92% followed by ultrasonic group with 47.22% 
reduction and least reduction was observed in conventional 
irrigation with ultrasonic group with 37.97%. 

dI s c u s s I o n
Microorganisms and their end products are considered as the main 
cause of pulpal and periapical pathosis. The prime objective of 
endodontic therapy is the complete elimination of microorganisms 
from the root canal system and to create an environment favorable 
for healing. Bacterial elimination from the root canal is usually 
achieved by means of mechanical action of the instruments along 
with flushing and antibacterial activity of the irrigants. 

Over the years, disinfection protocols have evolved from 
conventional needle irrigation, sonic and ultrasonic agitated 
irrigation, ozone disinfection, photoactivated disinfection (PAD) 
to the more recently introduced laser-activated disinfection. 
Sodium hypochlorite is the most widely used root canal irrigant, 
which disrupts several vital functions of microbial cells, causing 
cell death.12

Although studies conducted by Vianna et  al. and Gomes 
et al. showed that a high concentration of 5.25% NaOCl was more 

effective and required less time to eradicate microorganisms. 
However such high concentration of NaOCl is associated with 
hemolysis and necrosis of tissues when inadvertently extruded 
beyond the root apex.13 Bystrom and Sandquist observed no 
significant difference in concentration of 1, 2.5, and 5% NaOCl 
in its antibacterial effectiveness14 which goes with the results of 
Zehnder, that the effectiveness of 5% NaOCl was not any greater 
than the lower concentration in reducing the intracanal microbiota; 
therefore, a lower concentration of 2.5% NaOCl was used.15

In the present study, it was found that the conventional 
needle irrigation group was inferior to the ultrasonic irrigation 
and diode laser group and the results were statistically 
significant. The bacterial reduction of 37.97% was achieved in the 
conventional needle irrigation group. This inferior performance of 
conventional needle irrigation was similar to observations made 
by Bago et al., which showed that conventional needle irrigation 
was not successful in eliminating microorganisms from the root 
canal when compared to sonic activated irrigation and PAD.4

Inadequate placement of irrigant in the root canal system can 
be one of the reasons as the highest streaming velocity is only 
present in the lumen and around the tip of the needle making NaOCl 
difficult to reach inaccessible areas. The high surface tension of 
NaOCl also prevents the irrigant from coming in direct contact with 
dentinal walls of anatomical complexities.3 Studies also showed that 
the irrigant has only a limited effect beyond the tip of the needle 
because of the dead-water zone or sometimes air bubbles in the 
apical root canal, which prevent apical penetration of the solution.16

PUI as described by Ahmad et al. enhances the flushing action 
for removal of organic and inorganic debris from the root canal 
walls. The hydrodynamic phenomenon caused by vibration of the 
file in the canal filled with irrigant causes acoustic microstreaming, 
which is responsible for the removal of debris and bacteria from 
the dentinal tubules.17

In the present study, it was found that the ultrasonic irrigation 
group was superior to conventional needle irrigation and this 
difference was statistically significant. A bacterial reduction of 42.22% 
was achieved in ultrasonic irrigation group. The result of our study was 
similar that to the study conducted by Brito et al., where a significant 
reduction in the CFU count was observed after 1 minute of ultrasonic 
agitation. The higher performance of ultrasonic agitation of irrigant 
over sonically activated irrigation could be due to higher frequency 
of cavitation resulting in higher acoustic streaming of the former.14

Kim reported similar results in which PUI was better 
than conventional needle irrigation in the removal of pulp 
remnants and dentin debris. This could be due to the flow of 
the irrigant at a high velocity which was achieved due to passive 
ultrasonic activation thus facilitating the removal of debris 
from the root canal irregularities and oval-shaped canals.14 The 
reduction in the number of microorganisms could also be due 
to deagglomeration of the bacterial biofilms within the root 
canal which may render the resultant planktonic bacteria more 
susceptible to the antibacterial activity of NaOCl.4

Ultrasonically activated irrigation has shown low efficacy as 
compared to laser and the factors governing these results can 
be the unknown variables involved such as placement of the 
suction, the width of irrigation jet, and location and dimension 
of root canal orifice, amount of irrigant flowing through the 
canal.15

In a review by Sluis et  al., the protocol for using ultrasonic 
irrigation was influenced by the taper of the file and diameter of the 
root canals. Greater the taper of the file more dentin debris could 

Table 4: Comparison of S1 and S2 with respect to log CFU counts in 
group III (conventional needle irrigation group) by paired “t” test

Tim-
points Mean

Std. 
Dv.

Mean 
Diff.

SD 
Diff.

% of 
change Paired t p-value

S1 4.00 0.90
S2 2.48 1.89 1.52 1.84 37.97 3.6963 0.0002*

Fig. 3: Graphical representation showing comparison of S1 and S2 with 
respect to log CFU counts in group III (conventional needle irrigation 
group) by paired “t” test
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be flushed out of the root canal. Other factors influencing debris 
removal were the time of irrigation and volume of irrigant.16 Neto 
et  al. suggested that 5  minutes of ultrasonic irrigation removed 
more dentin debris than 1 minute of the continuous flow of NaOCl 
when volumes were similar in both the groups.17

In the present study, it was found that the diode laser 
group was superior to conventional needle irrigation and this 
difference was statistically significant. The bacterial reduction 
of 60.92% was achieved in the diode laser group. The diode 
laser group was more efficient followed by the ultrasonically 
activated group and least microbial reduction was observed 
in conventional needle irrigation with 2.5% NaOCl. The 
results obtained in the present study were in accordance with 
observations made by Mathew et  al. where disinfection with 
940 nm diode laser was far superior in reduction of the microbial 
count when compared to sonic irrigation and conventional 
needle irrigation groups.18

Since the size of the dentinal tubules progressively decreases 
apically the penetration of the irrigant becomes restricted.19 
Laser with its inherent property of light scattering, enhanced 
local intensity and attenuation allows light penetration deeper 
in dentinal tubules, contributing to its superior antimicrobial 
efficacy. Diode laser causes a thermal photo disruptive action 
in the untouched part of dentin, resulting in an enhanced 
bactericidal effect in the root canal dentin.9 Fine diameter of 
200 µm fiber-optic tip was used in our study which facilitated 
the effective delivery of laser light to the root canal walls and 
effective reduction in the bacterial count. Small fiber-optic 
increased the power density of the tip and also gained easy 
access to apical third thereby extending its use to effectively 
debride canals with curvature.

The present study could not 100% eliminate the microbes. 
The primary reason could be due to the resistance of Enterococcus 
faecalis to heat produced by laser attributed to its complex cell 
wall structure.2 Failure could also be due to the emission of laser 
energy from the tip of the optical-fiber which was not lateral 
onto the root canal walls making it impossible to obtain uniform 
coverage of the canal surface using laser.8

In this study, the high-power diode laser and ultrasonic 
irrigation were superior to conventional needle irrigation with 
2.5% NaOCl in eliminating intracanal microorganisms. However, 
diode laser disinfection and ultrasonic irrigation cannot replace 
shaping, cleaning, smear layer, and biofilm management but could 
go hand in hand with a perfect routine endodontic treatment 
in order to improve the outcome. Mandatory to a benefit of 
adjunctive diode laser irradiation treatment and ultrasonically 
activated irrigation, all steps of the routine endodontic treatment 
should be followed carefully.

co n c lu s I o n
All  the groups showed a s ignif icant reduc tion in the 
microorganisms suggesting these disinfection methods can 
successfully be used in vivo. However, diode laser disinfection 
showed the highest reduction of microbial counts compared 
to ultrasonic activated and conventional needle irrigation with 
2.5% NaOCl group. Diode laser disinfection and ultrasonically 
activated irrigant can only be used as an adjunct to conventional 
needle irrigation with NaOCl.
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Candida dubliniensis: The New Culprit on the Block Causing 
Denture Stomatitis? An In Vivo Study
Abhijit Patil1, Navjot K Boparai2, Swapnil B Shankargouda3, Mallikarjun H Doddamani4, Ankeet Vora5, Twisha Dave6

Ab s t r Ac t
Aim: The present study aimed to carry out DNA extraction and polymerase chain reaction (PCR) amplification to isolate the physiological and 
phenotypic traits of Candida albicans and Candida dubliniensis in denture wearer patients with and without denture-induced stomatitis. 
Materials and methods: A total sample size of 160 participants were divided into two equal groups (80 each), patients in the study group 
having 40 males and 40 females with Newton type II denture stomatitis, and in the control group, healthy 40 males and 40 females those who 
wear complete denture were selected.
All the samples were collected from the hard palate with a sterile swab and inoculated on CHROM agar plate; samples that displayed dark green 
colored colonies were selected for DNA extraction. DNA isolation was done on agarose gel using electrophoresis. Biorad gene identification 
was used. Strands depicting the presence of DNA in particular samples were identified, and further standardization of the procedure was done. 
PCR amplification was done using Candida species-specific primer, preset to the hyphal wall of the protein 1 gene with the CRR forward and 
reverse primers, under strict standard conditions with reverse transcriptase technique. 
Results: Results showed that prevalence of C. albicans was more in females with denture stomatitis which was 67.50% than in males, i.e., 52.50%, 
and prevalence of C. dubliniensis was found in one female and in one male who were having denture stomatitis and it was not isolated from 
patients without denture stomatitis. Statistical analyses were performed using the Chi-square test.
Conclusion: Denture stomatitis is the most common problem faced by long-term denture wearers, with C. albicans as one of the causative 
organisms. However, recent findings show an emerging pathogenic yeast species, C. dubliniensis, which was isolated from denture-induced 
stomatitis candidates in the present study, which is closely related to the C. albicans species. The identification of candidal strains causing 
denture stomatitis with DNA extraction and PCR amplification and its management by determination of its susceptibility to antifungals may 
improve the treatment outcome of the same.
Clinical significance: Candidiasis is the most frequently seen mucocutaneous infection of the oral cavity especially in denture wearers. It 
is caused mainly by the genus Candida. C. dubliniensis is phenotypically similar but genotypically different from C. albicans. This affects the 
treatment outcome drastically as there is enough literature suggesting resistance to the common antifungal drugs. Hence, drugs like fungus-
specific calcineurin inhibitors should also be considered in resistant patients. Therefore, DNA identification of Candida genus plays a major role 
in deciding the treatment outcome.
Keywords: Candida albicans, Candida dubliniensis, DNA extraction, PCR amplification.
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In t r o d u c t I o n
Candida or oral candidiasis is a frequently presenting mucocutaneous 
pathology of the mouth, produced by Candida species (occurring 
almost 53% times in the general population as a common oral 
commensal).1 One hundred and fifty different species have been 
found in the oral cavity, 80% of which correspond to Candida 
albicans, which colonize the oral cavity solo or in conjugation with 
other species.1

Candida dubliniensis is phenotypically similar to but 
genotypically distinct from C. albicans.2 It is found as a minor 
constituent of the oral microflora. Previously, C. dubliniensis 
was misdiagnosed for C. albicans, as both the species produce 
chlamydospores and are germ-tube positive.2

C. dubliniensis was mainly isolated from the individuals who 
were immunocompromised or from the mouths of 18% of the 
patients with diabetes and who use insulin.3 A study done by 
Christian, Oscar, and Mosca has isolated C. dubliniensis from a 
teenager wearing an orthopedic oral prosthesis without any 
underlying medical history.4

A study done by Loster JE, Wieczorek A, and Loster BW 
concluded that males were less prone to infection than females. 

Strong, intermittent, and frequent growth of yeast occurred most 
frequently in the youngest group of females.5,6

A study done by Gasparoto et al. also has shown a higher 
incidence of C. albicans (89.2%) from denture stomatitis patients 
whereas C. dubliniensis prevalence in low rates i.e., 5.3% in patients 
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• Any diseases and medications that cause immunosuppressant
• Autoimmune diseases
• Recent history of broad-spectrum antibiotics
• Corticosteroids and antifungal therapy

After all study participants signed informed consent, samples 
were collected from the hard palate of all participants with a sterile 
swab, and a microbiological study was carried out accordingly. 
Samples were inoculated on CHROMagar plates to identify candida 
species. Only the samples that displayed light or dark green colored 
colonies were selected.9,10

Extraction of DNA
C. albicans and C. dubliniensis were differentiated using the 
technique put forth by Romeo et al.11 CHROMagar plates were used 
to grow yeast bacteria to form green colonies to maintain over the 
Sabouraud’s dextrose agar for performing DNA purification, at room 
temperature, as shown in Figure 1.11 Washing of the formed yeast 
was carried out at four degrees Celsius for 5 minutes at 10,000 rpm. 
0.1 mL DNA/RNA free water was used to suspend the pellet and 
incubated at 56°C for 30 minutes. Boiling of the samples was then 
carried out for 10  minutes followed by centrifugation at 4°C for 
5 minutes at 13,000 rpm.12 To perform the analysis of the DNA of  
C. albicans or C. dubliniensis, supernatants were obtained 
accordingly.

The supernatant was then mixed with ethidium bromide dye 
and DNA isolation on agarose gel using electrophoresis, as shown 
in Figure 2. Bio-Rad gene identification was used. Strands depicting 
the presence of DNA, in particular, samples were identified and 
further standardization of the procedure was done.11

Amplification of C. albicans and C. dubliniensis Species 
Using PCR
Samples were amplif ied using the reverse transcriptase 
technique under standard conditions using CRR forward primer, 
59-GTTTTTGCAACTTCTCTTTGTTTA-39 and CRR reverse primer, 
59-ACAGTTGTATCATGTTCAGT-39. A total volume of 25  mL of 
the polymerase chain reaction (PCR) mixture containing 1.5 mM 
MgCl2, 2.5  U GoTaq polymerase, 0.2  mM each deoxynucleoside 
triphosphate (IDT primer), 3 mL genomic DNA template, and 0.4 mM 
each primer. Denaturation was carried out at 95°C for 5 minutes 
after amplification, following which denaturation for 34 cycles was 
carried out at for 45 seconds at 94°C, followed by primer annealing 

without denture stomatitis and 10.3% with denture stomatitis 
patients. C. dubliniensis and C. albicans occurred in 10% of  
denture-related stomatitis patients.7

C. dubliniensis shows similar phenotypic and physiological traits 
like C. albicans which forms a vital aid for its virulence.8-11

The association of C. dubliniensis and denture-related stomatitis 
is suggestive of its role in the institution and persistence of  
denture-related stomatitis.12,13

Denture insertion causes the formation of plaque, increasing 
the population of potentially pathogenic Candida species and 
bacteria.14-16

Biofilms are formed over denture surfaces by Candida species 
and, therefore, are found more frequently in denture plaque than 
in dental plaque.17-19

Microbes from the oral cavity colonize the denture surface to 
form a sticky biofilm which is dependent on the species of Candida, 
denture surface, and oral hygiene of the individual.20,21

Dentures made from synthetic materials like PMMA are porous 
in nature and, hence, cause Candida to readily stick and colonize. 
Additionally, different host factors such as food, immune response, 
surface characteristics, denture cleansers, cleaning modalities, 
saliva with food, age, hormonal imbalance, and other risk factors 
facilitate the adherence and colonization of the organism.22

Plaque, stain, and calculus accumulate on dentures in a similar 
manner to natural teeth.23 The subsequent proliferation of oral 
microbes and the formation of plaque on nonshading surface may 
initiate pathogenesis from the oral to systemic front.24

The association of C. dubliniensis and denture-related stomatitis 
suggests that it may play a major role in causing denture-related 
stomatitis.6-8 Hence, this particular study was undertaken to isolate 
C. albicans and C. dubliniensis from denture stomatitis patients and 
healthy denture wearers. 

MAt e r I A l s A n d Me t h o d s
A thorough and detailed presentation of the study was presented 
to the institutional ethics committee and after approval, a total of 
160 study participants were selected over a period of 3 years, based 
on the sample size calculation done by using the basic sample 
size estimation formula with the level of significance at 0.05, from 
the Department of Prosthodontics and crown and bridge, KLE 
Vishwanath Katti Institute of Dental Sciences, Belgaum, Karnataka, 
India, who were completely edentulous and wearing complete heat 
cure acrylic resin dentures. A thorough intraoral clinical examination 
was done, including relative past medical and dental history.

Inclusion Criteria

• Study group—Total of 80 participants with age-group of  
44 to 94 years including 40 males and 40 females having Newton 
type II denture stomatitis who were wearing dentures for past 
2 years and at least 12 hours a day, were selected.

• Control group—Total of 80 participants with age-group of  
44 to 94  years including 40 males and 40 females who were 
healthy and wearing heat cure acrylic resin complete dentures 
without denture stomatitis were selected.

Exclusion Criteria

• History of smoking and alcoholism
• Type 1 and Type 2 diabetes
• Systemic diseases Fig. 1: Green color colonies on CHROMagar plates
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When comparison was done between males of study group 
and control group, it was 52.50 and 22.50%, respectively, found 
positive for C. albicans. Here, it suggests that a patient with denture 
stomatitis was found more for C. albicans. In comparison between 
males of both the groups, the study group showed 2.50% positive 
for C. dubliniensis and null for the control group; i.e., it was found 
in one male having denture stomatitis as shown in Tables 3 and  
Table 4. In comparison between females for the occurrence of C. 
albicans, it showed 67.50% prevalence in study group which was 
higher than control group, i.e., 37.50% and as compared to males 
also it was higher in prevalence as shown in Table 5.

In comparison between females of both the groups for 
occurrence of C. dubliniensis, it showed 2.50% prevalence and it 
was null in control group as shown in Table 6. Here, it suggests that 
C. dubliniensis was found in one female with denture stomatitis.

Hence, results showed that the prevalence of C. albicans was 
more in females with denture stomatitis which was 67.50% than in 
males i.e., 52.50% and prevalence of C. dubliniensis was found in 
one female and in one male who were having denture stomatitis 
and it was not isolated from patients without denture stomatitis. 

dI s c u s s I o n
The oral cavity is an amalgamation of various strains and colonies 
of Candida species, which are dynamic in nature and keep 
changing with time and age. C. albicans species have been the 
most predominant strains known to cause infection in elderly 
individuals wearing dentures due to various factors like type of 
denture base materials, surface roughness, surface energy, etc.12,13 
However, the literature also shows other strains of Candida like  
C. dubliniensis, Candida glabrata, and Candida tropicalis to play a role 
in the occurrence of denture-induced stomatitis.15,17,18 Few studies 
have identified C. dubliniensis from the palatal mucosa and samples 
taken from dentures from patients with denture-related stomatitis, 
whereas these micro-organisms were not found in individuals 
without denture-related stomatitis.14,20,21,23 On the contrary, in the 
present study, few strains of C. dubliniensis were present in study 
participants with denture-related stomatitis.

for 60 seconds at 50°C, which is extended for 90 seconds at 72°C, 
with a final extension for 10  minutes at 72°C in a thermocycler 
(Progene; Techne). Separation of PCR products was carried out 
on a 1.5% (w/v) agarose gel, followed by staining with 0.5 mg mL 
ethidium bromide and comparison with DNA size marker (100 Base-
Pair Ladder; Amersham Biosciences) with a transilluminator (Sigma 
T2202). The expected amplicons for C. albicans was 1180 bp and for 
C. dubliniensis, it was 930 bp.

re s u lts
The data collected was tabulated, and statistical analysis was carried 
out in SPSS 25 software using the Chi-square test.

When compared the study group to control group, the presence 
of C. albicans was more i.e., 60% in the study group and it was 30% 
in the control group; whereas the presence of C. dubliniensis was 
2.50% in the study group and it was null in the control group as 
shown in Tables 1 and Table 2

Fig. 2: Supernatant obtained for analysis of Candida albicans or Candida 
dubliniensis DNA

Table 1: Comparison of study group and control group with respect to 
status of presence of Candida albicans

C. albicans Study group % Control group % Total
Present 48 60.00 24 30.00  72
Absent 32 40.00 56 70.00  88
Total 80 100.00 80 100.00 160

Chi-square = 14.5451, p = 0.0001*
*p <0.05

Table 4: Comparison of study group and control group in male samples 
with respect to the status of presence of Candida dubliniensis

C. dubliniensis
Study group 
(male) %

Control 
group (male) % Total

Present  1 2.50  0 0.00  1
Absent 39 97.50 40 100.00 79
Total 40 100.00 40 100.00 80

Chi-square with Yates’s correction = 0.0000 p = 1.000
*p <0.05

Table 2: Comparison of study group and control group with respect to 
the status of presence of Candida dubliniensis

C. dubliniensis Study group % Control group % Total

Present  2 2.50  0 0.00   2
Absent 78 97.50 80 100.00 158
Total 80 100.00 80 100.00 160

Chi-square with Yates’s correction = 0.5061 p = 0.4772
*p <0.05

Table 3: Comparison of study group and control group in male samples 
with respect to the status of presence of Candida albicans

C. albicans
Study group 
(male) %

Control group 
(male) % Total

Present 21 52.50  9 22.50 30
Absent 19 47.50 31 77.50 50
Total 40 100.00 40 100.00 80

Chi-square = 7.6801 p = 0.0060*
*p <0.05



Isolation of Candida dubliniensis in Complete Denture Patients

The Journal of Contemporary Dental Practice, Volume 22 Issue 5 (May 2021)520

amplification and its effectiveness to antifungals may improve the 
treatment outcome of denture stomatitis caused due to Candida 
species.

Limitations of the Study
Although a lot of studies have shown the interaction of Candida 
species in the formation of biofilms, little or no evidence is present 
to show the interaction of C. dubliniensis and non-Candida species. 
So, further research is required to determine the same. Also, 
other factors like the type of denture base material used, surface 
roughness, surface energy, etc. were not considered in the present 
study, which might play a role in the colonization of the Candida 
species.

Clinical Significance
Although C. dubliniensis is genotypically different from C. albicans, 
its prevalence has been underestimated because of similar 
physiological and phenotypic traits. Both organisms show light 
green to dark green colonies on CHROMagar. With limited evidence 
on the occurrence and severity of its effects, it becomes prudent to 
conduct further research to delineate the effects of C. dubliniensis 
in the oral cavity.
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Abstract

Context: Psychic Disturbances are the most common problems encountered in children. Aims: To study the prevalence of Psychic Disturbances like anxiety and depression among high
school going adolescents. Settings and Design: This is cross-sectional survey study conducted among 522 children (13-15 years). Methods and Material: Anxiety and Depression
were measured using Hamilton anxiety rating scale and Kutcher adolescent depression scale respectively. Statistical analysis used: The collected data were analyzed using Statistical
Package for Social Science(SPSS statistics 20 License Authorization Wizard.Ink).Results were expressed as proportions using appropriate tables. Prevalence rate was calculated using
point prevalence formula. Results: The response rate of study being 91.7%, Among total samples of 522, 403 samples (77.2%) had only mild anxiety,14.17 % participants had possible
depression another 14.17 % of participants having both anxiety and depression. Conclusions: Prevalence of Anxiety was higher compared to Depression among the study participants,
females had higher prevalence rate of depression were as males had higher rate of anxiety. 
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Sir,

Adolescence is a stage of transition from childhood to adulthood. During this stage of life, a youth undergoes rapid changes in body structure, mediated by the sex hormones. The
appearance of sexual characters is coupled with change in cognition and psychology.[1] Adolescents are under immense pressure because of the rapid changes in their hormonal milieu,
changing ideas and concepts about the world, having to cope up with the expectations from the society, and the need to establish their own identity. The problems faced by an adolescent
in Indian are diverse and are often not addressed by the health-care system.[1]

Adjustment and anxiety disorders, depression, suicide, delinquent behavior, poor body image, and low self-esteem are major concerns. Suicide rates are increasing, with higher number
of completed suicide in boys and attempted suicide in girls. Adolescents are at high risk of committing suicide because of cognitive immaturity and impulsivity. Psychological disorders
such as depression or mood disorders, substance abuse, parent–child conflict, physical or sexual abuse, and family history of suicide make them prone for such attempts. Peer
information is a part of adolescent social development. Pressure for conforming to norms drives many of their actions and decisions, including risk-taking behavior and initiation of
substance abuse.[1] Examinations cause significant physiological and psychological stress. Apart from change in body structure, various other factors such as peer acceptances,
discrimination, academic burden, parental expectations, and changing social environments cause stress among youth. Switching from vernacular to English medium schools, long hours
of school, and tuitions are additional stress factors that are unaddressed. While most adolescents have adequate coping skills, some have serious adjustment problems resulting in
psychological and somatic effects.[1] Hence, this is a right time for a physician to detect risk factors such as behavioral and social problems. Subtle causes like anxiety and depressed
mood, Thus with this reason study was carried out to assess the prevalence of anxiety and depression among school children (13–15 years) of North Karnataka.

This cross-sectional study was conducted among the school children of four different schools of Belagavi, Karnataka. However, for the purpose of this study, adolescents aged between
13 and 15 years were included. A total of 521 samples were enrolled in this study. Approval was obtained from the Institutional Ethics Committee of KAHER's Shri B M K Ayurveda
Mahavidyalaya, Belagavi, Karnataka, and necessary permission was taken from the authorities of all the four study schools. The survey sessions were arranged at a time convenient to
the school schedule and were told to all participants that participation in the survey was entirely voluntary, and there were no known or anticipated risks to participate in this study. The
selected students were explained about the objective of the study and each and every item of both the assessment scales so as to avoid misinterpretation in answering the
questionnaires; in this way, the data collection was done. The collection tool included two scales “Hamilton Anxiety Rating Scale” (HAM-A)[2] and “Kutcher Adolescent Depression Scale”
(KADS)[3] for assessing anxiety and depression, respectively; HAM-A scale contains 14 items, each item is scored on a scale of 0 (not present), 1 (mild), 2 (moderate), 3 (severe), and 4
(very severe), with a total score range of 0–56, where <17 indicates mild severity, 18–24 indicates mild-to-moderate severity, and 25–30 moderate-to-severe anxiety levels. KADS scale
contains 6 items, each item is scored on a scale of 0 (hardly ever), 1 (much of the time), 2 (most of the time), and 3 (all of the time), then if the total score is above 6 suggest possible
depression, if below 6 indicates probably not depressed.

The collected data were analyzed using the Statistical Package for the Social Science (SPSS statistics 20 License Authorization Wizard.Ink). Results were expressed as proportions
using appropriate tables. The prevalence rate was calculated using the point prevalence formula.

Our study included 521 study participants, after approaching 569 eligible children as per the inclusion criteria of (13–15 years) children. After excluding those who refused consent and
with incomplete responses, the response rate was 91.7%. The study participants' age ranged from 13 to 15 years; the mean age being 14 years among them (54.78%) were males
(45.21%) were female.

[Table 1] describes the various gradings and distribution of anxiety in both genders, wherein 403 participants had only mild anxiety (77.2%), 40 participants had mild-to-moderate anxiety
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(7.66%), and only (0.7%) samples had moderate-to-severe anxiety higher % was observed in females and 14.17% of participants having both anxiety and depression in which (3.8%)
had mild-to-moderate anxiety with depression, (2.87%) had moderate-to-severe anxiety with depression.{Table 1}

Currently, we have the largest adolescent generation ever in the human history. Noncommunicable diseases among adolescents and mental health illness, in particular, have been
documented to result in high levels of medical, social, and economic burden. Most of the adult mental health disorders have their onset during their childhood or adolescence.[4]
Adolescent depression and anxiety are the two common conditions which interfere with the complete growth and development of an individual.[4] Anxiety disorders are the most common
psychiatric disorders of childhood; they occur in 5%–8% of all children and adolescents, prevalence rates comparable to physical disorders such as asthma and diabetes. Anxiety
disorders are often comorbid with other psychiatric disorders (including a second anxiety disorder); significant impairment in day-to-day functioning is common. High levels of fear in
adolescence are also a significant risk factor for experiencing later episodes of major depression in adulthood. Anxiety and depressive disorder in adolescence predict increased risk of
anxiety and depressive symptoms (including suicide attempts) in adulthood, underscoring the need to diagnose and treat these underreported, yet prevalent, conditions early.[5] Overall,
our study showed 77.2% of participants having only mild anxiety were male were on the higher prevalence rate, 14.17% of participants had both anxiety and depression were again
females were on the higher side. The prevalence of major depressive disorder is estimated to be approximately 2% in children and 4%–8% in adolescents, with a male-to-female ratio of
1:1 during childhood and 1:2 during adolescence. The risk of major depression increases by a factor of 2–4 after puberty, and cumulative incidence by age 18 years is approximately
20%. Our study showed that 14.17% of the participants had possible depression, female being on the higher side. Hence, it is evident that the levels of psychiatric disorders such as
anxiety and depression are more prevalent in adolescents of the age group of 13–15 years in North Karnataka.

The prevalence of anxiety was higher compared to depression among the study participants, females had higher prevalence rate of depression, whereas males had higher rate of
anxiety. Thus, the study data help for an early need of interventions at the institutional levels to address adolescent depression and anxiety.
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a b s t r a c t

Background: Sports injuries are the second most common type of accident after domestic (3.7%) and
occupational accidents (3.1%). There is an average annual estimate of 8.6 million sports and recreational
related injury incidents with an age-adjusted rate of 34.1 per 1000 populations. Common sports injuries
are musculoskeletal injuries i.e. Sprains, Strains, Joint injuries, soft tissue injury (STI). The sports injury in
Ayurveda can be co-related within dissimilar facets of trauma related ailments.
Objective: To evaluate the efficacy of a protocol-based management of common sports injuries using an
integrated approach.
Materials and methods: Integration of Ayurveda and Physiotherapy procedures was done and phase wise
treatment was framed. Total 30 patients of age between 10 and 60 years ful-filling the inclusion criteria
were selected for the present study. The patients were treated with Phase wise protocol consisting of
three phase’s i.e. Inflammatory (1e5 days), Stabilization and recovery (6e10 days), Muscle strengthening
(11e17 days). Assessments were done through various variables like pain, tenderness, swelling, local
temperature, manual muscle testing (MMT) and range of motion (ROM) at different time points.
Statistical analysis: Wilcoxon matched pair test was used to assess within group results for subjective
parameters and paired t-test (Dependent t-test) was used to assess for objective parameters.
Result: The study showed that integrated treatment approach has given significant results in the pa-
rameters like pain, loss of function, tenderness, local temperature, MMT and ROM.
Conclusion: Phase wise management through integrated protocol is effective in the management of
common sports injuries.
© 2020 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Sports and exercise medicine is defined as that discipline which
treats any kind of injury, pain or physical damage that occurs as a
result of sport, exercise or physical activity [1,4]. As the sports buzz
is rising in these days, sports injuries are inclining especially in the
areas of the joints like the ankle, elbow, wrist, knee etc. [5]. Soccer
(30.6%), and kabaddi (20.9%) were the sports causing knee joint
injuries, among cricketers 16.8% suffered upper limb injuries [3,13].
Individuals between 5 and 24 years of age accounted for more than
50% of all injury incidents [2].

As per Ayurveda, sports injuries are a kind of traumatic diathesis
in which Vatadidosha (bodily humors) are provoked that may lead
to pain and others symptoms at the site of affliction [6]. The

etiology, sign and symptoms of Sadyo-Vrana (Trauma), Bhagna
(Fractures) and Marmabhighata (soft tissue injuries) when they are
collectively analysed, they can be correlated to sports injuries [7].
Ayurveda classics have emphasized rehabilitation of injured person
in case of Bhagna, Vrana and Marmaghata and highlighted indi-
vidualised treatment approach based onDosha for a better outcome
[6,7]. Conventional approaches to sports injuries include PRICER
(Protection, Rest, Ice, Compression, Elevation and Rehabilitation)
protocol, anti-inflammatory drugs, analgesics, immobilization,
corticosteroid injections, physiotherapy and surgery [8]. Prolong
usage of analgesics have high incidence of intolerable gastrointes-
tinal side effects and other systemic side effects [9].

The treatment principle of marmabhigata includes both internal
and external remedies like lepa (medicated paste) application,
bandhana (Bandaging), pichu (oil cotton Swab) and various Pan-
chakarma (Five treatment procedure) procedures like Abhyanga
(massage), Snehana (oilation), Swedana (Fomentation therapy) etc.
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[7]. The Integration of complementary and alternative medicine
into the sport arena helps in prevention, treatment of sports in-
juries and increases sport men performances [10]. Effective man-
agement of sports injuries requires phase wise assessment of
injuries and preparation of special protocol by incorporating
various procedures of Ayurveda and physiotherapy for better
outcome. Hence the present study was designed to evaluate the
efficacy of protocol based management of common sports injuries
by integrated approach.

2. Materials and methods

The patients attending outpatient and inpatient department of
the institute were recruited for the study. The CONSORT [11]
statement guidelines are followed for reporting the outcomes of
the study.

2.1. Raw drugs and finished products

Procurement of raw drugs and preparation of Manjishtadi lepa
churna, Bhadarakadi Ghrita were done at KAHER GMP certified
Ayurveda pharmacy. Shatadhauta Ghritawas procured from KAHER
GMP certified Ayurveda pharmacy. Authentication of raw drugs and
analysis of finished product were done at AYUSH certified drug
testing central research facility of our institute. Marma Gutika,
Murrivenna taila and Balaarishtawere procured from GMP certified
Kerala Ayurveda pharmacy.

2.2. Subjects

Total 30 patients diagnosed with sports injuries were recruited
from the OPD and IPD of the Shalya tantra Department, KLE Ayur-
veda Hospital, Shahapur, Belagavi.

2.3. Inclusion criteria

Diagnosed case of Common sports injuries within 7 days, either
sex with age ranging from 10 to 60 years and complaining of pain,
swelling, restricted joint movement were included in the study.

2.4. Exclusion criteria

Patients suffering with systemic diseases like diabetes mellitus,
tuberculosis, malignant wounds, bleeding disorders; patients hav-
ing a fracture with partial or complete displacement, deformity of
joints. Pregnant and lactating females; patients with history of road
traffic accidents with Medico legal cases were excluded.

Screening methods:
The recruited patients in the study were clinically examined and

data were recorded systematically. X ray of particular joint was
carried out at the Radiology department of our institute in order to
rule out fracture and dislocations.

2.5. Research design

The study is a single group pretest-posttest quasi experimental
clinical trial with a sample size of 30. The CONSORT Flowdiagram of
the study is provided in the Fig. 1.

2.6. Treatment protocol

The flow chart of the treatment protocol is provided in the
Fig. 2.

2.7. Intervention

The duration of the intervention was 17 days; the informed
consent was taken from the patients after orienting the nature

Fig. 1. CONSORT flow diagram of the study.
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and design of the study. The study was approved by the Insti-
tutional Ethics Committee with Protocol Id BMK/17/PG/SL/5, Date
of Approval 18.10.2019. CTRI Registration Number CTRI/2018/07/
014910. Data collection was done since February 2018 to
February 2019. During the study period, patients were asked to
adhere the treatment protocol and report any adverse events to
the investigators. Physiotherapy procedures were carried out
under the instructions of qualified physiotherapist of our
institute.

2.8. Criteria for assessment

2.8.1. Primary outcomes (Fig. 3)
Parameters like Pain (by Verbal descriptive scale), Tenderness

(by modified Cipriano Scale), Swelling (graduation of length and
breadth by using inch tape), Range of Motion of Joints (by Goni-
ometry), Temperature (by infrared thermometer), Manual muscle
testing grade (modified Cipriano scale) were assessed at different
time points using standard operative procedures.

2.9. Statistical test

Statistical analysis was carried out using SPSS version 20.0.
Comparison of different interventions from Base line to day 17 with

respect to parameters like pain and tenderness were assessed by
Wilcoxon matched pair test and the rest of the parameters were
assessed by Paired t-test (Dependent t-Test). Values were reported
as mean ± standard deviation and the parameters were considered
statistically significant if the ‘p’ value is < 0.05.

3. Results

Study was completed with participation of total 30 patients
without any reported adverse events and drop outs.

3.1. Subject characteristics

Age - 13% of the patients were from 10 to 20 yrs, 23% from 20 to
30 years, 20% from 30 to 40 years,10% from 40 to 50 years, 34% from
50 to 60 years.

Sex - 60% of the patients were male and 40% were female in the
present study.

Site of Injury - In the present study knee joint injuries were
33% (football, kabaddi, long jump, athletics), ankle injury 27%
(volleyball, kabaddi, kho - kho), wrist injury 20% (table tennis,
volleyball), and 10% each in elbow (cricket, badminton, table
tennis), and shoulder joint injury (volleyball, basketball,
kabaddi).

Type of sports involved - athletics (10%), badminton (6.66%),
basketball (6.66%), cricket (10%), football (13.33%), kabaddi
(16.66%), long jump (6.66%), table tennis (10%), volleyball (13.33%),
kho kho (6.66%).

3.2. Primary outcome

Statistically significant results (p < 0.05) were seen in the pa-
rameters like pain, tenderness, swelling, local temperature, manual
muscle test and range of motion of all major joints except shoulder,
knee extension and elbow joint in all the three time points. Com-
parison of phase wise interventions showed significant improve-
ment (p < 0.001) in the pain and tenderness parameters on 1e6th,
1e11th and 1e17th day. Significant improvement (p < 0.001) was
seen in the parameters like swelling, local temperature andmanual
muscle test on three different time points i.e. 1e6th, 1e11th and
1e17th day. Significant improvement (p < 0.05) was seen in the
range of motion, i.e. Overall joint extension [1e6th day (p ¼ 0.003)

Fig. 3. Assessment of injured joint (Inch Tape measurement, Infrared thermometer
and Goniometry).

Fig. 4. Various treatment procedures (Murinenna pichu, Manjistadi Lepa and Splint
application).

Fig. 2. Treatment protocol.
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and 1e11th, 1e17th day (p < 0.001)], Overall joint flexion
(p < 0.001) at all three time points. Significant improvement
(p < 0.05) was seen in individual joint ROM, particularly with wrist
joint (flexion, extension, radial and ulnar deviation), ankle (inver-
sion, eversion, dorsal and plantar flexion), knee (flexion) and elbow
flexion. Insignificant changes were seen in shoulder joint (abduc-
tion, adduction, flexion, extension, external Rotation), elbow (pro-
nation, supination) and knee extension movements. All the
movements were non weight bearing with active ROM.

4. Discussion

Rehabilitation of sports injuries includes four phases, i.e. im-
mediate (control of pain and inflammation), intermediate (repair
and regeneration of tissue and improve muscle performance),
Advanced (muscle strengthening and restoring ROM) and return
to play [12,13]. Evidence based practices are essential to forecast
the efficacy of Ayurveda in managing sports injuries, to fulfil that

objective framing of integrative protocol by incorporating Ayur-
veda and physiotherapy procedure as per phase wise was planned.
Concept of rehabilitation in injured person is well highlighted by
Ayurveda classics which include Lepa (paste) and Kusha (splint)
application, Aanchana (traction), Pidana (manipulation), retention
by Bandhana (bandaging), Kapata shayana (immobilisation by
splint application with 5 nails), muscle strengthening exercises
like holding of mudball, salt ball and stone ball in upper limb
injury [6,7].

4.1. Immediate rehabilitation (control of pain and inflammation)

Ayurveda classics explains the pathophysiology of acute injuries
(Sadyo Varna) leading to vitiation of vata, rakta and ushna producing
symptoms like pain, swelling, deformity and loss of function [14].
Management principles ofmarmaghata, sadyo vrana and bhagna are
implemented in sports injury management, which advices cold
paste (ML) application followed by bandaging etc immediately after

Table 2
Comparison from day 1 to day 17 with parameters like pain, loss of function, local temperature (� F), tenderness, swelling (cm) and manual muscle testing by Wilcoxon
matched pair test to assess improvement in individual joint injury.

Parameters Joint Time periods Mean change SD changes %of change Z-value p-value

Pain Ankle Day 1eday 17 7.25 1.39 72.50 2.5208 0.0117*
Knee Day 1eday 17 6.30 1.34 70.00 2.8031 0.0051*
Shoulder Day 1eday 17 4.67 1.15 58.33 1.6036 0.010*
Elbow Day 1eday 17 5.33 1.15 61.54 1.6036 0.0108*
Wrist Day 1eday 17 4.33 0.82 50.00 2.2014 0.0277*

Loss of function Ankle Day 1eday 17 1.63 0.52 86.67 2.5205 0.0117*
Knee Day 1eday 17 1.50 0.71 93.75 2.6656 0.0077*
Shoulder Day 1eday 17 1.00 e 100.00 1.6036 0.010*
Elbow Day 1eday 17 1.33 0.58 100.00 1.6036 0.0108*
Wrist Day 1eday 17 1.17 0.41 77.78 2.2014 0.0277*

Local temperature Ankle Day 1eday 17 0.96 0.44 1.00 2.5205 0.0117*
Knee Day 1eday 17 1.19 0.62 1.21 2.8031 0.0051*
Shoulder Day 1eday 17 0.50 0.26 0.52 1.6036 0.010*
Elbow Day 1eday 17 0.73 0.15 0.76 1.6036 0.0108*
Wrist Day 1eday 17 0.53 0.23 0.55 2.2014 0.0277*

Tenderness Ankle Day 1eday 17 2.50 0.53 62.50 2.5205 0.0117*
Knee Day 1eday 17 2.30 0.48 67.65 2.8031 0.0051*
Shoulder Day 1eday 17 2.67 0.58 72.73 1.6036 0.010*
Elbow Day 1eday 17 2.00 1.00 66.67 1.6036 0.0108*
Wrist Day 1eday 17 2.33 1.03 63.64 2.2014 0.0277*

Swelling Ankle Day 1eday 17 1.38 0.66 5.86 2.5206 0.0117*
Knee Day 1eday 17 0.99 0.38 2.70 2.8031 0.0051*
Shoulder Day 1eday 17 1.93 0.90 5.23 1.6036 0.010*
Elbow Day 1eday 17 1.03 0.15 3.14 1.6036 0.0108*
Wrist Day 1eday 17 0.85 0.36 6.26 2.2014 0.0277*

Manual muscle testing Ankle Day 1eday 17 1.63 1.69 92.86 1.8904 0.0487*
Knee Day 1eday 17 �2.30 0.67 �153.33 2.8031 0.0051*
Shoulder Day 1eday 17 �2.00 e �75.00 1.6036 0.010*
Elbow Day 1eday 17 �1.33 0.58 �57.14 1.6036 0.0108*
Wrist Day 1eday 17 �2.00 e �120.00 2.2014 0.0277*

Note - *p < 0.05.

Table 1
Phase wise allotment of Ayurveda and Physiotherapy Procedures.

S. No 1st Phase (1e5 days) Immediate rehabilitation
(Control of pain and Inflammation)

2nd Phase (6e10 days) Intermediate
rehabilitation (Repair and regeneration of tissue
and improve muscle performance)

3rd phase (11e17 days) Advanced
rehabilitation (Muscle strengthening and
restoring ROM)

1 Local application at affected joints with
Manjishtadi lepa twice daily

Murrivenna taila pichu application at affected
part twice daily and Bandhana

Sthanika abhyanga with Murrivenna taila
followed by Shastika shali pinda sweda

2 Immobilization of affected part with Bandhana
as per required (elastic crepe bandage, splint
application, sling bandage)

TENS- 10 Min, Isometric Exercises to improve
tone of muscles.

Interferential Therapy- 10 min Ultrasound
therapy- 5 min muscle strengthening Exercise

3 Internal medicationMarma gulika 1 tablet three
times daily after food. Bhadarakadi Ghrita 10 ml
twice daily after food with warm water.

Internal medicationMarma gulika 1 tablet Three
times daily after food. Bhadarakadi Ghrita 10 mL
twice daily after food with warm water.

Internal Medication Balaarishta 20 mL thrice
daily after food with equal quantity of water
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injury [14,15]. Manjishtadi lepa (Fig. 4) (Tables 1 and 2) application
in inflammatory stage i.e immediate rehabilitation helps in
reduction of pain, swelling and temperature [16]. The local appli-
cation of cold therapy agents suppresses the metabolic rate of the
surrounding soft tissue and lowers microcirculation or perfusions
of capillaries beneath the injured tissue by more than 60%, thus
reducing extravasation of blood into surrounding tissues, local
inflammation and decreases in motor and sensory nerve conduc-
tion [17]. Early Immobilization (Fig. 4) (Tables 1 and 2) of affected
joint with kusha (splint) application helps in reduction of blood
flow, facilitating the translocation of edema from the injured site to
proximal normal tissues where it is effectively evacuated by the
lymphatic system [18]. Previous studies states that combined effect
of cold and compression helps in temperature reduction and
speeds up the lymph evacuation process [19]. Bhadarakadi ghrita
(Ghee preparation with medicated drugs) (Tables 1 and 2) a
formulation popularly known as ‘param rujahara’ (alleviates pain)
specially indicated in marmaghata (injury to vital points) [20].
marma gutika (Table 1) containing 35 drugs indicated in the pain
management of injury to vital structures [20].

4.2. Intermediate rehabilitation (repair and regeneration of tissue
and improve muscle performance)

Murrivenna oil (Tables 1 and 2) is known for its anti-
inflammatory activity, thus application in pichu form (Fig. 4) in-
creases drug skin contact time, permeability of the skin and en-
hances the bioavailability of the drugs thus providing a synergistic
effect to reduce pain and swelling [21]. TENS (Fig. 5) is simple and
non-invasive treatment indicated in the treatment of acute and
chronic pain [22,23]. In this procedure, electrical current is pro-
vided through the skin which reduces central excitability thus
inhibiting the nociceptive neurons of the spinal cord there by re-
duces pain (pure gate theory) [24]. Isometric exercises (IM)
(Table 3) are important in the early phase of rehabilitation to
minimize muscle atrophy [24,25]. In an immobilized joint practice

of IM helps in protecting the integrity of joint structure, stimulates
muscle fibers, improves local blood circulation and also prevents
intra articular, peri articular adhesions thus enhancing range of
joint motion [25].

4.3. Advanced rehabilitation (muscle strengthening and improve
ROM)

Inferential therapy (Fig. 5) is indicated for pain relief in
musculoskeletal injuries and researches have proved that it does
stimulation of muscles, reduces swelling and boosts up the healing
process [23,26]. Incorporating muscle strengthening exercises
(Tables 2 and 3) in the earlier phase helps in improving muscular
strength, dynamic postural stability and endurance of sports person

Table 3
Effect of overall joint parameters expressed in Mean and standard deviation (S.D).

Parameter Baseline 6th day 11th day 17th day

Pain (VDS) 9.07 ± 1.14 7.40 ± 1.50*** 5.60 ± 1.40*** 3.17 ± 1.51***
Loss of Function 1.57 ± 0.50 1.27 ± 0.45*** 0.70 ± 0.47*** 0.17 ± 0.38***
Tenderness (modified

di-Cipriano scale)
3.60 ± 0.56 2.80 ± 0.61*** 2.21 ± 0.56*** 1.23 ± 0.50***

Local Temperature 96.85 ± 2.05 96.64 ± 2.11*** 96.36 ± 2.02*** 95.96 ± 1.96***
Swelling 28.20 ± 10.50 27.86 ± 10.55*** 27.40 ± 10.49*** 26.97 ± 10.40***
Manual muscle testing 1.80 ± 1.00 2.40 ± 0.72*** 3.00 ± 0.83*** 3.73 ± 0.78***
Active Range of motions - Non weight bearing
Wrist flexion 47.67 ± 5.01 52.33 ± 4.08* 56.33 ± 3.50* 60.00 ± 0.00*
Wrist extension 49.67 ± 4.93 52.50 ± 4.59* 56.00 ± 3.74* 58.83 ± 2.04*
Wrist radial deviation 13.00 ± 1.26 14.67 ± 1.37* 17.67 ± 1.97* 19.67 ± 0.82**
Wrist ulnar deviation 17.83 ± 3.97 20.83 ± 5.34* 22.67 ± 5.16* 23.17 ± 4.79*
Shoulder flexion 153.33 ± 15.28 162.67 ± 14.19 168.33 ± 10.41 180 ± 0.00
Shoulder extension 35.33 ± 0.58 38.33 ± 3.51 42.00 ± 5.29 47.33 ± 1.15
Shoulder abduction 151.67 ± 18.93 162.67 ± 15.70 168.33 ± 7.64 175.33 ± 0.58
Shoulder Adduction 69.33 ± 10.07 71.67 ± 7.64 78.00 ± 10.00 85.00 ± 7.81
Shoulder lateral

external rotation
77.67 ± 8.74 81.67 ± 5.77 83.33 ± 7.64 89.33 ± 1.15

Elbow flexion 98.33 ± 18.93 113.33 ± 20.82 128.33 ± 7.64 140.00 ± 0
Forearm pronation 59.33 ± 9.02 69.00 ± 7.94 72.67 ± 11.02 78.67 ± 2.31
Forearm supination 66.67 ± 2.89 68.00 ± 8.19 75.00 ± 0.00 80.00 ± 0.00
Ankle dorsiflexion 14.88 ± 2.59 17.25 ± 1.58* 17.88 ± 1.13** 19.75 ± 0.71***
Ankle plantar flexion 27.25 ± 4.53 30.38 ± 5.10* 33.75 ± 4.43*** 36.63 ± 4.44***
Ankle inversion 27.25 ± 1.49 29.25 ± 1.58*** 30.75 ± 1.49*** 33.63 ± 1.77***
Ankle eversion 8.00 ± 0.53 8.63 ± 0.74*** 10.25 ± 0.46*** 11.13 ± 0.64***
Knee flexion 134.00 ± 16.32 136.10 ± 17.06*** 141.60 ± 14.89 145.70 ± 9.15
Knee extension 0.70 ± 0.95 0.30 ± 0.67 0.30 ± 0.48 0.20 ± 0.42

Note - *(p < 0.05), **(p < 0.01), ***(p < 0.001).

Fig. 5. Physiotherapy procedures (TENS, IFT and Ultrasound) and Bandaging.
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[27]. It also prevents complications like reduced range of motion,
adhesions, contractures and muscle wasting [28]. Ultrasound
therapy (Fig. 5) (Tables 2 and 3) improves local blood flow, reduces
inflammation, pain, muscle spasm and hastens the healing process
[29]. Abhyanga [30] (massage) followed with Shastika shali pinda
sweda (bolus fomentation of boiled rice grains tied in piece of cloth)
helps in relieving muscle stiffness, heaviness and improves muscle
strength [30,31]. Rhythmically applied pressure using hands in a
systematic fashion helps in mechanical stimulation of the soft tis-
sues, thus improving range of motion, relaxation of muscles and
reduce pain [32]. Ayurveda classics have indicated balarishta
(Table 1) specially in vata vyadhi (nervous disorders) which en-
hances Bala (strength of tissues) and Agni (Digestion) [33]. Bala
(Sida cordifolia L.) and Ashwagandha (Withania somnifera L.) are the
active ingredients of the formulation which provides nutrition to
the tissues and strengthens the musculoskeletal system, there by
increases endurance of sports person and helps in speedy recovery
[34]. Range of motion in relation to the shoulder joint and elbow
joint results were insignificant which may be due to less samples
(10% each), Joint complexity, severity of the injury as CT and MRI
scan were not performed to assess the injury level, short treatment
period.

Evaluation of complementary and alternative medicine in-
terventions needs a whole system research (WSR) approach which
essentially focuses on single patient and provides individualised
treatment care. Sports injuries are complex, which requires quan-
titative and qualitative researchmethods to analyse the outcome so
WSR provides a multidimensional approach towards healing.
Future research works on both preventive and curative aspects of
sports injuries is essential in the path of WSR for providing
customise care for sports person [35].

5. Conclusion

Integrated treatment approach for common sports injuries has
given significant results in the parameters like pain, swelling, loss
of function, tenderness, local temperature, manual muscle testing
and range of motions of wrist, knee and ankle joint. Phase wise
management by integrated protocol is effective in the management
of common sports injuries.
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a b s t r a c t

Administration of intramuscular, intraarterial or subcutaneous injection of particular drugs ends up into
a rare entity known as Nicolau syndrome (NS). The viscous nature of these drugs sometimes triggers
acute vasospasm and even arterial embolism. There is no consensus on treatment of NS so far. Phasic
treatments depend on the extent of the necrotic lesion and ranges from medication to surgical
debridement. Here we report a case of 60 year female known case of Knee Osteoarthritis who was
dependent on Diclofenac injection IM for relief of pain. She presented with complaints of fever with
chills, rigors, discoloration of skin at the gluteal region right side, later turned into necrosis of skin and
adipose tissue, pus formation and associated with loss of appetite, dryness of mouth, pedal oedema. The
case was diagnosed as NS according to contemporary science and Kotha (Gangrene) as per Ayurveda. The
case was treated successfully with Chedana karma (Surgical debridement) followed by Vrana shodhana
(making free from undesirable healing factors), Ropana (Closure of wound) and oral medications.
© 2020 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Skin manifestations occurring due to iatrogenic causes possess a
serious threat and create a socioeconomic burden, one such rarely
encountered condition is Nicolau syndrome, which occurs imme-
diately, following an intramuscular drug administration [1]. It
represents an acute symptom complex of severe pain at injection
site, erythema or blanching (ischemic pallor) of the skin and
eventually leading to the skin and underlying tissue necrosis which
may be associated with a range of both injection sites and drugs [2].

Freudenthal in 1920 reported the first case of NS in syphilis after
administration of injections containing bismuth salts [3]. The
incidence of NS is also observed with various injections, including:
penicillin’s, local anesthetics (e.g. lidocaine), vaccines, corticoste-
roids, NSAIDs [4]. Clinical features of NS typically include three
phases, i.e initial, acute and necrotic, management is done
accordingly. Pseudomonas aeruginosa and Staphylococcus aureus are
the common organisms found in culture report of NS [5]. Surgical
treatment is the treatment choice in necrotic phase, which depends

on the size of the affected site [6]. NS can be correlated with Kotha
(Gangrene) as per Ayurveda, which presents with signs like
discoloration/blackishness, putrification, pus discharge, foul smell
[7]. Acharya Shushruta explained Chedana karma followed with
Vrana Shodhana (wound cleansing) and Ropana (wound healing) for
better treatment outcome [8]. The adopted Ayurveda treatment in
this case has given good result in the management of NS.

2. Patient information and clinical findings

A 60 year female non diabetic, non-hypertensive, known case of
knee osteoarthritis presentedwith complaints of pain, swelling and
blackish discoloration of skin (Fig. 1a) at right gluteal region since
12 days, along with pus discharge, foul smell and fever from last 5
days. The Case was treated at KLE Ayurveda Hospital, Belagavi,
Karnataka, from 04/01/2018 to 04/02/2018 (OPD NO 18000191/IPD-
0865) [Table 1]. The Patient had a history of IM Injection for the
knee joint pain following which she developed above complaints.
The patient was initially managedwith Antibiotics (IV for 1 day and
Oral for 5 days), Anti-inflammatory drugs, Intravenous fluids from
the doctor who has given her an IM injection earlier and she got
symptomatic relief later discontinued the medications. In the later
phase she developed fever with chills and rigors, discoloration of
the skin, followed with necrosis of skin and adipose tissue. Past
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history and family history were not specific to the disease. She was
anaemic, thin built and moderately nourished. Systemic examina-
tion reveals tachypnea, tachycardia with an increased pulse rate
(110/min). Local examination revealed skin discoloration with ne-
crosis of adipose tissue measuring 20 cm � 22 cm at Right gluteal
region (Fig. 1a), inflamed edges, 1e2 cm opening at the lateral
aspect of gluteal region through which Puyasrava (pus discharge)
and Visra gandha (foul smell) was encountered. Local rise of tem-
perature along with tenderness was present. Blood investigations
showed a WBC count e 8200 cells/cu mm (Neutrophil e 58%,
Lymphocyte e 34%, Eosinophil e 06%), ESR e 105mm/1st hour, RBS
e 93mg/dL Hbe 9.4 gm%, Blood urea - 33mg/dL, Serum Creatinine
e 0.8 mg/dL, HbsAg, HIV I and II were negative. Urine investigations
were under normal limits.

3. Timeline

The patient developed complain of pain, swelling and blackish
discoloration at the right gluteal region in Jan 2018 following IM
Injection for knee joint pain. Initially she took treatment from local
practitioner and on 4/01/2018 patient consulted for Ayurveda
treatment.

4. Diagnosis

Gluteal abscess, necrotizing fasciitis were taken as differential
diagnosis. Necrotizing fasciitis is rapidly progressing necrosis of soft
tissue infection spreading along fascial planes with or without
overlying cellulitis accompanied by severe systemic toxicity which
occurs after surgery, or penetrating injury [9]. An abscess is a
localized collection of purulent fluid most commonly seen in im-
mune compromised individuals and is rare following intramuscular
injections [10]. Inflammatory features like reddish discoloration of
skin, swelling, fluctuation test was absent. As suggested by the
history that the patient developed above complaints following IM
Injection, so the case was diagnosed as NS. On analyzing the laxana

(signs) we came to an Ayurvediya diagnosis as Kotha (gangrene)
and accordingly treatment was planned [7,8].

5. Therapeutic intervention

The treatment was focused considering the history, stage of
dosha (bodily humors) the indicated treatment principle for Kotha
i.e Chedana karma (Fig. 1b) followed with Vrana shodhana and
Ropana (Fig. 1c) was planned along with oral medications [8].

6. Follow up and outcome

The patient was discharged on 8th day (Fig. 1d) and wound
assessment was done on every 3rd day up to 10 days[Table 2] later
it was assessed on every 5th day (Fig. 1e ) until wound healing.
Blood and urine investigations were done after 1 month, HB % was
10 gm% and rest other values were under normal limits. The wound
took 1month for complete healing with mild contracture (Fig. 1f).

7. Discussion

First case of NS was encountered in nineteenth century [11].
Standard management protocols do not exist currently for this rare
clinical syndrome. Published articles reveal that approach towards
the management of NS entirely depends on the presentationwhich
involves both conservative and surgical excision of necrosed tissues
[12]. In the present case patient was on regular Intramuscular in-
jection for pain relief from Osteoarthritis. Ayurveda classics ex-
plains Samprapti (pathogenesis) of Kotha is due to Margavarana
(encapsulation) and Dhatu Kshaya (depletion of tissue). The word
Marga refers to channels within the body which carries nutrients
and Avarana means obstruction. The Pathological probability of
Kothamay be accumulation of morbid Kapha and Pitta Doshawithin
the channels which obstructs the gati (moment) of the Vata Dosha
leading to death of tissue [13].

On the basis of clinical manifestations, the Sampraptighataka
(Components of disease pathogenesis) were assessed as Kapha

Fig. 1. Therapeutic Interventions (a) Wound On 1st Day (b) Wound During Chedana Karma (Debridement) (c) Wound on 1st day dressing (d) Wound at Discharge (e) Wound at first
follow up (f) Second follow up Wound healed with contracture.
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pitta dosha with kleda (discharge) predominance, Sanga
(obstruction) as srotodushti (vitiation of channels), accordingly
the treatment was planned. Chedana is one among eight surgical
procedures and it is indicated in Kotha, Bhagandar (Fistula in
ano), Granthi (tumour), etc. [8]. Chedana was done without using
anesthesia as there was no pain due to necrosis of tissue. Pan-
chvalkala kashaya was used for wound toileting, it possesses
SheetaVeerya (cold potency) thus helps in reducing pain and Daha
(burning sensation) in post-operative period [14]. Kashaya Rasa
(astringent taste) possess Kleda (discharge) Shoshana (absorp-
tion) and Lekhana (scraping) properties, recent researches claims
its Anti-inflammatory, Analgesic and Antimicrobial properties
(against E coli, S. aureus, Pseudomona aeruginosa) [14]. Vimlapana
(gentle massage around the wound) helps in reduction of Shopha
(inflammation) and helps in the process of wound healing. In
Vimlapana karma [Table 2] uniform pressure is exerted over the
wound which increases local temperature and relieves vaso-
constriction thus enhancing micro and macro circulation at the
wound area. Improvement in local blood circulation, enhances
oxygen and essential nutrient transport, combating the anoxic
condition of the wound and eliminating the local stagnated
toxins, inflammatory mediators thus accelerates healing process
[15]. Proprietary medicine Pentaphyte P e 5 capsules comprises
an extract of Ficus bengalensis (Vata), Ficus glomerata (Udambara),
Ficus religiosa (Ashwatha), Ficus lacor (Plaksha), Albizia lebec
(Shirisha). Phytosteroids are the key components possessing
immunomodulator, Anti-inflammatory and Antimicrobial action
[16]. Recent researches prove Analgesic, Antibacterial, Antimicro-
bial and free radical scavenging properties of Triphala Guggulu
[17]. Chitrakadi vati has Agni deepana (improve digestion) action
so it was administered as patient complained loss of appetite
[18]. Aragwadhadi kashaya possesses kapha dosha hara property
and indicated in management of skin diseases and wound,
studies have proven its Antibacterial, Antimicrobial, Antiparasitic
and Anti-inflammatory properties [19].

Jatyadi Taila is known for its wound healing nature and it is
widely used in treating various non-healing ulcers, it possesses
both vrana Shodhana and Ropana properties. Ingredients of Jatyadi
Taila has Kashaya (astringent), Tikta (bitter) rasa and Laghu (light-
ness), Ruksha (dry) Guna (quality). Karanja (Pongamia oil tree),
Haridra (Turmeric), and Jaati (jasmine) are known for their Kush-
taghana (alleviates skin diseases) and Antimicrobial property, thus
preventing the wound infection. Tutha (CuSo4.7H2O) does Vrana
Lekhana (scraping) and helps in getting rid of slough tissues. Tila
Taila (Sesame oil) does vrana shodhana and helps in better pene-
trating of drugs thus enhancing pharmacological action [20].

Complications of NS include contractures and deformities
resulting from scarring in cases of extensive tissue loss [21]. In the
present case she was advised for skin grafting as the wound area
was extensive , but the patient refused because of fear and
economical condition which resulted in minimal wound contrac-
ture after complete healing (Fig. 1f).

8. Conclusion

Nicolau syndrome is an uncommon iatrogenic ischemic necrosis
of the skin and deeper tissue. The wound in the present case took
one month for complete healing with scarring and deformity.
Wound debridement in early stage and oral medications with
proper dressing has given good surgical outcome.

9. Informed consent

Informed consent regarding documentation and publication of
the case was obtained from the patient.

Source(s) of funding

None.

Table 1
Therapeutic intervention and oral medicines.

Plan of care Procedure Duration (Days)

1 2 3 4 5 6 7e15 15e30

Chedana Surgical debridement ✓

Vrana Shodhana Prakshalana with Panchavalkala Kashaya and Vimlapana with Jatyadi taila ✓ ✓ ✓ ✓ ✓ ✓

Vrana Ropana Local application of Jatyadi taila ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Vrana Bandhana Bandaging ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Cap Pentaphyte P5 500 mg tab
1 tab three times (morning, afternoon and night) with warm water after food

✓ ✓ ✓ ✓ ✓ ✓ ✓

Triphala Guggulu 250 mg tab
2 tab two times (morning and night) with warm water after food

✓ ✓ ✓ ✓ ✓ ✓ ✓

Aragwadhadi Kashaya 20 mL 3 times (morning, Afternoon and night) with equal quantity of warm water after food ✓ ✓ ✓ ✓ ✓ ✓

Chitrakadi vati 250 mg tab
2 tab two times (morning and night) with warm water before food

✓ ✓ ✓ ✓ ✓

Table 2
Assessment of various Wound parameters.

Wound parameter Assessment of parameters in Days

1 4 7 10 15 20 25 30
Size 20 � 20 cm 20 � 20 cm 20 � 20 cm 18 � 18 cm 15 � 15 cm 10 � 10 cm 7.5 � 7.5 cm 3.5 � 3.5 cm
Shape Spherical Transversally oval
Depth 3.8 cm 3.5 cm 3.2 cm 3 cm 2.3 cm 1.6 cm 1.2 cm 0.5 cm
Discharge Purulent (Pus) Serous e

Edge Sloping
Floor Necrosed tissue #PGT #PGT #PGT #RGT #RGT #RGT #RGT
Odour Foul smell (visra gandha) e e e e

PGT e Purulent discharge with unhealthy granulation tissue. RGT e Red Healthy granulation tissue.
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a b s t r a c t

Non Alcoholic Steatohepatitis (NASH) is the most severe histological form of non-alcoholic fatty liver
disease (NAFLD). It progress to cirrhosis in 20% population and 40% will have death due to liver pa-
thology. Still consensus on pharmacotherapy is yet to be evolved and till date there is no US FDA
approved drug for NASH. Ayurveda formulation Katukyadi churna is explored in the possible manage-
ment of NASH. Study is a single arm with pre and post test design. Sonologically diagnosed patients of
fatty liver (n ¼ 30) were screened. 11 patients meeting elastoghraphic criteria (6.4e11.7 kPa) were
enrolled in the study. K. churnawas administered in the dose of 6 g twice a day with water at the middle
of the meal for a period of 6 months. Subjective parameters were Aruchi (Anorexia), Agnimandhya (loss of
appetite), Ajeerna (indigestion), Gouravata. Follow up assessments were done on every 30th day. Study
showed that K. churna produced significant improvement in various parameters. Significant decrease in
weight, (p < 0.001), BMI (p < 0.001), Elastography (p ¼ 0.001), total bilirubin (p ¼ 0.02), Alanine
Aminotransferase (ALT) (p < 0.001), Aspartate Aminotransferase (AST) (p ¼ 0.001), Albumin (p ¼ 0.04),
Triglycerides (p ¼ 0.005) were observed. Subjective symptoms like Ajeerna (p ¼ 0.002), Agnimandhya
(p ¼ 0.004), Arochaka (p ¼ 0.001), Gouvravata (p ¼ 0.002) showed significant improvement. K. churna
showed clinical significance in terms of improvement from pathological ranges to normative ranges in
elastography, total bilirubin, AST, Albumin. K. churna reduced weight, BMI, hardness and stiffness of the
liver, liver function derangements, triglycerides and improved other subjective clinical parameters. Drug
has promising results in NASH and warrants further studies.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is wide spectrum of
disease comprising from adipose infiltration in liver to steatosis,
steatohepatitis, and cirrhosis. NAFLD is defined as the presence of
more than 5% hepatic steatosis without evidence of hepatocyte
ballooning. Non-alcoholic steatohepatitis (NASH) is a commonly
occurring silent liver and forms a component of non-alcoholic
fatty liver disease (NAFLD). NASH is a metabolic liver disease
characterized by the presence of more than 5% hepatic steatosis
along with hepatocyte inflammation with or without hepatic

fibrosis [1]. NAFLD comprises of a simple steatosis, NASH, fibrosis
and cirrhosis.

Prevalence of NAFLD in Indian population based on Ultra sound
was 17% [2]. MRI based study in US reported prevalence of 31% [3].
About 90% patients of NAFLD have simple steatosis [4], 10e30% will
progress to NASH and 25e40% progress to liver fibrosis and to
cirrhosis in 20e30% [5,6]. NASH is frequently seen in the age group
of 35e55 years and in females. 6% of all chronic hepatitis patients
do suffer from NASH [7], 20e25% of patients with NASH will
progress to cirrhosis [8]. NASH cirrhosis have increased risk of
development of hepato cellular carcinoma [9], liver mortality and
cardiovascular death [10]. Indian population study showed that the
prevalence of NAFLD and steatohepatitis ranges from 15 to 39% and
1.2e4.8% respectively in the patients undergoing liver biopsy. Im-
aging studies have shown the ranges of steatosis and steatohepa-
titis as 9.7e23% and 1.2e4.8% respectively [11].
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Aetiology for NASH is not clearly known. Predisposing factors
are insulin resistance, release of toxic inflammatory cytokines by fat
cells and oxidative stress. Post orthotopic liver transplantation,
recurrence of NASH suggests the role of extra hepatic metabolic
factors like genetic and acquired abnormalities of fatty acid turn-
over and oxidative stress. The alcohol consumption should not
exceed 30 g/day for men and 20 g/day for women according to the
second NIH Consensus Conference statement [12]. Steatohepatitis
is the inflammation in the hepatocytes caused due to various fac-
tors like alcohol, drug induced and dietary factors. Various drugs
like antiarrhythmic drugs, methotrexate, tamoxifen, valproic acid,
nucleoside reverse transcriptase inhibitors, and chemotherapy
have a possible role in induction of NASH [13]. In NASH histologi-
cally changes are macrovesicular steatosis, balloon degeneration of
hepatocytes, lobular inflammationwith neutrophilic cells infiltrate,
and zone-3 pericellular fibrosis [14].

NASH has associations with Type 2 Diabetes mellitus, family his-
tory of Type 2 diabetes mellitus, insulin resistance with or without
glucose intolerance, central obesity, hypertriglyceridaemia, rapid and
massive weight loss in overweight subjects. Hence prevalence of
NASH may rise with the global raise in obesity and T2DM. NASH
manifestations include asymptomatic phase to fatigue, weight loss,
weakness in the advanced stages and to cirrhosis.

Liver biopsy is the gold standard for diagnosis of NASH and for
disease progression risk prediction. NASH and fatty liver can be
only differentiated through biopsy. However biopsy has various
limitations like being an invasive technique has potential mortality,
morbidity [15] and sampling error. Hence NASH remains to be
under diagnosed in clinical practise [16]. Non invasive laboratory
tests like serum hyaluronic acid levels, aspartate aminotransferase
(ASAT) to platelet ratio index, Fibrotest, assess the extent of liver
fibrosis. Fibrometer have their own advantages and limitations.
Ultra sonography and computerized tomography are sensitive to
hepatic steatosis but cannot differentiate NASH from other variants
of NAFLD.

Ultrasound based Transient Elastography [Fibroscan] (TE) has
promising results in assessing liver fibrosis by evaluating liver
stiffness [17]. EASL-ALEH Clinical Practice Guidelines [18] recom-
mends, Transient elastography assessment as the first line pro-
cedure for identification of patient with low risk to sever fibrosis or
cirrhosis. It evaluates the stiffness, hardness and is the diagnostic
and prognostic marker for NAFLD [19]. Liver stiffness occurs before
the onset of fibrosis and this could be due to changes in cellular
matrix characters, micro environment leading to transformation of
hepatic stellate cells into a fibrogenic phenotype [20] Liver stiffness
assessments can be affected by space occupying liver tissue ab-
normalities like edema, inflammation, extra hepatic cholestasis.
Transient elastography results range from 1.5 to 75 kPa. Indian
population based study [20] showed cut off ranges for liver stiffness
measures in healthy individuals was 5.4 kPa and in NAFLD was
5.9 kPa. In NAFLD with no fibrosis/minimal fibrosis 7.79, moderate
fibrosis 11.73, advanced fibrosis 24.88 ± 13.0 kP. In NASH score was
6.4 kPa [21]. NASH with no fibrosis or minimal fibrosis with TE
values of 6.4e11.7 kPa were included in the study.

NASH can be compared with Kaphaja yakrut roga in Ayurveda as
there is similarity in their manifestations. Manifestations of kaphaja
yakrut roga [22] are Mandha vyatha (mild aches), Kathinyata (in-
crease in hardness), Gouvravata (increase in heaviness), Arochaka
(Deranged taste), Agnimandhya (decrease in digestion). NASH has
similar presentations like pain in right upper quadrant, enlarged,
hard liver, feeling of heaviness and loss of appetite.

Effective management of NASH can prevent the possible risks of
cirrhosis, terminal liver failure and hepatocellular carcinoma. Cur-
rent treatment of NASH is only through dietary changes and life
style modifications. No pharmacological agent has received FDA or
EMEA approval [23]. However studies have shown weight reduc-
tion [24], poly-unsaturated fatty acid (PUFA) therapy [25] and ex-
ercise [26] have beneficial role. Ayurveda herbal drugs have shown
beneficial effect on liver. Many of the Ayurveda drugs have hep-
atotrophic activity. Drugs like Katuki (Picrorhiza kurroa Royle
Benth.), Nimba (Azadirachta indica A. Juss.), Amritha (Tinospora cor-
difolia Miers.), Bhringraj (Eclipta alba Hassk.), Bhumyamalaki (Phyl-
lanthus niruri Linn.) having Tikta predominant rasa have action on
Yakrit (Hepatotrophic action). Katukyadi churna has shown bene-
ficial effect in liver disorders in our clinical settings. Hence Katu-
kyadi churna formulation is explored for it’s possible role in
management of NASH.

2. Materials and methods

The objective of the study was to evaluate the effect of Katukyadi
churna in patients of Non-alcoholic steatohepatitis.

Patients attending OPD and IPD of the KAHER’s Shri B.M.K. Ay-
urveda Mahavidyalaya & Hospital were selected for the study.

2.1. Patients

Thirty patients sonologically diagnosed as fatty liver were sub-
jected to Elastographic assessments. 11 patients meeting the diag-
nostic criteria of stetohepatitis (sonological and elastographic)

Fig. 1. Study flow chart.

Table 1
Katukyadi churna- Ingredients, part used, chemical constituents and proportion.

S.no Name of the drug Botanical name and Family Part Used Important chemical constituents Proportion

1 Katuki Picrorhiza kurroa Royle Benth. Roots Phenolic glycoside, Iridoid glycoside, Cucurbitacins glycoside,
Aliphatic homomonocyclic glycosides. Sesquiterpene

1 part

2 Nimba Azadirachta indica A.Juss. Stem bark Tannins, Saponins, Phlobatanins, Flavanoids, Cardiac glycosides, alkaloids 1 part
3 Amrita Tinospora cordifolia Miers. Stem Phenols, Flavanoids, Alkaloids, Saponins, cardiac glycosides, steroids 1 part
4 Bhringaraj Eclipta alba Hassk. Whole plant Alkaloids, Flavanoids, glycosides, triterpenoids, polyacetylenes 1 part
5 Bhumyamalki Phyllanthus niruri Linn. Whole plant Alkaloids, Tannins, Saponin, Phlobatannins, Sterols, glycosides, Resins. 1 part

S. Tarapure, B.R. Tubaki and S. Khot Journal of Ayurveda and Integrative Medicine 12 (2021) 136e142

137



were recruited from patients visiting outpatient department of
KAHER’s Shri. BMK Ayurveda Hospital Belagavi, Karnataka, India.

2.1.1. Inclusion criteria
Patient of either sex, between the age group of 20e60 yrs,

Sonologically diagnosed cases of fatty liver, elastographic reading
between 6.4 and 11.7 kPa.

2.1.2. Exclusion criteria
Alcoholic stetohepatitis, cirrhosis of liver, pregnant and lactating

women.

2.1.3. Screening methods
All patients included in this study were examined thoroughly

and data was recorded systematically. Various laboratory and Ay-
urveda variables were assessed. Laboratory investigations were
carried out at clinical laboratory, KAHER’s Shri BMK Ayurveda
Mahavidyalaya, Belagavi in all patients at baseline and on 180th day
of intervention. Elastography evaluation were done at Dr Varadaraj
Gokak’s Liver & Gastroenterology clinic. Belagavi. Clinical trial was
conducted from October 2016 to December 2017.

2.2. Study design

The study was an open label clinical study. Study has single arm
with pre and post test design. The scholars involved in distribution
and administration of study articles were different from the
investigators.The flow chart of the study is depicted in Fig. 1.

2.2.1. Intervention
Raw drugs of the Katukyadi churna were procured from

authentic source. Identification, raw material assessment, quality
assessment of final product (analytical and microbial) was done at
AYUSH Approved drug testing laboratory for ASU Drugs, Govt. of
India, KLE Shri B M Kankanawadi Ayurveda Mahavidyalaya &
Research Centre, Belagavi. (Table 1). Katukyadi churna was

prepared in GMP certified KLEU’s pharmacy Belagavi as per the
standard procedures for Churna (Powder) preparations.

K. churnawas administered in the dose of 6 gm (Sachets) twice a
day with water. For 180 days. Administration was in the middle of
the food intake. Observations were made on 30th, 60th, 90th,
120th, 150th& 180th day of intervention.

Study obtained permission from the Institutional Ethics Com-
mittee of KAHER’s Shri B.M.K. Ayurveda Mahavidyalaya & Hospital
(BMK/15/PG/KC/02. Dated 19/02/2016). CTRI Number (CTRI/2018/
01/011490). Patients were asked to adhere to the treatment pro-
tocol and report any adverse event to the investigators at the
earliest. All such manifestations were screened for the possible
adverse events.

Table 2
Patient profile: Expressed in Mean, standard deviations (S.D.) and percentage.

S.No Clinical Profile Number Percentage (%)

1 Age (yrs) 43.09 ± 10.70
2 Sex Male 5 45.45

Female 6 54.5
3 Socio Economic Status Poor 2 18.18

Middle class 9 81.1
4 Food Vegetarian 7 63.63

Mixed 4 36.36
5 Educational Status Primary 1 9

Secondary 7 63.63
Graduate 3 27.27

6 Lifestyle Sedentary activity 9 81.1
Moderate activity 1 9
Heavy activity 1 9

7 Prakurti (Body constitution) Vatapradhana Pitta 5 45.45
Pitta pradhanaKapha 1 9
VatapradhanaKapha 1 9
Pitta pradhanaVata 2 18.18
kaphapradhanaVata 2 18.18

8 Agni Abhyavaharan Shakti e Avara 7 63.63
Madhyama 4 36.36
Jarana shakti e Avara 10 90.9
Madhyama 1 9

9 Duration of illness (In Years) 1.92 ± 1.33
10 Weight (Kgs) 74.30 ± 12.51
11 BMI 29.59 ± 7.20
12 Drop outs 1 9
13 Study completed 10 90.9
14 Total 11

Table 3
Clinical Manifestations in the patients.

S.No Manifestation Number Percentage %

1 Ajeerna (Indigestion) 11 100
2 Agnimandya (loss of appetite) 11 100
3 Gouravata (heaviness of body) 10 90.9
4 Arochaka (Anorexia) 11 100
5 Mild abdominal Pain (Right

hypochondriac Region)
7 63.63

6 Amlapitta (Sour erectations) 7 63.63
7 BMI Normal (18.5e22.9) 2 18.18
8 Over weight (23e24.9) 1 9
9 Pre Obese (25e29.9) 4 36.36
10 Obese- Type 1 (30e40) 3 27.27
11 Obese- Type 2 (40e50) 1 9
12 Increased Total Bilirubin

(>1.2 mg/dL)
5 45.45

13 Increased Direct Bilirubin
(>0.3 mg/dL)

6 54.54

14 Increased AST (>40 IU/mL) 7 63.63
15 Increased ALT (>45 IU/mL) 3 27.27
16 Hypoalbuminemia (<3 mg/dL) 1 9
17 Increased Total Cholesterol

(<200 mg/dL)
3 27.27

18 Decreased HDL (40e59 mg/dL) 2 18.18
19 Deranged LDL (100e129 mg/dL) 8 72.72
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2.3. Criteria for assessment criteria-

Patients screening was done for viral markers for Hepatitis
B & C.

2.3.1. Primary outcome
Elastography (Model 402, Echosens Company, medium probe).
Elastography is a novel, non invasive technique which measures

elastic properties of soft tissue like liver through quantitative or
qualitative methods. Mechanism includes transmission of vibration
to the tissue by a vibrator. Elastic shear wave induced by vibrator
propagates through the tissue. Concurrently pulse-echo ultrasonic
acquisitions are done to follow shear wave propagation and its
velocity. Harder the tissue faster is the propagation. It is expressed
in kilopascal (kPa) [27].

2.3.2. Secondary outcome
Subjective symptoms like aruchi (Anorexia), agnimandhya

(decrease in digestion), ajeerna (indigestion), gouravata (Subjective
feeling of heaviness in whole body). Random blood sugar, liver
function test (serum bilirubin total, serum bilirubin direct, alanine
aminotransferase (ALT), aspertate aminotransferase (AST), serum
total protein, serum albumin, albumin/globulin (A/G) ratio, serum
alkaline phosphatase). Normal reference ranges of liver function
tests used for this study are: Total bilirubin: 0.0e1.5 mg/dL, AST:
5e34 U/L, ALT: 0e55 U/L, Alkaline phosphatase: 50e125 U/L, al-
bumin is 3.5e5.0 g/dL [28]. Lipid profile (Cholesterol total, HDL,
LDL, Triglyceride) and were assessed. Normal reference ranges of
lipid profile used for this study are LDL<100, TC < 200, HDL<40,
Triglyceride<150 [29].

2.4. Statistical methods

Statistical analysis was carried out using SPSS Version 20.
Comparison at different time points was carried out by Student’s ‘t’
test for parametric test and for non-parametric McNemar’s test was

applied. Values are reported as mean ± standard deviation. All tests
were considered statistically significant at p < 0.05.

3. Results

A total of 11 patients participated in the study. Two patients
suffered from loose stools 2e3 times/day for the first 8 days.
However patients did not suffer from dehydration and had no
disturbance to their daily functioning. And no remedial measures
were done. One patient dropped out of our study due to concom-
itant illness of Nephrolithiasis (Fig. 1).

3.1. Patient characteristics

Mean age of patients was 43.19 yrs, mean duration of the illness
was 1.9 yrs, maximum number of patients were female (54.5%),
vegetarians (63.63%), secondary level education (63.63%), seden-
tary activity (81.1%), Vata pradhana pitta prakurti (45.45%) (see
Table 1). Mean weight of the participants was 74.3 Kgs and mean
BMI was 29.5. Manifestations profile in the patient showed
decrease in abhyavarana (63.63%) and jarana shakti (90.9%). They
had Ajeerna (100%), Agnimandya (100%), Arochaka (100%), Gour-
avata (90.9%), sour eructation (63.63%), mild pain in right hypo-
chondriac abdominal region (63.63%). Other manifestations were
increase in BMI (63.63%), Total bilirubin (45.45%), direct bilirubin
(54.54%), AST (63.63%), ALT (27.27%), Total Cholesterol (27.27%) and
Triglycerides (63.63%). Derangement in LDL (72.72%) and decrease
in HDL (18.18%) were observed (Tables 2 and 3).

3.2. Primary outcome

Study showed significant improvement in Elastography read-
ings (p ¼ 0.001). Intervention of K. churna produced significant
reduction in elastographic reading to normalcy at 180th day of
intervention (Fig. 2) (Table 5).

Fig. 2. Effect of Katukyadi churna on BMI Weight, Elastography and serum Albumin.

Fig. 3. Effect of Katukyadi churna on bilirubin, AST and ALT
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3.3. Secondary outcomes

K. churna intervention showed improvement in LFT parameter
like total bilirubin (p ¼ 0.02), ALT (p < 0.001), AST (p ¼ 0.001), al-
bumin (p ¼ 0.04). Significant improvement in triglyceride
(p ¼ 0.005) was observed among the lipid profile assessments.
Reduction in Ajeerna (p ¼ 0.002), Agnimandhya (p ¼ 0.004), Aro-
chaka (p ¼ 0.001), Gouvravata (p ¼ 0.002), Weight (p < 0.001) and
BMI (p < 0.001) were observed (Figs. 2e4) (Table 4 and 5).

4. Discussion

The study showed that K. churna is effective in the management
of NASH. K. churna showed not only significant reduction in the
elastographic values but also in reducing to the normative liver
values. K. churna also showed significant reduction in Ajeerna,
Agnimandya, Arochaka, Gouravata, weight, BMI, total bilirubin, ALT,
AST, albumin values, triglycerides. Increased AST and hypo albu-
minemia changed to normative levels post intervention. Interven-
tion did not produce any major adverse effects and had good
compliance. Loose motions in two patients could be due to the
bhedana (piercing quality producing purgative action) [30] effect of
the drug Katuki.

Majority of the patients were suffering from grade II fatty liver
(72.7%) and few were with grade I fatty liver (27.3%) in sonography
findings. Patients noticed symptoms which could be related to
NASH since 2e3 years. All the patients were diagnosed with NASH
for the first time. Majority of the patients were in middle age
(43 yrs) similar to the findings (35e55yrs) in other study [31]. Our
study showed predominant female gender involvement (55%)
which was similar to the observation of other study [32], where
biopsy proven NASH among female and male was in the 2:1 ratio.
This could be due to gender specific biology. Prakurti assessment
showed predominant vata pittaja prakurti (46%). Patients had ir-
regularity in diet and dietary patterns. Diet was more of Abhish-
yandhi ahara [picchila (thick), guru (heavy), dravam (liquid), sroto
avarodhaka (obstructing the channels) which causes more of Kapha
properties], vidahi (causes burning sensation and increase in pitta
dosha), madhura (sweet), guru (heavy) properties. Dietary patterns
were vishamashana (deranged eating practises), and adhyashana
(excess food consumption). Digestionwas impaired with decreased
(64%) abhyavarana shakti (quantity of food intake) and jarana shakti
(time required for food digestion) in 91% patients. Sedentary

activity (91%) was prevalent in patients. Hence probable patho-
genesis in NASH or Kaphaja Yakruta Roga based on our observation
is predominant intake of vidahi, abhishyandi, guru, madhur foods.
Derangement in dietary patterns are vishamashana and adhyashana
along with sedentary activity. These etiological factors can cause
agnimandhya (decrease in abhyavaharana shakti, and jarana shakti)
and increase in ama (product of deranged metabolism) production.
Kapha and Pitta dosha gets increase in annavaha srotas (Gastro in-
testinal tract) and Yakruta. Increase of kapha dosha and ama in
location of pitta like liver and pachamanashaya (digital part of
stomach) causes excess fat accumulation in hepatic cells (kapha
vruddhi) and Sroroavrodha (obstruction to channels). Manifesta-
tions includes metabolic derangements like ajeerna (indigestion),
yakruta guruta and kathinata leading to Kaphaja Yakruta roga.
However in the current patients kathinata of liver or abdomen was
not observed and it might manifest in the advanced stages of NASH.
However subclinical presentations of hardness and stiffness was
demonstrated through elastographic evaluations.

Katukyadi churna contains 5 drugs like {Katuki (P. kurroa Royle
Benth.), Nimba (A. indica A. Juss.), Amritha (T. cordifolia Miers.),
Bhringraj (E. alba Hassk.), Bhumyamalaki (P. niruri Linn.)}. (Table 1)
This formulation was conceptualised considering the tikta prad-
hana rasa, hepatotropic action and rasayana (regenerative) effect of
these drugs. Katukyadi choorna interventions in patients of liver
disorders with predominant pitta and kapha dosha showed bene-
ficial effect in our hospital settings (unpublished). Hence the cur-
rent study was planned. Administration of the drug was in the
middle of food as it is the time administered for samana vayu and
agni derangements. The study showed that intervention produced
significant improvement in gastro intestinal parameters like agni-
mandhya, ajeerna, aruchi, gouravata. Hardness and stiffness of the
liver are the indicators of NASH. These could be due to kapha in-
crease in the locations of pitta like liver. Intervention for 180 days
showed reverting of deranged elastrographic values (p ¼ 0.001) to
the normative levels. This effect could be due to properties of the
Katukyadi churna ingredients like ushna virya (hot potency), tikta
rasa, ruksha, laghu guna, srotoshodhaka and kapha pitta shamana.

Liver function evaluation showed significant improvement and
restoration to normative ranges post intervention. Significant
reduction was noted in total bilirubin (p ¼ 0.02), AST (p ¼ 0.001)
and ALT (p < 0.001) and improvement in Albumin (p ¼ 0.04).
Derangement in synthesis and elimination of triglycerides cause
lipid accumulation in hepatocytes. This can cause progressive
inflammation and derangements in AST and ALT leading to stea-
tohepatitis. ALT specifically indicates hepatic necrosis and AST re-
flects cholestatic damage. Normalization of AST and ALT values
were noted with the intervention. These effects could be due to
pharmacological activities of ingredients of Katukyadi churna. They
have properties like tikta (bitter) rasa, deepana, pachana, grahi,
yakrit uttejaka, kleda shoshana, srotoshodhana, Kapha pittahara,
medahara effects. Studies have shown that all ingredients have
properties like hepatoprotective, Anti-inflammatory, Anti oxidant,
immunomodulatory effects and anti NAFLD effects. Katuki
(P. kurroa Royle Benth.) [33] through contents of picroside I showed

Fig. 4. Effect of Katukyadi churna on triglycerides.

Table 4
Effect of interventions on parameters- Ajeerna, Agnimandhya, Arochaka, Gouvravata.

S.No Parameters 0TH DAY 30TH DAY 60TH DAY 90TH DAY 120TH DAY 150TH DAY 180TH DAY 0e30 0e60 0e90 0e120 0e150 0e180

1 Ajeerna 1.00 ± 0.00 1.00 ± 0.00 0.82 ± 0.40 0.80 ± 0.42 0.60 ± 0.51 0.10 ± 0.31 0.00 ± 0.00 0.50 0.50 0.50 0.125 0.004 0.002
2 Agnimandhya 1.00 ± 0.00 1.00 ± 0.00 0.82 ± 0.40 0.90 ± 0.31 0.70 ± 0.48 0.60 ± 0.51 0.10 ± 0.31 0.50 0.50 1.00 0.250 0.125 0.004
3 Arochaka 1.00 ± 0.00 1.00 ± 0.00 0.73 ± 0.46 0.64 ± 0.50 0.36 ± 0.50 0.09 ± 0.30 0.00 ± 0.00 0.25 0.25 0.125 0.016 0.002 0.001
4 Gouvravata 0.91 ± 0.30 0.91 ± 0.30 0.82 ± 0.40 0.45 ± 0.52 0.45 ± 0.52 0.27 ± 0.46 0.00 ± 0.00 1.00 1.00 0.063 0.063 0.016 0.002
5 Weight (Kgs) 74.30 ± 12.51 74.13 ± 12.63 73.90 ± 12.58 73.29 ± 13.07 73.03 ± 12.93 72.64 ± 13.15 72.02 ± 12.79 0.083 0.019 0.002 0.003 <0.001 <0.001
6 BMI 29.59 ± 7.20 29.39 ± 7.30 29.23 ± 7.44 29.06 ± 7.79 28.91 ± 7.66 28.69 ± 7.69 28.42 ± 7.48 0.171 0.036 0.012 0.003 <0.001 <0.001
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hepatoprotective effect and decrease in triglycerides, ALT, AST, fatty
infiltration of liver, anti NAFLD effect in NAFLD animal model.
Nimba (A. indica A.Juss.) leaf extract [34] has hepatoprotective effect
may be through phytochemicals like Azadirachtin, Nimbidin,
Nimbin, Nimbinin. Guduchi (T. cordifolia Miers.) [35] has anti-
inflammatory, immunomodulatory, hepatoprotective, antioxidant
and antidiabetic effects. E. alba Hassk. [36] has also hepato pro-
tective effect. P. niruri Linn. (Bhumyamalaki) [37] in animal model
showed decrease in hepatomegaly, visceral fat weight, serum total
cholesterol, low-density lipoprotein, free fatty acids (FFAs), ALT,
ALP, insulin concentration, homeostatic model assessment of in-
sulin resistance (HOMA-IR), hepatic content of cholesterol, tri-
glyceride, malondialdehyde, prevented fibrosis, and has anti NAFLD
effect. Katukyadi churna produced significant reduction in BMI
(p < 0.001), weight (p < 0.001) and Triglyceride (p ¼ 0.005) values.
These could be due to decrease in kapha and meda, apatarpana,
lekhaniya and langhana effects. Drugs reducing insulin resistance
like metformin and thiazolidinediones [38,39] have shown bene-
ficial effect. Cochrane analysis of probiotic treatment in NAFLD and
NASH did not show beneficial outcome.

Alternative and complimentary medication have shown bene-
ficial effect in NAFLD and NASH. Clinical studies have shown that
Polyherbal formulation [40], Yiqi Sanju Formula (YQSJF) (tradi-
tional Chinese herbal medicine) [41], extracts of grape seed [42]
and Gynostemma pentaphyllum [43] have demonstrated beneficial
outcome in patients with NAFLD/NASH.

Significance of the study is that a 6 months intervention of a
polyherbal Ayurveda formulation showed significant improvement
in subjective and objective parameters. Parameters of gastrointes-
tinal manifestations, liver functions and elastographic values
reverted to normal values. Assessment was through non invasive
method of elastography. Attempt was made to understand the
pathophysiology as per Ayurveda through the observations made
during the study.

Study has limitations like small sample size, open clinical trial,
single arm with no comparator. Small sample was selected as
available patient pool was less and also due to difficulty in access to
elastography instrument. Comparator armwould have been helpful
in giving clarity of clinical improvement. Clinical improvement may
not be due to placebo, spontaneous or natural history improve-
ment. As NASH is a silent and progressive disorder. Non Liver biopsy
based NASH diagnosis is a limitation of this study.

5. Conclusion

K. churna showed promising results in the management of
NASH. Improvement were observed in both subjective and

objective parameters. Change from deranged levels to normative
levels were observed in liver function and elastography parame-
ters. Hence further studies through randomized controlled trial
design are needed. Assessment of biological effect of Katukyadi
churna on liver histopathological changes of NASH will be
beneficial.
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Table 5
Effect of interventions on parameters of liver and lipid.

S.No Parameters 0TH DAY 180TH DAY P value

1 Elastography (kPa) 8.78 ± 1.60 5.14 ± 1.19 0.001
2 Total Bilirubin (mg/dL) 1.19 ± 0.65 0.69 ± 0.13 0.020
3 Direct Bilirubin (mg/dL) 0.38 ± 0.37 0.13 ± 0.04 0.068
4 ALT (IU/mL) 36.7 ± 10.13 23.00 ± 5.49 <0.001
5 AST (IU/mL) 43.3 ± 13.53 24.20 ± 6.44 0.001
6 Total Protein (mg/dL) 6.69 ± 0.16 6.53 ± 0.37 0.27
7 Albumin (mg/dL) 3.33 ± 0.34 3.62 ± 0.22 0.04
8 A/G ratio 0.96 ± 0.18 1.06 ± 0.22 0.322
9 Alkaline Phosphatase (IU/mL) 73.5 ± 13.08 77.10 ± 7.51 0.309
10 Total Cholesterol (mg/dL) 191.1 ± 46.41 169.7 ± 27.93 0.12
11 HDL (mg/dL) 45.8 ± 5.67 43.30 ± 5.53 0.069
12 LDL (mg/dL) 85.1 ± 30.14 88.4 ± 24.15 0.645
13 Triglyceride (mg/dL) 276.9 ± 116.44 186.8 ± 51.08 0.005
14 Random Blood Sugar (mg/dL) 102.7 ± 48.07 106.9 ± 49.14 0.490
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a b s t r a c t

Major Depressive disorder (MDD) is a chronic, episodic disorder which manifests with disturbance in
mood, interest, cognition and vegetative symptoms. It has major impact on the quality of life of the
patients, by affecting their physical, mental, personal, social, and spiritual wellbeing. Vishada and avasada
represents minor depressive episodes and MDD can be equated to Kaphaja Unmada.

Current case presented with sadness, worthlessness, helplessness, death wishes, disturbed sleep and
was diagnosed as MDD as per DSM V criteria. Ayurveda diagnosis was Kaphaja Unmada involving kapha-
dominant vata and tama dosha. Mental examination revealed derangement of mana (mind), buddhi
(intellect), smruti (memory), bhakti (desire), sheela (temperament), chesta (psychomotor activity) and
achara (conduct) components. Patient was Avara Satwa. Management was planned with integrative
treatment comprising of Yukti vypasharaya (pharmacological), Satwawajaya (counselling) and daiwi-
vyapashraya (spiritual-based techniques). Management was with snehapana (internal oleation), vir-
echana (gut cleansing), sarvanga abhyanga (massage of whole body with medicated oil) followed by
bashpa sweda (steam therapy to whole body), shirodhara (dripping of medicated oil on fore head),
shiropichu (transcranial drug administration by placing cotton pad dipped in medicated oil), katibasti
(holding of medicated oil in well-prepared from dough), satwavajaya chikitsa, and daiwi vyapashraya
chikitsa. Conventional psychopharmacological interventions taken since last year were tapered and
discontinued. Treatment continued for 352 days which included 13 days of hospitalized treatment and
follow-ups. Intervention outcome showed reduction in Hamilton depression Rating scores from 31 to 6.
Patient's self-assessed worry reduced from 16 h/day to 2 h/day, self-assessed daily relaxed state
improved from ½ hour/day to 14 h/day. Patient showed complete remission by 180th day of intervention.
Improvements sustained even during the non-interventional observation period. Thus, the Ayurvedic
integrative management showed efficacy in management of MDD.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Major depressive disorder (MDD) is a common mental disorder
disturbing mood, interest, pleasure, affecting cognition and vege-
tative symptoms. MDD is the second leading cause of disease
burden [1]. It significantly reduces the quality of life of patients.
Considering the impact of depression, the World Health
Organisation declared slogan of World Health Day 2017 as
“DepressioneLet's talk”. MDD is a chronic disorder with consider-
able variation in remission and chronicity. Prevalence in India is

high and 48.5 million people are affected [2]. A large South Indian
population-based survey showed a prevalence of depression as
15.1% after adjusting for age using 2001 census data [3]. A study at a
primary care setting showed a prevalence of 30% and 66% of cases
diagnosis was missed by the treating physicians [4]. Depression has
2.1 times higher prevalence in women than men [5]. An epidemi-
ological study showed the prevalence of substance abuse, namely
alcohol abuse (4.8%), alcohol dependence (4.5%), cannabis abuse
(2.5%) and dependence (2.9%), other drugs abuse (2.3%) and
dependence (2.9%) among MDD patients [6]. Suicidal attempts
among patients with MDDwas found to be 30e40% [7]. Depression
is caused by multifactorial combination of genetic, environmental,
epigenetic, gender, personality trait factors along with biological
component of hypothalamic adrenal pituitary axis, central nervous
system, immune and endocrinal components. Environmental
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factors include stressful events like financial insecurity, major
health problems, bereavement, etc., occurring one year prior to the
onset in adults. MDD episodes may first occur in childhood,
adolescence and these episodes may continue in adulthood as well.
In majority of cases, MDD is a lifelong episodic disorder with
multiple recurrences. With remission, patients will still have re-
sidual symptoms and functional impairment [8]. Chronic unre-
mitting course is observed in 20e25% of patients [9]. MDD is
associated with an increased risk in development of diabetes
mellitus, heart disease and stroke [10].

Current interventions include both pharmacological and psy-
chological aspects. Moderate to severe depression needs to be
treated with medication or combination of medications and psy-
chotherapy [11]. Treatment comprises of initial and maintenance
phases. Initial phase lasts for approximately 6 months while the
mean maintenance phase lasts for 9e12 months. Initial phase is
aimed at remission and restoration of psychosocial functioning
while maintenance phase aims to prevent recurrence of symptoms
[12]. Psychopharmacological interventions usually include selec-
tive serotonin receptor inhibitors (SSRI), tricyclic and tetracyclic
antidepressants, serotonin and nor-ephinephrine receptor in-
hibitors (SNRI), Monoamine oxidase (MAO) inhibitors, etc.

Transcranial magnetic stimulation and vagus nerve stimulation
have also been found to be effective in depression. Various psy-
chotherapies including cognitive behaviour therapy, interpersonal
therapy, behavioural activation therapy, psychodynamic therapy,
problem-solving therapy, and mindfulness-based therapy have
been found to be beneficial [13]. However, conventional anti-de-
pressants have demonstrated various adverse events like sedation,
tremors, sexual dysfunction, and weight gain [14]. Studies have
shown that anti-depressants have low adherence rate due to pa-
tient concerns about dependency and side effects [15].

In Ayurveda, MDD can be closely related to Kaphaja Unmada in
severe cases and in mild cases to vishada and avasada. In severe
cases, derangement of Kapha pradhana tridosha and in mild cases
Kapha vataja derangements are observed. In Ayurveda texts, scat-
tered information on mental derangements and treatments is
available. Vishada is mentioned to be one of the vataja natatmaja
vikara [16]. Manasika dusti involved is Tama pradhana raja dosha.
Vishada is more prevalent in hina satwa purusha (decreased mental
strength) (C.S.Vi.8.119). Symptoms include avasada (derangement)
of manas (mind) (C.S.Su.16.14, C.S.Su.25.40), vak (speech), kaya
(body) [17]. Presence of vishada aggravates co-existing disease
conditions (C.S.Su.25.40) (Table 1). Ayurveda approach for

Table 1
Comparison of MDD, Vishada/Kaphaja Unmada manifestation of the patient.

S.No MDD Textual Information eVishada/Kaphaja Unmada Patient manifestations

Aetiopathology
1. Genetic Factors-5-HTTLPR polymorphism Bija dusti is the cause in many diseases. Hence it can be

involved in vishada
No familial history

2. Psycho Social Factors-Job loss, marital difficulties,
major health problems, and loss of close personal
relationships

शोकःपुत्रादिवियोगेचित्तोद्वेगः
असिद्धिभयाद्विविधेषुकर्मसुसादोऽप्रवृत्तिःविषादः
(Chakrapani- C. Su 7/27) Death of son, performance or
antcipatory anxiety in chronic course

Interpersonal issues with husband, Mother in
law, domestic violence, manoabhighata

3. Personality-Obsessive-Compulsive, histirionic,
borderline

Manogata-Tamasikadosha
Shareerigata-vatadosha

Tamasika Prakurti

4. Pathogenesis
5. Neurotransmitter- Serotonine, Ephinephrine, GABA Tama pradhana raja dosha Tama pradhana prakurti,

Kaphapittaja prakurti
6. HPA axis, Neural circuitry eCentral nucleus, limbic

system dysfunction
Vata (Pranavata) regulates the functioning of mind
(Niyanta praneta cha manasa (C.Su.12/8)). Avalambaka
kapha dusti leads to hrudaya dusti

Kapha Vata

7. Psychology theory- Tama pradhana Raja Tama pradhana Raja
Clinical manifestations
Chinta, bhaya, shoka krodha lobha moha irshya have etiological role in many diseases@. Hence, these are considered as manifestations

8. Neurological manifestations- Autonomic
dysfunction like headache, giddiness, tinnitus.

Vatavyadhi (ch chi 28/17), Sanjaanasha, moha
(C.Su.24.28)

Backache, tinnitus

9. Respiratory-Dyspnoea Shoshana (C. Su. 25/40), e

10. Gastrointestinal- Loss of appetite, increased
appetite, weight loss, obesity

Karshya (C.Su.21.29) Jwara (C.Ni 1/19), Ama (C .V.2/8),
Trushna (C Chi 22/4) Chardi (C. Chi 20/7), Atisara (C.Chi
19/6e8), Aruchi (C.Chi 26/124)

e

11. Urogenital-Erectile dysfunction Manasika Klaibhya (S.S.Chi 26/9) e

12. Psychological- Anhedonia
anxiety, worthlessness, helplessness, hopelessness,
solitary

Shoka, dainya, vishada, unmada, apasmara Shoka, dainya, vishada, vishada, chinta, bhaya,
krodha, dainya

13. Secondary Depression- Any chronic disorders.
Irritable Bowel Syndrome, chronic fatigue
syndrome (CFS),
obesity, type 2 diabetes mellitus chronic pain
conditions

Any chronic condition cause vata and raja etama
increase. Vishad roga vardhanam. Shoka causes
chachexia (शोकःशोषणानां. Jara)

14. Treatment e
TCA, SSRI, benzodiazepines,
electroconvulsive therapy
Psychotherpies- Psycosocial therapy,
cognitive therapy, i
nterpersonal, therapy
behaviour therapy
psychoanalytically-oriented, therapy,
family therapy,
sleep deprivation,
vagal nerve stimulation,
phototherapy

Yuktivyapasharaya, satwawajaya, Daivivyapashraya,
Snehapana
Langhana (C.Chi. 3/139), Ashwasana (C.Chi. 3/320) (C.
Chi 9/86), Harshana (C. Chi. 3/321), Saddvakhya (C. Chi
3/321)
Ishtadravyaprapti (C.Chi 9/86), Santwana (C. Chi 9/86)
Pratidwandwachikitsa (C. Chi 9/86)

Yuktivyapasharaya,
Satwawajaya-Mana jnana, Mana prasadan,
Mana nigrahana, aswasana, Pratidwandwa
chikitsa, mana vijanana.
Daivivyapashraya

@ Mano dosha is a etiological factor to diseases like ama, jwara, gulma, kustha, kshaya, unmada, apasmara, pandu, atisara, chardi, trushna, vatavyadhi,vataja shiroroga.
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depression is as per Kaphaja Unmada. In vataja manifestations,
vataja unmada chikitsa is also incorporated. According to the con-
dition vamana, snehapana, snidga virechana, sarvanga bahyanga,
mastiskya chikitsa can be beneficial. Integration of Panchakarma,
oral medications, satwawajaya, daiwivyapashraya also can play an
important role in the comprehensive management of MDD.

2. Patient information

A female patient aged 52 years presented with disturbed sleep,
sadness, worthlessness, helplessness, death wishes, and increased
crying spells since past 33 years and her symptoms had aggravated
since last one year. She was under on and off psychiatric medica-
tions for 15 years. Patient was brought to KAHER's Ayurveda Hos-
pital OPD by her daughter to explore the possible role of Ayurveda
treatment (8.9.2011). Case reporting is done as per the CARE case
report guidelines (http://www.care-statement.org).

2.1. Clinical findings and diagnostic assessments

The patient was subjected to thorough psychiatric detailed
work-up which was done through information provided by the
patient, husband and her daughter. Patient was dull, had low voice,
poor eye contact, passive gestures, increased crying spells, irritable,
impulsive, reduced personal hygiene, excess worry, uncontrolled
worry during most part of the day, feeling worthless, helpless, had
death wishes and had withdrawn from family and friends. Other
symptoms included sleep disturbance, headache, fatigue, bilateral
tinnitus. Patient was a teetotaller.

Medical history revealed that patient had consulted most of the
psychiatry hospitals in her region and was administered different
anti-depressants. Current medications were drug combinations of
Amitriptyline 25 mg and Chlodiazepoxide 10 mg twice a day and
Tab Lorazepam 2 mg twice a day since past one year. Manapar-
eeksha assessment revealed derangement of mana, buddhi, smruti,
bhakti, sheela, chesta and achara components (Table 2). Prakurtiwas
assessed as Tamasika prakurti and Kaphapittaja prakurti.

2.2. Timeline

2.2.1. History
The patient was a house wife, primary school educated, socio-

economic status was middle class, married with three children. All

children were married and comfortably placed in their respective
professions and marital lives. At the time of admission, the patient
stayed with her husband, elder son, daughter-in-law and grand-
children. Patient was apparently healthy till she got married 33
years ago. Later, she developed interpersonal issues with her hus-
band and mother-in-law. The patient's husband used to be suspi-
cious about her character and was over-guarding, possessive,
dominating and harsh thus, leading to marital disharmony. She was
forced to stay alone and was confined to the house with restricted
socialization. Patient experienced domestic violence, physical
abuse by her husband and mother-in-law frequently. An unsuc-
cessful suicide attempt was noted 27 years ago. Patient developed
severe depressive symptoms along with insomnia 15 years ago, and
from then onwards she has been under psychiatric consultations
and medications, details of which were unavailable. Patient had
adjustment issues, felt ignored in the family and interpersonal re-
lations were grossly affected. Patient had good rapport with her
daughter who stayed in a distant place. Since one year, her symp-
toms worsened in spite of ongoing medications and hence, she was
brought to KAHER's Ayurveda Hospital OPD by her daughter to
explore the possible role of Ayurvedic treatment.

3. Therapeutic intervention

Patient was diagnosed with Kapahaja Unmada and met the
diagnostic criteria of MDD [18], and predominantly deranged dosha
were tama and kapha-vata. Management was with snehapana, vir-
echana, sarvanga abhyanga followed by bashpa sweda, shirodhara,
shiropichu, katibasti, satwavajaya chikitsa, and daiwivyapashraya
chikitsa. Shiropichu was advised to be followed even at home from
10 pm onwards and to be retained for the entire night. Anti-
depressant medications were tapered and discontinued during
course of the treatment. Details of the treatment algorithm like
chronology, duration of treatment, drugs used, dosage, etc. have
been enlisted (Tables 3 and 4). The principles and practises of
Panchakarma [19] were adhered during various panchakarma
interventions.

3.1. Satwawajayachikitsa

Counselling sessions of 30minutes were carried out daily during
hospitalization (i.e., first 13 days) and later during every visit. A
total of 18 sessions were conducted for the patient and two sessions

Table 2
Examination of Manas.

S.No Manapareeksha Patient manifestations

1. Manadustie(Abnormality in mana) Abnoramlity was noted in chintya, vicharya, uhya, dhyeya and sankalpa. Chintya (process of thinking)
abnormality was negatively biased thoughts. Vicaryam (Circumspection - Means of knowing pros/cons) was
pessimistic anticipation, uhyam (cogitation - The method of speculation) was generalized passimism,
Dhyeyam (Contemplation -The technique of concentration) was assessment of events as hurting, harming
and pessimistic. Sankalpa (Conviction- The act of decision) pessimistic emotional judgment associated with
withdrawal, aversion, hatredness, solitary confinement and death wishes. Mananigraha was reduced.
Decreased interest in indriyaartha. Swanigraha was deranged and failed to control her thoughts and mood.
Manadosha were shoka, vishada, chinta, bhaya, krodha, dainya.

2. Buddhidusti- (Abnormality in buddhi) Abnormal, emotional judgment and perceptions. Assessment of all events through pessimistic approach,
non coping, maladaptive mechanisms. Rigid and lacks adaptive ability to changing circumstances. Viewing
family members activities and communications as hurting, disrespecting etc and refrains from participating
and contributing in family activities. Reactively family members have disengaged from her. These events
over time have made her to make judgment of worthless, hopeless, unwanted, persecuted.

3. Smrutidustie(Abnormality in memory) Ruminations of past painful memories, not accounting pleasureful memories. Memorizing only hurting
events.

4. Bhaktidusti- (Abnormality in desire etc) Reduced interest in food, personal care, hygiene, recreation,
5. Shiladustie (Abnormality in

temperament, etc)
Irritability, excitability, emotionally labile, mood congruentbehaviours, impulsive, reduced personal care
and hygiene

6. Chesta and Acharadustie(Abnormality
in psychomotor activity and conduct)

General activity reduced, crying spells, social activity reduced, speech poverty, reduced personal care and
hygiene
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for the husband. The sessions included components likeManajnana
(education of her strengths, weaknesses, manabudhi abnormalities
like misinterpretations, reduced coping ability, lack of communi-
cation skills, rigid and maladaptive to the changing circumstances,
reduced social interaction, mood-congruent judgment, pessimistic
views of the events, etc.), Manoprasadana (relaxation techniques
like walking, pranayama, ashawasana), Manonigraha (mind control
methods like replacing stressful thoughts with neutral or positive
ones, reinforcing techniques, conversations with others, engaging
in pleasureful activities), Pratidwandwa chikitsa (self-suggestion
with positive affirmations against negative perceptions of the
persons/events, neutralizing the hurtful past remunerations
actively, and harshana technique of involving in her pleasing ac-
tivities), Aashwasanadi (santwana - assurance and dhairya - moti-
vational approach), feedback approach (self-assessment of worry
and relaxed state of mind and reworking on correctivemeasures for
the next day), and Manavijanana (communication skills, problem-
solving skills, conflict management, coping skills, socialization
skills, samadhi-equanimous approach to sensory perceptions).
Daiwivypashraya chikitsa had components like reading spiritual
books, chanting of devotional songs andwriting the god’s names on
a page.

4. Follow-up and outcomes

Patient was hospitalized for the first 13 days of treatment in
which panchakarma procedures, satwawajaya chikitsa, daiwivya-
pashraya chikitsa were administered. Anti-depressant drugs pre-
scribed for the patient were continued. Patient was taught to assess
and quantify worry and relaxed state of mind for a day. These were
used for modulation of satwawajaya chikitsa. During this period,
patient showed improvement in worry, relaxed state of mind,
sadness, helplessness, worthlessness, quality of sleep, tinnitus, and

backache. Lack of interest decreased and she started relishing her
past likings (music, etc.) and interacting with other patients.
Interpersonal relations with husband also improved. Self-assess-
ment of worry showed reduction from 16 hours/day to 5 hours/day.
Self-assessment of relaxed state of mind improved from 0.5 hours/
day to 8 hours/day, and HDRS total score reduced to 24 from 31.
Similar improvement trend was noted throughout the course of the
treatment (Table 5).

Patient was on allopathic medication of Tricyclic anti-depres-
sant (drug combination of Amitryptiline 25 mg and chlordiaz-
epoxide 10 mg) twice a day and Lorazepam 2 mg twice a day.
Medications could be at sub-therapeutic doses. Considering the
improvement in patient symptoms, on the 91st day, dosage of both
medications were reduced to once a day. These medications were
discontinued from 119th day of treatment. Dose alterations were
done on the recommendation of a psychiatric physician.

However, observation on 119th day of assessment showed
marked worsening of the clinical condition (HDRS score 32) and
this was attributed to environmental stress. This was a puerperal
period of the patient's daughter-in-law and perinatal care of new
born caused increased work pressure, and disturbed sleep due to
attending the neonate at night. Treatment was with modified with
saraswata churna and unmada gajakesari rasa. The patient was
symptom-free (HDRS score 7) from 180th day of treatment. Shir-
opichu was advised for most part of the treatment. Non-interven-
tional observations were carried out from 269th day to 352nd day
and patient remained in the disease-free state with more of relaxed
state (14 h/day) and decreased worry state (2 h/day).

5. Discussion

Management of MDD through integrative Ayurveda approach
proved to be effective and was well-sustained during the

Table 3
Intervention through Panchakarma procedures at different time-points.

S.No Treatment plan Treatment Intervention period in days

1 2 3 4 5 6* 7 8 9 10 11 12 13

1 Snehapana Bramhi ghrita - 30 ml √
Bramhi ghrita - 75 ml √
Bramhi ghrita - 125 ml √

2 Sarvangaabyanga Bashpasweda Ksheerabala taila √ √
3 Virechanan Gandharvahastyadiernada taila 75ml þ kshira 75 ml √
4 Sarvangaabyanga Bashpasweda Ksheerabala taila √ √ √ √ √ √ √
5 Shirodhara Balaashwagandha taila √ √ √ √ √ √ √
6 Shiropichu Balaashwagandha taila √ √ √ √ √ √ √
7 Kati basti Dhanwantara taila √ √ √ √ √ √ √

* Day 6 - vishrama kala (Rest day).

Table 4
Intervention through oral medicaments at different time-points.

S.No Shamana Chikitsa Intervention period in days

13e91 91e119 119e152 152e180 180e269 270e352

1 Tab Tryp-C 1BD √
Tab Tryp-C 1OD √ e e e

2 Tab Lorazepam 2 mg 1 BD √
Tab Lorazepam 2 mg 1 HS √ e e e

3 Mahakalyanaka ghrita 20 ml BD empty stomach √ √ √ √ √ e

4 Tab Manasamitravataka 2TID √ √ e

5 Saraswatarishta 3 tsf TID √ √ √ √ √ e

6 Aswagandha þ Jatamamsi Kwatha 50 ml BD √ √ √ √ e

7 Saraswatachurna 1 tsf TID √ √ √ e

8 Tab Unmadagajakesari rasa 1 TID √ e

9 Shiropichu with Balaashwagandha taila at night √ √ √ √ √ e
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observation period as well. The patient was admitted in the inpa-
tient department for the span of 13 days and was later on outpa-
tient care for 352 days. Last 83 days of observation were non-
interventional. Tricyclic anti-depressant administered since past
one year was tapered on the 91st day and discontinued from 119th
day onwards.

The patient had Tama pradhana raja and Kapha vatapradhana
tridhosha dustiwith diagnosis of Kapahaja Unmada and severe MDD
(HDRS score was 31). Hence, snigda virechana, sarvaanga abhyanga,
bhaspa sweda, shirodhara, shirotalam, katibasti, oral medications
and satwawajaya treatments were planned.

Snehapana (Brahmi ghrita), sarvanga abhyanga (Kshirabala taila),
snigda virechana (Gandharvahastyadi eranda taila), shirodhara and
shiropichu (Balaaswagandhadi taila), and kati basti (Dhanwantara
Taila) were administered during the hospital stay of the patient (13
days). Shiropichu with balaaswagandhadi taila (retained for the
entire night) was administered during the entire course of the
treatment. These treatments, along with the prescribed medica-
tions, decreased kapha, and vata, and aided in sleep promotion,
mana prasadana (mood restoration), and mana niyamana (regula-
tion of mind and thoughts) through mastishkya and medhaya
rasayana (nootrophic) effect. Decreased tama and increased satwa
were observed after satwawajaya chikitsa. Kati basti was for the
concomitant backache manifestation.

After panchakarma procedures, the following oral medications
were administered - Mahakalyanaka ghrita, Manasamitra vataka,
Saraswatarista and decoction of Ashwagandhawith Jatamamsi from
13th to 119th day. The medication regimenwas later modified. The
patient had gradual and sustained clinical improvement. However,
clinical deterioration (119th day) due to environmental stress was
observed and it lasted for the next 90 days and the patient was
administered additional medications viz., saraswata churna and
unmadagajakesari rasa. Saraswatha churna along with other medi-
cations has psychotrophic activity.

Satwavajaya chikitsa included components of manajnana, man-
aprasadana, mananigrahana, pratidwandwa chikitsa, aswasana, and
mana vijanana. Patient was cooperative and actively worked on the
techniques advised during counselling.

The patient had chronic depression for the past 33 years and
was on different psychiatric medications since past 15 years, details
of which were unavailable and hence, couldn't be assessed. Ayur-
veda diagnosis was Kaphaja Unmada and management was by
addressing the derangements of kapha, vata, tama, mana vaha
srotas components like mana, budhi, smruti, bhakti, sheel, chesta,
and achara. Integrative protocol comprising of panchakarma pro-
cedures (virechana, sarvanga abhyanga, bhaspa sweda, shirodhara,
shiropichu), oral medications (medhya, rasayana), satwawajaya
chikitsa and daiwivyapashraya chikitsa were administered for a
period of 269 days and non-interventional follow-up of 83 days
showed effective management of Kaphaja Unmada i.e., MDD. Snigda
virechanawas planned as it was a kapha pradhana vataja condition.

Sarvanga abhyanga (Ksheera bala tail), bhaspa sweda, shirodhara,
and shiropichu (Balaashwagandha taila) were administered to
decrease vata along with kapha. Oral medications were effective
against kapha and vata doshas. The treatment was successful in
discontinuing anti-depressant drugs and the patient was even
stable after Ayuvedic medications were withdrawn. However, this
warrants a long-term follow-up observation.

Interventions used in the study provide evidence of manage-
ment of various psychiatric conditions and possess psychotropic
and neurotropic effects. A study showed Ayurveda management
through virechana was effective in the management of MDD [20].
Shirodhara showed beneficial outcomes in patients with general-
ized anxiety disorder (GAD) and also showed improvement in
insomnia [21,22]. Shirodhara and shiropichu are the transcranial
route of drug delivery and a study has shown the possibility to
deliver central nervous system drugs through the brain-targeted
transcranial route when applied on the scalp in an oil-solubilized
dosage form [23,24]. Few of the oral medications and their in-
gredients have demonstrated psychotrophic action. Manasami-
travataka is effective against GAD [21], while Ashwagandha has
anxiolytic and anti-depressant activity [25]. Few drugs like vacha
[26], jatamamsi [27], brahmi [28], and shankhapushpi [29] have
demonstrated anti-depressant activity.

6. Conclusion

Ayurveda integrative protocol was successful in managing
Kaphaja Unmada i.e., MDD. This not only decreased kapha, vata
(biological substrates of depression), and components ofmanodusti,
but also increased manabala (mental strength) by restructuring
mana through reworking chintya, vicharya, uhya, dheya, sankalpa
(thought process), and buddhi (cognitive restructuring) leading to
changes in bhakti, sheela, chesta and achar. These will help in
swasthya through balancing of internal milieu (shareerika and
manasika dosha balance) and external milieu through social and
spiritual wellbeing.

7. Patient perspective

Patient felt she rejuvenated and good. Patient's daughter opined
of good and sustained improvement of the patient. Her mental
state, bonding with the family members, communication with the
husband, socialization improved considerably. Compared to pre-
vious interventions, current interventions had better compliance.
The patient's husband opined that patient adhered to the treat-
ments without much reminders and pressures.

8. Informed consent

Informed consent was taken from the patient for this study.

Table 5
Assessments during the period of intervention.

S.No Days of Intervention 1st day
(7.9.11)

2ndday 3rdday 5th

day
7th

day
9th

day
11th

day
13th

day
91stday
(7.12.11)

119th Day
(4.1.12)

152nd day
(8.2.12)

180th day
(7.3.12)

269th day
(4.6.12)

352nd day
(24.8.12)

1. Daily dairy-Worry
(hrs/day)

16 14 10 13 9 7 6 5 3 16 6 3 2 2

2. Daily dairy-Relaxed
state (hrs/day)

½ 1 3 4 5 6 7 8 11 2 10 12 13 14

3. Sleep (in hrs) 7 7 6 5 6 7 6 7 7 7 5 7 7 7
4. HDRS Scores 31 e e e e e e 24 24 32 17 7 7 6
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ABSTRACT 
Introduction- Ayurveda is the foremost ancient Indian wisdom and is rich in numerous natural medicament, 
Among these Goghrita is the most precious natural remedy. Shatadhoutghrita is prepared by washing the 
go ghrita 100 times with cold water. A unique and tremendously easy ghee composition, which is used in 

various skin disorders. In this study, An attempt has been made to compile the information 
about Shatdhoutghrita mentioned in classics as well as in various research updates. 
Aims & Objectives- 
To do the classical review of Shatadhoutaghrita. 

To explore the research aspects of Shatadhoutaghrita. 
Materials & methods: 
Material is collected from our auspicious classical texts of Ayurveda i.e brahutrayis, laghutrayis, 

Rasashashtra and, bhaishajya Kalpana texts, and various appreciable research articles have been reviewed from 
the available databases. 
Discussion and Conclusion: 

Shatdhout ghrita is an important formulation described in the ancient literature period for various indications. 
By reviewing the research work, there are fifteen works, have been done that show the value of the 
formulation in the medical field. Along with being an independent remedy, it provides a base for various 

ointments, which are widely used for therapeutic and cosmetic purposes.  

Keywords- Goghrita, Shatadhoutaghrita, Skin disorders, Ointment. 
 

INTRODUCTION 
Ayurveda is the foremost ancient Indian wisdom 
of herbal, mineral, and animal 
originated dravyas. Ayurveda promotes health 
and cures ill-health through numerous natural 
remedies. Among these, Goghrita is the most 
precious natural remedy. Gavya(cow) is 
considered the holy symbol of creation. Goghrita 
is considered the most valuable among the 8 
types of ghrita mentioned in ghrita Varga.    

The quotation i.e “sarpistailam vasa majja 
sarvasnehouttama matah, aishu chh eva 
uttamam sarpihi samsakarasyanuvartanata”(1) 
explains goghrita is uttama or supreme among 
chaturvidha sneha dravya because ghrita attains 
the property of other dravyas with which it is 
processed and does not lose its properties.  
Ghrita has been providing health for ages in both 
the manner as food and medicine. Goghrita is 
described as chakshushya (improves 

vision), swara varna prasadkam (polish up voice 
and complexion), vata pitta vishapaham, 
nourishes all the seven dhatus from rasa to 
shukra, increase oja(2), madhur 
vipaka, sheeta in nature(3), etc. 
Various ghrita preparations are used for 
therapeutic purposes as kalyanaka ghrita, 
brahmi ghrita, triphala ghrita, shatavariyadi 
ghrita, dhatryadi ghrita, etc for internal usage. 
Bhallatakaadi ghrita, manjishtadi ghrita, 
yashtimadhu ghrita, shatadhouta 

ghrita, sahasradhouta ghrita, etc are used for 
topical application.  
Shatdhoutghrita  means, shata=100, dhouta= 
washed, ghrita= goghrita. The one which is 
prepared by washing the go ghrita 100 times 
with cold water is known as Shatadhoutghrita. It 
is an effective formulation emphasized in 
Ayurvedic science for external application. A 
unique and tremendously easy ghee composition, 
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which is used in various skin disorders. In this 
study, An attempt has been made to compile the 
information about Shatdhoutghrita mentioned in 
classics as well as in various research updates. 
 
Aims & Objectives 
To do the classical review of Shatadhoutaghrita. 
To explore the research aspects 
of Shatadhoutaghrita. 

 
Materials & methods: 
Material is collected from our auspicious classical 
texts of Ayurveda i.e brahutrayis, laghutrayis, 
Rasashashtra, and bhaishajya Kalpana texts, 
and various appreciable research articles have 
been reviewed from the available databases. 
 
Review of literature 

Charak Samhita 
 In Visarpa(Herpes zoster)chikitsa adhyaya, to 

subside the burning sensation in pittaja 
visarpa roga, lepa (local 
application)of  Shatadhout ghrita is 
mentioned in the affected area.(4) 
In Trishnaroga chikitsa 
adhyaya,  abhyanga (external 
massage)with Shatadhout ghrita is 
advised.(5) 

 In Dwivarniya chikitsa adhyaya, the topical 
application of Shatadhouta ghrita is 
explained in rakta pittaja, Vrana. (6) 

 In Atisara chikitsa adhyaya, it is said 
that sechana karma should be done 
with Shatadhout ghrita in shonita atisara. (7) 

 In Arsha chikitsa adhyaya, in excessive 
bleeding, Shatadhout ghrita should be 
applied. (8) 

 In Rajyakshma (tuberculosis) chikitsa 
adhyaya, abhyanga(massage), 
and parisheka of Shatadhout ghrita is 
prescribed in burning sensation caused by 
fever. (9) 

 In Kushta chikitsa adhyaya, usage 
of Shatadhout ghrita is advised to subside 
the daha in kushta. (10) 

 In Jatisutriya sharira adhyaya, it is 
mentioned that  Shatadhout ghrita should 
be applied around the umbilicus 
during garbhastrava. It helps to reduce the 
bleeding. (11)  

  
Sushruta Samhita 
 In Jalokavcharanaadhyaya, after thejalokav

charana(leech 
therapy) procedure Shatadhout 
ghrita, abhyanga (massage) is advised 
on vrana (wound). (12) 

 In Bhagna(fracture)chikitsaadhyaya, alepa (
application) with Shatadhout ghrita is 
explained on the affected site. (13) 

 In Jwara pratishedha adhyaya, Shatadhout 
ghrita should be used topically to subside the 
burning sensation that occurs due to fever.(14) 

 
Ashtanga hrudya  
 In Visarpa chikitsa adhyaya, Shatadhout 

ghrita is mentioned in agneye 
visarpa (Burning due to Herpes) chikitsa.(15)  

 
Ashtanga samgraha 
 In vatashonitachikitsitamadhyaya, Shatadhou

t ghrita abhyanga (massage) is advised 
in pitta associated vatarakta(Gouty 
arthritis). (16) 
 

Sharangdhara samhita  
 In Netraprasadanakarmaniadhyaya, Shatad

hout ghrita is used in akshi tarpana.(17) 
 

Yogratnakara 
 In all types of visarpa(Herpes zoster), muhur 

muhur(repeatedly) external usage 
of Shatadhout ghrita is explained. (18) 

  
Harita Samhita 
 In Daha (Burn wounds) Chikitsa adhyaya, 

the External application of Shatadhout 
ghrita is mentioned. (19) 

 
Yogatarangini 
 Foremost treatment for daha(burning 

sensation) treatment is explained as an 
application of Shatadhout ghrita. (20) 

 
Bharat Bhaishajya Ratnakar  
 In Visarpa chikitsa adhikara, the local 

application of Shatadhout ghrita is told in all 
types of visarpa. (21) 

 
Bhaishajya Ratnavali 
 It is explained in pittaja Shiro roga 

chikitsa, the head should smear 
with Shatadhout ghrita to subside the 
burning sensation. (22) 

 
Cakradutta 
 In Dahachikitsa, theapplication with Shata

dhout ghrita is described. (23) 
 

Siddha Yoga Samghraha 
 Shatadhout ghrita is used as a base in the 

preparation of Gulabi Malam(ointment), 
Which is indicated in itching, burning 



Dr.Nishta Jain et al/ “Classical and Contemporary Review on Shatadhoutaghrita-An Ayurvedic Ghee 
Preparation” 

 

1923| International Journal of Pharmaceutical Research | Apr - Jun 2021 | Vol 13 | Issue 2 

sensation, pain, and arsha (Haemorrhoids). 
(24) 

 
Vaidak Shabda Sindhu 
 Method of Preparation of Shatadhout 

ghrita is explained. Goghrita should be 
washed with cold water 100 times and every 
time fresh water should be taken. (25) 

  
Research Updates: 
1. One Analytical study conducted by 

Deshpande et al. (2009) showed the 
difference 
between ghrita and Shatdhoutghrita with 
comparative physiochemical analytical 
parameters and concluded that it is a w/o 
(water in oil) and o/w (oil in water) type of 
emulsion, due to the changes that take place 
during washing ghrita 100 times make it 
suitable for local application as the particle 
size get reduced, non-granular, homogenous 

in nature and absorption rate is more 
through the skin. (26) 

2. Another Experimental study was conducted by 
M. Swati et al. (2013) in healthy adult male 
Sprague –Dowley rats (group =7, Wt.=150-
200g each). I group is treated as a control 
group without any medication, II group is 
served with Povidine Iodine, III group with 
Honey, IV group with Daruhaldi, V group 
with SDG, VI group with Honey + Daruhaldi, 
VII group with Honey + SDG 
(Shatdhoutghrita). And concluded that PI gave 
good results in wound healing. Honey 
+ Daruhaldi combination-treated better but 
less than PI. SDG alone or with the 
combination of Honey also showed a wound-
healing effect. (27) 

3. Another analytical study conducted by S. 
Sreevathsa et al. (2015) have been shown the 
comparative analytical test 
of ghrita and Shatdhoutghrita as-  

           
Table No.1- 

Chemical Properties Nandini Ghee Shatdhouta ghrita prepared in 

Tamrapatra 

Acid value 1.79 0.097 
Saponification value 249.4 9.987 
Iodine value 35.49 31.14 
Moisture content 0.27 0.8 
Ph 4.6 5.4 
Particle size 179.02 51.56 
Viscosity 8000 9650 
Copper content (ppm) 0.13 1.2 

 
Thus it can be said that due to dhouta 
samskara pH of Shatdhouta ghrita become 
neutral       from acidic which helps to prevent 
skin irritation and safe to apply on open wounds. 
The viscosity of Shatdhouta ghrita is more 
than ghrita which makes it suitable for topical 
application. Due to less iodine value 
of Shatdhouta ghrita, the degree of unsaturation 
decreases and helps to lower the chances of 
rancidity and enhance the stability. Reduction in 
acid value infers the decrease in free fatty acids. 
As particle size is reduced making the product 
similar to the modern cream base and the 
absorption rate through the skin is increased due 
to more surface area. Moisture content is more 
in Shatdhouta ghrita which does skin hydration 
and gives a cooling effect. (28) 

4. A Clinical study on sadyo vrana conducted by 
N T Sandeep (2015), has been used Karpoor 
ghrita (trial group)and Povidone- 
Iodine(control group) in Sadyovrana 
chikitsa as a topical application. Karpoora 
ghrita is prepared by 10gm 

of karpoora resin choorna and 60 gm 
of Shatdhouta ghrita as the base material. 
Clinical parameters like Gandha, 
Varna, Vedana, Akruti were effectively 
decreased with the use of karpoor 
ghrita after treatment (trial group) than 
betadine(control group), 
however, srava(exudate) from the wound was 
treated equally with both the 
groups. Karpoor ghrita has been healed the 
wound in fewer days than betadine and 
finally concluded that karpooraghrita shows 
better result in sadyo vrana chikitsa than 
povidine Iodine. (29) 

5. Another clinical study conducted by Matu et 
al.(2015) in 15 patients with a fissure in ano; 
concluded that Shatdhoutghrita is cool, 
antiseptic, astringent, and pittashamaka in 
nature and beneficial in the management of 
fissure in ano with the local application for 7 
days and prevents recurrence of symptoms. 
(30) 
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6. Another experimental study conducted by V 
Kruti et al.(2015) in wister strain albino rats 
of both the sex, divided into 5 groups (n=6, 
age =12-16 weeks, weight=220±40gm). 
SDG and panvallkala sidha SDG are taken 
as trial drugs and betadine is used as a 
standard drug. The first group is considered 
as a control group and taken ~23.5 days for 
wound healing, the second group is served 
with go ghrita and taken ~ 22.5 days for 
wound healing, the third group is treated 
with Shatdhout ghrita and ~23 days has 
been taken to heal the wound, in fourth 
group pancha vallkala siddha SDG has 
been given and ~26 days has been taken 
and, in fifth group betadine has been applied 
and took ~20 days to heal the wound. And 
concluded that there is no significant 
difference among the groups. Ghrita is 
having an antioxidant and anti-inflammatory 
property which promotes angiogenesis and 
decreases scarring. SDG is absorbed quickly 
and has better moisture which gives a good 
environment to heal the 
wound. Panchavalkala drugs contain free 
radical scavengers as flavonoids, tannins, 
phenolics which give therapeutic results in 
wound healing. (31) 

7. A review study was done by K. Ashok et. 
al(2016) mentioned description 
of goghrita, Shatdhouta 
ghrita, and Sahasradhout ghrita available 
in classical text and concluded 
that Ghrita is jala and agni mahabhuta 
pradhana dravya. And due to jala 
mahabhuta Ghrita attains sheetal guna, 
solid-state and due to agneye mahabhuta it 
turns into a liquid state, But Both 
the gunas does not counteract to each 
other. when ghrita is processed with water 
100 times i.e (Shatdhout ghrita), the Agneye 
guna of ghrita decreases and jala enters 
into the space present between the molecules. 
Due to this, Shatdhout ghrita remains in a 
solid-state and 
attains dahashamaka property. (32) 

8. A pharmaceutical study conducted by P 
Bhupesh et al. (2016). They prepared SDG 
from two methods. Method A, 50 
gm goghrita was taken in a stainless steel 
vessel, kept on mild heat till ghrita starts to 
boil, and pour it into cold water(220C). 
when ghrita became cool, took it out from 
the water. This process is repeated 10 times. 
Method B, 50 gm of goghrita was taken and 
100 ml of cold water poured into this, rubbed 
it with steel glass till water became slightly 
warm then removed the water, and 

freshwater was taken for the next cycle. This 
process was repeated 10 times and 
concluded that ghrita prepared with Method 
A is whitish, odorless, tasteless, less granular, 
and the end product is 48gm, the loss is 2gm 
and it is a time-consuming 
procedure. Ghrita prepared with Method B 
is yellowish creamish , odorless, tasteless, 
nongranular, soft, and end product is 86gm, 
the gain is 36gm. (33) 

9. Another Animal experimental study conducted 
by Majumdar et al. (2016) in albino rats 
divided into 5 groups (n= 6), prepared 
ointment of an extract of Curcuma 
amada and Shatdhoutghrita tested in rat 
paw edema model. Authors concluded that 
prepared ointment has more anti-
inflammatory activity than marketed 
formulation containing synthetic drug 
(diclofenac) and having more moisture 
content causes more cooling and hydration 
effect to the skin, thus useful in the treatment 
of burns. (34)   

10. In a clinical comparative study conducted by 
D Amarprakash et al.(2016) 
on Parikartika(fissure in Ano).60 patients 
of parikartika have been taken and divided 
into 2 groups. Group A is treated 
with Yashtimadhu Ghrita and Group B is 
treated with Shatdhout Ghrita, applied 
locally for 10 days. And concluded that both 
the groups showed effective results in the 
management of parikartika. In comparison 
pain, itching, burning sensation, bleeding, 
and fissure healed earlier and faster 
by Yastimadhu ghrita. (35) 

11. In another case study conducted by C.A 
Pallavi (2017), A female patient, aged 34 
years, was suffering from Pittaja yoni 
vyapat. Shatdhout ghrita through a gauze 
piece ( pichu) is applied on cervical erosion 
inside the vagina and remove after 4 to 6 
hours. This treatment is followed for fourteen 
days in two consecutive cycles. Shatdhout 
ghrita is having antiseptic, anti-
inflammatory, and pittashamak properties 
thus reduce the infection of the eroded area 
and decrease vaginal secretion, reduces 
prostaglandin secretion, and helps to lower 
abdominal pain. Due 
to Suskhama and vyavayi guna, it is easily 
absorbable via epithelium and 
mucosa. Pittavaigunaya is corrected with the 
help of snigdha guna and concluded 
that Shatdhout ghrita pichu is highly 
effective, safe, and economic in the 
management of cervical erosion without any 
adverse effect and complication. (36 
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12. A clinical study conducted in pediatric 
patients by Bidwai et al.(2018 ) concluded 
that Shatdhoutghrita which prepared by two 
methods one is from cold water and another 
is from hot water then pour that in cold water 
and recollect it, gives significant result in skin 
diseases and various infective diseases like 
dryness (20 patients), viral infection (20 
patients), bacterial infection (10 patients), 
Staphylococcus infection (10 patients) by local 
application of Shatdhoutghrita within 21 
days, 3 times a day.(37)  

13. A case reported by Patil et al. (2019) 
concluded that shatdhoutghrita is effective in 
the management of yonigata-sadyovrana i.e 
episiotomy wound by local application for 4 
to 5 time in a day up to 7 days. (38) 

14. Another clinical study 
on Padadari conducted by D Vijaya(2019) 
used Shatdhout Ghrita for pada 
abhyanga and padalepa and triphala 
kahasya for padavagaha in Padadari chik
itsa and concluded that Shtadhouta 
ghrita is 
having ropana and bruhana properties it 
reduces the twakgata vata and 
rukshata and heals the cracks. Shtadhouta 
ghrita is highly significant in reducing the 
width and length of the cracks and also 
decrease the kandu,daha, 
and shula in Padadari. (39) 

15. A review study done by S.S.Shakila et 
al.(2019) described Shatadhout 
Ghrita, Sahasradhouta Ghrita, and thirteen 
other traditional remedies for wound healing 
and concluded that cow ghee has antifungal 
and antibacterial property and it is an 
effective clinical agent. (40) 

 
DISCUSSION AND CONCLUSION: 
Shatdhout ghrita is an important formulation 
described from the brahattri kala(ancient 
literature period) for various indications. By 
reviewing the research work, fifteen works have 
been done that show the value of the formulation 
in the medical field. There are two case studies, 
two Analytical studies, five clinical studies, one 
pharmaceutical study, three experimental studies, 
and one review study has been done. After 
appraisal them, there is no magnification to say 
that Shatdhout ghrita is easy to prepare and 
effective for topical application in various 
conditions.  
Experimental studies proved that this preparation 
is safe to use without any adverse drug reaction. 
The clinical trial result shows the significance 
of Shatdhoutghrita. Physical and chemical 
changes due to the washing procedure make the 

drug more suitable and allow an early and deep 
penetration through the skin. Though there is no 
description of the vessel which should be taken 
for the preparation of SDG, in some studies, 
bronze vessel and steel vessel are used. But 
mostly, the copper vessel is used, due to the 
antimicrobial property of copper. Almost all the 
rasa texts explain the property 
of tamra as kushtaghana, krimighana (Antihel
menthic), rasayana, etc. Multiple studies have 
been done on copper which proved its 
antimicrobial activity or contact killing just by 
touching the copper surface.  
Hence, by analyzing the above description, we 
can understand the method of preparation, 
physicochemical analytical properties, and clinical 
efficacy of Shatadhouta ghrita mentioned in 
traditional texts and various research articles. 
Along with being an independent remedy, it 
provides a base for various ointments, which are 
widely used for therapeutic and cosmetic 
purposes. 
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Abstract

Background - Post thrombotic syndrome (PTS) is a complication of deep vein thrombosis (DVT) with limited treatment
options.Venous ulceration is the ultimate and most severe presentation of PTS, although not all symptoms and signs are
irreversible once PTS is diagnosed, this diagnosis is deemed permanent. Treatment options are limited therefore emphasis
is placed on its prevention.

Objective – Management of the Post thrombotic syndrome associated with chronic ulcer by Ayurvedic approach

Materials and Methods–Here we report a case of non-healing ulcer on left foot associated with pain, itching, swelling
and blackish discoloration on left lower leg since 2 years.The case was diagnosed and treated as PTS complicated with
venous ulcer. In Ayurvedathese clinical features are co-related with GambhirVatarakta and treatment principles include
Raktamokshana Virechana, Basti. The case was treated with Jaloukavacharana (Leech therapy), Virechana (Purgation)
and Vrana Chikitsa (Shodhana and Ropana).

Results– Clinical improvements were seen in parameters like pain, swelling, itching and wound. The time taken for
complete healing of the ulcer was two months.

Conclusion - The adopted Ayurvedic treatment has given promising results in the management of PTS associated with
chronic venous ulcer.

Key words - Post- thrombotic syndrome, Chronic ulcer, GambhirVatarakta, Raktamokshana, Virechana.
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Introduction

PTS is a chronic condition, occurring in at least one third
of patients suffering from DVT.The pathophysiology
underlying PTS is due to sustained venous hypertension,
resulting from obstruction to venous flow, vein valvular
incompetence, or a combination of both. The signs and
symptoms of PTS vary from patient to patient and may
include edema, heaviness, leg pain, eczema,
hyperpigmentation, lipodermatosclerosis, and venous
ulcers.[1]PTS can affect 23-60% of patients in the two years
following DVT of the leg. 10% of these patients develop
chronic venous ulcers.[2]Several scoring systems or
classifications for grading the severity of PTS have been
proposed which includes the Villalta scale, Ginsberg
measure and Brandjes score.[2] According to Ayurveda,
the causes, signs and symptoms of PTS resemble the

following conditions like Raktavrita Vata and Gambhir
Vatarakta .  Acharya Charaka, Sushruta, and
Vagbhata have explained its causes, pathophysiology
and treatment on these conditions. The Nidana of
Vatarakta as per classics are Viruddha Ahara,
Achankraman Sheelinam (prolonged sedentary period),
Abhigata (trauma), Ratrijagarana (Night Awakening)
etcwhich can be co-related to the predisposing factors for
DVT.[3]It is divided into Utthana (Superficial) and
Gambhir(Deep) depending upon the Dhatu
involvement.Treatment involves Raktamokshana,
Virechana, Basti and Shamana Oushadhi.[3] Current
treatment for PTS are use of a compression device,
Pharmacologic therapy, Exercise, Stent placement for
chronic obstructive venous segment, Percutaneous
prosthetic vein valve placement and Venous valve surgery.
Treatment options for PTS are limited, and no uniform
protocols have been established.[4] Patients with PTS have
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a significantly decreased quality of life and the condition
may lead to substantial psychological and economic burden
on patient and family.[4] The present case was diagnosed
as GambhirVatarakta and treatment explained was
incorporated in the treatment which has given good results
in the management of swelling, pain, itching and healing
of ulcer.

Patient Information and clinical findings

A 37 year old male non diabetic, non-hypertensive patient
presented with non-healing ulcer at dorsum of left foot
since 2 year associated with pain, itching, blackish
discoloration and swelling over ankle and calf region of
left lower limb since 7 year. Patient had history of tobacco
chewing since 10 years and his occupation was coolie.
The Case was treated at KLE Ayurveda Hospital, Belagavi,
Karnataka, (MR No.KLE 18021659, OPD 18034763 and
IPD 18007148) [Table No.1]. He had history of trauma
since then he developed ulcer over dorsal area of his left
foot. Patient has consulted the Physician for above
complaints, based on investigations the condition was
diagnosed as PTS and treated with Tab Warf 5 mg and
Tab Nerve up forte once a day for 10 days. Patient got
symptomatic relief from the complaints later he
discontinued which made to aggravate the symptoms.
Aggravation in the symptoms like aching pain, swelling
was seen on strenuous work and reduced on rest.

Past history and family history were not specific to the
disease. General examination of the patient revealed that,

he was moderately built and vitals were normal. Systemic
examinations i.e.central nervous system, cardiovascular
and respiratory system showed normal findings. Local
examination revealed features of chronic venous
insufficiency i.e. Blackish discoloration (Fig. 1), loss of
subcutaneous hairs, shininess of skin below knee region,
brittleness of nails, edema at calf, ankle and foot of left
lower limb.  Ulceration (5.5 × 4 cm) was seen on dorsal
aspect (metatarsal and phalanx) of foot with sloping edge,
unhealthy pale granulation tissue and serous discharge
(Table 1). Right lower limb showed scaly skin and blackish
discoloration on the dorsal aspect of right foot and ankle
region.Palpation revealed tenderness at calf region and
around ulcer area, margins of ulcer was indurated and
depth of the wound was approximately 5mm. Inverted
Champagne bottle sign was positive which highlighted the
presence of lipodermatosclerosis. Peripheral arterial
examination showed feeble pulsation of dorsalispedis
artery and posterior tibial artery. Inguinal
lymphadenopathy was absent on both sides. The blood
investigations showed   Hb % - 11.6gm%; TLC – 4,300
cells/cum; ESR – 22 mm at 1st hour; RBS – 95mg/dl;
PCV – 40.2; Platelet – 3.02 Lakh per microliter; RBC –
4.98 million/cu mm;   Blood group – AB+ve;  BT – 3.3
min; CT – 5.3 min; PT – 16.55 sec;  INR – 1.44. Chest X-
ray was normal, Venous Doppler study reported of DVT
involving common femoral vein, superficial vein and
Cellulitis left leg.

Timeline
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Diagnosis

Raktavritta Vata and Gambhira Vatarakta were considered

for differential diagnosis. Raktagatavata exhibits the

symptoms of Daha, Ragaetc but Rakta is not vitiated but

forms the substratum of Vata.[2] Pathophysiology of

Gambhia Vatarakta includes, morbid Vata Dosa when

obstructed by vitiated RaktaDhatu, further becomes

virulent and once again adds to the abnormality of Rakta

Dhatu leading to development of symptoms like

Svayatu,Stabdhata,  Kathinya,  Bhrisharthi,  Shyavatha,

Daha,  Toda,  Sphurana, Paka and Ruk. Based on the

symptoms and Samprapti the case was diagnosed as

Gambir Vatarakta.2As per modern science the chronicity

and severity of condition which was assessed by Villalta

score it was diagnosed as sever PTS ( > 15 Points).[5]

Therapeutic intervention

The Chikitsa Sutra (treatment principle) of

GambhirVataRakta was planned considering the Dosha

(Vata, Rakta)and the Avasta (stage), of disease i.e. Shodhan

and Shamana. In Shodhan, Virechana and

Jaloukavacharan were adopted as there was vitiation of

Pitta and Rakta Dosha. Vrana Shodhana was done with

Panchavalkalakashaya and Vimlapana Karma with

Jatyadi Taila,Vrana Ropana was achieved with Jatyadi

Taila dressing.

with
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Jaloukavacharan procedure

Purva karma

Selection of Jalouka: The Jalauka which were actively

moving and not used previously for 15 days were selected.

Activation of Jalouka: Activation of Jalouka was made by

placing it in turmeric water for 5 mins before the procedure.

Pradhanakrama

Positioning of the patient - patient was made to lie in

comfortable position on the examination table. The affected

part was cleaned with lukewarm water.

Site of application: The area near the wound in left foot

was rubbed with dry gauze piece and the activated Jalouka

was applied over the selected part.

Paschat karma

After 45 minutes Jalouka was taken out by sprinkling

haridra over the mouth of Jalouka.

Haridra was applied over bite site and Pressure bandage

was given.

Quantity of blood sucked: 6 to 7ml

Killedar R.S. et.al. : Ayurveda Management of Post thrombotic syndrome....



Annals of Ayurvedic Medicine Vol-10  Issue-1 Jan.-Mar., 2021 69

Follow up and Outcome

During first admission the assessments were done on every

third day and on Second admission assessments were done

on every 4th day. The patient was admitted twice, at the

first discharge after 7 days of treatment the patient was

advised with oral medications and patient was prepared

for Virechana treatment. In second follow up after

Virechana i.e. on 41st day (Fig.2), oral medications were

advice for 10 days. Third follow up was done on 53rd day

(Fig.3);fourth follow up was done on 61st day with

assessment of Wound (Fig.4, 5) (Table 3 and 4) and other

parameters.The ulcer took 2 month for complete healing

and clinical improvements were seen in the other

parameters like Itching, Pain and Swelling but blackish

discoloration was not reduced.

Discussion

PTS is a chronic condition that is diagnosed based on a

clinical score. Although not all symptoms and signs are

irreversible once PTS is diagnosed. There is no gold

standard for the diagnosis of PTS and there might not

ever be one, as PTS is a syndrome and thus a combination

of patient reported symptoms and physician assessed

physical signs.[2] A chronic disease or chronic illness

represents slow progressing over years due to frequent or

continuous exposure to faulty life style, improper diet and

environmental factors leading to production of symptoms

like pain and swelling etc.[6]

Vatarakta is considered as one such chronic illness under

Vatavyadhi which is produced due to Avaranjanya. Two

types of Samprapti are explained in manifestation of

Vataraktai.e.Santarpan or Apatarpan Janya Nidana.

Aashayapakarsha Hetu plays an active role in

simultaneous vitiation of Vata and Rakta (blood). Extension

of disease level many involve the Dhatus like i.e. Rasa

(plasma fluid), Rakta, Mamsa (muscle), Meda (fattytissue)

and Asthi (bones) may be seen.[3] Concept of Vatarakta

can be under stood as a pathology occurring at the Dosha

(Tridosha) and Dhatus, thus helps to adopt different

parameter of Chikitsa like Shaman (internal medicine
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treatment) Virechana (purgation), Basti (enema) and

Raktamokshana (bloodletting).[3] In this case the

Apatarpana Janya Sampraptiwas adopted based on

Nidana and analyzed Samprapati Ghataka were Dosha

(Vata, Pitta), Dushya (Rakta, Rasa, Mamsa, Meda),

Srotas(Rasavaha, Raktavaha), SrotoDushtiprakara

(Sanga), VyadhiMarga (Bahya and Madhyama

Rogamarga), Udbhavasthana (Pakvasayotha,

Amasayotha), Vyaktasthana (Janu, Jangha, Pada).[3]

The treatment modality mentioned for Pitta and Rakta

Adhikya was adopted i.e. Snehayukta Virechana and

Raktamokshana (Table 2). Acharya Charaka quoted that

Rakta and Pitta are having Aashrayashri Sambandha, as

there was vitiation of Rakta,Virechana was planned.[3] The

Shodhan Karma not only cures the diseases but also helps

in restricting its progression and recurrences.Virechana is

important among Shodhana; because it not only act over

Pitta but also on Kapha, Vata & Meda and removes

Avarana of Vayu in Kostha.[7]Arohana Krama Snehapan

was adopted with Panchatiktaguggulugrita before the

Virechana procedure (Table 2). The selected Ghrita is

having Ushna, Tikshna Guna and Katu, Tikta, Kashaya

Rasa in nature which pacifies Khara and Ruksha qualities

of Vata whereas Tikta and Kashaya Rasa purifies Rakta.

Snehana helps in the proper Gati of Vata, brings Mardavata

of Gaatra and removes the Srothorodha and Sanga.[8]

After the Snehan in Vishram Kala Abyanga was performed

with Balaguduchyadi tail followed with Bhaspa Sweda.

Balaguduchyadi taila is a well-known Oushadi in the

management of Vatarakta and it is indicated to all the

cardinal symptoms of Vatarakta.[9] When used externally

as Abhyanga it may work with the theory that Taila helps

in formation of lipoidal bond with other drugs thus helps

in the penetration of drug molecules. Hence it increases

the rate of trans- dermal drug delivery.[9] It improves local

blood and lymphatic circulation and thereby improving

local tissue metabolism. Due to its anti-inflammatory and

analgesic properties Balaguduchyadi Taila helps to

alleviates Daha, Ruja and Shopha in Vatarakta.[9] Ushna

Guna of Swedana does Srotoshuddi and Ama Pachana,

so it relieves Stamb  a, Gaurav, and Swayathu.[10]

Raktamargavarana is the predominant pathology of

Vatarakta and this leads to the accumulation of morbid

Rakta. Hence Raktamoksana is considered as the first line

of treatment of Vatarakta of both varieties.[2]

Jaloukavacharan (Leech therapy) is one of

Rakatamokshana method which helps to remove

DushitaRakta.  sodilator, Bacteriostatic and Anesthetic

effect which helps for proper blood circulation, inhibits

the growth of bacteria and relieve pain on the site.[11]

Kaishora Guggulu is having ingredients which possess

Tikshna and Ushna Guna Chedana and Vilayana

properties which helps to remove of the Avarana or Sangha

present in the Srotas and improves blood circulation in

turn helps in wound healing.[12] Kokilaksha Kashaya is

indicated in Vatarakta. It possesses Shothahara (anti-

inflammatory) property which helps to reduce odema.[13]

Manjishthadikashaya has Tikta Rasa, Raktaprasdaka,

Raktashodhaka, Sanghanissaraka, Varnya etc. properties

helps to remove the obstruction in blood flow, reduces

pain and blackish discoloration present in leg due to

Raktadusti.[14]Amrutadi Guggulu contains Guduchi as the

main ingredient and is indicated in Vatarakta (DVT),

Kustha (skin disease) and Dushtavrana (Non-healing

ulcer). Guduchi has Tikta Kashaya Rasa, Madhura

Vipaka, Ushna Virya and Tridoshahara with

Raktashodhaka (blood purifier) properties. It also has

property like Shleshma Shonita Vibandha Prashmananam

thus helps to relive obstructed Rakta from the Srotas.[15]

Pindataila is mainly indicated in the management of

Vatarakta, hence its local application is advised below knee

joint, which helps to specify Vata Dosha and relieves the

pain.[16]Panchavalkal Kashaya was used in Vrana

Prakshalan has Katu, Tikta, Kashaya Rasa, Laghu,

Ruksha, Teekshna Guna, Ushna Veerya, Katu Vipaka and

Kaphapittaghna Vranashodana Vranaropan

properties.[17,18] Jatyadi taila does the both Shodana and

Ropana of wound.[19, 20, 21]

Conclusion–PTS with chronic ulcers occurs as a
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complication of long standing DVT. The symptoms of this

condition can be correlated with GambhirVatarakta. The

analysis of Nidana, Samprapti and adopted treatment like

Raktamokshana, Virechana, Vrana Chikitsa and Shamana

Oushadi has showed improvements in the symptoms like

pain, itching, Swelling and healing of the wound. The

condition was not completely irreversible by the present

treatment it requires further research with clinical trials.

Patient Consent

Informed consent was obtained from the patient for

documentation and publication of case history.
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Introduction
Hirayama disease, also known as monomelic 
amyotrophy or benign focal amyotrophy, is 
a rare motor neuron disease which was first 
described in 1959 in Japan by Hirayama 
et al.[1,2] It is reported to primarily affect 
males of Southeast Asia, particularly 
India and Japan.[3] The symptoms usually 
appear during the second or third decade 
of life.[4] The characteristic features as 
originally described by Hirayama include:[5]

1. Weakness and wasting predominantly in 
C7, C8, and T1 myotomes of unilateral 
upper limb or asymmetrically in bilateral 
upper limbs with sparing of brachioradialis

2. Insidious onset in teens or early twenties
3. Progression of 1 to 3 years followed 

by arrest of disease or relatively benign 
course

4. Irregular‑course tremors 
(minipolymyoclonus) in the fingers of 
the affected hand(s)

5. Mild transient worsening of symptoms 
on exposure to cold

6. Electromyography evidence of chronic 
denervation in the clinically or 
subclinically affected muscles

7. The absence of substantial sensory 
loss/reflex abnormalities, cranial nerve, 
pyramidal tract in the lower limb, 
sphincter, or cerebellar deficits.
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Abstract
Introduction: Hirayama disease, also known as Monomelic amyotrophy or benign focal amyotrophy, 
is a rare motor neuron disease. It is reported to primarily affect males of southeast Asia, particularly 
India and Japan. Clinical findings and  Intervention: A 27 years male patient approached Ayurveda 
OPD with a known case of Hirayama Disease from last 9 years. Considering this condition, the 
treatment was planned according to Ayurvedic Medicinal system which included courses of Nasya 
karma, Basti karma and Shamana aushadi. Outcome: Post treatment, the patient showed considerable 
clinical improvement, and arrest in disease progression was observed. Conclusion: The present 
condition is understood under the spectrum of Vata vyadhi and was diagnosed as a case of Viswachi. 
The treatment was focused upon pacifying vata Dosha and restoring strength and functional capacity.
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The disability originates with impaired 
functioning of the anterior horn cells of the 
lower cervical cord.[6] Researches reveal 
that the contributing factors are the forward 
displacement of the cervical dural sac and 
compressive flattening of the lower cervical 
cord during neck flexion.[7] Magnetic 
resonance imaging (MRI) cervical spine in 
flexion would reveal the cardinal features 
of Hirayama disease.[8]

Case Report
Here, we report a case of Hirayama disease 
that approached and underwent Ayurveda 
management.

Personal history

A 27‑year‑old software engineer, with a 
history of keyboard typing and bike rides 
for long hours, had a relevant clinical 
history of frequent episodes of migraine 
and sinusitis, occasionally followed by 
pain at the cervical region since the age 
of 12 years, and approached the Ayurveda 
Outpatient Department, at KLE Ayurveda 
Hospital and Medical Research Centre, 
Belagavi, Karnataka.

Medical history

Previously diagnosed as a case of 
Hirayama disease, the patient presented 
with a history of gradual onset of weakness 
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and tremors in his right hand since the age of 18 years. 
The condition progressed over the past 9 years to generate 
the same symptoms in the left hand and in addition, he 
developed wasting at the right tríceps muscle. Three 
months ago, while performing aerobics, he suddenly 
developed drooping of the right ring finger along with 
loss of sensation in the same finger. The symptoms were 
observed to aggravate on exposure to cold environment. 
In addition, occasional pain at the cervical region 
radiating to the left upper limb was reported. During his 
course of evaluation and treatment at contemporary health 
care, he underwent a series of investigations wherein 
his Vitamin B12 level was 123 pg/mL and Vitamin D 
level was 15.21 ng/mL, which were found to be low. 
Electromyogram study conducted in July 2016 showed 
low amplitude of bilateral median and ulnar nerves. 
MRI of the flexed cervical spine performed in July 2016 
revealed that on sagittal sequences, the normal cervical 
lordosis seemed to be altered. Incidentally, Schmorl’s 
impressions were noted along contiguous disc surface 
of the C7–T1 level. The posterior subarachnoid space 
at C2–C3 levels appeared reduced in comparison to 
the anterior space, in neural and flexion positions. In 
addition, on flexion images, the C5–C6 intervertebral 
disc and posterosuperior aspects of C6 vertebra were seen 
contacting the anterior cord silhouette, thus confirming 
focal cord T2 hyperintense signals at C5–C6 level and 
C4–C5 and C5–C6 posterior disc protrusions, causing 
minimal thecal compressions.
• Thus, he was diagnosed as a case of Hirayama disease, 

and was advised to undergo surgery. The patient then 
approached Ayurveda consultation for conservative line 
of management.

Physical examination

On physical examination, he was conscious and well 
oriented to person, place, and time. In comparison to the 
left hand, more tremors were present in the right hand with 
reduced palmar grasp. There was reduced sensation at the 
right ring finger along with minipolymyoclonus. Wasting 
along with mild fasciculation was observed at the right 
tríceps muscle. Deep tendon reflexes were found to be 
diminished in the right upper limb.

Treatment

Based on his clinical and radiological findings, he was 
diagnosed as a case of Viswachi (neuralgic amyotrophy) 
and was put on Ayurveda line of treatment.

Classical ayurvedic therapeutic procedures were 
administered through nasal and rectal routes internally, 
and few external procedures were carried out in order 
to strengthen the spinal cord (nervous system). During 
the first course, Nasya Karma (Errhine therapy), that 
is, nasal instillation of medicated oil, was administered 
for a period of 7 days. For the initial 3 days, Shodhana 

nasya (to achieve purificatory effect) was administered 
using Shadbindu taila and for the next 4 days, Brinhana 
nasya was administered using Ksheerabala taila (101), 
whereas during the second course, Basti Karma (enema 
therapy), that is, medications through rectal route, was 
the focus of the treatment. External procedures such as 
Sarvanga abhyanga (whole‑body oil massage), Prishtha 
basti (retaining medicated oil on back), Patra pinda 
sweda (hot sudation with herbal leaves), and Dashanga 
lepa (application of medicated paste) were performed for 
supportive symptomatic relief. The details of the treatment 
are summarized in Tables 1‑4.

Progression

The patient is under monitoring through annual visits 
and regular phone call conversations. After 3 years 
of follow‑up, the patient reported 30% relief with no 
aggravation of symptoms. He was asked to take the opinion 

Table 1: The Treatment schedule for 7 days during 
Course 1:

Nasya Karma (errhine therapy)
01 Shadbindu taila 80 in each nostril for initial 3 days

Ksheerabala taila (101) 80 in each nostril for next 4 days
02 Sarvanga abhyanga with Balashwagandha taila followed 

by Vashpa Sweda (whole body massage followed by hot 
fomentation)

03 Prishtha basti with Maha Vishagarbha taila (medicated oil 
retained on back)

04 Patra Pinda Sweda to Vertebral Column (hot sudation 
with herbal leaves)

05 Dashanga Lepa to Vertebral Column (application of 
medicated paste)

Table 2: The Treatment schedule for 7 days during 
Course 2

01 Anuvasana Basti with Sahacharadi taila (rectal route 
enema with medicated oil)

02 Niruha Basti (rectal route enema with medicated decoction)
03 Sthanika abhyanga with Mahanarayana taila followed 

by Patra Pinda Sweda (oil massage to the affected region 
followed by hot sudation with herbal leaves)

Table 3: Enlisting the Oral medications during the entire 
course of treatment including follow-ups

01 Cap Guggulu Tiktaka 1 BD with luke warm water
02 Cap Ksheera Bala (101) 1 BD with luke warm water
03 Tab Rasarajeshwara rasa 1 BD with luke warm water
04 Tab Panchamruta loha guggulu 1 BD with luke warm water
05 Tab Brihat Vata Chintamani 1 BD with luke warm water
06 Sahacharadi taila (21) 5 drops with warm milk
07 Prasarninyadi kashaya 15ml BD with luke warm water
08 Ashwagandha churna 4gm + Rajata bhasma 60 mg BD 

with luke warm water + Abraka bhasma 125mg

[Downloaded free from http://www.journayu.in on Monday, September 27, 2021, IP: 10.232.74.23]



Nandigoudar, et al.: Ayurvedic approach to Hirayama disease

230 Journal of Ayurveda ¦ Volume 15 ¦ Issue 3 ¦ July-September 2021

of a neuro‑physician who stated that there was no further 
progression of the disease.

Discussion
Hirayama disease is a self‑limiting condition diagnosed 
through flexion MRI. The condition is observed to exhibit 
with wide presentation in different individuals.[5] In Ayurveda, 
the present condition can be dealt under the spectrum of Vata 
vyadhi (disorders of nervous system) and was diagnosed as 
a case of Viswachi (neuralgic amyotrophy), wherein the pain 
evolves from the nape of the neck (manya) and radiates to 
either of the bilateral upper limbs. Assessing the chronicity 
of the condition, multiple courses of treatment were planned 
with the expectation of obtaining maximum relief.

During the first course, Nasya Karma (Errhine 
therapy), that is, nasal instillation of medicated oil, was 
administered as the prime management, as indicated 
in Viswachi to achieve target action. It has been well 
established that the mucus membrane of the nose is 
highly vascular and absorption through it is directly into 
the cerebrospinal fluid via inferior ophthalmic veins.[9] 
The networks of nasal blood and lymph vessels stimulate 
the nerve endings of the olfactory and trigeminal nerves 
and impulses are transmitted to the central nervous 
system (CNS). Researchers show that the blood–brain 
barrier is highly permeable for lipid substances[10] and 
thus, the medicated oil passes this barrier to exert its 
action on CNS and strengthens the nervous pathway.

As Viswachi is one among the Vatavyadhi, the second 
course of treatment was planned to pacify Vata Dosha, 
that is, Basti Karma (administration of medicated enema 
through rectal route). Recent advancements suggest the Gut 
Brain theory,[11] wherein the stimulation of gastrointestinal 
tract activates certain aspects of the CNS and thus exhibits 
its action. In addition, its ability to by‑pass the first‑pass 
effect[12] and absorb directly into the systemic circulation 
results in pacifying the Vata Dosha and strengthens majja 

dhatu (bone marrow), thereby reducing the symptoms such 
as tingling, pain, and weakness.

External procedures such as Sarvanga abhyanga (whole‑body 
oil massage), Prishtha basti (retaining medicated oil on 
back), Patra pinda sweda (hot sudation with herbal leaves), 
and Dashanga lepa (application of medicated paste) contain 
drugs that are fat and water soluble. These medications 
when rubbed over the skin surface enhance the 
micro‑circulation (blood plasma), thereby strengthening the 
local tissues and aiding in relieving symptoms.

The herbo‑mineral preparations when administered orally 
help in nerve stimulation, prevent neuronal degeneration, 
re‑establish micro‑circulation, relieve muscle stiffness, 
and improve neuro‑muscular fine co‑ordination. 
Ashwagandha (Withania somnifera) in particular is proven 
to contain phytosteroidal properties that aid in preventing 
the myelin sheath discontinuation.[13] Further, Rajata 
bhasma and Abhraka bhasma (nano particles of calcined 
argentum and mica) are excellent brain nutrients in 
preventing spinal and cerebral atrophy.

Conclusion
The case presented above was observed to progress for a 
period of 9 years. Although the radiological findings showed 
slight variation in the presentation of typical features, the 
clinical features suggested it as more of Hirayama disease. 
The patient showed good clinical improvement with 
stabilization of the condition on receiving Ayurveda line of 
management. Hirayama disease is a less common disorder 
and thus, patients approaching Ayurveda center are still rare. 
In this case, we have made an effort to frame a treatment 
protocol to manage the condition through Ayurveda.
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Introduction
Water quality is a growing concern 
throughout the world. Water is considered 
to be potable when there are no levels of 
chemicals substances that would cause 
harm to human health. The most serious 
water pollutants in terms of human health 
worldwide are pathogenic organisms. Thus, 
drinking water must be free from these 
pathogens-viruses, protozoa, or bacteria.[1] 
Waterborne diseases are major causes of 
morbidity in developing countries.[2] Purified 
potable water is still not available to the 
majority of population. Clean drinking 
water is the major remedy for all.[3] In 
India, villages are geographically apart and 
inhabitants may have to walk kilometers to 
fetch water. Hence, it is important from a 
safety point of view to maintain the quality 
of drinking water during storage.[4] Drinking 
water may be contaminated at the source 
or during storage and contaminated after 
collection, either during transport or storage 
in the home. Drinking water may often 
be collected from any available source 
including fecally contaminated sources and 
stored in a vessel that may not be properly 
treated. This will no doubt increase the 
production of disease-causing pathogens 
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Abstract
Introduction: There can be no state of positive health and wellbeing without a good quality of water. 
Ayurveda explains many techniques for water purification which are easy to use, economical, and 
can be easily applied with household resources. Methods: Vessels made of brass, copper, stainless 
steel and earthen pot were used for the purpose. The physicochemical and microbiological qualities 
of the drinking water were analysed for each water sample collected during an initial time (“0” hr) 
and after 24 hr. Results: No change in the physical parameters of the water quality is observed in all 
vessels from initial “0” hr to after 24 hr. Absence of total fungal count is observed in water stored 
in three vessels, i.e., copper, earthen, and steel vessel from initial “0”hr to after 24 h. The organisms 
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Salmonella abony are seen to 
be absent in all the four vessels in which water is stored from initial “0” h to 24 h. Conclusion: The 
results obtained in this study reveal that the quality of water stored in copper is better than others.
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and hence deteriorate the stored water 
further. It is well-known that a greater part 
of the global population consumes untreated 
nonpiped drinking water usually consisting 
of small volumes collected and stored in the 
home by the users. Even though storage of 
water has been recommended as a method 
of water purification, contamination of 
treated or disinfected water can also occur 
during storage due to improper handling. 
Hence, it is important from a safety point 
of view to maintain the quality of drinking 
water during storage.[4] One such water 
storage method explained in Ayurveda for 
drinking purposes is to store water in brass, 
copper, earthen,[5,6] and stainless steel vessel 
which are easily available, very familiar 
to store water in rural as well as in urban 
India.

Thus, this research study was taken with 
the objective to study the effect of storage 
of borewell water in different metal vessels 
such as copper, brass, stainless steel, and 
earthen vessel by comparing the water 
quality parameters present in the water 
before and after storage. The results of each 
parameter were compared to the guidelines 
and standards set by the World Health 
Organization (WHO).[7]
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Materials and Methods
Collection of water samples

The drinking water sample was taken from the borewell 
water of Shahapur residential area of Belagavi. This 
borewell water usage was open for public and private 
houses. The sampling was done in the morning using 
disposable sterile hand gloves. Each vessel (pot) having 
2 l capacity to hold the water was selected for the study. 
The water samples kept in different vessels [Table 1] were 
washed with de-ionized water before use. The collected 
water samples in these storage vessels were allowed to 
stay for 24 h and analyses were carried out at “0” h and 
24 h of storage. These vessels containing water sample 
were covered with their respective lid and placed in a 
room at a constant temperature range of 20°C–23°C to 
avoid any contamination and the effects of light and 
temperature [Table 1].

Methodology

Experiments were conducted in a well-sophisticated 
Environmental Science Laboratory, Civil Department, K. L. 
E’s Shri. M. S. Sheshgiri College of Engineering, Belagavi.

The pH of each water samples was measured by using 
a pH meter. The pH meter was calibrated, with three 
standard solutions (pH 4.0, 7.0, and 10.0), before taking 
the measurements. After the measurement of each sample, 
the probe was rinsed with deionized water to avoid 
cross‑contamination among different samples.

The conductivity of each sample was measured using 
a conductivity meter. The probe was submerged in the 
water sample and the reading was recorded after the 
disappearance of stability indicator. After the measurement 
of each sample, the probe was rinsed with de-ionized water 
to avoid cross‑contamination among different samples.

The turbidity of the water samples was measured using a 
turbidity meter. Each sample was poured into the sample 
holder and kept inside for a few minutes. After achieving 
the reading stability, the value was recorded.[8]

The measurements of total dissolved solids (TDS) in water 
samples were carried out according to the standard methods 
of APHA[9] and Sawyer et al.[10] by the filtration process.

The TDS of the water samples were determined by the 
gravimetric method. The filtrate which contains total 
suspended solids was heated in an oven at above 100°C 
until all the water was completely evaporated. The 

remaining mass of the residue represents the amount of 
TDS in a sample.[11]

Observation
The standard solution for each tested element was prepared 
according to its concentration and used to calibrate the 
system before analyzing each water sample stored in 
different vessels. The results were recorded accordingly 
after each analysis [Table 2].[12,13]

Physicochemical analysis

pH

Increase of pH is observed in water stored in all four 
vessels from initial “0” h to after 24 h which is within 
normal limits of potable drinking water. Maximum increase 
in pH is observed in earthen vessels followed by brass and 
copper. The least increase is observed in steel vessels.

A sample is considered to be acidic if the pH is below 7.0 
and it is alkaline if the pH is higher than 7.0. The normal 
drinking water pH range mentioned in the WHO guidelines 
is between 6.5 and 8.5. Acidic water can lead to corrosion 
of metal pipes and plumping systems. Meanwhile, alkaline 
water shows disinfection in water.

Conductivity

Electrical conductivity is a measure of how well water 
can pass an electric current and is an indirect measure 
of inorganic dissolved solids. It helps in determining the 
suitability of water for irrigation and domestic uses. An 
increase in values of conductivity is observed in brass, 
copper, and earthen vessel but decreased in steel vessels. 
Maximum increase in conductivity is observed in earthen 
vessels followed by brass and copper. All the values are in 
the normal limits of potable drinking water.

Conductivity is the ability to carry an electric current. The 
presence of dissolved solids such as calcium, chloride, and 
magnesium in water samples carries the electric current 
through water. According to the WHO, the maximum 
allowable level of conductivity is 0.005–0.05 S/m. The 
differences are based on various factors such as agricultural 
and industrial activities and land use, which affect the 
mineral contents and thus the electric conductivity of the 
water. High conductivity may lead to lowering the aesthetic 
value of the water by giving mineral taste to the water.
APHA (2005) noted that the conductivity of water is 
related to its dissolved solid.

Table 1: Storage of water sample in different vessels
Name of the vessel Water source Quantity of water sample (l)
Brass vessel Borewell water of Shahapur area 2
Copper vessel Borewell water of Shahapur area 2
Earthen pot Borewell water of Shahapur area 2
Steel vessel Borewell water of Shahapur area 2
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Total dissolved solids

Increase in values of TDS is observed in brass, copper, and 
earthen vessels but values are decreased in steel vessels. 
Maximum increase in TDS is observed in earthen vessels 
followed by brass and copper. All the values are within the 
normal limits of potable drinking water.

TDS helps in understanding the level of turbidity and 
hardness of water. The desirable TDS value of drinking 
water is 300 mg/L. The total solids of water samples stored 
in brass and earthen vessels increased could be from the 
walls of the vessels.

Turbidity

Increase in values of turbidity is observed in brass, copper, 
and steel vessels, but a slight decrease in value is seen in 
earthen vessels. Maximum increase in TDS is observed 
in the brass vessel followed by copper and steel. All the 
values are within the normal limits of potable drinking 
water. Turbidity is the cloudiness of water. It is a measure 
of the ability of light to pass through water. It is caused 
by suspended material such as clay, silt, organic material, 
plankton, and other particulate materials in water. Higher 
turbidity raises water temperatures in light of the fact that 
suspended particles absorb more sun heat. Consequently, 
the concentration of the dissolved oxygen (DO) can be 
decreased since warm water carries less DO than cold 
water. Turbidity more than 5 Nephelometric Turbidity Unit 
(NTU) and above being visible and affecting the appearance 
and acceptability of drinking-water to consumers.

Chlorides

Decrease in values of Chlorides was observed in copper 
and steel vessels. In brass and earthen vessels, the value 
remains unaltered.

Sulfates

An increase in value of sulfate is observed in brass and 

earthen vessels. However in steel and copper vessels, the 
value has been decreased. Maximum increase in sulfate is 
observed in earthen and brass vessels. All the values are 
within the normal limits of potable drinking water. Normal 
range is <250 mg/L. Sulfates are not considered toxic to 
plants or animals at normal concentrations. In humans, 
concentrations of 500–750 mg/L cause a temporary laxative 
effect.

Fluorides

Slight increase in values of fluorides is observed in water 
stored in all vessels from initial “0” h to after 24 h. The 
values are within normal limits of potable drinking water.

Nitrates

Decrease in values of nitrates is observed in water stored in 
all four vessels from initial “0” h to after 24 h, which are 
within normal limits of potable drinking water. A maximum 
decrease in Nitrates is observed in steel vessels followed 
by copper and brass. The least decrease is seen in earthen 
vessels.

Total hardness as CaCO3

Increase in values of total hardness as CaCO3 is observed in 
water stored in three vessels i.e., brass, copper, and earthen 
vessel from initial “0” h to after 24 h, but decrease in value 
is seen in steel vessels, which is within normal limits of 
potable drinking water. Maximum increase in the value of 
total hardness is observed in earthen vessel followed by 
brass and copper.

Total Alkalanity as CaCO3

The alkalinity of water is its acid-neutralizing capacity 
comprised the total of all titratable bases. Alkalinity of 
water is mainly caused by the presence of hydroxide ions, 
bicarbonate ions, and carbonate ions or a mixture of two 
of these ions in water. A minimum alkalinity of 20 mg/L 
as CaCO3 is recommended for environmental waters and 

Table 2: Physico‑chemical parameters of water sample from different storage vessels
Parameters At “0” h At “24” h WHO guidelines

Brass vessel Copper vessel Earthen vessel Steel vessel
pH 6.52 7.1 6.98 7.4 6.67 6.5-8.5
Appearance Colorless Colorless Colorless Colorless Colorless Colorless
Odour Odorless Odorless Odorless Odorless Odorless Odorless
Taste Tasteless Tasteless Tasteless Tasteless Tasteless Tasteless
Turbidity (NTU) 2.4 3.7 3.6 1.9 2.5 5
Total alkalinity as CaCO3 (mg/L) 20.5 30 28 34 20 200
Conductivity (S/M) 400 440 430 490 390 <300 mg/L
Total hardness as CaCO3 (mg/L) 102.5 116 138 164 98 300 mg/L
Total dissolve solid (mg/L) 235 260 250 290 230 1000
Chloride (mg/L) 52 52 50 52 51 200 mg/L
Fluorides (mg/L) 0.3 0.4 0.4 0.6 0.4 1.5 mg/L
Sulphate (mg/L) 41.5 43 40 43 41 200 mg/L
Nitrate (mg/L) 43.5 31 31 30 19 50 mg/L

WHO: World Health Organization, NTU: Nephelometric turbidimeter unit, S/M: Siemens per meter
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levels between 25 and 400 mg/L are generally beneficial 
for aquatic life. Increase in values of total alkalinity 
as CaCO3 is observed in water stored in three vessels, 
i.e., brass, copper, and earthen vessels from initial “0” h 
to after “24” h, but there is no change observed in steel 
vessel. Maximum increase in total alkalinity as CaCO3 is 
observed in earthen vessels followed by brass and least 
in copper. All values are within normal limits of potable 
drinking water [Table 3].

Metal analysis of water

The WHO Guidelines for drinking-water quality include 
the following recommended limits on naturally occurring 
constituents that may have direct adverse health impact: 
arsenic: 10 µg/l, barium: 10 µg/l, boron: 2400 µg/l, 
chromium: 50 µg/l, fluoride: 1500 µg/l, selenium: 40 µg/l, 
and uranium: 30 µg/l.

Calcium

Increase in values of calcium is observed in water stored in 
three vessels, i.e., brass, copper, and earthen vessels from 
initial “0” h to after “24” h, but a slight decrease in value 
is seen in steel vessels, which is within normal limits of 
potable drinking water. Maximum increase in calcium is 
observed in copper followed by earthen and brass vessels.

Magnesium

Increase in values of magnesium is observed in water 
stored in three vessels, i.e., brass, copper, and earthen 
vessels from initial “0” h to after “24” h, but a slight 
decrease in value is seen in steel vessel, which is within 
normal limits of potable drinking water. Maximum increase 
in magnesium is observed in copper followed by earthen 
and brass vessels.

Iron

Decrease in values of iron is observed in water stored in 
all four vessels from initial “0” h to after 24 h, which is 
within normal limits of potable drinking water. Maximum 
decrease in Iron is observed in earthen vessels followed by 
and copper and steel. The least decrease is seen in brass 
vessels.

Water in storage vessels exposed directly or indirectly to 
the surrounding environments such as temperature, wind, 
and dust may be affected in terms of water quality. For 
instance, a high concentration of heavy metals could be 
found if corrosion is imminent in a metal storage vessel. 

In addition, some galvanized storage metal vessels could 
contain some levels of lead, iron, manganese, nickel, zinc, 
etc. This could contribute significantly to increased levels 
of heavy metals in water stored in such vessels.

A similar result was also obtained with metal vessels in 
the present study. Calcium, magnesium, and iron were not 
affected in the water samples stored in these vessels.

Microbiological analysis of stored water 

Microbiological analysis was mainly done to check whether 
the potable drinking water contains bacteria, fungi, and 
other bacteria. Total heterotrophic bacterial count is a 
method which determines colony formation in culture media 
of heterotrophic bacteria in drinking water. Determination 
of bacterial growth was done using most probable 
number (MPN) method. The experiment was conducted 
in Microbiological Lab, CRF of KAHER’s Shri. B. M. 
Kankanawadi Ayurveda Mahavidyalaya, Belagavi [Table 4].

Total bacterial count

Decrease in values of total Bacterial count is observed in 
water stored in all the vessels from initial “0” h to after 24 h.

Total fungal count

Decrease in values of total fungal count is observed in 
water stored in three vessels, i.e., copper, earthen, and steel 
vessels from initial “0” h to after 24 h. Minimal increase of 
total fungal count is noted in brass vessels.

Most probable number

The organisms Escherichia Coli, Staphylococcus aureus, 
Pseudomonas aeruginosa, and Salmonella abony are seen 
to be absent in all the four vessels in which water stored 
from initial “0” h to 24 h.

Total bacterial count, total fungal count, and all the 
organisms mentioned above in all four vessels are absent 
because of inhibited action on these organisms by metals. 
All the values are within normal limits of potable drinking 
water.

Discussion
In Ancient India, swarna, rajata, tamra, kamsya, and mrita 
paatra (earthen vessels) were used to store water. Ayurveda 
also highlights that drinking water stored in different types 
of container has different effects and medicinal properties 
to achieve good effects on overall health.[14]

Table 3: Metal analysis of water samples from different storage vessels (mg/l)
Parameters At “0” h At “24”h WHO guidelines

Brass vessel Copper vessel Earthen vessel Steel vessel
Calcium (mg/L) 4.25 10 21 13 4 75
Magnesium (mg/L) 2.5 6 13 8 2 30
Iron (mg/L) 0.28 0.15 0.17 0.13 0.18 0.3

WHO: World Health Organization
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The water stored in kamsyapatra is katu rasa and 
katuvipaka, guru guna, increases kapha and pitta dosha, 
also increases strength and immunity when used for a 
longer period of time.[15] Brass is different from copper and 
is an alloy of copper and zinc. Water stored in brass vessel 
helps to combat many waterborne diseases alternative to 
plastic containers. Copper in the brass is likely to thrive 
bacteria in the water than in the earthenware. Along with 
copper, zinc is also required for many biological activities 
which we get from brass vessels.[16,17] The water stored in 
the tamra patra (copper vessel) exhibits katu rasa, ushna 
veerya, increases pitta and vata dosha.[18] Copper is an 
essential mineral, which is required every day for healthy 
individuals at a level of about 1 mg/day. It is essentially 
required for the body to manufacture red blood cells, thus 
helping in the formation of hemoglobin. Studies have shown 
that copper surfaces completely kill bacteria. Although 
studies have shown the merits of copper surfaces for their 
use in improving public hygiene in health-care facilities, 
the potential use of copper for the purification of drinking 
water, especially in developing countries, has not been 
widely studied. Therefore, the results of our study indicate 
that copper holds the potential to provide microbially safe 
drinking water to the rural masses in developing countries. 
The use of copper pots in Indian households is common 
and is, therefore, likely to be socially accepted by the 
people. Its functioning is not dependent on fuel, electricity, 
replaceable filters, intensity of sunlight, etc., to operate 
or maintain it; it is simply a passive storage of water.[19] 
A regular diet contains a variable amount of copper but 
drinking water from the copper vessel will fulfill the daily 
requirements of copper. Copper deficiency can manifest in 
parallel with vitamin B12 and other nutritional deficiencies 
resulting in anemia. Radha et al demonstrated that MPN 
of coliform organisms present in lake water stored in four 
different vessels showed decreasing order of bacterial load 
viz. copper vessels followed by clay vessels, stainless steel 
vessels, and  plastic bottles.[20] Copper has anti‑inflammatory 
properties which helps in arthritis, slows down aging, as a 
brain stimulant, helps in curing skin ailments, helps in iron 
absorption, and normalizes thyroid function. Two liters of 
water can supply 40% of our daily requirement of copper.
Preethi Sudha et al.[21] reported that water stored overnight 

in copper pot gave less counts of E. coil, Salmonella typhi, 
and Vibrio cholerae demonstrating inactivation of these 
bacteria.

The water stored in mrit patra (earthen pot) is said to 
have dhatusamyakara property, improves bala, ojas and 
veerya in the person. Mrita paatra has the property to keep 
water cool and they can reduce the water temperature by 
a few degrees lower than the room temperature. Mrita 
paatra is porous in nature as water passes through its body 
process of evaporation occurs and it takes away some heat 
from the contents of this vessel, thus causing cooling. 
Conventionally, earthen pot water is believed to be gentle 
on the throat and better than drinking chilled water from 
the fridge. It is a better alternative to steel, glass, and 
plastic bottles for drinking water and healthier too.

Stainless steel is man-made so they don’t have any healing 
power in them. Steel among all these is slightly encouraging 
to bacteria to multiply though not very significant. Drinking 
water stored in a steel vessel has no such benefits when 
compare to other vessels. Water kept in steel glass is better 
than plastic bottles for drinking purposes.

Conclusion
No change in physical parameters is observed in water 
stored in all vessels from initial “0” h to after 24 h. The 
parameters are found to be within the recommended limits 
of the WHO. The concentrations of Ca, Mg, and Fe were 
also measured and found to be well below the standard 
maximum concentrations. Steel vessel is consider to be 
comparatively good one to store water as much change 
is not seen in the values of chemical and microbiological 
value; however, copper vessel is more effective than 
earthen and stainless steel vessels in killing the bacteria 
during water storage. The Ayurveda describes storing water 
in a copper vessel overnight and drinking it in the mornings 
for many health benefits. Storing water in copper pots finds 
mention in ancient texts of Ayurveda for purification of 
water. Therefore, results of our study stated that storing 
water in copper vessels is being simple, practicable cheap, 
and better, so it is therefore recommended for use.

Table 4: Microbes identified and their succession during storage in different vessels
Parameters At “0” h At “24” h WHO guidelines

Brass vessel Copper vessel Earthen vessel Steel vessel
Total bacterial count (cfu/ml) 32 28 16 26 31 30-300 cfu/ml
Total fungal count (cfu/ml) 33 26 25 23 27 10-100 cfu/ml
Most probable number Absent
Escherichia coli Absent Absent Absent Absent Absent Absent
Staphylococcus aureus Absent Absent Absent Absent Absent Absent
Pseudomonas aeruginosa Absent Absent Absent Absent Absent Absent
Salmonella abony Absent Absent Absent Absent Absent Absent

WHO: World Health Organization

[Downloaded free from http://www.journayu.in on Wednesday, December 22, 2021, IP: 10.232.74.27]
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सारांश

पृष्टभूमि: “उनचत नवशेषताओ ंका पेयजल” प्ाथनमक स्ास्थ्य देखिाल का एक मूल तत्व है। आयुववेद में जल शरोधि तकिीक वनर्णत है, 
नजिका उपयरोग आसािी से घरेलू संसाधिरो ं से नकया जा सकता है। मिमियां: पेयजल की गुरवत्ा का आकलि करिे के  नलए पीतल, 
तांबा, टिील और नमट्ी के पात्ररो ंमें ‘0’ घने् से ‘24’ घने् तक संग्नहत जल के िमूिरो ंका िौनतक रासायनिक एवं सूक्ष्मजैनवक गुररो ंका 
नवशे्षर कर वत्णमाि अध्ययि नकया गया। पररणाि: ‘0’ घने् से ’24’ घने् के बाद िी सिी पात्ररो ं में संग्हीत जल के गुररो ं में करोई 
पररवत्णि िही ंआया।  िरोिल फंगल काउंि की अिुपक्सथनत तीि पात्ररो ंमें (तामे्, नमट्ी और टिील) देखी गई। E. Coli, S. aureus, P. 
aeruginosa और S. abony  जीवरो ंकरो चाररो ंपात्ररो ंमें अिुपक्सथत देखा गया। मिष्करचा: वत्णमाि अध्ययि से पता चलता है नक घर पर 
पािी करो संग्नहत करिे के नलए इसे्तमाल नकए जािे वाले इि पात्ररो ंका, उसकी गुरवत्ा पर प्िाव पडता है।
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Highlights

Chlorogenic acid, a phytocompound from traditional herb Echinacea purpurea, may act as a potent main
protease 3CLpro inhibitor and may also inhibit the severe acute respiratory syndrome coronavirus 2
dimerization, viral gene expression, and replication within the lung epithelium.

Tradition

Echinacea purpurea, a member of the Asteraceae/Compositae family, is commonly known as purple
coneflower. E. purpurea has a long history of medicinal use, particularly for various infections. First, in
1737, John Clayton (1686–1773) described the therapeutic use of E. purpurea in his Catalogue of Plants,
Trees, and Fruits Native to Virginia, that is, “Flora Virginica”. In 1852, E. purpurea was listed for the first
time in the Eclectic Dispensatory of the United States of America for its beneficial effect against syphilis. In
1998, Thompson KD reported that Viracea (proprietary formula from Destiny BioMediX Corp), a topical
microbicide, is a mixture of phytochemicals derived from E. purpurea and benzalkonium chloride as a
potent antiviral drug against both acyclovir-resistant and acyclovir-susceptible strains of herpes simplex
virus 1 and herpes simplex virus 2. The plant E. purpurea was also showed a significant anti-severe acute
respiratory syndrome and Middle East respiratory syndrome effect.
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Abstract
Background: Since the emergence of coronavirus disease 2019 to date, there is no available approved drug or
definitive treatment for coronavirus disease 2019 viral infection, and the identification of novel hits against
therapeutic targets has become a global emergency. Echinacea purpurea is a traditional herb utilized to treat cough,
fever, sore throat, respiratory tract infection, and so on as an immune stimulant. In this study, in silico molecular
docking approach was used to screen phytocompounds from E. purpurea against severe acute respiratory syndrome
coronavirus 2 main protease 3C-like protease (3CLpro) and severe acute respiratory syndrome coronavirus main
peptidase (96% sequence similarity) to blunt the viral gene expression and viral replication. Methods: Initially, we
screened phytocompounds for their druggability and ADMET property. Furthermore, x-ray crystallographic
structures of main proteases 3CLpro and main peptidase having Protein Data Bank ID 6LU7 and 2GTB were used
as protein targets for the identification of potential drug candidates. We performed docking using AutoDock Vina
by PyRx 0.8 software. BIOVIA Discovery Studio Visualizer v2019 was used to analyze ligand-protein complex.
The probable protein targets of the selected compound were predicted by BindingDB (P ≥ 0.7). STRING and
Kyoto Encyclopedia of Genes and Genomes pathways are utilized to identify the molecular pathways modulated by
the predicted targets (FDR ≤ 0.05), and the network interaction between compounds and protein pathways was
constructed by Cytoscape 3.6.1. Results: Among all the compounds, chlorogenic acid showed druggable
characteristics and scored the lowest binding energy with main protease and main peptidase via interacting with
active site 1 domain amino acid residues. Interestingly, chlorogenic acid interacted with Phe140 main protease
3CLpro, which is potentially involved in the dimerization. Enrichment analysis identified chlorogenic acid to
modulate insulin resistance, necroptosis, interleukin-17, tumor necrosis factor signaling pathway, legionellosis, T
helper 17 cell differentiation, advanced glycation end products and receptor for advanced glycation end products,
mitogen-activated protein kinase, Ras, estrogen, vascular endothelial growth factor, B-cell receptor, nuclear factor
kappa B, Rap1, hypoxia inducible factor-1, phosphatidylinositide 3-kinase-Akt, insulin, mechanistic target of
rapamycin, p53, retinoic acid inducible gene I like receptor, and ErbB signaling pathways. Conclusion:
Chlorogenic acid may act as a potent main protease 3CLpro inhibitor and may also inhibit the severe acute
respiratory syndrome coronavirus 2 dimerization, viral gene expression, and replication within the lung epithelium.
Chlorogenic acid may go a long way in finding one of the multipronged solutions to tackle coronavirus disease
2019 viral infection in the future.
Keywords: Molecular docking, Echinacea purpurea, Chlorogenic acid, COVID-19, Main protease 3CLpro,
Network pharmacology
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Background

Coronaviruses are a large family of viruses that belong
to the Coronaviridae family. The family Coronaviridae
is divided into four genera, namely, alpha, beta,
gamma, and delta coronaviruses, based on the
phylogenetic relationship and genomic structures [1].
It is reported that alpha and beta coronaviruses, mainly
the severe acute respiratory syndrome coronavirus
(SARS-CoV) and the Middle East respiratory
syndrome coronavirus (MERS-CoV), transmitted to
mammals, causing respiratory infections, whereas
gamma and delta coronaviruses infect birds [2]. The
genetic makeup of coronavirus contains accessory,
structural, and nonstructural proteins. The accessory
proteins perform a major role in antagonizing the host
response and contribute to the pathogenesis of
coronavirus disease 2019 (COVID-19) [3]. The
coronavirus genome encodes four major structural
proteins, namely, the spike (S) protein, nucleocapsid
(N) protein, membrane (M) protein, and the envelope
(E) protein, all of which are required to produce a
complete structural morphology of viral particles [4,
5].
2019-nCoV is a new strain of coronavirus identified

at the end of 2019 in Wuhan, China, and on 30 January
2020, the outbreak in China was declared by the
Emergency Committee of the WHO [6]. COVID-19
has become an important public issue across the world.
A total of about 74,000,000 confirmed cases and
1,650,000 deaths have been reported in 210 countries
and territories from COVID-19 till 17 Dec 2020 [7].
The virus mainly attacks the respiratory tract and
causes many symptoms such as fever, dyspnea, and
bilateral lung infiltration, which are similar to those of
the previously reported SARS-CoV and the
MERS-CoV infection [8].
After the analysis of different therapeutic targets of

coronavirus, three important known proteins of
coronavirus, including papain-like protease, 3C-like
protease (3CLpro), and spike protein, were discovered,
which are become attractive targets for investigation of
new potential antiviral agents [9]. It is reported that the
spike protein of both SARS-CoV-2 and SARS-CoV
binds to angiotensin-converting enzyme 2 receptor
with high affinity and enters into host cells to exert its
pathogenicity [10]. Recently, Liu et al. in January 2020
have successfully crystallized the main protease
3CLpro as a potential therapeutic target from
COVID-19 and it has been structured and deposited in
the Protein Data Bank (PDB) [11]. COVID-19 main
protease shares 96% sequence similarity with SARS
coronavirus main peptidase [12]. SARS-CoV-2 main
protease 3CLpro and SARS main peptidase are key
proteins involved in viral translation, replication, and
life cycle of the virus in human host cells.
Therefore, researchers are focusing on both the main

protease and main peptidase to develop a potential
antiviral treatment. Compounds targeting these
proteins could blunt the function of viral pathogenesis
[13]. Numerous researchers performed virtual
screening of phytocompounds to identify the small
molecule, which can inhibit the main protease function
[14–17] and suggested some broad-spectrum antiviral
drugs such as human immunodeficiency virus
proteases, neuraminidase inhibitors, and nucleoside
analogs as a promising treatment for COVID-19.
Antimalarial drugs, for example, chloroquine,
hydroxychloroquine, and some antiviral drugs like
oseltamivir, nelfinavir, lopinavir, ganciclovir,
remdesivir, ritonavir, and so on are clinically tested
against COVID-19 infection and currently utilized as
prophylaxis [18]. However, there is no Food and Drug
Administration approved or specific treatment that has
been developed to combat COVID-19. Hence,
considering the risk factors associated with a viral
infection, the identification of a specific drug molecule
to target COVID-19 infection becomes a global
emergency. Traditional medicinal plants have been in
use since ancient times and have the potency to treat
infectious diseases [19].
Echinacea purpurea, a member of the

Asteraceae/Compositae family [20], is commonly
known as purple coneflower [20, 21]. E. purpurea has
a long history of medicinal use, particularly for various
infections. First, in 1737, John Clayton (1686–1773)
described the therapeutic use of E. purpurea in his
Catalogue of Plants, Trees, and Fruits Native to
Virginia, that is, “Flora Virginica” [22, 23]. In 1852, E.
purpurea was listed for the first time in the Eclectic
Dispensatory of the United States of America for its
beneficial effect against syphilis [22, 23]. Furthermore,
in 1994, a clinical trial by D Melchart reported E.
purpurea as an immunomodulator [24]. In 1998,
Thompson KD reported that Viracea (proprietary
formula from Destiny BioMediX Corp), a topical
microbicide, is a mixture of phytochemicals derived
from E. purpurea and benzalkonium chloride as a
potent antiviral against both acyclovir-resistant and
acyclovir-susceptible strains of herpes simplex virus 1
(HSV-1) and HSV-2 virus [25]. Native Americans used
the plant for enhancing the human immune system [20,
21]. The plant was not approved by the US Food and
Drug Administration for its therapeutic use but it was
adopted by central US settlers in the 1800s [26]. The
plant is rich in phenolic compounds (caffeic acid
derivatives), alkamide derivatives, and other
phytocompounds and possesses antifungal [27],
anti-inflammatory [29], antioxidant [30], and other
activities. The plant E. purpurea was also tested for its
in vitro activity against SARS and MERS and showed
a significant anti-SARS and MERS effect [31].
In this study, we screened phytocompounds, mainly

caffeic acid, caftaric acid, chlorogenic acid, ferulic
acid, gallic acid, and 4-hydroxy benzoic acid, from E.
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purpurea against COVID-19 main protease and
SARS-CoV main peptidase using molecular docking
study. We identified chlorogenic acid potent lead
molecule against SARS-CoV-2 main protease 3CLpro
and SARS main peptidase.

Materials and methods

Drug-likeness property of bioactive
phytocompounds
Molinspiration (https://www.molinspiration.com/
cgi-bin/properties) and MolSoft (https://molsoft.com/
mprop/) web servers were used to predict the
drug-likeness properties of phytocompounds.
Drug-like properties were calculated based on
Lipinski’s rule of five, which proposes that molecules
should possess molecular weight ≤ 500, C logP ≤ 5,
less than 10 hydrogen bonds acceptor, and less than 5
hydrogen bond donors [32]. The canonical simplified
molecular line-entry systems were retrieved from
PubChem and submitted as input to Molinspiration and
MolSoft web server to predict drug-like properties of
compounds [33].

Pharmacokinetics and toxicity predictions
In the drug development process, the pharmacokinetic
properties such as absorption, distribution, metabolism,
and excretion and toxicity studies of ligand molecules
play an important role. Hence, we used the online
server PreADMET (http://preadmet.bmdrc.org) to
predict several pharmacokinetics and toxicological
parameters. PreADMET calculates pharmacokinetic
and toxicological properties such as blood-brain barrier
(BBB), buffer solubility, human intestinal absorption
(HIA), P-glycoprotein, skin permeability, plasma
protein binding, and carcinogenic and mutagenic
effects [34].

Preparation of ligand
The three-dimensional (3D) structures of all ligand
molecules were retrieved from the PubChem chemical
database (https://pubchem.ncbi.nlm.nih.gov/) in
structural data format and converted to PDB format
using Discovery Studio Visualizer (DSV) 2019.
PubChem is a universal database that stores chemical
structural information, including their biological
activities. Furthermore, we minimized ligands’ free
energy using the MMFF94 force field using Marvin
Sketch software to remove the clashes within the
atoms [35].

Preparation of target protein
We obtained the 3D x-ray crystallographic structures
of both targets COVID-19 main protease 3CLpro
(PDB ID: 6LU7) and SARS-CoV main peptidase
(PDB ID: 2GTB) from PDB (www.rcsb.org). 6LU7
has two chains, “A and C”. Chain A contains
SARS-CoV-2 main protease enzyme and chain C is a

native ligand of protein (mainly, a peptide designed to
inhibit the main protease). 2GTB has three chains.
Chain A contains SARS coronavirus main peptidase
(3CLpro) and the other two chains are native ligands
of the protein. Hence, we used chain A of both proteins
for the preparation of the macromolecule. Furthermore,
we cleaned the binding pocket by removing water
molecules and heteroatoms using the DSV 2019 to
eliminate the docking interferences; this makes
calculations easier so that ligand can form satisfactory
interactions with the protein molecule.

Ligand-protein docking study
For molecular docking, we used AutoDock Vina by
PyRx 0.8. The target and ligands PDB files were
loaded into PyRx software, and AutoDock Vina
preferences were obtained for both ligand and target in
PDBQT format. The grid box was generated to the
active site, and the exhaustiveness was set to 100.
After completion of the docking algorithm, the
ligand-protein complexes that have the best
conformation and lowest binding energy were selected
and visualized in DSV 2019 for their conventional and
hydrophobic interactions. Furthermore, the change in
the ligand orientation pre- and postdocking simulation
was observed in the steric and electrostatic properties.

Target prediction and gene set enrichment analysis
BindingDB and SwissTargetPrediction online server
were used to predict probable protein targets of the
selected compound at a probability score of ≥ 0.7 and
≥ 0.09, respectively. To retrieve the gene ID of
predicted protein targets, the UniProt database
(https://www.uniprot.org/) was used [36]. To analyze
the protein-protein interaction with the species limited
to “Homo sapiens”, the set of proteins were submitted
as input to the search tool for the Retrieval of
Interacting Genes/Proteins database STRING v.11.0
(https://string-db.org/), and Kyoto Encyclopedia of
Genes and Genomes database was utilized to identify
the molecular pathways modulated by chlorogenic acid
predicted targets at the false discovery rate (FDR)
cut-off value of ≤ 0.05 [37].

Network analysis
Based on the enrichment analysis, protein targets
involving pathways of COVID-19 and other viral
infections, inflammation, immune system, and
complex polygenic disorders such as metabolic
syndromes, namely, diabetes mellitus, hypertension,
and cardiac failure are selected. The datasheet was
built for the interaction between chlorogenic acid,
selected protein targets, and pathways, and the network
between them was constructed using Cytoscape 3.6.1
software. The network is treated as directed by using
the command “network analyzer”, and the topological
parameter “edge count” was applied to identify the
connections’ degree among the nodes (blue color

https://www.molinspiration.com/cgi-bin/properties
https://www.molinspiration.com/cgi-bin/properties
https://molsoft.com/mprop/
https://molsoft.com/mprop/
http://preadmet.bmdrc.org
https://pubchem.ncbi.nlm.nih.gov/
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represents low edge count, and green color represents
high edge count) [38, 39]. The square shape represents
the compound, the round shape represents probable
protein molecules targeted by the compound, and the
down arrow represents modulated molecular pathways
by protein molecules targeted by the compound.

Results

Drug-likeness property of bioactive
phytocompounds
MolSoft online server was used to screen the
phytocompounds’ druggable characteristics. Among
the selected compounds, only chlorogenic acid showed
potent drug-like properties. The drug-likeness score of
chlorogenic acid was found to be 0.72. Furthermore,
chlorogenic acid was classified under the small
molecules based on Lipinski’s rule of five because
chlorogenic acid MW is 354.31 (< 500) and hydrogen
bond donor and hydrogen bond acceptor were 6 and 9,
respectively. LogP value is 1.61. Herein, chlorogenic
acid obeyed the rule of five and showed positive

druggable characteristics. Similarly, other compounds
obeyed Lipinski’s rule of five but did not show a
positive drug-likeness score. The drug-likeness
property of each compound was shown in Table 1.

Pharmacokinetics and toxicity predictions
The PreADMET server was used to predict ADMET
profile of phytocompounds. Caffeic acid, ferulic acid,
gallic acid, and 4-hydroxy benzoic acid were predicted
to cross BBB. However, caftaric acid and chlorogenic
acid were predicted to cross BBB poorly. HIA of
caffeic acid, ferulic acid, gallic acid, and 4-hydroxy
benzoic acid was found between 50% and 90%,
whereas chlorogenic acid and caftaric acid were found
to be 30.42% and 18.28%, respectively. All the
compounds were predicted to be an inhibitor of
CYP2C9 and predicted to be a mutagen. Except for
caftaric acid and chlorogenic acid, all the drugs
showed the noncarcinogenic property in mice, whereas
chlorogenic acid and 4-hydroxy benzoic acid were
predicted for their noncarcinogenic effect in rats. Table
1 shows the overall ADMET profile of each compound.

Table 1 Druggability, pharmacokinetic, and toxicity profile of phytocompounds

Compounds Caffeic acid Caftaric acid Chlorogenic acid Ferulic acid Gallic acid 4-Hydroxy
benzoic acid

Mol formula C9H8O4 C13H12O9 C16H18O9 C10H10O4 C7H6O5 C7H6O3

Mol weight (g/mol) 180.16 312.23 354.31 194.18 170.12 138.12

LogP 1.27 −0.85 −0.20 1.61 0.78 1.43

HBD 3 5 6 2 4 2

HBA 4 9 9 4 5 3

TPSA 77.75 161.59 164.74 66.76 97.98 57.53

DLS −0.35 −0.02 0.79 −0.61 −0.22 −0.37

BBB (logBB) 0.50 0.03 0.03 0.76 0.64 0.35

BS (mg/L) 2.00E+05 3.40E+06 8.17E+05 8.13E+04 5.98E+04 1.56E+06

CaCO2p (nm/sec) 21.11 14.34 18.72 21.12 20.31 13.85

CYP2C19 Non Inhibitor Inhibitor Non Inhibitor Inhibitor

CYP2C9 Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor

CYP2D6 Non Non Non Non Non Non

CYP3A4 Inhibitor Inhibitor Inhibitor Non Non Inhibitor

HIA (%) 82.30 18.28 30.43 90.60 88.14 53.70

P-gp Non Non Non Non Non Non
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Table 1 Druggability, pharmacokinetic, and toxicity profile of phytocompounds (Continued)

Compounds Caffeic acid Caftaric acid Chlorogenic acid Ferulic acid Gallic acid 4-Hydroxy
benzoic acid

PPB (%) 40.29 53.66 41.96 50.41 8.041 65.38

Water solubility
(mg/L) 4878.52 3883.01 7919.12 2387.53 19482.50 72333.40

SP (logKp, cm/h) −2.67 −3.86 −3.89 −1.87 −2.23 −3.63

Ames test Mutagen Mutagen Mutagen Mutagen Mutagen Mutagen

Carcinogenicity
(mouse) Negative Positive Positive Negative Negative Negative

Carcinogenicity
(rat) Positive Positive Negative Positive Positive Negative

hERG inhibition Medium risk Medium risk Medium risk Medium risk Low risk Low risk

FAT (Medika) 0.23 0.65 2.64 0.20 0.59 0.51

FAT (Minnow) 0.11 0.49 2.20 0.13 0.23 0.18

HBD, hydrogen bond donor; HBA, hydrogen bond acceptor; TPSA, topological polar surface area; DLS,
drug-likeness score; BBB, blood-brain barrier; BS, buffer solubility; CaCO2p = CaCO2 permeability: the predicted
value of intestinal absorption through CaCO2p; HIA, human intestinal permeability; P-gp, P-glycoprotein; SP, skin
permeability; PPB, plasma protein binding; hERG inhibition, the predicted result of hERG (the human
ether-à-go-go-related gene) inhibition by compounds; FAT, fish aqueous toxicity.

Characteristics of protein molecules
PROCHECK and ERRAT online servers were used to
identify the amino acid distribution and to predict the
quality of the x-ray crystallographic protein molecules
used in this study. About 90.6% of amino acid residues
of main protease 6LU7 were present in the most
favored region and about 8.7% were in the additional
allowed region. However, only one amino acid, Asn84,
was present in the disallowed region. Similarly, about
90% of amino acid residues of main peptidase (2GTB)
were present in the most favored region and 8.1% were
in the additional allowed region. However, only three
amino acids, Asn84, Tyr154, and ILE286, were present
in the disallowed region. The overall quality of 6LU7
and 2GTB was found to be 96.55% and 95.4%,
respectively. Phe140, Gly143, His163, His164, Glu166,
Gln189, and Thr190 are the active site amino acid
residues present in the main protein. Similarly, Thr25,
His41, Met49, Tyr54, Phe140, Leu141, Asn142,
Gly143, Ser144, Cys145, His163, His164, Met165,
Glu166, Leu167, Pro168, His172, Asp198, Arg188,
Gln189, Gln192, Ala193, Lys236, Tyr237, and Gln273
are the active site amino acid residues present in the
main peptidase.

Ligand-protein docking study
AutoDock by PyRx 0.8v was used to perform a
molecular docking study to identify the probable
binding affinity and molecular interactions of
phytocompounds with COVID-19 main protease and

SARS main peptidase. Among all the compounds,
caftaric acid and chlorogenic acid showed the highest
binding affinity with main protease, that is, −6.0
kcal/mol, and formed 5 and 4 hydrogen bond
interactions with active site amino acid residues,
respectively. Among them, caftaric acid formed 2
bonds with active site residues, Gly143 and Thr190,
whereas chlorogenic acid formed 3 bonds, Phe140,
Glu166, and Thr190, which indicates the highest
affinity of chlorogenic acid toward the main protease.
Furthermore, the distance between the active site
residue and chlorogenic acid functional groups was
identified as Phe140…OH (2.77Å), Glu166…OH
(2.33Å), and Thr190…OH (2.10Å). Similarly, among
all the compounds, chlorogenic acid showed the
highest binding affinity with main peptidase (−7.4
kcal/mol) and formed two hydrogen bond interactions
with active site amino acid residues, that is, His41 and
His163. Interestingly, none of the compounds showed
hydrogen bond interaction with the active site residues,
except for chlorogenic acid (Table 2). Furthermore, the
percentage change in orientation of chlorogenic acid
with main protease 3CLpro pre- and postdocking in the
steric property was found to be 18.44% and at
electrostatic was 44.50%. Similarly, chlorogenic acid
with main peptidase in the steric property was found to
be 17.71% and at electrostatic was 29.86%. The
affinity and orientation of chlorogenic acid main
protease 3CLpro and main peptidase are shown in
Figure 1 and Figure 2.
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Table 2 Binding affinity and hydrogen bond interactions of phytocompounds with 6LU7 and 2GTB

Compounds PubChem ID

Binding energy
(kcal/mol) Hydrogen bond interactions

6LU7 2GTB Amino acids of 6LU7 involved
in the interaction

Amino acids of 2GTB involved
in the interaction

Caffeic acid 689043 −5.4 −6.6 HIS A:41, PHE140 A:140, and
GLU A:166

GLN A:110, THR A:111, ASN
A:151, PRO A:293, PHE A:294,
ASPA:295, and ARGA:298

Caftaric acid 6440397 −6.0 −7.1
LEU A:141, GLY A:143, CYS
A:145, MET A:165, and THR
A:190

THR A:111, LEU A:202, THR
A:292, and ARGA:298

Chlorogenic
acid 1794427 −6.0 −7.4 PHE A:140, LEU A:141, GLU

A:166, and THR A:190 HIS A:41 and HIS A:163

Ferulic acid 445858 −5.3 −5.9 Nil VAL A:104, GLN A:110, THR
A:111, and ASPA:295

Gallic acid 370 −5.1 −6.0 SERA:144 and GLU A:166 TRPA:218

4-Hydroxy
benzoic acid 135 −4.5 −5.7 GLU A:166 PHE A:219, LEU A:271, and

TRPA:218

Figure 1 Interaction of chlorogenic acid with main protease 3CLpro. a) Distance between chlorogenic acid
functional group and main protease 3CLpro. b) 3D representation. c) Chlorogenic acid within main protease
3CLpro binding pocket. d) Orientation of chlorogenic acid before and after docking simulation. 3CLpro, 3C-like
protease; 3D, three-dimensional.
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Figure 2 Interaction of chlorogenic acid with SARS-CoV main peptidase. a) Distance between chlorogenic acid
functional group and main peptidase. b) 3D representation. c) Chlorogenic acid within main peptidase binding
pocket. d) Orientation of chlorogenic acid before and after docking simulation. SARS-CoV, severe acute
respiratory syndrome coronavirus; 3D, three-dimensional.

Target prediction, gene set enrichment, and
network analysis
A total of 27 probable protein targets were identified
from BindingDB (P ≥ 0.7) and 36 from
SwissTargetPrediction (P ≥ 0.09). The gene set
enrichment analysis of predicted targets identified 31
protein targets to modulate 92 molecular pathways.
Among them, 41 molecular pathways were potentially
involved in COVID-19 and other viral infections,
inflammation, immune system, and complex polygenic
disorders such as metabolic syndromes, namely,
diabetes mellitus, hypertension, and cardiac failure.
Insulin resistance (IR) scored the lowest FDR value of
1.73E-07 and scored the highest edge count within the
network via modulating 8 protein targets, namely,
PYGM, PYGL, PRKCQ, PRKCB, PRKCE, MGEA5,
PRKCD, and IKBKB. Following the IR, intracellular
signaling pathways such as interleukin-17 (IL-17),
tumor necrosis factor (TNF), advanced glycation end
products (AGE) and receptor for advanced glycation

end products (RAGE), mitogen-activated protein
kinase (MAPK), Ras, estrogen, vascular endothelial
growth factor (VEGF), B-cell receptor, nuclear factor
kappa B (NF-kappa B), Rap1, hypoxia inducible
factor-1 (HIF-1), phosphatidylinositide 3-kinase
(PI3K)-Akt, insulin, mechanistic target of rapamycin
(mTOR), p53, retinoic acid inducible gene I like
(RIG-I-like) receptor, ErbB signaling pathways and
necroptosis, legionellosis, and T helper 17 (Th17) cell
differentiation were identified to be the next highly
enriched molecular pathways with < 0.05 FDR value
(Table 3). Figure 3 presents the network representation
of chlorogenic acid, protein targets, and pathways.

Discussion

The ecological environmental changes and the
variations in the pathogens have led to a surge in the
number of new emerging infectious diseases. The
current pandemic COVID-19 infection is responsible
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for a large number of deaths worldwide and becomes a
public health challenge. To date, many researchers
made several attempts to identify novel antiviral agents,
focusing on the development of novel vaccines, but
none of the antiviral compounds showed a significant
effect against SARS-CoV-2. Recently,
Hydroxychloroquine and Chloroquine were utilized as
prophylaxis but these agents are causing negative
effects on patients with diabetes, hypertension, and
heart disease. However, traditional medicines have
broad prospects for the treatment of infectious diseases
since ancient times. In 2002, about 58.3% of SARS
confirmed patients received traditional Chinese herbal
medicine and the symptoms associated with SARS
such as fever, cough, and dyspnea significantly
improved, improving absorption of pulmonary
infiltration and quality of life.
In our study, E. purpurea, a member of the

Echinacea family, was used to screen against
COVID-19 infection. E. purpurea is a well-known
antiviral herb, and traditionally, it is used to treat the
common cold, coughs, bronchitis, urinary tract

infections, upper respiratory tract infection, and
inflammatory conditions [22, 23]. E. purpurea is
reported for its immunostimulant [28] and
anti-inflammatory activities [29]. The beneficial effect
of E. purpurea against respiratory infection was
documented via preclinical and clinical studies. Herein,
seven bioactive phytocompounds were identified to
screen their affinity toward SARS-CoV-2 main
protease and SARS-CoV main peptidase. The results
revealed that chlorogenic acid has a positive drug-like
property and is predicted to have the highest binding
affinity with active site residues, that is, Phe140,
Glu166, and Thr190 of SARS-CoV-2 main protease
and His41 and His163 of SARS-CoV main peptidase.
Importantly, SARS-CoV-2 main protease is active in a
dimeric form and plays a key role in polyprotein
processing, and dimerization is important for catalytic
activity. In SARS-CoV-2 main protease, Phe140 is
potentially involved in dimerization. In this study,
chlorogenic acid showed hydrogen bond interaction
with Phe140 dimerization residue.

Table 3 Molecular pathway enrichment analysis of protein targets modulated by chlorogenic acid

Pathway name Gene
count FDR Set of genes within the pathway

IR 8 1.73E−07 PYGM, PYGL, PRKCQ, PRKCB, PRKCE, MGEA5,
PRKCD, IKBKB

IL-17 signaling pathway 7 8.32E−07 MMP13, CASP3, HSP90AA1, CASP8, HSP90AB1,
MMP9, IKBKB

Inflammatory mediator
regulation of transient receptor

potential channels
6 1.22E−05 PRKCQ, PRKCG, PRKCB, PRKCE, PRKCH, PRKCD

Apoptosis 6 8.00E−05 CASP6, CASP3, CASP2, CASP8, CASP7, IKBKB

Hepatitis B 6 9.51E−05 PRKCG, PRKCB, CASP3, CASP8, MMP9, IKBKB

Necroptosis 6 1.40E−04 PYGM, PYGL, HSP90AA1, CASP8, HSP90AB1, CASP1

TNF signaling pathway 5 3.00E−04 CASP3, CASP8, CASP7, MMP9, IKBKB

Legionellosis 4 3.40E−04 CASP3, CASP8, CASP7, CASP1

Starch and sucrose metabolism 3 1.70E−03 PYGM, PYGL, TREH
Fc gamma R-mediated

phagocytosis 4 1.70E−03 PRKCG, PRKCB, PRKCE, PRKCD

AGE-RAGE signaling pathway
in diabetic complications 4 2.00E−03 PRKCB, PRKCE, CASP3, PRKCD

MAPK signaling pathway 6 2.10E−03 PRKCG, KDR, PRKCB, CASP3, RASGRP3, IKBKB

Th17 cell differentiation 4 2.10E−03 PRKCQ, HSP90AA1, HSP90AB1, IKBKB

Type II diabetes mellitus 3 2.60E−03 PRKCE, PRKCD, IKBKB
Human papillomavirus

infection 6 2.60E−03 TERT, CASP3, CASP8, HDAC9, PPP2CA, IKBKB

IR 8 1.73E−07 PYGM, PYGL, PRKCQ, PRKCB, PRKCE, MGEA5,
PRKCD, IKBKB
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Table 3 Molecular pathway enrichment analysis of protein targets modulated by chlorogenic acid
(Continued)

Pathway name Gene
count FDR Set of genes within the pathway

Ras signaling pathway 5 3.70E−03 PRKCG, KDR, PRKCB, RASGRP3, IKBKB

Estrogen signaling pathway 4 4.10E−03 HSP90AA1, HSP90AB1, MMP9, PRKCD

VEGF signaling pathway 3 4.40E−03 PRKCG, KDR, PRKCB
B-cell receptor signaling

pathway 3 6.50E−03 PRKCB, RASGRP3, IKBKB

Epidermal growth factor
receptor tyrosine kinase
inhibitor resistance

3 7.80E−03 PRKCG, KDR, PRKCB

NF-kappa B signaling pathway 3 1.18E−02 PRKCQ, PRKCB, IKBKB

Pancreatic secretion 3 1.18E−02 PRKCG, CA2, PRKCB

Rap1 signaling pathway 4 1.22E−02 PRKCG, KDR, PRKCB, RASGRP3

HIF-1 signaling pathway 3 1.22E−02 PRKCG, PRKCB, EGLN1

PI3K-Akt signaling pathway 5 1.40E−02 KDR, HSP90AA1, HSP90AB1, PPP2CA, IKBKB
Fructose and mannose

metabolism 2 1.52E−02 AKR1B1, AKR1B10

Aldosterone-regulated sodium
reabsorption 2 1.75E−02 PRKCG, PRKCB

Carbohydrate digestion and
absorption 2 2.07E−02 PRKCB, SLC37A4

Insulin signaling pathway 3 2.16E−02 PYGM, PYGL, IKBKB
Endocrine and other types of
factor-regulated calcium

reabsorption
2 2.46E−02 PRKCG, PRKCB

mTOR signaling pathway 3 2.72E−02 PRKCG, PRKCB, IKBKB

Viral myocarditis 2 3.20E−02 CASP3, CASP8

Hepatocellular carcinoma 3 3.32E−02 PRKCG, PRKCB, TERT

Influenza A 3 3.54E−02 PRKCB, IKBKB, CASP1

p53 signaling pathway 2 3.87E−02 CASP3, CASP8
RIG-I-like receptor signaling

pathway 2 3.87E−02 CASP8, IKBKB

Herpes simplex infection 3 3.87E−02 CASP3, CASP8, IKBKB

Viral carcinogenesis 3 3.87E−02 CASP3, CASP8, HDAC9

Non-small-cell lung cancer 2 3.87E−02 PRKCG, PRKCB

ErbB signaling pathway 2 4.90E−02 PRKCG, PRKCB

Insulin secretion 2 4.96E−02 PRKCG, PRKCB
IR, insulin resistance; FDR, false discovery rate; IL-17, interleukin-17; TNF, tumor necrosis factor; AGE, advanced
glycation end products; RAGE, receptor for advanced glycation end products; MAPK, mitogen-activated protein
kinase; Th17, T helper 17; VEGF, vascular endothelial growth factor; NF-kappa B, nuclear factor kappa B; HIF-1,
hypoxia inducible factor-1; PI3K, phosphatidylinositide 3-kinase; mTOR, mechanistic target of rapamycin;
RIG-I-like, retinoic acid inducible gene I like.
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Figure 3 Network representation of chlorogenic acid, protein targets, and molecular pathways. The square
shape represents compound, the round shape represents probable protein targets, and the down arrow represents
modulated molecular pathways. IL-17, interleukin-17; TNF, tumor necrosis factor; AGE, advanced glycation end
products; RAGE, receptor for advanced glycation end products; MAPK, mitogen-activated protein kinase; VEGF,
vascular endothelial growth factor; NF-kappa B, nuclear factor kappa B; HIF-1, hypoxia inducible factor-1; PI3K,
phosphatidylinositide 3-kinase; mTOR, mechanistic target of rapamycin; RIG-I-like, retinoic acid inducible gene I
like; Th17, T helper 17.

In the previous studies, chlorogenic acid was
reported as a potent anti-inflammatory, analgesic,
antipyretic, antiviral, and immunomodulatory agent.
Chlorogenic acid reduced the inflammation caused by
a viral infection and showed potent antiviral efficacy
against many viruses such as HSVs [41, 42], hepatitis
B virus [43], human immunodeficiency virus [44, 45],
adenovirus [43], and HSV-1 virus [46]. Chlorogenic
acid is used for viral upper respiratory tract infection
caused by the influenza virus, parainfluenza virus, and
respiratory syncytial virus [47]. Molecular docking
analysis of chlorogenic acid revealed inhibitory
potential against neuraminidase of influenza viruses
H1N1 [48], H5N1 [49], and H7N9 [50]. Chlorogenic
acid has been found to exert antiviral effects on the

influenza virus by inhibiting neuraminidase enzyme.
Chlorogenic acid showed a high binding affinity with
the enzyme “neuraminidase” and was found to be a
potent inhibitor for neuraminidase of H7N9, which
might be effective for inhibition of replication [51].
Furthermore, the literature showed chlorogenic acid as
a potent anti-inflammatory agent that inhibits the
secretion of inflammatory mediators such as
interleukin-6 and TNF-α induced by influenza virus
infection and found to alleviate inflammation and
damage in lung tissues [52].
Based on the antiviral, anti-inflammatory, analgesic,

antidiabetic, antipyretic, and immunomodulatory
reports on chlorogenic acid, we further aimed in this
study to identify potential protein targets and
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molecular pathways modulated by the chlorogenic acid
utilizing experimentally determined protein-ligand
interaction database, that is, BindingDB through gene
set pathway enrichment and network pharmacology
approaches. The enrichment analysis identified IR as a
highly enriched pathway and it was found to score the
highest edge count within the network. Following the
IR pathway, necroptosis, legionellosis, Th17 cell
differentiation, IL-17, TNF, AGE-RAGE, MAPK, Ras,
estrogen, VEGF, B-cell receptor, NF-kappa B, Rap1,
HIF-1, PI3K-Akt, insulin, mTOR, p53, RIG-I-like
receptor, and ErbB signaling pathways were identified
to be the next highly enriched molecular pathways by
chlorogenic acid. Chlorogenic acid predicted protein
targets were found to be involved in the inflammatory
mediator regulation of transient receptor potential
channels, apoptosis, hepatitis B, starch and sucrose
metabolism, Fc gamma R-mediated phagocytosis,
human papillomavirus infection, pancreatic secretion,
hepatocellular carcinoma, influenza A, herpes simplex
infection, viral carcinogenesis, non-small-cell lung
cancer, and insulin secretion. Hence, the previous
studies and the current study findings strongly support
the beneficial effects of chlorogenic acid as a potent
antiviral lead molecule against newly emerged
COVID-19 infection, inflammation, immune system,
and complex polygenic disorders such as metabolic
syndromes, namely, diabetes mellitus, hypertension,
cardiac failure, stroke, and so on.

Conclusion

This study suggests that chlorogenic acid targets the
dimerization of SARS-CoV-2 main protease and
displays broad-spectrum antiviral activity by
preventing the replication and proliferation of the
SARS-CoV-2 and via targeting the multiprotein
molecules, namely, PRKCB, IKBKR, PRKCG, CASP3,
CASP8, KDR, and so on, and modulating molecular
pathways such as IL-17, TNF, AGE-RAGE, MAPK,
Ras, estrogen, VEGF, B-cell receptor, NF-kappa B,
Rap1, HIF-1, PI3K-Akt, insulin, mTOR, p53,
RIG-I-like receptor, and ErbB signaling pathways
involved in the disease pathogenesis.
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Abstract

Background: Tuberculosis is evidently a major health threat among human populations worldwide. The current study
presents the synthesis of new 3-((7-chloroquinolin-4-yl)amino)thiazolidin-4-one analogs (4a–o) as potential Mycobacterium
tuberculosis DNA gyrase inhibitors. DNA gyrase regulates DNA topology in MTB and has been a target of choice for
antibacterial therapy. With this in mind, the synthesized derivatives (4a–o) were subjected to in vitro antitubercular evaluation
by the MABA method and were tested for MTB DNA gyrase inhibition by supercoiling assay.

Results: All the synthesized compounds displayed inhibition of MTB within the MIC range of 1.56–12.5 μM. Further, out of
the selected compounds that underwent DNA gyrase inhibition, compound 4o proved to be a potent lead molecule by
displaying 82% of enzyme inhibition at 1 μM. All the synthesized derivatives also underwent molecular docking studies to
comprehend their hypothetical binding interactions with Mycobacterium smegmatis GyrB.

Conclusion: All the results suggested that most of the synthesized derivatives inhibited Mycobacterium tuberculosis, and
some 3-((7-chloroquinolin-4-yl)amino)thiazolidin-4-one analogs could act as leads for the development of antitubercular
agents.

Keywords: Mycobacterium tuberculosis, DNA gyrase, Quinoline, Thiazolidin-4-one, Antitubercular activity

Background
Tuberculosis (TB) has single-handedly been successful in
causing major health threats among human populations
worldwide. TB is primarily caused by Mycobacterium tu-
berculosis (MTB) and has been one of the prime killers
among communicable diseases caused by a sole infectious
agent in humans, in their most productive age of 15–49
years. This lethal disease has been steadily devouring mil-
lions of individuals every year causing ill health and death
throughout the globe. According to the Global TB Report

2019 by the World Health Organization, 10 million people
developed TB, and 1.2 million deaths were recorded in the
year 2018 [1–3]. The South-East Asia Region (SEAR) ac-
counts for 41% of the global burden for TB incidence.
India alone has been a host to about one fourth (23%) of
the global TB bases [4]. Thus, the Indian and the global
scenario of the devastating ailment of TB has reached an
alarming stage and needs to be efficiently curbed in order
to ensure a better quality of life for all human mankind.
The current therapy of TB dates back to a few decades

which is at least 40 years old and has resulted in the
rapid emergence of drug-resistant MTB strains. The
first-line and second-line drugs used to treat TB today
are seemingly unsuccessful in reining in this fast-
spreading epidemic [5, 6]. Hence, it is of utmost
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importance to urgently discover alternative drug therapy
with a newer mechanism of action which will aid in con-
trolling the spread of TB. DNA gyrase, which is a type II
DNA topoisomerase, has been an efficient antitubercular
therapy target. It is one of the two DNA topoisomerases
found in MTB. DNA topoisomerases are divided into
two classes according to their mechanism of action, type
I and type II (which cause transient single- and double-
stranded breaks in DNA, respectively). They are classi-
fied as types IA, IB, and IIA, IIB. Each species has at
least one enzyme from each type based on their func-
tions. The MTB genome encodes one of each of type I
and type II (DNA gyrase) topoisomerases. This is an im-
portant feature in the drug discovery process as it pro-
vides a susceptible target for enzyme inhibition. The
function of DNA gyrase is to induce negative supercoil-
ing of DNA, reducing the strain during the unwinding of
DNA. DNA gyrase possesses two GyrA and GyrB sub-
units, making it a heterotetrameric (A2B2) structure.
GyrA subunit contains tyrosine at the active sire re-
quired for cleavage and religation of DNA, while the
GyrB subunit aids in the ATP hydrolysis, providing en-
ergy for the DNA replication process. There are various
studies wherein synthesized quinoline derivatives have
successfully acted as antitubercular agents by inhibiting
DNA gyrase [7–9]. Fluoroquinolones, used as antituber-
cular drugs, are also known to target the GyrA subunit.
However, resistance developed by MTB to these drugs

has affected their efficacy, suggesting that the GyrB do-
main may prove to be an area of opportunity for newer
antitubercular drug discovery [10–12]. Another biologic-
ally important 4-thiazolidinone scaffold has continually
been investigated for the development of newer medi-
cinal agents. Various 4-thiazolidinone derivatives have
prominently displayed their ability to inhibit MTB [13–
16].
Hence, in this context, and in our ongoing conquest of

finding newer drugs for curbing TB [16–19], the present
study was planned to design and synthesize new quin-
oline analogs via molecular hybridization, as antituber-
cular agents targeting MTB DNA gyrase.

Method
Chemistry
General procedure for synthesis of 3-((7-chloroquinolin-4-
yl)amino)thiazolidin-4-one analogs (4a–o)
The synthesis of target compounds (4a–o) was achieved
via a synthetic procedure as depicted in Scheme 1. The
synthesized hydrazone intermediates (3a–o) (0.015mol)
prepared via known procedure [20] were further refluxed
with thioglycolic acid (0.015 mol) and a catalytic amount
of zinc chloride in N,N-dimethylformamide (20 mL) for
48 h. After cooling, the mixture was poured onto
crushed ice. The precipitate formed was filtered, subse-
quently washed with water, and recrystallized from etha-
nol to yield the title compounds (4a–o).

Scheme 1 Synthesis of target compounds (4a–o). Reagents and conditions: a Absolute ethanol, room temperature, 24 h; b N,N-DMF, zinc
chloride, reflux, 48 h
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Biological evaluation
In vitro antitubercular activity
The antimycobacterial activity was assessed against Myco-
bacterium tuberculosis H37Rv (ATCC 27294) using the
microplate Alamar Blue assay (MABA) method [16, 21].

MTB DNA supercoiling assay
DNA supercoiling assay was carried out using MTB DNA
gyrase via a previously established protocol [22, 23].

Molecular docking studies
The various poses of interactions between the synthe-
sized compounds and receptor protein binding sites
were studied by performing molecular docking accord-
ing to the previously reported process [16].

In silico ADME predictive study
Various ADME parameters of all the synthesized deriva-
tives were calculated by using the QikProp module of
the Schrodinger molecular modeling software. The cal-
culated parameters were compared with the recom-
mended values of the QikProp properties mentioned in
the QikProp User Manual.

Results
Synthesis and spectral data
3-((7-Chloroquinolin-4-yl)amino)-2-(4-
fluorophenyl)thiazolidin-4-one (4a)
Yield: 85%, m.p. 282 °C; IR (KBr, cm−1): 3215 (NH), 2924
(CH stretch of CH2), 1668 (C=O), 1612 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz), 7.30–
7.39 (m, 3H, Ar-H), 7.51 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.84 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.88–7.94 (m, 3H,
Ar-H), 8.26–8.40 (m, 3H, Ar-H), 11.42 (s, 1H, NH)

2-(2-Chlorophenyl)-3-((7-chloroquinolin-4-
yl)amino)thiazolidin-4-one (4b)
Yield: 61%, m.p. 280 °C; IR (KBr, cm−1): 3230 (NH), 2924
(CH stretch of CH2), 1608 (C=O), 1585 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.75 (s, 1H, CH-Thiaz), 7.28–
7.30 (m, 3H, Ar-H), 7.46 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.74 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.81–7.93 (m, 3H,
Ar-H), 8.30–8.55 (m, 3H, Ar-H), 11.40 (s, 1H, NH)

4-(4-Chlorophenyl)-3-((7-chloroquinolin-4-
yl)amino)thiazolidin-2-one (4c)
Yield: 67%, m.p. 150 °C; IR (KBr, cm−1): 3232 (NH), 2924
(CH stretch of CH2), 1608 (C=O), 1577 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz), 7.25–
7.33 (m, 3H, Ar-H), 7.49 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.79 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.83–7.89 (m, 3H,
Ar-H), 8.22–8.48 (m, 3H, Ar-H), 11.40 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(2,3-
dichlorophenyl)thiazolidin-4-one (4d)
Yield: 73%, m.p. 300 °C; IR (KBr, cm−1): 3236 (NH), 2904
(CH stretch of CH2), 1664 (C=O), 1618 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.69 (s, 1H, CH-Thiaz), 7.25–
7.33 (m, 3H, Ar-H), 7.45 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.72 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.80–7.87 (m, 3H,
Ar-H), 8.30–8.51 (m, 2H, Ar-H), 11.48 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-4-(2,4-
dichlorophenyl)thiazolidin-2-one (4e)
Yield: 77%, m.p. > 300 °C; IR (KBr, cm−1): 3240 (NH),
2904 (CH stretch of CH2), 1662 (C=O), 1616 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz),
7.49–7.53 (m, 2H, Ar-H), 7.58 (d, 1H, J = 11.2 Hz, CH2-
Thiaz), 7.94 (s, 2H, Ar-H), 8.16 (d, 1H, J = 8.4 Hz, CH2-
Thiaz), 8.46–8.82 (m, 4H, Ar-H), 12.56 (s, 1H, NH)

2-(4-Bromophenyl)-3-((7-chloroquinolin-4-
yl)amino)thiazolidin-4-one (4f)
Yield: 81%, m.p. 140 °C; IR (KBr, cm−1): 3244 (NH), 2908
(CH stretch of CH2), 1662 (C=O), 1618 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.74 (s, 1H, CH-Thiaz), 7.21-
7.30 (m, 3H, Ar-H), 7.43 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.72 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.80–7.91 (m, 3H,
Ar-H), 8.26–8.51 (m, 2H, Ar-H), 11.52 (s, 1H, NH)

2-(3-Bromo-4-fluorophenyl)-3-((7-chloroquinolin-4-
yl)amino)thiazolidin-4-one (4g)
Yield: 66%, m.p. 294 °C; IR (KBr, cm−1): 3238 (NH), 2924
(CH stretch of CH2), 1668 (C=O), 1612 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz), 7.28–
7.38 (m, 3H, Ar-H), 7.44 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.76 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.88–7.96 (m, 3H,
Ar-H), 8.28–8.51 (m, 2H, Ar-H), 11.48 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-4-(4-
methoxyphenyl)thiazolidin-2-one (4h)
Yield: 62%, m.p. 260 °C; IR (KBr, cm−1): 3228 (NH), 2895
(CH stretch of CH2), 1670 (C=O), 1612 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.78 (s, 1H, CH-Thiaz), 3.81
(s, 3H, OCH3), 7.01–7.06 (m, 3H, Ar-H), 7.34 (d, 1H, J =
8.8 Hz, CH2-Thiaz), 7.57 (d, 1H, J = 8.4 Hz, CH2-Thiaz),
7.74–7.84 (m, 3H, Ar-H), 8.37–8.48 (m, 3H, Ar-H),
12.56 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(3,4-
dimethoxyphenyl)thiazolidin-4-one (4i)
Yield: 60%, m.p. 130 °C; IR (KBr, cm−1): 3246 (NH), 2893
(CH stretch of CH2), 1610 (C=O), 1550 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.68 (s, 1H, CH-Thiaz), 3.18
(s, 3H, OCH3), 3.34 (s, 3H, OCH3), 7.35–7.44 (m, 2H,
Ar-H), 7.56 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.82 (d, 1H, J
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= 8.8 Hz, CH2-Thiaz), 7.89–8.05 (m, 3H, Ar-H), 8.33–
8.52 (m, 3H, Ar-H), 12.42 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-4-(3,4,5-
trimethoxyphenyl)thiazolidin-2-one (4j)
Yield: 50%, m.p. 280 °C; IR (KBr, cm−1): 3226 (NH), 2929
(CH stretch of CH2), 1651 (C=O), 1608 (C=N); 1H-NMR
(400MHz; DMSO-d6): δ = 2.72 (s, 1H, CH-Thiaz), 3.71
(s, 3H, OCH3), 3.86 (s, 6H, OCH3), 7.34 (d, 1H, J = 8.0
Hz, CH2-Thiaz), 7.38 (d, 1H, J = 8.8 Hz, CH2-Thiaz),
7.51–7.98 (m, 4H, Ar-H), 8.33–8.44 (m, 3H, Ar-H),
11.56 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(4-
nitrophenyl)thiazolidin-4-one (4k)
Yield: 61%, m.p. > 300 °C; IR (KBr, cm−1): 3334 (NH),
2937 (CH stretch of CH2), 1614 (C=O), 1577 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.75 (s, 1H, CH-Thiaz),
7.37–7.49 (m, 3H, Ar-H), 7.54 (d, 1H, J = 8.8 Hz, CH2-
Thiaz), 7.81 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.90–8.10 (m,
3H, Ar-H), 8.38–8.62 (m, 3H, Ar-H), 11.56 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-4-(4-
hydroxyphenyl)thiazolidin-2-one (4l)
Yield: 62%, m.p. > 300 °C; IR (KBr, cm−1): 3192 (NH),
2958 (CH stretch of CH2), 1697 (C=O), 1608 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.72 (s, 1H, CH-Thiaz),
6.82–7.21 (m, 4H, Ar-H), 7.42 (d, 1H, J = 7.6 Hz, CH2-
Thiaz), 7.60 (d, 1H, J = 8.0 Hz, CH2-Thiaz), 8.19–8.52
(m, 5H, Ar-H), 9.82 (s, 1H, OH), 11.01 (s, 1H, NH)

4-(3-((7-Chloroquinolin-4-yl)amino)-2-oxothiazolidin-4-
yl)benzonitrile (4m)
Yield: 58%, m.p. > 300 °C; IR (KBr, cm−1): 3228 (NH),
2858 (CH stretch of CH2), 1664 (C=O), 1610 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.71 (s, 1H, CH-Thiaz),
7.43 (d, 1H, J = 7.8 Hz, CH2-Thiaz), 7.47–7.95 (m, 4H,
Ar-H), 8.10 (d, 1H, J = 8.4 Hz, CH2-Thiaz), 8.53–8.95
(m, 5H, Ar-H), 12.20 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(4-
(dimethylamino)phenyl)thiazolidin-4-one(4n)
Yield: 60%, m.p. 195 °C; IR (KBr, cm−1): 3219 (NH), 2899
(CH of CH2), 1664 (C=O), 1608 (C=N); 1H-NMR (400
MHz; DMSO-d6): δ = 2.72 (s, 1H, CH-Thiaz), 3.24 (s,
6H, CH3), 6.75–7.33 (d, 4H, J = 8.0 Hz, Ar-H), 7.48 (d,
1H, J = 8.8 Hz, CH2-Thiaz), 7.61 (d, 1H, J = 8.8 Hz, CH2-
Thiaz), 7.87–8.47 (m, 5H, Ar-H), 11.91 (s, 1H, NH)

3-((7-Chloroquinolin-4-yl)amino)-2-(thiophen-2-
yl)thiazolidin-4-one (4o)
Yield: 67%, m.p. > 300 °C; IR (KBr, cm−1): 3192 (NH),
2897 (CH stretch of CH2), 1618 (C=O), 1570 (C=N); 1H-
NMR (400MHz; DMSO-d6): δ = 2.78 (s, 1H, CH-Thiaz),

6.83–7.02 (m, 3H, Ar-H), 7.38 (d, 1H, J = 8.8 Hz, CH2-
Thiaz), 7.65 (d, 1H, J = 8.8 Hz, CH2-Thiaz), 7.70–7.82
(m, 3H, Ar-H), 8.38–8.56 (m, 3H, Ar-H), 11.82 (s, 1H,
NH)

Discussion
Chemistry
Various new quinoline-thiazolidinone analogs (4a–o)
were synthesized via a two-step process wherein, firstly,
7-chloro-4-hydrazinylquinoline (1) underwent condensa-
tion at room temperature with different substituted
aromatic aldehydes (2a–o) in the presence of absolute
ethanol to yield substituted hydrazone intermediates
(E)-4-(2-benzylidenehydrazinyl)-7-chloroquinolines (3a–
o) [20]. The subsequent reaction step yielded the target
compounds (4a–o) via cyclization between the hydra-
zone intermediates (3a–o) and thioglycolic acid in
N,N-dimethyl formamide (DMF) and zinc chloride
(Scheme 1). All the synthesized analogs underwent
characterization by FTIR and 1H-NMR spectroscopy. It
was observed that the IR spectral data displayed absorp-
tion bands around 3201–3236 cm−1 which were attribut-
able to the hydrazinyl NH group. Characteristic peaks
for the thiazolidinyl CH of CH2 were observed in the
range of 2858–2929 cm−1. The IR spectra also indicated
peaks around 1664 cm−1, allocated to C=O group and
between 1608 cm−1 and 1618 cm−1 which were attrib-
uted to the C=N group. Furthermore, all the synthesized
derivatives underwent proton NMR spectral studies. It
was evident from the NMR spectra that a singlet signal
appeared around 2.72 ppm, which was attributed to the
CH proton at the C-2 position in the thiazolidinyl ring.
The characteristic peaks of thiazolidinone CH2 protons
at the C-5 position were observed as doublet signals in
the range of 7.34–7.58 and 7.72–8.16 ppm. Moreover,
the NMR spectral data illustrated the presence of a sing-
let signal which resonated at around 11.01–12.56 ppm,
attributable to the hydrazinyl NH proton.

Biological activities
In vitro antitubercular activity
The synthesized derivatives (4a–o) underwent in vitro
antitubercular screening against Mycobacterium tubercu-
losis H37Rv (ATCC 27294) by the MABA method [16,
21]. The antimycobacterial evaluation results are sum-
marized in Table 1 and expressed in terms of minimum
inhibitory concentration (MIC). The standard drugs
used were ethambutol, pyrazinamide, and ciprofloxacin.
It was observed that all the synthesized derivatives ex-
hibited significant antimycobacterial potency within the
MIC range of 1.56–12.5 μM. On further structure-
activity relationship study, it was seen that the difference
in the MIC values of the derivatives was a result of the
different substitutions on the phenyl ring attached to the
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C-2 position of the thiazolidinone ring structure. Among
the fifteen synthesized analogs, compounds 4e, 4g, 4n,
and 4o were the most potent with a MIC of 1.56 μM.
The above four analogs displayed better activity as com-
pared to the standard drugs pyrazinamide and ciproflox-
acin (MIC = 3.12 μM). It may be attributed to the
presence of two electronegative chloro (-Cl) groups at
ortho and para positions of the benzyl ring in compound
4e and the presence of bromo (-Br) group at the meta
position and fluoro (-F) group at the para position of the
benzyl ring in compound 4g. Compound 4n contains a
benzyl ring with dimethyl amino substitution at the ben-
zyl ring para position whereas compound 4o possesses a
2-thiophene substituent instead of the phenyl ring at-
tached to the C-2 position of the thiazolidinone ring
structure. Further, compound 4f was shown to inhibit
MTB at a MIC of 3.12 μM. This comparatively lowered
activity may be due to the presence of a bromo substitu-
ent at the para position of the benzyl ring. Compounds
4h and 4i also displayed MTB inhibition at MIC =
3.12 μM. The benzyl ring in compound 4h bears a meth-
oxy group at para position, while the benzyl ring in ana-
log 4i bears two methoxy groups at meta and para
positions. It was thus observed that the activity displayed
by 4f, 4h, and 4i was similar to the MIC displayed by the
standard pyrazinamide and ciprofloxacin (MIC =
3.12 μM). Furthermore, the results revealed that

compounds 4a–c and 4k exhibited moderate MTB in-
hibition at MIC = 6.25 μM. This may be due to the fact
that these compounds contain at least one electronega-
tive group attached at the ortho or para position of the
benzyl ring. Derivative 4a contains a phenyl ring with
4-fluoro substituent, while derivatives 4b, 4c, and 4k
contain 2-chloro, 4-chloro, and 4-nitro substituents,
respectively, on the phenyl ring structure. All the other
derivatives, 4d, 4j, 4l, and 4m, have displayed compara-
tively moderate MIC values at 12.5 μM.

MTB DNA supercoiling assay
DNA gyrase is one of the two topoisomerases that the
MTB genome encodes in order to preserve the DNA
topology. Selected synthesized derivatives were assayed
to analyze the inhibition of DNA Gyr B by DNA gyrase
supercoiling assay [22, 23]. Novobiocin was used as a
standard drug. Assay results revealed that four analogs
4e, 4h, 4n, and 4o displayed inhibition of DNA gyrase at
16%, 36%, 68%, and 82%, respectively, at 1 μM (Fig. 1).
Thus, significant inhibition of the DNA gyrase was
attained at a concentration of 1 μM by the potent com-
pounds 4e, 4h, 4n, and 4o.

Molecular docking studies
Further, all the synthesized derivatives (4a–o) underwent
molecular docking studies in order to analyze the

Table 1 Physical constants, antimycobacterial activity, and docking score of target compounds (4a–o)

Code Ar M.P. (°C) Yield (%) MIC (μM) Docking score

4a 4-Fluorobenzaldehyde 282 85 6.25 − 4.395

4b 2-Chlorobenzaldehyde 280 61 6.25 − 3.891

4c 4-Chlorobenzaldehyde 150 67 6.25 − 3.943

4d 2,3-Dichlorobenzaldehyde 300 73 12.5 − 3.223

4e 2,4-Dichlorobenzaldehyde 308 77 1.56 − 3.945

4f 4-Bromobenzaldehyde 140 81 3.12 − 4.291

4g 3-Bromo,4-fluorobenzaldehyde 294 66 1.56 − 3.771

4h p-anisaldehyde 260 62 3.12 − 4.437

4i 3,4-Dimethoxybenzaldehyde 130 60 3.12 − 3.553

4j 3,4,5-Trimethoxybenzaldehyde 280 50 12.5 − 3.637

4k 4-Nitrobenzaldehyde 300 61 6.25 − 3.573

4l 4-Hydroxybenzaldehyde 312 62 12.5 − 4.533

4m 4-Cyanobenzaldehyde 304 58 12.5 − 4.439

4n p-dimethylaminobenzaldehyde 195 60 1.56 − 3.14

4o Thiophene-2-carbaldehyde 330 67 1.56 − 4.496

Ethambutol – – – 1.56 − 6.245

Pyrazinamide – – – 3.12 − 3.61

Ciprofloxacin – – – 3.12 − 5.913
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binding affinity and binding interactions of the prepared
compounds with the active site of Mycobacterium smeg-
matis GyrB ATPase retrieved from Protein Data Bank
(PDB ID – 4B6C). The study of the different docking
poses has revealed that most of the synthesized analogs
have displayed binding interactions and a varied docking
score with various amino acid residues of the receptor
molecule (Fig. 2).
The standard drugs ciprofloxacin, pyrazinamide, and

ethambutol are well bound to the receptor molecule by
different interactions and docking scores of − 6.245,
− 3.61, and − 5.913, respectively. Docking scores of all
the synthesized derivatives lie between − 3.14 and
− 4.533 (Table 1). Most of the synthesized derivatives
display a better docking score as compared to the stand-
ard drugs. Compounds 4a, 4b, 4g, 4h, 4k, and 4l have
displayed a pi-cation interactions with amino nitrogen of
ARG 82 (Pi-cation interaction --- NH:ARG 82) and
docking scores of − 4.395, − 3.891, − 3.771, − 4.437,
− 3.573, and − 4.533, respectively. Analogs 4c and 4e
have shown a halogen bond between chlorine and amino
hydrogen of ARG 141 residue (4c:Cl --- HN:ARG 141,
4e:Cl --- HN:ARG 141). A hydrogen bond was formed
between amino hydrogen of compound 4d and oxygen
of ASN 52 residue (4d:NH --- O:ASN 52). Derivative 4f
displayed a hydrogen bond between its amino hydrogen

and oxygen atom of GLN 102 residue (4f:NH --- O:GLN
102), while derivative 4h has formed a hydrogen bond
between its oxygen and amino hydrogen of ARG 141
amino acid residue (4h:O --- HN:ARG 141). It was also
observed that an oxygen atom from the nitro group in
analog 4k was bound to the amino groups in ARG 141
and ARG 82 residues (4k:O --- HN:ARG 141, 4k:O ---
NH:ARG 82). Further, the hydroxyl group from com-
pound 4l and cyano group from compound 4m dis-
played bond formation with amino group found in ARG
141 residue (4l:HO --- HN:ARG 141, 4m:CN --- HN:
ARG 141). Also, derivative 4n exhibited a hydrogen
bond between its amino nitrogen and oxygen atom of
ASN 52 (4n:HN --- O:ASN 52), and another hydrogen
bond between its quinolinyl nitrogen and amino hydro-
gen of GLY 83 (4n:N --- HN:GLY 83).

In silico ADME predictive study
In addition, various ADME parameters of the synthe-
sized derivatives were calculated to better understand
the effect of physicochemical and pharmacokinetic prop-
erties on their bioavailability in human bodies [24, 25].
The results (Table 2) displayed that the synthesized de-
rivatives had good oral bioavailability as none of the
compounds (4a–o) violated Lipinski’s rule of five (RoF)
and most of the derivatives showed 100% of human oral

DNA Supercoiling Assay

4e 4h 4n 4o Novobiocin
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68

82

100
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Fig. 1 DNA supercoiling assay results

Salve et al. Future Journal of Pharmaceutical Sciences            (2021) 7:10 Page 6 of 10



absorption (HOA). Each synthesized analog displayed
better oral absorption values as compared to the stand-
ard drugs ciprofloxacin, pyrazinamide, and ethambutol.
Further, the lipophilicity (QPlog Po/w) and aqueous
solubility (QPlogS) values of all the derivatives were
within the permissible range. Partitioning through the
blood-brain barrier (BBB) which was found to be within
the recommended values of − 3.0 to 1.2 and a good score
(> 500) of the predicted MDCK cell permeability (QPP
MDCK) values for most of the synthesized compounds
implied that the synthesized analogs have a potency to
penetrate the BBB. In addition, a good amount of

intestinal absorption was displayed by a majority of the
compounds with better Caco-2 cell permeability
(QPPCaco) values. Thus, the results demonstrated that
the synthesized derivatives possessed acceptable values
of pharmacokinetic and physicochemical parameters and
could be considered as potent lead molecules with good
membrane permeability and oral bioavailability.

Conclusion
We have demonstrated the synthesis 3-((7-chloroquino-
lin-4-yl)amino)thiazolidin-4-one analogs (4a–o) and re-
ported their in vitro MTB H37Rv inhibition potential.

Fig. 2 Docking poses of compounds 4e, 4h, and 4n with GyrB ATPase domain of M. smegmatis
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Results evidenced that compounds 4e, 4g, 4n, and 4o ex-
hibited potent antimycobacterial activity (MIC of
1.56 μM). DNA gyrase inhibition assay revealed that com-
pound 4o exhibited 82% of DNA gyrase inhibition at
1 μM. Moreover, computational screening study results
also substantiated our findings that some of the newly
synthesized 3-((7-chloroquinolin-4-yl)amino)thiazolidin-
4-one derivatives could prove to be promising lead mole-
cules for the development of antitubercular agents.
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ABSTRACT:  
Background: Dengue is a debilitating condition caused by a flavivirus. The female Aedes mosquito widely 

transmits this virus. The prevalence of mosquito-borne diseases like dengue and malaria is very high in the 

northern and southern parts of Karnataka. Objectives: This study aims to find the prevalence of dengue and its 

clinical occurrence in a tertiary care teaching hospital. Methodology: A prospective observational study was 

carried out in a tertiary care teaching hospital in a hospitalized patient diagnosed with dengue fever. Patients who 

satisfied the inclusion criteria were enrolled in the study. All the relevant data was collected in a specially 

designed data collection form. The data were analyzed by using computer tools like Microsoft Excel and SPSS 

software version 20.0. Results: In our study out of a total of 315 patients males were higher than female and the 

dengue was commonly prevalent in the age group of 15-30 years followed by 30-45 years. Fever (99.7%) and 

generalized body ache (GBA, 58.5%) were the most common clinical presentations. Ns1 antigen (67.61%) was 

found to be positive in the majority of patients. Blood hematocrit was elevated (26.63%) in most of the abnormal 

cases and white blood cell count (36.19%) and platelets (96%) counts were decreased. Platelet was found the 

most common laboratory parameter to get affected in dengue fever. Conclusion: The most common symptoms 

for dengue are concluded as fever, GBA, Headache and joint pain in our study. Blood hematocrit was elevated, 

but WBC and platelet counts were severely decreased. The prevalence was found higher in the monsoon season 

of September to November. All the patients enrolled in the study were counseled regarding diseases, and 

education was provided on various preventive measures. 

 

KEYWORDS: Aedes aegypti, Flavivirus, Dengue, Dengue hemorrhagic fever. 
 

 

INTRODUCTION: 
Dengue fever and Dengue hemorrhagic fever (DHF) are 

acute febrile illnesses caused by four closely related 

virus serotypes of genus Flavivirus (DEN1-4). It is also 

known as break-bone fever1. Dengue is transmitted to 

humans by the bite of Aedes aegypti2. Co-infection with 

circulating DENV 1 and DENV 2 was reported in 1982 

in Columbia. It has been known that sequential infection 

of more than one serotype of dengue increases the 

severity of dengue symptoms3. 
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Dengue is almost epidemic throughout in India for over 

two centuries as a benign and self-limited disease. In 

recent years, the disease has changed its course 

manifesting in the severe form as DHF and with 

increasing frequency of outbreaks4. 

 

In the last 50 years, there has been a 30-fold increase in 

the incidence of dengue fever with geographic spread 

into new countries, including India, and in the present 

decade, the disease has spread from urban to rural 

settings. Dengue is predominantly found in tropical and 

sub-tropical climates worldwide, mostly in urban and 

semi-urban areas. It is estimated that 52% of the global 

population that is at the risk of DF infection lives in the 

South East Asian Region5. Confirmation of Dengue 
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infection is an essential pre-requisite in the management 

of complications. The standard test for Dengue infection 

is the detection of Dengue specific IgM/IgG along with 

NS1 Antigen. Antibody detection is an indirect method 

of diagnosis and, therefore, is prone to false-positive as 

well as false-negative results6. IgM antibody is the first 

immunoglobulin isotype to appear. In a suspected case 

of dengue, the presence of an anti-dengue IgM antibody 

can be detected, usually the fifth day of infection and 

suggests recent infection and a newer parameter 

NS1appears be sensitive as well as highly specific and 

reliable for diagnosis of DI from the first day of fever7. 

The main objective of this study is to study the clinical 

occurrence and laboratory findings of dengue fever. 

 

MATERIALS AND METHODS: 
Study design and Study site: 

A prospective observational study was carried out at the 

General medicine Department and Dengue ward of a 

tertiary care teaching government hospital situated at the 

Ballari district of northern Karnataka. 

 

Duration of study: 

The study was conducted for a period of one year From 

August 2017 – July 2018. 

 

Sample size: 

The following formula was used to calculate the sample 

size. 

n= Z2 x p x (1-p) / e2 

= (1.96)2 x 0.25 x 0.75/ (0.05)2 

= 288.12 

= 288 

Where, 

n= minimum sample size 

Z= 1.96 for Confidence Interval at 95% 

p= 25% (Estimated) 

e= margin of error as 5% 

 

Study criteria: 

Patients of either gender above 14 years of age and 

diagnosed with dengue positive were enrolled in the 

study. Patients having an unclear diagnosis and 

incomplete medical information were excluded from the 

study. Written informed consent was obtained from all 

patients. 

 

Study Procedure: 

Patients were identified and selected based on inclusion 

and exclusion criteria. Informed consent was obtained 

from each patient who was enrolled in the study. 

Relevant data were collected in a specially designed data 

collection form. Collected data were assessed and 

analyzed with the help of Microsoft Excel and SPSS 

software. The data were summarized in the table and 

figures. 

RESULTS: 
Age and Gender Distribution: 

In our study out of a total of 315 patients male were 

higher than female and the dengue was commonly 

prevalent in the age group of 15-30 years followed by 

30-45 years. The complete sociodemographic details are 

illustrated in figure no. 1. 
 

 
Figure no. 1: Age and Gender distribution 

 

Common symptoms: 

The most common clinical findings on dengue fever 

were fever (99.68%), generalized body ache (GBA, 

58.41%), Headache (49.20%), and joint pain (47.30). 

The incidence of complications of dengue fever was less. 

The complete data on clinical manifestations is depicted 

in table no. 1. 
 
Table no. 1: Occurrence of common sign and symptoms 

Symptoms Male Female Total Percentage 

fever 158 156 314 99.68 

Headache 75 80 155 49.20 

Retro-orbital pain 5 11 16 5.07 

Joint Pain/ 

Arthritis 

81 68 149 47.30 

Nausea/ Vomiting 45 54 99 31.42 

GBA 103 81 184 58.41 

Rashes 4 3 7 2.22 

 

Diagnosis and laboratory findings: 

The majority of dengue cases were diagnosed by 

detecting antigen and antibody in blood serology. NS1 

antigen (67.61%) was positive in maximum patients 

followed by the IgG antibody (8.57%). While analyzing 

the patient's laboratory data it was seen that hematocrit 

(26.34%) was elevated in the patients whereas the white 

blood cells (36.19%) and platelet count were decreased 

(96%) in patients suffering from dengue fever. The 

complete details are shown in table no. 2, 3, 4, and 5. 
 
Table no. 2: Dengue diagnosis based on blood serology 

 Male Female Total Percentage 

NS1 only 111 102 213 67.61 

IgG only 4 23 27 8.57 

IgM only 9 7 16 5.07 

NS1+IgG 16 2 18 5.71 

Ns1+IgM 9 10 19 6.03 

IgG+IgM 8 11 19 6.031 

NS1+IgG+IgM 0 3 3 0.95 
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Table no. 3: findings on Haematocrit 

Haematocrit Male Female Total Percentage 

Normal 110 104 214 67.93 

Elevated 41 42 83 26.34 

Reduced 7 11 18 5.71 

 
Table no. 4: findings of white blood cells among patients. 

White Blood Cells Male Female Total Percentage 

<4000 69 45 114 36.19 

4000-11000 82 109 191 60.63 

>11000 8 2 10 3.17 

 
Table no. 5: Findings on platelet count among dengue patients 

Platelets Male Female Total Percentage 

<20000 26 25 51 16.19 

20000-50000 90 71 161 51.11 

50000-100000 39 53 92 29.20 

>100000 3 8 11 3.49 

 

Temporal association of dengue fever: 

Analyzing the complete data for a year, it was seen that 

the incidence was higher in the month of October 

(42.5%) (September-November, 72%), whereas the 

incidence of dengue was less in all other months. The 

complete information on the temporal association of 

dengue fever is illustrated in figure no. 2. 

 

 
Figure no. 2. Temporal association of dengue fever 

 

DISCUSSION: 
Dengue is emerging as a major health problem in India. 

Several factors like urbanization, transport development, 

changing habitats and improper water storage practices, 

which facilitate breeding of Aedes aegypti, contribute to 

its rapid spread. This study explored the distribution of 

dengue fever cases. In our study, males (159) are slightly 

more affected than females (156). Similar results were 

found in the study conducted by Md. Yousuf Khan et al.8 

Most of the patients was in the age group of 15-30 years 

in both males (77) and females (73). This was strongly in 

liaison with the study conducted by Arti Jain2. Fever was 

the most common clinical features presented in our 

study, followed by GBA, then headache, then arthritis, 

respectively9. The result was similar to that found by 

most of the studies in India. Fever was found in almost 

all, i.e. 99.68% of the patient. Generalized body ache 

(GBA) was found in 58.41%, which is in contrast with 

the study conducted by Md. Yousuf Khan, where the 

headache is the 2nd most incidences after fever8. 

 

In this study, out of 315 cases, 213 (67.62%) cases were 

positive for NS1 only. This is supported by a study 

conducted by Malavige GN et al. The positivity with 

NS1 is higher than other parameters because NS1 

appears to be highly specific and reliable for diagnosis of 

dengue infection from the first day of fever10. IgG and 

IgM were found to be 27 (8.57%) and 16 (5.08%), 

respectively. NS1 antigen in combination with IgG or 

IgM is positive in 18 (%) and 19 (6.03%), respectively. 

In the present study, elevated hematocrit was found in 83 

(26.35%) patients. In correlation, a study conducted by 

Md. Yousuf Khan et al. Showed 23.33% of cases have 

raised hematocrit8. Leucocytosis and leucopenia were 

found to be 10 (3.17%) and 114 (36.19%) respectively. 

Leucopenia was found predominant (38.66%) in the 

study conducted by Khan Md. Y et al. In our study, most 

of the patients have platelet count in the range of 20,000 

to 50,000 cells/mm3 (51.11%). In contrast to our study 

the study conducted by Sheema A et al. and Karoli R et 

al. where platelet was in the range of 50,000-1,00,000 

cells/mm3. This was higher than our study11,12. The 

temporal association of dengue was high in the trimester 

of September-November; these results were supported 

by the study conducted by the Lepakhsi G et al., and 

Deshwal R et al.13,14. 

 

CONCLUSION: 
Dengue is one of the common endemic diseases in 

northern Karnataka. The most common symptoms for 

dengue are concluded as fever, GBA, Headache and joint 

pain in our study. As the flavivirus feed on the protein 

substances all the blood count parameters were affected. 

Blood hematocrit was elevated, but WBC and platelet 

counts were severely decreased. The prevalence was 

found higher in the monsoon season of September to 

November. As the mosquito is the vector for transmitting 

dengue from infected victims to a healthy individual. All 

the patients enrolled in the study were counseled 

regarding diseases and education was provided on 

various preventive measures. 
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a b s t r a c t

Objective: Duranta repens is reported to contain a wide array of secondary metabolites, including a-
amylase and a-glucosidase inhibitors, and - has potent antioxidant activity. The present study evaluated
the network pharmacology of D. repens (whole plant) with targets related to diabetes mellitus and
assessed its outcome by evaluating the effects of the hydroalcoholic extract of D. repens in
streptozotocin-nicotinamide-induced diabetes mellitus in rats.
Methods: Phytoconstituents of D. repens were retrieved from an open-source database and published lit-
erature, and their targets were predicted for diabetes mellitus using BindingDB and the therapeutic target
database. Protein-protein interaction was predicted using STRING, and pathways involved in diabetes
mellitus were identified using the Kyoto Encyclopedia of Genes and Genomes pathway browser.
Druglikeness, ADMET profile (absorption, distribution, metabolism, excretion and toxicity) and cytotox-
icity of compounds modulating proteins involved in diabetes were predicted using MolSoft, admetSAR2.0
and CLC-Pred, respectively. The interaction network among phytoconstituents, proteins and pathways
was constructed using Cytoscape, and the docking study was performed using AutoDock4.0. The hydroal-
coholic extract of D. repens was evaluated using streptozotocin-nicotinamide-induced diabetes mellitus
animal model for 28 d, followed by an oral glucose tolerance test. At the end of the study, biochemical
parameters like glycogen content, hepatic enzymes, antioxidant biomarkers and lipid profiles were quan-
tified. Further, the liver and pancreas were collected for a histopathology study.
Results: Thirty-six different secondary metabolites from D. repens were identified to regulate thirty-one
targets involved in diabetes mellitus, in which protein-tyrosine phosphatase 1B (PTP1B) was primarily
targeted. Enrichment analysis of modulated proteins identified 12 different pathways in diabetic patho-
genesis in which the phosphatidylinositol 3-kinase-protein kinase B (PI3K-Akt) signaling pathway was
chiefly regulated. The docking study found that durantanin I possessed the highest binding affinity
(�8.9 kcal/mol) with PTP1B. Similarly, ADMET profiling showed that the majority of bioactive con-
stituents from D. repens had higher human intestinal absorptivity and minimal cytotoxicity to normal cell
lines, than tumor cell lines. Further, an in vivo animal study reflected the efficacy of the hydroalcoholic
extract of D. repens to lower the elevated blood glucose level by stimulating insulin secretion, maintaining
pancreatic b cell mass, regulating glycolysis/gluconeogenesis and enhancing the glucose uptake in skele-
tal muscles.
Conclusion: The present study reflected the probable network interaction of bioactive constituents from
D. repens, their targets and modulated pathways, which identified the prime regulation of the PI3K-Akt
signaling pathway and PTP1B protein. Modulation of PTP1B protein and PI3K-Akt signaling pathway
could contribute to enhancing glucose uptake, insulin production and glycolysis and decreasing gluco-
neogenesis in diabetes, which was evaluated via the experimental study.
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1. Introduction

Insulin deficiency and insulin resistance are two conditions that
are associated with about 95% of type 2 diabetes mellitus (T2DM)
cases [1]. The current pharmacotherapy for T2DM utilizes insulin
sensitizers, insulin secretagogues, a-glucosidase inhibitors and
new therapeutic agents like sodium-glucose cotransporter-2,
dipeptidyl-peptidase 4 inhibitors, glucagon-like peptide and G
protein-coupled receptor-119 agonists [2–6]. Diabetes mellitus is
a polygenic condition [7] and is progressive; treating such condi-
tions with single-target drug molecules can have poor efficacy.
Over time, the effectiveness of monotargeted drugs declines and
most patients need to increase their dose to maintain treatment
effects, which is often associated with multiple side effects [8].
Hence, a key principle for drug development, i.e., ‘‘one target, one
drug,” may not be applicable for polygenic conditions like T2DM.
Often, single-target molecules suffer in theoretical ‘‘bottlenecks”
evoking multiple challenges.

Medications from Ayurveda and traditional Chinese medicine
contain multiple therapeutic agents and have been used success-
fully to manage diabetes [9,10]. The traditional systems of medi-
cine are primarily plant-based and individual treatments are
often comprised of multiple phytoconstituents that can target
the multiple proteins, modulating numerous pathways, leading
to synergistic effects. Multiple studies have explored the use of
plant-based medications to manage diabetes [11,12]. The tradi-
tional folk medication Duranta repens L. contains multiple phyto-
constituents with antidiabetic activity [13]. Further, the plant is
reported to be rich in various secondary metabolites like flavo-
noids, polyphenols, triterpenes, alkaloids and saponins [14],
which are a well-recognized class of phytoconstituents with
antidiabetic properties [15]. Additionally, the plant possesses
potent antioxidant activity [16], which may contribute to the
beneficial effect of reducing oxidative stress when used in treat-
ing diabetes. However, the antidiabetic effect of D. repens has
not been well studied.

Thus, the present study investigates the effects of the hydroal-
coholic extract of D. repens (DRE) in streptozotocin-nicotinamide-
induced hyperglycemia and predicts the interactions of DRE’s phy-
toconstituents with potential antidiabetic targets, using network
pharmacology approach.

2. Methods

2.1. Network pharmacology

2.1.1. Mining of bioactive constituents and their targets
The reported phytoconstituents present in D. repens were

retrieved from Chemical Entities of Biological Interest (https://
www.ebi.ac.uk/chebi/), Phytochemical Interactions Database
(https://www.genome.jp/db/pcidb) and published literature. The
canonical simplified molecular-input line-entry system (SMILES)
structure for each phytoconstituent was retrieved from
PubChem (https://pubchem.ncbi.nlm.nih.gov/) database, and
drawn in ChemSkretch (https://www.acdlabs.com/resources/free-
ware/chemsketch/) if not available; respective SMILES results were
obtained by converting ‘‘.pdb” to ‘‘.smi” using Discovery
Studio 2019 [17]. SMILES of each compound was queried in
BindingDB [18] at the similarity index of 0.7. The identified
targets of each compound were recorded and the gene codes of
individual proteins were retrieved from UniProt (https://www.uni-
prot.org/). The proteins involved in the pathogenesis of
diabetes mellitus were identified using the Therapeutic Target
Database [19].

2.1.2. Druglikeness, ADMET (absorption, distribution, metabolism,
excretion and toxicity) profile and cytotoxicity of compounds

MolSoft (http://www.molsoft.com/mprop/) was used to predict
the druglikeness character of each compound by querying SMILES;
predictions were based on molecular weight, number of hydrogen
bond donors, number of hydrogen bond acceptors and LogP value.
Similarly, pharmacokinetic parameters, such as absorption, distri-
bution, metabolism, excretion and toxicity (ADMET) of each com-
pound, were predicted using the regression model of the
admetSAR2.0 [20] server. The cytotoxicity of phytoconstituents
that could modulate diabetic proteins was predicted for both
tumor and normal cell lines using Cell-Line Cytotoxicity Predictor
(CLC-Pred; http://www.way2drug.com/Cell-line/) [21] with the
threshold of pharmacological activity > pharmacological inactivity.

2.1.3. Enrichment and network analysis
The interaction between the modulated diabetic proteins was

assessed using STRING (Version 11.0, https://string-db.org/) [22].
Further, the pathways involved in diabetes mellitus were identified
through the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway database. The network between phytoconstituents, pro-
teins and modulated pathways was constructed using Cytoscape
Version 3.5.1 [23]. The network was treated as directed and ana-
lyzed using the ‘‘network analyzer” command. Color and size map-
ping was provided for a network by setting ‘‘low values to bright
color” and ‘‘low values to small size” followed by edge count.

2.1.4. Docking analysis
Docking was performed as explained by Khanal et al. [24].

Briefly, the 2-dimensional and 3-dimensional structures of ligand
molecules were retrieved from PubChem database in ‘‘.sdf” format
and were converted into ‘‘.pdb” using Discovery Studio 2019.
Protein-tyrosine phosphatase 1B (PTP1B; PDB: 1NNY) was
retrieved from the Research Collaboratory for Structural Bioinfor-
matics database (https://www.rcsb.org/). The retrieved protein
structure was in a complex with water molecules and other
hetero-atoms, which were removed using Discovery Studio 2019.
The energy of ligand molecules was minimized using MMFF94
force field [25] and then converted into ‘‘.pdbqt”. Docking was per-
formed using AutoDock 4.2.6 (http://autodock.scripps.edu/) [26].
After docking, ten different poses of ligands were obtained. The
pose of ligand scoring the lowest binding energy was selected to
visualize the ligand-protein interaction in Discovery Studio 2019.

2.2. Experimental pharmacology (animal study)

2.2.1. Plant collection, authentication and extract preparation
Wild-grown D. repens (whole plant parts) were collected from

the area around Belagavi, India. Samples were authenticated at
the Indian Council of Medical Research-National Institute of Tradi-
tional Medicine, Belagavi and a voucher specimen was stored at
the herbarium (accession number: 1406). Dust particles and soil
were removed from the plant under running water before it was
shade-dried and crushed into a coarse powder. It was then macer-
ated with 70% ethanol for 7 days with occasional shaking. The mix-
ture was then filtered; the material retained on the filter was dried
and subjected to soxhlet extraction. Later, both extracts were com-
bined and concentrated using a rotary evaporator (MPC 105T, IKA
Version, ILMVAC GmbH, Germany) under reduced pressure. The
extract was stored frozen in an airtight and opaque container for
further use.

2.2.2. Procurement of animals and ethical clearance
Ethical approval for animal studies was received from the insti-

tutional animal ethical committee at KLE College of Pharmacy,
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Belagavi (resolution No. KLECOP/CPCSEA-Reg, No. 221/Po/Re/
S/2000/CPCSEA, Res.28-12/10/2019). Animals were purchased
from a vendor registered with the Committee for the Purpose of
Control and Supervision of Experiments on Animals and housed
in pathogen-free conditions. The Wistar rats included in the study
belonged to either sex and their average weight was (210.38 ±
13.94) g. Animals were acclimatized under a 12-hour light/dark
cycle for a week before the study began.

2.2.3. Induction of diabetes and grouping of animals
A combination of streptozotocin and nicotinamide was used to

induce diabetes, as explained by Masiello et al. [27], with minor
modifications. Briefly, nicotinamide (230 mg/kg) was injected
intraperitoneally (i.p.) 15 min before streptozotocin (65 mg/kg,
i.p.). Solutions for injection were prepared fresh by dissolving the
reagents in water and chilled citrate buffer (pH 4.5), respectively.
Fasting blood glucose level was measured after 7 days of injection;
animalswith > 250mg/kg glucose levels were included in the study.
Each study groupwas comprised of three cages with two animals in
each (n = 6 per group).

The animals were divided into six groups, including a total of 36
rats, of which 30 had successfully induced diabetesmellitus, while 6
served as healthy control. DRE and glibenclamide were suspended
in water (vehicle) and different doses of the extract were
administered orally for 28 d as follows: (1) normal: vehicle-
treated; (2) diabetic: vehicle-treated; (3) GLI50: diabetic, treated
with 50 mg/kg glibenclamide, p.o.; (4) DR100: diabetic, treated
with100 mg/kg DRE, p.o.; (5) DR200: diabetic, treated with
200 mg/kg DRE, p.o.; (6) DR400: diabetic, treated with 400 mg/kg
DRE, p.o. These doses were selected after evaluating the acute oral
toxicity of DRE. Since there was no death at the single dose of
2000mg/kg till 14 days, three doses in geometric serieswere chosen
as 1/20, 1/10 and 1/5 of 2000 mg/kg, i.e., 100, 200 and 400 mg/kg,
respectively for further study.

2.2.4. Measurement and methods
Food intake, water intake and body weight were recorded on

the 1st, 7th, 14th, 21st and 28th day after initiation of DRE treat-
ment. After 28 days of treatment, the animals were fasted and
the oral glucose tolerance test (OGTT) was performed [28] by mea-
suring blood glucose (glucometer; Janaushadi, India) and insulin
level (commercial kit; Ray Biotech, USA; using enzyme-linked
immunosorbent assay plate reader-Thermo Scientific Multiskan
Go Version 1.00.40) from 0 to 120 min at a 30-minute interval.

At the end of the study, blood was collected via cardiac punc-
ture. Serum was separated and used to estimate urea, uric acid,
creatinine, glycated hemoglobin (Hb1Ac; Asritha Diatech, India),
total cholesterol (TC), triglycerides (TG) and high-density lipopro-
tein (HDL), using spectrophotometric methods, commercially
available kits (ERBA Diagnostics Lab, India) and an auto-analyzer
(Star 21 Plus, No. E117610, Rapid Diagnostic Pvt. Ltd.). The
low-density lipoprotein (LDL) and very-low-density lipoprotein
(VLDL) levels were calculated using the following formula:
VLDL (mg/dL) = TG/5; LDL (mg/dL) = TC – (HDL + VLDL).

Further, after 28 days of treatment, glucose uptake in rat
hemidiaphragm, glycogen content in liver and skeletal muscle,
hepatic enzymes, antioxidant biomarkers in liver homogenate
and hepatic and pancreas histology (hematoxylin and eosin) were
quantified. The collected organs were thoroughly washed with
chilled phosphate buffer to remove any blood clots, before con-
ducting individual analyses.

Percentage glucose uptake in rat hemidiaphragm was per-
formed as explained by Kumar et al. [28] with minor modifications.
Briefly, isolated rat hemidiaphragm (10 mm � 10 mm) was incu-
bated in glucose solution (30 mmol/L, premixed with 0.25 U of
insulin) under aeration (30 bubbles/min) for 30 min. Percentage

glucose uptake was calculated as the difference between the initial
and final glucose content in the incubation medium using the fol-
lowing formula: glucose uptake (%) = (Ac – At)/Ac � 100, where Ac

and At represent the absorbance before and after incubation of
rat hemidiaphragm in a glucose solution, respectively.

Glycogen content in liver and skeletal muscle was estimated
using the anthrone method [29]. Briefly, the homogenate was incu-
bated with KOH (30%, 2 mL) in a boiling water bath for 20 min,
cooled and centrifuged for 15 min. The volume of supernatant
was made up to 25 mL using KOH (30%). To this solution, ethanol
(95%, 10 mL) was added, and the solution was allowed to stand
overnight at room temperature to precipitate glycogen. The whole
mixture was then centrifuged for 15 min at 3000 r/min. The pellet
was dissolved in water (1 mL) followed by the addition of anthrone
reagent (4 mL) and placed in a boiling water bath for 10 min. The
contents were cooled, and the absorbance was recorded at 620 nm
using an ultraviolet (UV) spectrophotometer (Shimadzu, UVProbe
2.4.3).

Hexokinase was quantified by measuring the change in glucose
in a buffer solution composed of adenosine triphosphate (ATP),
Mg2+, KCl and fluoride. Briefly, liver homogenate was incubated
in a test-tube with 0.5 mL glucose buffer solution (2.5 mmol/L glu-
cose, 0.01 mol/L K2HPO4, 77 mmol/L KCl, 2.5 mmol/L MgCl2,
25 mmol/L NaF, 0.03 mol/L tris(hydroxymethyl)aminomethane
[Tris-HCl, pH 8.0], 0.05 mL of 0.18 mol/L ATP solution and
0.45 mL of water). After a 30-min incubation, glucose was esti-
mated using a glucose peroxidation kit [30].

Similarly, the liver homogenate was used to measure the lactate
dehydrogenase activity via the nicotinamide adenine dinucleotide-
coupled spectrophotometric assay as explained by King [31].

Glucose-6-phosphatase (G6Pase) was estimated by incubating
the liver homogenate with citrate buffer (0.1 mol/L, pH 6.5,
0.7 mL) and glucose-6-phosphate (0.01 mol/L, 0.3 mL) at 37 �C
for 1 h followed by the addition of 10% trichloroethanoic acid to
terminate the reaction. The reaction mixture was then centrifuged
to estimate phosphorus in the supernatant. An aliquot of super-
natant was then mixed with ammonium molybdate (1 mL) and
amino naphthol sulphonic acid (0.4 mL) and incubated for
20 min to produce a blue color. The absorbance was then measured
at 680 nm using the UV spectrophotometer [32].

Fructose-1,6-biphosphatase (FBPase) was estimated by incubat-
ing the homogenate with ethylene diamine tetraacetic acid (EDTA;
1 mmol/L, 0.25 mL), KCl (0.1 mol/L, 0.1 mL), MgCl2 (0.1 mol/L,
0.25 mL), substrate (0.05 mol/L, 0.1 mL) and tris-HCl buffer
(0.1 mol/L, pH 7.0, 1.2 mL) at 37 �C for 5 min. Later, the reaction
was terminated with 10% trichloroethanoic acid and similar steps
as G6Pase estimation were followed to produce the blue color,
which was read at 680 nm using a UV spectrophotometer [32]. Fur-
ther, commercial kits were used to quantify phosphofructokinase
(PFK; KinesisDx, USA), serum aspartate aminotransferase (AST;
Erba Lab, India) and serum alanine aminotransferase (ALT; Erba
Lab, India), following the manufacturer’s instructions.

Catalase activity was evaluated by mixing H2O2 (0.019 mol/L,
1.0 mL) and liver homogenate (10% w/v, 0.05 mL), and the enzyme
activity was measured by recording the change in absorbance at
240 nm [33]. Similarly, glutathione (GSH) was estimated by incu-
bating liver homogenate with EDTA (20 mmol/L, pH 4.7) and Ell-
man’s reagent for 30 min and recording the absorbance at
412 nm using the UV spectrophotometer [34]. Further, total thiols
were quantified by incubating the mixture of homogenate, dithion-
itrobenzene (10 mmol/L, 40 mL) and methanol for 10 min and mea-
suring the absorbance at 412 nm using the UV spectrophotometer
[34]. Likewise, superoxide dismutase (SOD) was estimated by incu-
bating liver homogenate with tris-HCl buffer (0.05 mol/L, 2.9 mL)
and pyrogallol solution (2.5 mg/mL, 0.1 mL), and the absorbance
was recorded at 420 nm at 90 and 120 s using the UV spectropho-
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tometer [35]. Further, the level of thiobarbituric acid reactive
substance (TBARS) was estimated by incubating homogenate (10%
w/v, 0.5 mL) with trichloroacetic acid (15%), thiobarbituric acid
(0.375%) and HCl (5 g/L) at 95 �C for 15 min. The whole mixture
was cooled and centrifuged, and the absorbance was measured at
512nmusing theUV spectrophotometer. The amount of lipid perox-
idation was expressed as TBARS nmol/mg of protein [36].

2.3. Statistical analysis

‘‘Edge count” was used to evaluate the interaction network we
constructed. Docking results were interpreted based on the bind-
ing energy (kcal/mol) and the number of hydrogen bond interac-
tions. All experimental data were presented as mean ± standard
error of the mean. Data were analyzed using a one-way or two-
way analysis of variance, followed by posthoc Tukey’s test or Bon-
ferroni test where applicable, using GraphPad Prism (Version 5;
GraphPad Software Corporation, San Diego California, USA).

3. Results

3.1. Network pharmacology

3.1.1. Bioactive constituents and their targets
Fifty-one different phytoconstituents were identified from D.

repens, of which 36 were predicted to interact with the 31 proteins
involved in the pathogenesis of diabetes mellitus. The majority of
these phytoconstituents were flavonoids (Table S1). Similarly, the
proteins with which they were modelled to interact also fell into
multiple categories like G protein-coupled receptors, nuclear
receptors, enzymes, ion channels and surface receptors (Table S2).

3.1.2. Druglikeness, ADMET profile and cytotoxicity of bioactive
constituents

Among the 36 constituents with predicted bioactivity, 3,7-dihy
droxy-2-[4-hydroxy-3-(4-hydroxy-3-methyl butyl)phenyl]-5,6-di
methoxy-4H-1-benzopyran-4-one had the highest druglikeness
score (1.29; Table S3). Pharmacokinetic profile (ADMET) like
human intestinal absorptivity, caco-2 permeability, blood-brain
barrier penetrability and toxicity in various animal models is pre-
sented in the heat map (Fig. S1). Similarly, the phytoconstituents
from D. repens were found to be more cytotoxic in cancer cell lines
than in normal (Fig. S2).

3.1.3. KEGG pathway analysis
Gene-set enrichment analysis identified 63 different pathways

that could be modulated by the predicted proteins. Among them,
11 pathways (KEGG records) were involved in the pathogenesis
of diabetes mellitus. Further, a pathway for the metabolism of
galactose was identified to record the a-glucosidase enzyme,
which is one of the well-recognized targets in the management
of postprandial hyperglycemia. Additionally, we found that the
phosphatidylinositol 3-kinase-protein kinase B (PI3K-Akt) signal-
ing pathway was primarily modulated by 7 genes, i.e., GSK3B,
HSP90AB1, NFKB1, ITGA4, FASLG, TLR4 and IL2. Table S4 summarizes
the list of modulated pathways and respective gene count and set
including the false discovery rate.

3.1.4. Network analysis
The constructed network represented 77 nodes which included

36 phytoconstituents, 31 targets and 10 pathways. Similarly, the
network contains 173 edges of which 138 were between com-
pounds and proteins and 35 were between proteins and pathways.
The majority of the phytoconstituents, a-cadinol, durantanins I, II
and III, scoparone, 7-O-a-D-glucopyranosyl-3,5-dihydroxy-30-(40’-
acetoxyl-30’-methylbutyl)-6,40-dimethoxyflavone, oleanolic acid,

a-amyrin, b-amyrin, ursolic acid and pseudo-ginsenoside-RT were
modeled to target the PTP1B, regulating multiple pathways,
including insulin resistance and insulin signaling pathways
(Fig. 1). Further, pectolinarigenins interacted with the majority of
the 13 protein molecules, i.e., ADORA1, AKR1B1, GAA, BACE1,
PTGS1, PTGS2, ESR1, GSK3B, PPARD, PPARG, PPARGC1B, PDE5A
and LCK. We also assessed the pathway-pathway interactions,
which identified the pathways associated with diabetic complica-
tions (Fig. S3).

3.1.5. In silico molecular docking
The docking study predicted durantanin I to possess the highest

binding affinity (�8.9 kcal/mol) with PTP1B, with 6 hydrogen bond
interactions with ARG221, GLU115, GLY256 and ARG254. The
binding affinity of the ligand with PTP1B, including the number
of hydrogen bonds and amino acid residues is summarized in
Table S5. Similarly, the ligand-protein interactions of durantanin
I with PTP1B are shown in Fig. S4.

3.2. Experimental pharmacology (animal study)

3.2.1. Effects of DRE on body weight, food intake and water intake
One week after injection of streptozotocin and nicotinamide,

there was a significant decrease in body weight compared to the
normal control (P < 0.001). Similarly, after 28 days of treatment,
there was a significant increase in the body weight of animals in
the DR100, DR200 and DR400 groups, compared to the diabetic
control group (P < 0.001). Similarly, there was a significant propor-
tional decrease in the body weight of animals in the diabetic con-
trol, compared to the normal control, which was reversed in the
DR100, DR200 and DR400 treatment groups, in a dose-dependent
manner (P < 0.001, Fig. S5). Likewise, there was a significant
increase (P < 0.001) in the relative water intake and a significant
decrease (P < 0.001) in relative food intake in the diabetic group
compared to the normal control, which was also reversed in the
DR100, DR200 and DR400 treatment groups (Fig. S5).

3.2.2. Effects of DRE on fasting blood glucose level and OGTT
At the end of the study, there was a significant increase

(P < 0.001) in fasting blood glucose level and a significant decrease
(P < 0.001) in insulin level in the diabetic control, compared to the
normal control, which was significantly reversed (P < 0.001) by
treatment with glibenclamide and DRE. Similarly, OGTT showed a
significant increase (P < 0.001) in total area under the curve of glu-
cose and a significant decrease (P < 0.001) in total area under the
curve of insulin in the diabetic control, compared to the normal
control, which was significantly ameliorated (P < 0.01 or 0.001)
in the GLI50, DR100, DR200 and DR400 groups; the dose-
dependent effect was observed in fasting glucose (Fig. 2) and insu-
lin levels (Fig. 3).

3.2.3. Effects of DRE on Hb1Ac
The level of Hb1Ac was found to be significantly increased

(P < 0.001) in the diabetic group compared to the normal group.
Similarly, treatment with glibenclamide and multiple doses of
DRE resulted in a significant decrease (P < 0.01 or 0.001) in the
Hb1Ac level, compared to the diabetic group; the response to
DRE was dose-dependent (Fig. 4).

3.2.4. Effects of DRE on hepatic enzymes
Twenty-eight days after the induction of diabetes, we

observed a significant increase (P < 0.001) in lactate dehydroge-
nase (LDH), FBPase, G6Pase, PFK and AST:ALT ratio and a signif-
icant decrease (P < 0.001) in the hepatic hexokinase in the
diabetic control group compared to normal control. Similarly,
treatment with glibenclamide and DRE resulted in a significant
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decrease in G6Pase (P < 0.01), FBPase (P < 0.001), LDH
(P < 0.001), PFK (P < 0.001) and AST:ALT ratio (P < 0.001), and
a significant increase (P < 0.001) in the hexokinase level, com-
pared to the diabetic control group; a dose-dependent effect
for all parameters except the AST:ALT ratio was observed in
DR100, DR200 and DR400 groups (Table 1).

3.2.5. Effects of DRE on urea, uric acid and creatinine levels
The diabetic control group showed a significant increase

(P < 0.001) in serum urea, uric acid and creatinine levels, compared
to the normal control. Similarly, treatment with glibenclamide
resulted in a significant decrease in uric acid (P < 0.05), creatinine
and urea (P < 0.001), compared to the diabetic group. DRE treat-

m
a

g

β
α

α-Cadinol

Fig. 1. Interaction of phytoconstituents and diabetic proteins with respective pathways. In the network circle represents the bioactive constituents, rectangle represents
protein and triangle represents pathways.

Fig. 2. Effects of the hydroalcoholic extract of Duranta repens L. on glucose level in the oral glucose tolerance test. A: fasting blood glucose level; B: glucose level at 30-minute
interval during oral glucose tolerance test; C: total area under the curve of glucose. Normal and diabetic groups were treated with water only; the GLI50 group was treated
with glibenclamide 50 mg/kg; the DR100, DR200 and DR400 groups were treated with 100, 200 and 400 mg/kg hydroalcoholic extract of D. repens, respectively. *P < 0.001, vs
normal group, #P < 0.001, vs diabetic group; ▲P < 0.001, vs GLI50 group; jP < 0.01, jjP < 0.001, vs DR100 group; wP < 0.01, wwP < 0.001, vs DR200 group.

Fig. 3. Effects of the hydroalcoholic extract of Duranta repens L. on insulin level in the oral glucose tolerance test. A: fasting insulin level; B: insulin level at 30 min interval
during oral glucose tolerance test; C: total area under the curve of insulin. Normal and diabetic groups were treated with water only; the GLI50 group was treated with
glibenclamide 50 mg/kg; the DR100, DR200 and DR400 groups were treated with 100, 200 and 400 mg/kg hydroalcoholic extract of D. repens, respectively. *P < 0.001, vs
normal group; #P < 0.01, ##P < 0.001, vs diabetic group; ▲P < 0.001, vs GLI50 group; jP < 0.001, vs DR100 group.
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ment resulted in a significant decrease (P < 0.001) in urea in a dose-
dependent manner between the dose of 100 and 400 mg/kg
(P < 0.001), and treatment with DR200 resulted in a significant
decrease in uric acid and creatinine levels (P < 0.01), compared
to the diabetic control (Table 2).

3.2.6. Effects of DRE on lipid profile
In the diabetic control group, there was a significant increase

(P < 0.001) in TG, TC, VLDL and LDL and a significant decrease
(P < 0.001) in HDL, compared to the normal control. Similarly, after
28 days of treatment with DRE, there was a significant decrease
(P < 0.001) in TG, LDL, VLDL and TC levels and a significant dose-
dependent increase (P < 0.001) in HDL level, compared to the dia-
betic control group (Table 3).

3.2.7. Effects of DRE on glycogen content in liver and skeletal muscle
There was a significant decrease (P < 0.001) in hepatic and

skeletal muscle glycogen content in the diabetic control group
compared to the normal control. Similarly, there was a significant
dose-dependent increase (P < 0.05 or 0.001) in glycogen content in
skeletal muscle in the DR100, DR200 and DR400 groups. Likewise,
a significant increase (P < 0.001) in hepatic glycogen content was
observed after 28 days of DRE treatment (Fig. 5).

3.2.8. Effects of DRE on the percentage of glucose uptake in rat
hemidiaphragm

After 28 days of study, a significant decrease (P < 0.001) in the
percentage of glucose uptake was measured in isolated rat hemidi-
aphragm from the diabetic control group, compared to the normal
control. Similarly, there was a significant dose-dependent increase
(P < 0.001) in the percentage of glucose uptake in isolated rat
hemidiaphragm from the DR100, DR200 and DR400 groups, com-
pared to the diabetic control (P < 0.01 or 0.001; Fig. 6).

3.2.9. Effects of DRE on antioxidant biomarkers
There was a significant decrease (P < 0.001) in SOD, GSH and

catalase levels in the diabetic control group compared to the nor-
mal control group. Further, glibenclamide treatment resulted in a
significant increase (P < 0.001) in the levels of SOD and GSH, com-
pared to diabetic control. Similarly, a significant increase in SOD
(P < 0.001), GSH (P < 0.05 or 0.001) and catalase (P < 0.01 or
0.001) levels was observed in DR200 and DR400 groups, compared
to the diabetic control group. However, there was no significant
difference in total thiols or malonaldehyde levels among the
groups (Table 4).

3.2.10. Hepatic and pancreas histology
A significant decrease (P < 0.001) in the average number of pan-

creatic b cells and their size was observed in the pancreas of the
diabetic control compared to the normal control. Similarly, the
DR100, DR200 and DR400 groups showed a significant increase
(P < 0.05) in pancreatic b cell count and size, compared to the dia-
betic control. Further, there was a significant increase (P < 0.001) in
lymphocytic infiltration, vascular degeneration and congestion in
the diabetic control group, which was reversed in the DR100,
DR200 and DR400 groups (Fig. 7). Likewise, there was a significant
increase in sinusoidal and venous congestion (P < 0.01) and bal-

Fig. 4. Effects of hydroalcoholic extract of Duranta repens L. on glycated hemoglobin
(Hb1Ac). Normal and diabetic groups received water only; the GLI50 group was
treated with glibenclamide 50 mg/kg; the DR100, DR200 and DR400 groups were
treated with 100, 200 and 400 mg/kg hydroalcoholic extract of D. repens,
respectively. *P < 0.001, vs normal group; #P < 0.001, ##P < 0.001, vs diabetic
group; ▲P < 0.001, vs GLI50 group; jP < 0.001, vs DR100 group; wP < 0.001, vs DR200
group.

Table 1
Effects of hydroalcoholic extract of Duranta repens L. on hepatic enzymes in diabetic rats.

Group Hexokinase (U/mg) G6Pase (U/mg) FBPase (U/mg) LDH (mmol/L/h/mg) PFK (U/mg) AST:ALT ratio

Normal 2.92 ± 0.01 10.95 ± 0.20 3.99 ± 0.05 166.40 ± 3.41 4.10 ± 0.16 1.34 ± 0.06
Diabetic 1.61 ± 0.02* 27.67 ± 0.79* 11.28 ± 0.27* 377.10 ± 8.23* 11.24 ± 0.25* 2.75 ± 0.10*
GLI50 2.59 ± 0.01## 15.71 ± 0.56## 5.50 ± 0.24## 209.60 ± 5.15## 4.99 ± 0.13## 1.52 ± 0.05##

DR100 1.74 ± 0.01##▲▲ 24.88 ± 0.41#▲▲ 10.40 ± 0.37▲▲ 333.10 ± 4.40##▲▲ 9.03 ± 0.22##▲▲ 1.38 ± 0.03##

DR200 1.93 ± 0.01##▲▲jj 22.90 ± 0.28##▲▲ 9.63 ± 0.28##▲▲ 281.30 ± 3.86##▲▲jj 7.90 ± 0.24##▲▲j 1.45 ± 0.08##

DR400 2.08 ± 0.02##▲▲jjww 19.70 ± 0.40##▲▲jjww 5.99 ± 0.12##▲jjww 253.50 ± 4.11##▲▲jjw 5.93 ± 0.31##jjww 1.58 ± 0.08##

Data are presented in mean ± standard error of mean (n = 6). Normal and diabetic groups were treated with water only; the GLI50 group was treated with glibenclimide
50 mg/kg; the DR100, DR200 and DR400 groups were treated with 100, 200 and 400 mg/kg hydroalcoholic extract of D. repens, respectively. ALT: alanine aminotransferase;
AST: aspartate aminotransferase; FBPase: fructose-1,6-biphosphatase; G6Pase: glucose-6-phosphatase; LDH: lactate dehydrogenase; PFK: phosphofructokinase. *P < 0.001, vs
normal group; #P < 0.01, ##P < 0.001, vs diabetic group; ▲P < 0.05, ▲▲P < 0.001, vs GLI50 group; jP < 0.05, jjP < 0.001, vs DR100 group; wP < 0.01, wwP < 0.001, vs DR200 group.

Table 2
Effects of hydroalcoholic extract of Duranta repens L. on urea, uric acid and creatinine
levels in diabetic rats.

Group Urea (mg/dL) Uric acid (mg/dL) Creatinine (mg/dL)

Normal 30.95 ± 0.80 1.67 ± 0.12 2.71 ± 0.15
Diabetic 55.27 ± 0.97** 2.90 ± 0.16* 3.26 ± 0.04**

GLI50 37.30 ± 0.71## 1.59 ± 0.03## 2.53 ± 0.05##

DR100 50.63 ± 0.48##▲ 2.16 ± 0.03 2.85 ± 0.06#

DR200 47.63 ± 0.29##▲ 1.83 ± 0.02# 2.82 ± 0.03#

DR400 43.58 ± 0.81##▲jw 2.12 ± 0.45 2.56 ± 0.07##

Data are presented in mean ± standard error of mean (n = 6). Normal and diabetic
groups were treated with water only; the GLI50 group was treated with gliben-
climide 50 mg/kg; the DR100, DR200 and DR400 groups were treated with 100, 200
and 400 mg/kg hydroalcoholic extract of D. repens, respectively. *P < 0.01,
**P < 0.001, vs normal group; #P < 0.01, ##P < 0.001, vs diabetic group; ▲P < 0.001, vs
GLI50 group; jP < 0.001, vs DR100 group; wP < 0.01, vs DR200 group.
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looning degeneration (P < 0.001) in the diabetic control group,
compared to normal control. Further, DRE treatment resulted in a
significant decrease (P < 0.05) in sinusoidal congestion (Fig. 8) in
the DR400 group compared to diabetic control.

4. Discussion

The conventional drug development process relies on the ‘‘sin-
gle drug-protein-disease theory,” which has failed many times, as a
single drug molecule can interact with multiple proteins and regu-
late numerous pathways [37,38]. Further, single-target drugs may
be administered at a high dose [39] to achieve a therapeutic
response, which is often associated with multiple side/adverse
effects. To minimize this, the disease network can be treated as a
whole by targeting multiple proteins to generate a synergistic or
additive effect. This approach to treatment can be achieved
through alternative systems of medicines that include herbal com-
pounds, which can contain multiple phytoconstituents to target
multiple proteins and regulate disease-associated pathways in var-
ious polygenic conditions, including diabetes mellitus.

The present study investigated the antidiabetic activity of
D. repens using network pharmacology, followed by an experimen-
tal evaluation via in vivo study. Network pharmacology and system
biology tools like in silico molecular docking gauge doable interac-
tions among pathogenic/homeostatic proteins, multicomponent-
protein interactions, protein-pathway interactions and pathway-
pathway interactions [37,40,41]. Further, gene set enrichment
analysis helps to identify proteins and genes that are associated
with disease phenotypes [42]. During network analysis, the highest
edge count of a particular node (phytoconstituent or target or
pathway) represents a hit molecule or strongly regulated target
or pathway. However, the whole network is the result of interac-
tions among multiple components and proteins interaction; analy-

Table 3
Effects of hydroalcoholic extract of Duranta repens L. on lipid profile in diabetic rats.

Group TG (mg/dL) TC (mg/dL) HDL (mg/dL) VLDL (mg/dL) LDL (mg/dL)

Normal 45.92 ± 0.49 90.99 ± 0.94 59.49 ± 0.67 9.183 ± 0.09 22.32 ± 0.55
Diabetic 93.11 ± 3.54* 144.40 ± 0.66* 36.41 ± 0.63* 18.62 ± 0.71* 89.39 ± 1.60*
GLI50 51.07 ± 0.67# 103.4 ± 0.96# 57.93 ± 0.39# 10.21 ± 0.13# 35.29 ± 0.93#

DR100 77.07 ± 0.62#▲ 136.10 ± 1.71#▲ 42.04 ± 0.64#▲ 15.41 ± 0.12#▲ 78.66 ± 1.86#▲

DR200 67.35 ± 1.00#▲j 121.00 ± 1.24#▲jj 48.40 ± 0.38#▲jj 13.47 ± 0.20#▲j 59.13 ± 1.18#▲jj

DR400 57.09 ± 3.18#jjw 114.60 ± 1.23#▲jjww 52.08 ± 0.34#▲jjwww 11.42 ± 0.64#▲jjw 51.06 ± 1.53#▲jjww

Data are presented as mean ± standard error of mean (n = 6). Normal and diabetic groups were treated with water only; the GLI50 group was treated with glibenclimide
50 mg/kg; the DR100, DR200 and DR400 groups were treated with 100, 200 and 400 mg/kg hydroalcoholic extract of D. repens, respectively. TC: total cholesterol; TG:
triglycerides; HDL: high-density lipoprotein; VLDL: very-low-density lipoprotein; LDL: low-density lipoprotein. *P < 0.001, vs normal group; #P < 0.001, vs diabetic group;
▲P < 0.001, vs GLI50 group; jP < 0.05, jjP < 0.001, vs DR100 group; wP < 0.05, wwP < 0.01, wwwP < 0.001, vs DR200 group.

Fig. 5. Effects on glycogen level in skeletal muscle (A) and liver (B). Normal and diabetic groups were treated with water only; the GLI50 group was treated with
glibenclamide 50 mg/kg; the DR100, DR200 and DR400 groups were treated with 100, 200 and 400 mg/kg hydroalcoholic extract of Duranta repens L., respectively. *P < 0.001,
vs normal group; #P < 0.05, ##P < 0.001, vs diabetic group; ▲P < 0.001, vs GLI50 group; jP < 0.05, jjP < 0.001, vs DR100 group; wP < 0.001, vs DR200 group.

Fig. 6. Effects on glucose uptake in isolated rat hemidiaphragm. Normal and
diabetic control groups were treated with water only; the GLI50 group was treated
with glibenclamide 50 mg/kg; the DR100, DR200 and DR400 groups were treated
with 100, 200 and 400 mg/kg hydroalcoholic extract of Duranta repens L.,
respectively. *P < 0.001, vs normal group; #P < 0.001, vs diabetic group; ▲P < 0.01,
▲▲ P < 0.001, vs GLI50 group; jP < 0.01, jjP < 0.001, vs DR100 group; wP < 0.001, vs
DR200 group.
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sis of the network as a whole is only possible through the inclusion
of all the phytoconstituents of DRE and their targets, rather than a
small subset of those components.

After 28 days of treatment with DRE, we observed improve-
ments in physical parameters like body weight, food intake and
water intake in streptozotocin-nicotinamide-induced diabetic ani-

Table 4
Effects of Duranta repens L. on antioxidant biomarkers in diabetic rats.

Group SOD (U/mL) Total thiols (mmol/mg of protein) GSH (mmol/mg of protein) Catalase (U/[min�mg] of protein) MDA (nmol/mg of protein)

Normal 27.81 ± 0.81 260.20 ± 4.87 135.90 ± 4.20 77.34 ± 2.29 203.00 ± 6.924
Diabetic 16.52 ± 1.16* 353.80 ± 64.72 33.76 ± 6.28* 30.86 ± 5.78* 276.70 ± 49.39
GLI50 25.72 ± 0.34### 262.70 ± 46.98 111.40 ± 19.83### 47.89 ± 8.52 194.70 ± 34.52
DR100 20.96 ± 0.45###▲▲▲ 356.30 ± 2.73 51.38 ± 1.94▲▲▲ 45.88 ± 1.46 296.20 ± 2.25
DR200 25.95 ± 0.50###jj 340.00 ± 3.51 76.05 ± 3.09# 56.89 ± 1.87## 275.30 ± 3.97
DR400 27.02 ± 0.44###jj 303.50 ± 6.83 104.80 ± 4.22##j 64.93 ± 1.27### 253.70 ± 3.93

Data are presented as mean ± standard error of the mean (n = 6). Normal and diabetic groups were treated with water only; the GLI50 group was treated with glibenclamide
50 mg/kg; the DR100, DR200 and DR400 groups were treated with 100, 200 and 400 mg/kg hydroalcoholic extract of D. repens, respectively. GSH: glutathione; MDA:
malonaldehyde; SOD: superoxide dismutase. *P < 0.001, vs normal group; #P < 0.05, ##P < 0.01, ###P < 0.001, vs diabetic group; ▲▲▲P < 0.001, vs GLI50 group; jP < 0.01,
jjP < 0.001, vs DR100 group.

Normal Diabetic GLI50 DR100 DR200 DR400 Normal Diabetic GLI50 DR100 DR200 DR400

Normal Diabetic GLI50 DR100 DR200 DR400Normal Diabetic GLI50 DR100 DR200 DR400Normal Diabetic GLI50 DR100 DR200 DR400

4×

30 μm 30 μm 30 μm 30 μm 30 μm

30 μm30 μm30 μm30 μm 30 μm 30 μm

Group Group Group

Group Group

Fig. 7. Histopathology of pancreas (hematoxylin-eosin). a: normal control group; b: diabetic control group; c: GLI50 group; d: DR100 group; e: DR200 group; f: DR400 group
at (1) 40�, (2) 10� . Normal and diabetic groups were treated with water only; the GLI50 group was treated with glibenclamide 50 mg/kg; the DR100, DR200 and DR400
groups were treated with 100, 200 and 400 mg/kg hydroalcoholic extract of D. repens, respectively. *P < 0.001, vs normal group; #P < 0.05, ##P < 0.01, ###P < 0.001, vs diabetic
group.
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mals. Results also showed a decrease in blood glucose levels and an
increase in insulin secretion during fasting and OGTT, which was
shown by a significant decrease in Hb1Ac in treated groups, com-
pared to diabetic control. Since there is a decrease in the pancreatic
b cells in the streptozotocin-nicotinamide-induced model, treat-
ment could have improved the insulin production via the regener-
ation of pancreatic b cells, which was supported by the increase in
the average number of pancreatic b cells via histopathological
observations.

Insulin resistance and decreased insulin signaling are two
important contributors to the pathogenesis of diabetes mellitus
and its associated complications [1]. PTP1B is a well-recognized
protein for insulin resistance [43] and decreased insulin signaling

[44], which was modelled to be targeted by 11 phytoconstituents
of D. repens, i.e., a-cadinol, durantanins I, II and III, scoparone,
oleanolic acid, ursolic acid, 7-O-a-D-glucopyranosyl-3,5-dihy-
droxy-30-(40’-acetoxyl-30’-methylbutyl)-6,40-dimethoxyflavone, a-
amyrin, b-amyrin and pseudo-ginsenoside-RT1. Further, the dock-
ing study predicted that the durantanin I to possess the highest
binding affinity with PTP1B, which could be the main PTP1B inhi-
bitor present in D. repens. Further, PTP1B protein is believed to
maintain islet morphometry, b cell proliferation and negative reg-
ulation for insulin secretion [45,46], and was targeted by the great-
est number of phytoconstituents. Similarly, it could have
contributed to an increase in pancreatic b cell mass (confirmed
via the histopathological observation of pancreas) as well as the

Fig. 8. Histopathology analysis of liver (hematoxylin-eosin, 40� ). a: normal control group; b: diabetic control group; c: GLI50 group; d: DR100 group; e: DR200 group; f:
DR400 group. Normal and diabetic groups were treated with water only; the GLI50 group was treated with glibenclamide 50 mg/kg; the DR100, DR200 and DR400 groups
were treated with 100, 200 and 400 mg/kg hydroalcoholic extract of D. repens, respectively. *P < 0.01, **P < 0.001, vs normal group; #P < 0.05, ##P < 0.01, vs diabetic group.
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increase in fasting insulin and area under the curve of insulin in
OGTT. Further, PTP1B has been shown to decrease glucose uptake
[43]. In our experiments, treatment with DRE enhanced the glyco-
gen content in liver and skeletal muscle, which could be the result
of PTP1B inhibition in skeletal muscle by a bioactive compound
present in DRE, such as ursolic acid. Additionally, the expression
of PTP1B is high in the liver, which is involved in the alteration
of the glycolysis/gluconeogenesis process, as it is associated with
the development of fatty liver [43]. However, the treatment with
DRE has enhanced the hepatic enzymes that are directly involved
in glucose metabolism.

A close association has been found between the PI3K-Akt sig-
naling pathway and insulin secretion from pancreatic b cells. The
over-expression of the pathway (kinase-dead mutant in b cells)
contributes to reducing Akt activity, reducing insulin secretion
[47]. Further, the PI3K-Akt pathway is also involved in glucose
homeostasis (regulating gluconeogenesis and glycolysis), insulin
secretion and glucose transport [47]. From network pharmacology
it appears that phytoconstituents from D. repens in particular 3,7-
dihydroxy-2-[4-hydroxy-3-(4-hydroxy-3-methylbutyl)phenyl]-5,6-
dimethoxy-4H-1-benzopyran-4-one, (E)-cinnamic acid, (E)-p-
methoxycinnamic acid, 7-O-a-D-glucopyranosyl-3,5-dihydroxy-30-
(40’-acetoxyl-30’-methylbutyl)-6,40-dimethoxyflavone, duranterec-
toside A, durantoside II, durantoside III, durantoside IV tetraac-
etate, durantoside IV pentaacetate, naringenin, pectolinarigenin,
penduletin 40-methyl ether, scutellarein and b-sitosterol glucoside
may contribute in regulating glucose metabolism through PI3K-
Akt signaling pathway. Hence, enhanced glucose uptake in liver/
skeletal muscle and ameliorated glucose metabolism could have
occurred via gluconeogenesis and glycolysis pathways via PI3K-
Akt-mediated improved insulin secretion.

a-Glucosidase, a well-recognized enzymatic target in diabetes
management, is present in the intestinal lumen; it breaks the 1,4-
glycosidic linkage of polysaccharides, converting them to monosac-
charides [48], and has been identified in the galactose metabolism
pathway (KEGG record: hsa00052). Additionally, our previous stud-
ies predicted a-glucosidase inhibitors (pectolinarigenin, penduletin
40-methyl ether and scutellarein) [49] and a-amylase inhibitors, i.e.,
(E)-cinnamic acid, scutellarein, naringenin, scoparone, (E)-p-
methoxycinnamic acid and b-sitosterol glucoside [50], as modula-
tors of the p53 signaling pathway, which could help to maintain
pancreatic b cell mass in diabetes mellitus. Further, PPAR has been
shown to contribute to lipid metabolism and insulin signaling, and
has been linked to multiple metabolic disorders [51]. The present
study showed that the improvement of hyperglycemia and hepatic
enzyme levels (involved in glycolysis and gluconeogenesis) and the
regulation of the PPAR signaling pathway could have improved the
lipid profiles. Further, the improved lipid profile may have been
affected by lipid metabolism and the PI3K-Akt pathway, as its mod-
ulation attenuates lipogenesis in an insulin-dependentmanner [47].

The cytokines like tumor necrosis factor-a, interleukin-1 and -6,
and interferon have been shown to regulate protein function, syn-
thesis and metabolism. Further, cytokines have shown to regulate
cathepsins, caspases and proteases that metabolize extracellular/
membrane, cytosolic and mitochondrial proteins, respectively
[52]. Similarly, in the present network pharmacology analysis,
the bioactive constituents from D. repens were also shown to reg-
ulate 4 genes (IL-2, FASLG, TNFRSF1A and TNFRSF1B) by regulating
cytokine-cytokine interactions (KEGG: hsa04060). In diabetes,
excessive amino acids are converted to ketones or glucose (via glu-
coneogenesis), releasing the nitrogen from the protein through
nitrogen-containing molecules (urea, uric acid and creatinine)
[53]. In DRE treatment there was a significant decrease in urea, uric
acid and creatinine levels, compared to the diabetic control, which
could be the result of cytokine modulation [52] or regulation of
PI3K-Akt-mediated gluconeogenesis [47].

A previous report also identified the antioxidant potency of
D. repens, reflecting its capacity to scavenge free radicals [16].
Similarly, in the present study, increased levels of SOD, catalase
and GSH in the liver homogenate could have occurred via PI3K-
Akt mediation, as it is involved in the production of reactive oxy-
gen species by modulating mitochondrial bioenergetics and the
activation of nicotinamide adenine dinucleotide phosphate
hydrogenoxidases [54]. Further, ballooning degeneration, and
sinusoidal and venous congestion are the outcomes of liver cirrho-
sis and increased AST:ALT ratio [55,56], which may occur via
increased gluconeogenesis and free radicals. However, at the end
of 28 days of treatment with DRE, we found a reversal in the bal-
looning degeneration, and sinusoidal and venous congestion.

Druglikeness is a qualitative assessment of synthetic/natural
molecules based on their molecular weight, number of hydrogen
bond donors, number of hydrogen bond acceptors and LogP value;
it helps to predict whether the molecule will behave like a drug if
administrated orally [57]. In the present study, we found that the
majority of the compounds targeting diabetic proteins had positive
druglikeness scores and could be the focus for further investiga-
tions. Further, the druglikeness score of the compound may affect
the pharmacokinetic and pharmacodynamic parameters of a hit
molecule affecting its pharmacological activity. Hence, admetSAR,
an online server was used to predict properties of molecules in var-
ious contexts, such as human intestinal absorption, Caco-2 perme-
ability, blood-brain barrier permeability and human oral
bioavailability. Similarly, it also predicts interactions (substrate/
inhibition) with multiple proteins (e.g., OATP2B1, OATP1B1,
OATP1B3, MATE1, OCT2, BSEP and p-glycoprotein), isoenzymes
(e.g., CYP3A4, CYP2C9, CYP2C19, CYP2D6 and CYP1A2) and recep-
tors (e.g., peroxisome proliferator-activated receptor-c, aromatase,
estrogen, androgen, thyroid and glucocorticoid). Further, various
toxicity assessments were also predicted, such as carcinogenicity,
eye corrosion/irritation, ames mutagenesis, human ether-a-go-go
inhibition and hepatotoxicity. Similarly, DRE compounds were also
predicted to be less cytotoxic in normal cell lines than in tumor cell
lines, reflecting their safety for human consumption.

In the present study, although we identified some of the lead
molecules from network pharmacology, and their druglikeness
score and ADMET profile, these molecules would be safer and more
effective if used in combination rather than as single drugs. Our
research team believes the pattern of utilization of the natural pro-
duct for the management of disease would be different from that of
single-target drug molecules. Further side effects of the drug may
occur if the supplied dose(s) modulate/regulate(s) other homeo-
static protein(s) rather than the target(s) involved in disease pro-
gression. Initially, D. repens was investigated by Iqbal et al. [13],
who reported a-glucosidase inhibitors. Further, our previous
investigations also quantified the efficacy of multiple fractions of
D. repens for the inhibition of a-amylase and a-glucosidase
enzymes [49,50], an activity which could help to manage postpran-
dial hyperglycemia. These previous findings inspired us to assess
the antidiabetic potency of D. repens using the in vivo model. How-
ever, D. repens, which is reported to be poisonous to some mam-
mals, leading to vomiting, diarrhea, gastric/intestinal hemorrhage
and melena [58], may possess cytotoxicity to the normal cells in
human which needs to be further investigated.

5. Conclusion

The present study used a network pharmacology approach fol-
lowed by an experimental evaluation to investigate DRE’s antidia-
betic activity, which identified PTP1B and PI3K-Akt pathway as
highly modulated targets and pathways respectively; treatment
with DRE enhanced the secretion of insulin in an insulin-
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deficient diabetic model. The study suggested that cytokine and
PI3K-Akt regulation were probable mechanisms for the improve-
ments in the lipid profile, antioxidant biomarkers, and urea, uric
acid and creatinine levels in response to DRE treatment. Further,
the target(s) and pathway(s) identified in this analysis are also
involved in modulating insulin sensitivity. Thus, the role of
hydroalcoholic extract for increasing insulin sensitivity deserves
further study in insulin-resistant models like fructose-induced
insulin-resistant rats, and this should be accompanied by an eval-
uation of PTP1B expression in the liver and skeletal muscle.
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ABSTRACT
Traditionally, Withania somnifera is widely used as an immune booster, anti-viral, and for multiple
medicinal purposes. The present study investigated the withanolides as an immune booster and anti-
viral agents against the coronavirus-19. Withanolides from Withania somnifera were retrieved from the
open-source database, their targets were predicted using DIGEP-Pred, and the protein-protein inter-
action was evaluated. The drug-likeness score and intestinal absorptivity of each compound were also
predicted. The network of compounds, proteins, and modulated pathways was constructed using
Cytoscape, and docking was performed using autodock4.0, and selected protein-ligand complexes
were subjected to 100ns Molecular Dynamics simulations. The molecular dynamics trajectories were
subjected to free energy calculation by the MM-GBSA method. Withanolide_Q was predicted to modu-
late the highest number of proteins, showed human intestinal absorption, and was predicted for the
highest drug-likeness score. Similarly, combined network interaction identified Withanolide_Q to target
the highest number of proteins; RAC1 was majorly targeted, and fluid shear stress and atherosclerosis
associated pathway were chiefly regulated. Similarly, Withanolide_D and Withanolide_G were predicted
to have a better binding affinity with PLpro, Withanolide_M with 3CLpro, and Withanolide_M with
spike protein based on binding energy and number of hydrogen bond interactions. MD studies sug-
gested Withanoside_I with the highest binding free energy (DGbind-31.56 kcal/mol) as the most promis-
ing inhibitor. Among multiple withanolides from W. somnifera, Withanolide_D, Withanolide_G,
Withanolide_M, and Withanolide_Q were predicted as the lead hits based on drug-likeness score,
modulated proteins, and docking score to boost the immune system and inhibit the COVID-19 infec-
tion, which could primarily act against COVID-19.

HIGHLIGHTS

� Withanolides are immunity boosters.
� Withanolides are a group of bio-actives with potential anti-viral properties.
� Withanolide_G, Withanolide_I, and Withanolide_M from Withania somnifera showed the highest
binding affinity with PLpro, 3CLpro, and spike protein, respectively.

� Withanolides from Withania somnifera holds promising anti-viral efficacy against COVID-19.
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1. Introduction

At present, CoV Disease (COVID-19), positive-sense RNA, has
spread throughout the world, leading to millions of death
(Biswas et al., 2020), which primarily affects the pulmonary
gas exchange and triggers cytokine storm. It has been iden-
tified that subjects with lower immune system like pediat-
rics, geriatrics, and suffering from infectious and non-
infectious diseases are at jeopardy of being affected by
COVID-19 (Science News, 2020). Multiple preventative
approaches are suggested to shun COVID-19 infection like
‘social distancing’ and ‘utilization of face masks’, which may
not be applicable in all the personalities who are continu-
ously working in the health field like doctors and nurses; are
more prone to get infected. Although research is ongoing to
develop the vaccine against COVID-19, the process is time-
consuming. Thus, it is important to identify an alternative
method as prophylaxis to protect health from this pandemic
condition until the vaccine gets developed.

Recently many investigations are undergoing by screening
multiple traditional medicines against COVID-19 (Chikhale,
Sinha et al., 2020; Chikhale, Gurav et al., 2020; Dey et al.,
2020; Khanal, Duyu et al., 2020; Khanal, Patil et al., 2020;
Sinha, Prasad et al., 2020; Sinha, Shakya et al., 2020; Zhang
et al., 2020). Many Investigators are reporting multiple bio-
actives from traditional medicines against identified targets
of COVID-19 like 3 C-like protease (3CLpro), papain-like prote-
ase (PLpro), and spike protein (Bhardwaj et al., 2020; Khanal,
Duyu et al., 2020; Khanal, Patil et al., 2020; Mahdian et al.,
2020; Zhang et al., 2020). However, the virus’s tendency to
mutate itself may increase if the ‘right dose-right time-right
drug’ is not chosen. So, it may be knotty to manage this con-
dition if the molecules are selected blindly. In this case, the
conventional ‘single drug-single protein-single disease’ prin-
ciple may also fail. So, the approach could be slightly differ-
ent. One should think as ‘can we boost the immune system of
the subject with reported anti-viral agents from traditional

medicines?’ Over this question, our research team believed, if
an immune system booster can act as an anti-viral agent, it
may contribute to manage COVID-19 via a synergistic/addi-
tive way. In this case, the principle of polypharmacology may
be applicable, which suggests ‘multi component-multi protein
interaction’ and can be predicted via network pharmacol-
ogy approach.

Withania somnifera (Solanaceae) (L.), also known as
‘Ashwagandha’ and ‘Indian Ginseng’, is a prime medicinal
plant of Ayurvedic and indigenous medicines from India. It
has been used as an herbal tonic and healthy food to treat
various diseases and human ailments (Gurav & Gurav, 2014,
2020). Ashwagandha is reported to possess multiple
pharmacological activities including immune booster, hepa-
toprotective, anxiolytic, antidepressant, nootropic, anti-
inflammatory, antioxidant, anti-stress, anticonvulsant, anti-
tumor, anti-genotoxic, and immunomodulatory properties
(Gurav et al., 2020; Muralikrishnan et al., 2010).
Additionally, a previous report suggests the anti-viral prop-
erty of W. somnifera (Cai et al., 2015). Likewise, one of the
recent studies has confirmed the plausible potential of W.
somnifera as SARS-CoV-2 entry and replication inhibitor in
the treatment of COVID-19 (Chikhale, Gurav et al., 2020).
Further, W. somnifera composes withanolides as chief sec-
ondary metabolites that are admired in escalating the
immune system (Chengappa et al., 2018), are anti-viral
(Varshney et al., 2020), and act as an anti-inflammatory
(Sun et al., 2016). Hence, these triplex effects of withano-
lides may chip in managing COVID-19 infection, which can
be evaluated by gene ontology (GO) analysis and network
pharmacology approaches.

Hence, the present study investigated the network
pharmacology of withanolides from W. somnifera as an
immune booster and probable anti-viral agent against
COVID-19 by targeting 3 C-like protease (3CLpro), papain-like
protease (PLpro), and spike protein.
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2. Material and methods

2.1. Mining of withanolides from W. somnifera

Previously reported withanolides from W. somnifera were
retrieved from three open-source databases, i.e. Chemical
Entities of Biological Interest (ChEBI; https://www.ebi.ac.uk/chebi/),
PhytoChemical Interactions DB (PCIDB; https://www.genome.jp/
db/pcidb), and Dr. Duke’s Phytochemical and Ethnobotanical
Databases (https://phytochem.nal.usda.gov/phytochem/search/
list). The bio-actives were further queried in PubChem (https://
pubchem.ncbi.nlm.nih.gov/) or Chemspider (http://www.chem-
spider.com/) database to retrieve their SMILES and
3D structures.

2.2. Protein-based target prediction of bio-actives and
their enrichment analysis

Protein-based targets of each compound were predicted by
querying SMILES of each ligand at the pharmacological
activity (Pa)>0.5 in DIGEP-Pred (Lagunin et al., 2013). The
up-regulated and down-regulated proteins were then
queried on STRING (Szklarczyk et al., 2019) ver. 11.0 for
Homo sapiens and probably regulated pathways were identi-
fied concerning the Kyoto Encyclopedia of Genes and
Genomes (KEGG; https://www.genome.jp/kegg/) database.
The pathways involved in the immune system were then
identified from published literature. Similarly, the biological
processes, molecular function, and modulated cellular com-
ponent of the combined action were also predicted via
GO analysis.

2.3. Network construction and analysis

The network between phytoconstituents, proteins, and
modulated pathways was constructed using Cytoscape
(Shannon et al., 2003) version 3.5.1. Any duplicate edges
between nodes were eliminated to avoid false positive/nega-
tive score before the network analysis. The network was
treated as directed, and the command ‘network analyzer’ was
used to analyze the network based on ‘edge count’ by map-
ping the node size and color as ‘low values to small sizes’
and ‘low values to bright colors’ for both settings.

2.4. Prediction of the drug-likeness score and human
intestinal absorptivity

The drug-likeness score of an individual molecule was pre-
dicted using MolSoft (https://molsoft.com/mprop/). Similarly,
a boiled egg model (Daina & Zoete, 2016) was used to pre-
dict the human intestinal absorptivity of bio-actives using
SwissADME (Daina et al., 2017).

2.5. Prediction of anti-viral spectra of bio-actives

By querying the SMILES of each ligand in Prediction of
Activity Spectra for Substances (PASS; Poroikov et al., 2003)
at the pharmacological activity (Pa)> pharmacological

inactivity (Pi), the anti-viral activity was recorded using the
keyword ‘anti-viral’ as its probable biological spectrum.
Records were queried for their probable pharmacological
spectrum against multiple viruses like herpes, human
immunodeficiency virus, hepatitis B, rhinovirus,
and influenza.

2.6. In silico molecular docking

Three protein molecules, i.e. 3CLpro (PDB: 6LU7), PLpro (PDB:
4M0W), and spike protein (homology modeled target, acces-
sion number: AVP78042.1 as query sequence and PDB: 6VSB
as a template using SWISS-MODEL (Schwede et al., 2003)
were targeted against COVID-19. The pre-complex ligand/
water molecules were removed using Discovery studio 2019
(Dassault Syst�emes, 2019) and saved in .pdb format. The
retrieved .mol/.sdf files of ligands from ChemSpider/
PubChem were converted into .pdb format using Discovery
Studio 2019. Each ligand’s energy was minimized using the
mmff94 force field (Halgren, 1996) and conjugate gradients
as an optimization algorithm and converted into .pdbqt for-
mat. Docking was carried using autodock4.0 (Morris et al.,
2009) to obtain ten different confirmations at exhaustiveness
8. The pose with minimum binding energy was chosen after
docking to visualize the ligand-protein interaction in
Discovery studio 2019.

2.7. Molecular dynamics (MD) simulation and molecular
mechanics-generalized born solvent accessibility
(MM-GBSA) analysis

The molecular dynamics simulations were performed with
the AMBER18 software package, and all the ligand mole-
cules were parameterized with ANTECHAMBER (Chavan
et al., 2018). The protein-ligand complexes were energy
minimized, solvated, and neutralized in the xLeap pro-
gram with physiological salt concentration (Chikhale et al.,
2018). These complexes were simulated for 100 ns on
Nvidia V100-SXM2-16GB Graphic Processing Unit using the
PMEMD.CUDA module. The molecular mechanics-general-
ized born solvent accessibility (MM-GBSA) analysis was
performed on complete 100 ns trajectories. Details of the
model building and simulations are provided in the sup-
plementary section.

3. Results

3.1. Withanolides and their target prediction

Based on the availability of structures of bio-actives, 17 with-
anolides (Figure 1) were chosen for the study. Among them,
Withanolide_Q was predicted to modulate the highest num-
ber of proteins, i.e. 12, in which 5 were down-regulated, i.e.
CHEK1, NR3C1, PRKCA, PROS1, ESR2, and 7 were up-regu-
lated, i.e. TNFRSF1A, PLAT, RAC1, VDR, FKBP5, AR, GH1. The
down-/up-regulated proteins of each compound are sum-
marized in Table 1.

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS 3

https://www.ebi.ac.uk/chebi/
https://www.genome.jp/db/pcidb
https://www.genome.jp/db/pcidb
https://phytochem.nal.usda.gov/phytochem/search/list
https://phytochem.nal.usda.gov/phytochem/search/list
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
http://www.chemspider.com/
http://www.chemspider.com/
https://www.genome.jp/kegg/
https://molsoft.com/mprop/


3.2. Prediction of the drug-likeness score and human
intestinal absorptivity

Prediction of human intestinal absorptivity identified
Withanolide_E, Withanolide_F, Somniferawithanolide,
Withanolide_Q, Withanolide_M, Withanolide_D, Withanolide_R,
Withanolide_I, Withanolide_L, and Withanolide_N to be
absorbed from the gastrointestinal tract (Figure 2). Further,
drug-likeness prediction identified Withanolide_Q to possess
the highest drug-likeness score, i.e. 0.75 (Figure 3), suggesting
its highest oral bioavailability.

3.3. Enrichment and network analysis

Enrichment analysis identified the prime modulation of
fluid shear stress and atherosclerosis pathway with the
highest number of gene sets, i.e. 4 (CCL2, PLAT, RAC1, and
TNFRSF1A) at the lowest false discovery rate, i.e. 0.0012.
The modulation of genes also identified the regulation of
multiple direct or indirect pathways associated with infec-
tious/non-infectious diseases. Further, pathways related to
the immune system like TNF, Fc epsilon RI, p53, PI3K-Akt,
IL-17, mTOR, NOD-like receptor, chemokine, Rap1, and NF-

Figure 1. Withanolides from Withania somnifera screened for anti-viral and immune-modulatory activity.
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kappa B signaling pathway and cytokine-cytokine receptor
interaction were also predicted (Supplementary material
Table S1). Similarly, GO analysis identified the highest num-
ber of modulated genes, i.e. 17 were from membrane-
bound organelle and cytoplasm as a cellular component,
molecular function with 19 genes as protein binding, and
stimulus respondent (19 genes) as biological processes
(Figure 4). The combined network interaction of withano-
lides and modulated pathways with respective genes is
represented in Figure 5.

3.4. Prediction of anti-viral spectra of bio-actives

All the withanolides were predicted as the anti-viral against
rhinovirus, 6 (Withanolide_D, Withanolide_M, Withanolide_N,
Withanolide_O, Withanolide_P, and Withanolide_Q) for influ-
enza, 4 (Withanolide_D, Withanolide_O, Withanolide_N, and
Withanolide_Q) against herpes, and Withanolide_Q against
hepatitis and HIV. Similarly, 3 withanolides, i.e. Withanolide_N,
Withanolide_O, and Withanolide_Q, were predicted as
undefined anti-viral agents (Figure 6).

3.5. In-silico molecular docking

Withanolide_G and Withanolide_D were predicted to possess
the highest binding affinity with PLpro with binding energy,
i.e. �8.9 kcal/mol; however, Withanolide_G was predicted for
the highest number of hydrogen bond interactions, i.e. 6 by
interacting with Arg167, Gln233, and Tyr208. Similarly,
Withanolide_I was predicted for its highest hydrogen bond
interactions, i.e. 7 with Arg131, Asp289, Thr199, Leu287,
Tyr239, Asn238 though it possessed �9.1 kcal/mol compared
to withanolide J (-9.3 kcal/mol). Likewise, Withanolide_M was
predicted to possess the highest binding affinity with spike
protein by interacting with 4 hydrogen bonds with Cys566,
Thr525, and Lys523. However, Withanolide_H was predicted
to interact with spike protein via 6 hydrogen bonds with
Asn211, Asn185, Thr254, Ser67, Thr94, and Ala259 though it
scored comparatively higher binding energy (-8.5 kcal/mol)
compared to Withanolide_H. The docking scores of top
scorer withanolides are given in Table 2, whereas other
phytochemicals’ docking scores are given in supplementary
file Table S2 (Supplementary material). Figure 7 represents
the interaction of lead hits based on binding energy with
the respective protein.

3.6. Molecular dynamics (MD) simulation and molecular
mechanics-generalized born solvent accessibility
(MM-GBSA) analysis

The Withanolide_G in complex with SARS-CoV papain-like
protease was subjected to molecular dynamics simulation for
100 ns, and the trajectories were stripped out of the water
and further analyzed to obtain the receptor RMSD (Figure
8a), receptor residue RMSF (Figure 8b), and Withanolide_G
RMSD (Figure 8c). The processed trajectory was further ana-
lyzed by pulling out the initial and the final MD simulation
frame (Figure 8d,e). The receptor RMSD converged at five ns
and was stable between 1.75 to 2.75 Å throughout the simu-
lation. This RMSF for the individual residues in SARS-CoV
papain-like protease was between 1 to 5 Å, with higher RMSF
among the residues between 190 to 300. The ligand RMSD
showed a convergence of fluctuations between 0.5 to 2.0 Å
for the first 60 ns, after which a steep rise to 4 Å and

Table 1. Protein-based targets of withanolides from W. somnifera.

S. No. Bioactives Downregulation Upregulation

1 Withanolide_F CHEK1, CCL2 NPPB, VDR, FKBP5, RAC1, PLAT
2 Withanolide_H CHEK1, CCL2 TNFRSF1A, RAC1, NPPB, VDR
3 Withanolide_I CHEK1, CCL2 NPPB, RAC1, VDR
4 Withanolide_J CHEK1, CCL2 NPPB, VDR, FKBP5, PLAT, RAC1
5 Withanolide_K CHEK1, CCL2 NPPB, VDR, FKBP5, RAC1, PLAT
6 Withanolide_L CHEK1, NR3C1 FKBP5, VDR, PLAT, AR, NPPB
7 Withanolide_M CHEK1 PLAT, VDR
8 Withanolide_P CHEK1, CCL2 NPPB, VDR, FKBP5, PLAT, RAC1
9 Withanolide_Q CHEK1, NR3C1, PRKCA, PROS1, ESR2 TNFRSF1A, PLAT, RAC1, VDR, FKBP5, AR, GH1
10 Withanolide_R CHEK1, PRKCA RAC1, PLAT, CYP3A4, VDR, AR
11 Withanolide_D CASP8, CHEK1 VDR, PLAT
12 Withanolide_E CHEK1, CASP8, CCL2 NPPB, VDR, PLAT
13 Withanolide_G CHEK1, CCL2 NPPB, RAC1, VDR, PLAT
14 Withanolide_N CHEK1, NR3C1 TNFRSF1A, VDR, RAC1, FKBP5, PLAT, NPPB, AR
15 Withanolide_O CHEK1 VDR, FKBP5, PLAT, NPPB, KRT18, RAC1, AR
16 Withanolide_S CHEK1, CCL2 NPPB, RAC1, VDR, FKBP5, KRT18, PLAT, AR
17 Somniferawithanolide CHEK1 RAC1, TNFRSF1A, VDR, CAT, CD14, NPPB, PLAT

Figure 2. Boiled egg representation of withanolides for human intes-
tinal absorption.
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gradually reduced to its original value. The hydrogen bond
between Tyr208 and the Withanolide_G was observed
throughout the 100 ns MD simulation.

Withanolide_I – COVID-19 main protease complex was
subjected to 100 ns of MD simulation. The MD trajectories
were stripped off their water molecules and ions and further
analyzed with CPPTRAJ (Figure 9). The protein RMSD con-
verged around five ns, and the fairy remained between 2 to
4Å for most of the simulation (Figure 9a). The RMSF calcu-
lated per residue was very fewer fluctuations and was within
0.5 to 2.5 Å (Figure 9b). The ligand RMSD showed initial sta-
bility and remained below 5Å for the initial 25 ns, after
which a sharp rise in RMSD to 12.5 Å was observed between
25 t0 50 ns (Figure 9c). During the rest of the simulation, the
ligand RMSD fluctuated between 10 to 20Å. The initial frame
of the MD trajectory showed a hydrogen bond between the
ligand and residue Asn238. However, at the end of the simu-
lation, this bond was found intact, and the formation of

another hydrogen bond with Leu272 was observed
(Figure 9d,e).

Withanolide_M – COVID-19 spike protein complex was
subjected to 100 ns of MD simulation. The MD trajectories
were stripped off their water molecules and ions and fur-
ther analyzed with CPPTRAJ (Figure 10). The protein
RMSD converge around 5 ns and fluctuated between 5 to
12.5 Å for most of the simulation (Figure 10a). The RMSF
calculated per residue showed high fluctuations between
2.5 to 7.5 Å, and the residues between 400 and 450
showed very high RMSF of about 12.5 Å (Figure 10b). The
ligand RMSD also showed high RMSD fluctuations
between 5 to 20 Å for most of the part of the 100 ns
simulation (Figure 10c). The initial frame of the MD trajec-
tory showed a hydrogen bond interaction between the
ligand and residue Cys487 and Thr498. However, at the
end of the simulation, these bonds were not found
(Figure 10d,e).

Figure 4. GO analysis of combined network for (a) cellular component, (b) molecular function, and (c) biological processes.

Figure 3. Drug-likeness score of withanolides from W. somnifera. NHBA: Number of hydrogen bond acceptor, NHBD: Number of hydrogen bond donor, MolPSA:
Molecular Polar Surface Area (PSA) and Volume.
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The free energy calculations by the MM-GBSA method
were performed on the complete MD trajectory, and the
results are mentioned in Table 3. The binding free energy
(DGbind) for Withanolide_G- SARS-CoV papain-like protease,
Withanolide_I- COVID-19 main protease, and Withanolide_M-
COVID-19 spike protein was calculated as �29.65, �31.56,
and �11.88 Kcal/mol, respectively.

4. Discussion

It is well reported that subjects with infectious and non-
infectious diseases possess a lower-immune system, which
could be due to the improper supply of oxygen/nutrients
and imbalanced metabolism of endo-/exogenous compo-
nents in the cell to produce ATP (Opitz et al., 2010; Pedersen
& Hoffman-Goetz, 2000; Sattler, 2017). In this condition, if the
subject is infected with COVID-19, the risk for mortality is
amplified as the natural defense system may not mean this
infection. Thus, regular consumption of immune boosters
from traditional remedies may help manage this jeopardy of
COVID-19 as prophylaxis. Based on this concept, we
attempted to probe the withanolides as an immune booster
in COVID-19 infection and their affinity to act as anti-viral by

acting over the three targets of coronavirus, i.e. 3CLpro,
PLpro, and spike protein.

Previously, W. somnifera has been identified as an immune
system booster (Muralikrishnan et al., 2010). Further, it is also
used to manage multiple infectious and non-infectious dis-
eases (Cai et al., 2015; Palliyaguru et al., 2016; Udayakumar
et al., 2009). Hence, an attempt was made to identify the
possible role of this agent against COVID-19 management.
Initially, we mined the bio-actives of W. somnifera from three
different databases, predicted the probably modulated tar-
gets at the minimum pharmacological activity of 0.5, and
evaluated the gene-set enrichment analysis. During target
prediction, we identified Withanolide_Q to modulate the
highest number of proteins. Further, it was predicted for the
highest drug-likeness score, i.e. 0.75, based on ‘Lipinksi’s rule
of five’, reflecting its probability of getting absorbed from
the human intestine (oral bioavailability). Additionally, to
confirm this finding, we predicted bio-actives’ absorptivity in
the boiled egg model, which confirmed the absorptivity of
Withanolide_Q from the human intestine. In the boiled egg
model, TPSA represents the compound’s polarity, and
WLOGP represents the lipophilicity. Egan et al. (2000) and
Egan and Lauri (2002) utilized these two properties to

Figure 5. Network interaction of withanolides, regulated proteins, and respective pathways.
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distinguish well-absorbed and poorly absorbed molecules.
Similarly, in the present study, we utilized this concept to
identify the 11 bioactives to absorb in the intestine. Hence,
one more model, i.e. Rule of five, was implemented in the
present study, which identified none of the bioactives vio-
lated more than 2 Rule of five, suggesting their oral
bioavailability.

Further, PASS also identified the anti-viral properties
against multiple viruses as screening an anti-viral agent

towards a novel viral infection could play a tricky game.
However, the compound with highest druglikeness score i.e.
Withanolide_Q was not predicted as a lead hit against
3CLpro, PLpro, and spike protein during the docking study.
This results suggest that individual Withanolide_Q may not
be enough to act as anti-viral and boost immunity in COVID-
19; however, it could contribute as anti-viral agent to some
extent as it possess some binding affinity to bind over
3CLpro, PLpro and spike protein and regulate proteins

Figure 6. PASS analysis of the anti-viral activity of withanolides from W. somnifera. Pa: Pharmacological activity, Pi: Pharmacological inactivity.
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involved in immune system. Since, the present concept is
based on ‘multi-component-multi-protein’ interaction; it can
be explained via the poly-pharmacology approach.

Previously, we demonstrated that how a single compound
can modulate multiple proteins and regulate numerous path-
ways via the concept of gene-set enrichment analysis and

Figure 7. 3D and 2D interaction of (a) Withanolide_G, (b) Withanolide_I and (c) Withanolide_M with (1) PLpro, (2) 3clpro, and (3) spike protein, respectively.

Figure 8. Molecular dynamics simulation of Withanolide_G SARS-CoV papain-like protease: (a) Protein RMSD, (b) Protein RMSF, (c) Ligand RMSD, (d) Binding pose
of ligand bound to the receptor at the beginning of MD simulation, (e) Binding pose of ligand bound to the receptor at the end of MD simulation.
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network pharmacology approach (Duyu et al., 2020; Khanal &
Patil, 2019, 2020a, 2020b, 2020c). The same principle can be
applied via the ‘multi compound-multi protein’ interaction in
COVID-19 management. In the present study, the combined
network interaction of bio-actives identified 54 different
pathways. In this prediction, we identified the pathways
related to infectious diseases (tuberculosis, hepatitis B, influ-
enza A, and herpes simplex and salmonella infection) and
non-infectious diseases (pathways in cancer, non-alcoholic
fatty liver disease, prostate cancer) in which the immune sys-
tem gets compromised. Further, cytokine-cytokine receptor
interaction and few pathways like Rap1, Chemokine, NF-
kappa B, PI3K-Akt, IL-17, p53, TNF, and MAPK signaling path-
ways were identified to possess a direct role in boosting the
immune system.

Rap1 plays an important role in chemokine-induced polar-
ization and regulating cell spreading and adhesion of T cells
and B cells, respectively (Johnson & Chen, 2012). In the pre-
sent study, the combined synergistic effect identified this
pathway’s modulation by regulating PRKCA and RAC1. The
chemokines signaling pathway controls immune cell migration
and positioning in tissues and controls the release of immune
cells from bone marrow during infection and homeostasis
(Sokol & Luster, 2015), regulated by modulating CCL2 and
RAC1. PI3K has been reported to activate the immunity by
up-regulating IL-10 and inhibiting proinflammatory cytokines
(Weichhart & S€aemann, 2008), which has been identified to be
modulated via GH1, PRKCA, and RAC1 proteins.

The contribution of p53 has been identified in regulating
multiple pathways of inflammation, cytokine production, and

Table 2. Binding energy, number of hydrogen bonds and residues of withanolides from W. somnifera with PLpro, 3CLpro and spike protein.

Ligand

PLpro
(PDB:4M0W)

3CLpro
(PDB:6LU7)

Spike protein
(homology modeled)

BE
(kcal/mol) NHB HBR

BE
(kcal/mol) NHB HBR

BE
(kcal/mol) NHB HBR

Withanolide_D �8.9 4 His273, Trp107, His290 �8.8 2 Leu287, Lys137 �8.4 2 Thr831, Asp320
Withanolide_F �8.6 1 Met207 �7.8 – – �7.4 2 Asp815, Asp820
Withanolide_G �8.9 6 Arg167, Gln233, Tyr208 �9 3 Tyr239, Lys137, Leu287 �7.8 1 Asp815
Withanolide_I �8.7 2 Met207, Arg167 �9.1 7 Arg131, Asp289, Thr199,

Leu287, Tyr239, Asn238
�9.7 2 Thr525, Cys566

Withanolide_J �8.6 2 Mer207, Arg167 �9.3 4 Asn238, Asp289, Thr199 �8.7 1 Asn61
Withanolide_M �8.3 2 Lys158, Tyr265 �9.1 5 Lys137, Arg131, Leu287,

Thr199, Tyr239
�9.9 4 Cys566, Thr525,

Lys523
Withanolide_N �7.4 2 Lys95, Arg139 �7.6 2 Gln110, Pro108 �8.8 3 Thr525, Cys566
Withanolide_Q �8.2 4 Asn147, Arg139 �7.9 2 Thr199, Arg131 �8.8 2 Cys566
Withianoloid_R �8.2 4 Thr201, His176,

Asn129, Gln175
�9.1 5 Arg131 Lys137,

Thr199, Asn133, Asp197
�7.8 1 Thr831

BE: Binding energy, NHB: Number of hydrogen bonds, HBR: Hydrogen bond residues.

Figure 9. Molecular dynamics simulation of Withanolide_I COVID-19 the main protease: (a) Protein RMSD, (b) Protein RMSF, (c) Ligand RMSD, (d) Binding pose of
ligand bound to the receptor at the beginning of MD simulation, (e) Binding pose of ligand bound to the receptor at the end of MD simulation.
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pathogen sensing. Further, it also responds to cell apoptosis
in viral infection and responds to innate and adaptive
immunity. Likewise, it has been reported to play an import-
ant role in dead cell clearance, regulating autoimmune dis-
order, and acts as a regulator in immune checkpoint (Mu~noz-
Fontela et al., 2016). In the present study, withanolides from
W. somnifera have been identified to regulate p53 signaling
by regulating CASP8 and CHEK1, contributing to maintain
the cell apoptosis during viral infection and removing dead
cell; minimizes the inflammation. The previous report sug-
gests the inhibition of the MAPK pathway leads to the dimin-
ished immune system as it regulates the production of
chemokines like ILs, TNFa and is triggered by MAPK, JNK,
and ERK pathways (Soares-Silva et al., 2016). Further, these
chemokines’ production is well reported to an allergic reac-
tion and eliminates extracellular pathogens (Mosmann et al.,
2009). In the present study, the MAPK pathway has been
regulated via the modulation of CD14, PRKCA, RAC1,

TNFRSF1A, which would help produce chemokines and elim-
inate the coronavirus from the infected subject.

3CLpro possesses a role to alter the ubiquitin system and
incorporates the viral polypeptides leading to the alteration
of functional proteins (Bhoj & Chen, 2009), which was
majorly targeted by Withanolide_I and Withanolide_J.
Further, PLpro processes the function of pp1a and pp1ab
into the replicase proteins to regulate the viral life cycle
(Lindner et al., 2005), majorly inhibited by Withanolide_D
and Withanolide_G. Likewise, spike protein utilizes angioten-
sin-converting enzyme 2 as a receptor to enter inside the
cell (Kuhn et al., 2004; Li et al., 2003); modulated by
Withanolide_H and Withanolide_M. These results also reflect
a single molecule may not be applicable to inhibit the mul-
tiple proteins due to their multiple affinities, suggesting the
concept of utilizing ‘multi compound-multi protein’ interaction
theory in managing COVID-19 infection.

The molecular dynamics simulation of the Withanolide_G
in complex with SARS-CoV-2 papain-like protease suggests a

Table 3. Binding free energy components for the protein-ligand complexes calculated by MM-GBSA analysis, all energies are in kcal/mol with standard deviation
in parenthesis.

Compounds

MM-GBSA�

DEVDW DEELE DGGB DGSurf DGgas DGSol DGbind
SARS-CoV papain-like protease (4M0W)
Withanolide_G �34.78 (2.82) �22.29 (5.48) 30.87 (4.16) �4.27 (0.27) �56.25 (5.89) 26.59 (4.09) -29.65 (3.64)
COVID-19 main protease (6LU7)
Withanolide_I �32.29 (2.89) �10.20 (3.81) 19.74 (2.65) �3.98 (0.28) �47.32 (5.08) 15.76 (2.52) -31.56 (3.74)
Spike protein (6VSB)
Withanolide_M �23.20 (3.67) �17.43 (11.41) 26.07 (10.72) �2.85 (0.46) �35.10 (12.23) 23.22 (10.72) -11.88 (3.73)

DEVDW ¼ van der Waals contribution from MM; DEELE ¼ electrostatic energy as calculated by the MM force field; DGGB ¼ the electrostatic contribution to the
solvation free energy calculated by GB; DGSurf ¼ solvent-accessible surface area; DGSol ¼ solvation free energy; DGgas ¼ gas phase interaction energy; DGbind

¼Binding free energy.

Figure 10. Molecular dynamics simulation of Withanolide_M Spike protein: (a) Protein RMSD, (b) Protein RMSF, (c) Ligand RMSD, (d) Binding pose of ligand bound
to the receptor at the beginning of MD simulation, (e) Binding pose of ligand bound to the receptor at the end of MD simulation.

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS 11



good binding interaction and a stable complex formation.
The protein and ligand RMSD reflect the system’s stability,
whereas the receptor RMSF indicated the stabilization effect
of Withanolide_G on the binding domain. When observed,
the trajectories indicate that the slight fluctuation observed
in the ligand RMSD between 60 to 75 ns was due to con-
formational changes in the ligand molecules. However, the
hydrogen bond with Tyr208 was intact throughout the simu-
lation, which was also reflected in the free energy calculation
with a DGbind of �29.65 kcal/mol, suggesting the complex’s
good stability. The MD simulation trajectories of the
Withanolide_L – COVID-19 main protease complex suggest a
more significant conformational change in the ligand mol-
ecule, which was observed with the ligand RMSD and by vis-
ual inspection of the trajectory. The protein RMSD and RMSF
are stable throughout the simulation, suggesting that the
docking protocol could not explore all the ligand’s possible
binding modes. The MD simulation explored the binding
space and allowed for better interactions with the complex’s
greater stability. The conservation of hydrogen bonds with
Try238 and forming a newer hydrogen bond with Tyr239
could improve the complex’s stability and be observed in
the free energy calculation. The binding free energy of
Withanolide_L – COVID-19 main protease (DGbind) is
�31.56 kcal/mol, which is the highest of the 3 complexes
under investigation, suggesting this the most stable complex.
The Withanolide_M – COVID-19 spike protein complex has
overall low stability concerning the MD profile and binding
free energy. The protein RMSD and protein residue RMSF
was high throughout the simulation. The ligand RMSD had a
high fluctuation of about 20 Å. The trajectory analysis also
shows less interaction with the receptor. The hydrogen bond
with Cys487 breaks at an early point in the simulation and
no further hydrogen bond formation was observed. Further,
the free energy calculations also show a lower contribution
from MM’s van der Waals forces (-23.20 Kcal/mol). The bind-
ing free energy for this complex is significantly less (DGbind

¼ �11.88 Kcal/mol); compared to the other three complexes
studied, this complex is the weakest.

5. Conclusion

The present study utilized the system biology approach to
identify the possibly modulated pathways to improve the
immune system by withanolides in COVID-19 infection.
Although the study identified the lead hit molecule via dock-
ing study against COVID-19, the utilization pattern may be
limited as multiple components could have different affinities
against the different proteins. Hence, the utilization of mul-
tiple components can produce the synergistic/additive effect
against the COVID-19 infection and regulate the immune sys-
tem in a better way rather than a single lead hit. Further, the
present study’s findings are knowledge-based and algorithm
processed, which provides for the scope of validation by
experimental analysis.
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Abstract
Traditionally, Tinospora cordifolia is commonly used in the treatment of diabetes and obesity; has been evaluated for their 
anti-diabetic and anti-obese potency in experimental animal models. However, the binding affinity of multiple bioactives 
with various proteins involved in the pathogenesis of diabetes and obesity has not been reported yet. Hence, the present study 
aimed to assess the binding affinity of multiple bioactives from T. cordifolia with various targets involved in the pathogenesis 
of diabetes and obesity. The ligands and targets were retrieved from the PubChem and Protein Data Bank respectively and 
docked using autodock4.0. Druglikeness and absorption, distribution, metabolism, excretion, and toxicity profile were pre-
dicted using Molsoft and admetSAR1 respectively. The multiple bioactives from T. cordifolia were identified to interact with 
multiple proteins involved in the pathogenesis of diabetes/obesity, i.e., isocolumbin (− 9 kcal/mol) with adiponectin (PDB: 
4DOU), β-sitosterol (− 10.9 kcal/mol) with cholesteryl ester transfer protein (PDB: 2OBD), tinocordiside (− 6.9 kcal/mol) 
with lamin A/C (PDB: 3GEF), berberine (− 9.5 kcal/mol) with JNK1 (PDB:3ELJ), β-sitosterol & isocolumbin (− 10.1 kcal/
mol) with peroxisome proliferator-activated receptor-γ (PDB:4CI5), berberine (− 7.5 kcal/mol) with suppressor of cytokine 
signaling 3 (PDB: 2BBU), isocolumbin (− 9.6 kcal/mol) with pancreatic α-amylase (PDB: 1B2Y), isocolumbin (− 9 kcal/
mol) with α-glucosidase (PDB: 3TOP), and β-sitosterol (− 10.8 kcal/mol) with aldose reductase (PDB: 3RX2). Similarly, 
among the selected bioactives, tembetarine scored highest druglikeness score, i.e., 1.21. In contrast, isocolumbin scored 
lowest drug-likeness character i.e. − 0.52. The predicted result of phytochemicals from T. cordifolia for acute oral toxicity, 
rat acute toxicity, fish toxicity, drug-likeness score, and aqueous solubility showed the probability of lower side/adverse 
effects in human consumption. The study suggests processing for bioactives from T. cordifolia against diabetes and obesity 
via in-vitro and in-vivo approaches.

Keywords Diabetes mellitus · Guduchi · Gurjo · Molecular docking · Obesity · Tinospora cordifolia

Introduction

Obesity, amplification of normal adiposity is a key player 
in the pathophysiology of type 2 diabetes mellitus (T2DM), 
insulin resistance, hypertension, atherosclerosis, and dyslipi-
demia; occurs due to excessive secretion of adipokines (Red-
inger 2007), is increasing rapidly (Golay and Ybarra 2005). 
The velocity of obesity increment is excessively greater than 
the progress of the development of efficient therapies to con-
trol and treat adiposity and associated metabolic disorders 
(Ramírez et al. 2017). Frequently as time proceeds, obesity 
and T2DM may act as head and tail of a single coin. Statis-
tics reports 60–90% of total patients with T2DM are obese 
(Golay and Ybarra 2005). Further, diabetes is considered a 
common endocrinal disorder that occurs due to low secretion 
of the insulin from the islets of Langerhans of the pancreas; 
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known as Type 1 diabetes mellitus or due to insulin resist-
ance; known as T2DM (Prabhu and Vijayakumar 2014).

Presently, the major portion of prescription for the phar-
macotherapy of T2DM is covered by synthetic or single-tar-
geted oral-hypoglycemic agents. Although these molecules 
are effective in the management of T2DM, they are associ-
ated with serious side effects in special conditions like preg-
nancy and poly-pharmacy. Hence, it is important to identify/
develop new therapeutic agents with minimum side effects 
and high therapeutic efficacy (Zhang et al. 2015) which can 
be identified from the various secondary metabolites of tra-
ditional medicines. Further, the World Health Organization 
(WHO) has also recommended investigating newer hypo-
glycemic agents for T2DM from traditional medicinal plants 
(WHO 1965). Previously, approaches have been made to 
identify the lead hit molecules as anti-diabetic agents from 
traditional medicines via the experimental and computa-
tional approaches (Khanal and Patil 2019, 2020a, b).

Gurjo or Guduchi; scientifically recognized as Tinospora 
cordifolia (Willd.) Miers is used as a traditional medicine 
for various ailments viz. fever, jaundice, diarrhea, cough, 
asthma, skin diseases, eye disorders, bites of poisonous 
snakes and venomous snake and modulator of Insulin sign-
aling pathway via the regulation of PTPN1 and ACACB 
(Khanal et al. 2019a, c). Further, the utilization of T. cor-
difolia as an anti-diabetic has been recorded in the Ayurve-
dic Pharmacopoeia of India (Government of India 2001). 
T. cordifolia has been reported for the reduction of oxida-
tive stress, unclear carbohydrate metabolism, hypoglyce-
mic activity, and modulators of multiple proteins involved 
in diabetes via experimental and computational approaches 
(Puranik et al. 2010; Patel and Mishra 2011; Khanal et al. 
2019a, b, c). However, as per the review of literature, the 
binding affinity of phytoconstituents from T. cordifolia with 
proteins involved in the progression of diabetes and obesity 
has not been reported yet. Hence, the present study aimed to 

screen secondary metabolites from T. cordifolia, i.e., berber-
ine, palmatine, tembetarine, choline, jatrorrhizine, syringin, 
tinocordiside, β-sitosterol, and isocolumbin (Fig. 1) as anti-
diabetic/obese agents via in silico molecular docking, pre-
dict their druglikeness and absorption distribution, metab-
olism, excretion and toxicity profile. The obtained results 
were compared with one of the clinically used anti-diabetic 
agents, sitagliptin.

Materials and methods

Ligands and energy minimization

The chemical structures of selected ligands were retrieved 
from PubChem (https ://pubch em.ncbi.nlm.nih.gov/) in.sdf 
format and then converted into.pdb format using Discovery 
studio. All the ligands were minimized using mmff94 (Hal-
gren 1996) forcefield and steepest descent as an optimization 
algorithm. The energy minimized ligands were then con-
verted to autodock ligand in the format of.pdbqt.

Protein preparation

Nine protein molecules were selected that are involved in the 
pathogenesis of diabetes and obesity. The selected proteins, 
i.e., suppressor of cytokine signaling 3(Socs3), cholesteryl 
ester transfer protein (CETP), C-Jun N-terminal kinases-
1(JNK1), lamin A/C, peroxisome proliferator-activated 
receptor γ (PPAR-γ), adiponectin, α-amylase, aldose reduc-
tase, and α-glucosidase were retrieved from Research Col-
laboratory for Structural Bioinformatics (https ://www.rcsb.
org/) protein data bank. The retrieved 3D proteins were com-
bined with hetero-atoms and water molecules. Hence, Dis-
covery studio 2019 (https ://www.3dsbi ovia.com/) was used 
to remove water molecules, heteroatoms, and other chains 
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from the retrieved protein to avoid docking interference. 
These modified proteins were then saved in the.pdb format.

Absorption, distribution, metabolism, excretion, 
and toxicity profile and druglikeness

Pharmacokinetic parameters of a compound like absorption, 
distribution, metabolism, excretion, and toxicity (ADMET) 
play a vital role in the drug discovery process. Hence, an 
online server admetSAR (http://lmmd.ecust .edu.cn/admet 
sar1) was used to predict the ADMET properties of each 
ligand. We predicted blood–brain barrier permeability, 
human intestinal absorptivity, caco-2 permeability, ames 
toxicity, acute oral toxicity, rat acute toxicity, and fish tox-
icity using of each ligand. Further, MolSoft (http://www.
molso ft.com/ploso ne.html), an online server was used to cal-
culate the drug-likeness properties of each selected ligand.

Ligand protein docking

Docking was performed using autodock4 (Morris et al. 
2009) at PyRx (https ://pyrx.sourc eforg e.io/) 0.8 platform. 
After docking ten different poses of ligand molecules were 
obtained; the pose scoring lowest binding energy was chosen 
to visualize the ligand–protein interaction using Discovery 
studio 2019.

Results

Drug likeness properties of selected ligand

Among the selected ligands, tembetarine scored the highest 
druglikeness score, i.e., 1.21 with the molecular weight of 
344.19, 4 hydrogen bond acceptors, 2 hydrogen bond donors, 
and 2.63 MolLogP. Similarly, isocolumbin scored lowest 
druglikeness score i.e. − 0.52 with a molecular weight of 
358.14, 6 hydrogen bond acceptors, 1 hydrogen bond donor, 
and 2.38 MolLogP. The druglikeness score of each bioac-
tive including their molecular weight, number of hydrogen 
bond donor/acceptor, MolLogP, and aqueous solubility is 
summarized in Table 1.

ADMET prediction of ligands

We studied probable physiological properties of each 
selected ligands to cross the blood–brain barrier, human 
intestinal absorptivity, caco-2 permeability, ames toxicity, 
carcinogen character, acute oral toxicity, rat acute toxic-
ity, and fish toxicity. The heatmap (Fig. 2) represents the 
ADMET profile of individual bioactives which are compa-
rable with sitagliptin.
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Ligand Protein Docking

β-sitosterol showed the highest binding affinity with CETP 
via − 10.9 kcal/mol binding energy. However, there was no 
hydrogen bond interaction. Choline had the lowest binding 
affinity with Socs3 and JNK1 with via − 3.6 kcal/mol bind-
ing energy. However, three hydrogen bond interactions were 
found with Soc3, i.e., ARG80, ASP78, and GLN76. Iso-
columbin showed the highest binding affinity with PPAR-γ 
with − 10.1 kcal/mol binding energy with 1 hydrogen bond 
interaction, i.e., ARG288. Jatrorrhizine showed the binding 
affinity with JNK1 with two hydrogen bond interactions i,e, 
VAL219, and HIS221. Similarly, palmatine showed the bind-
ing affinity with JNK1 with − 8.9 kcal/mol by interacting with 
1 hydrogen bond, i.e., SER179. Syringin was predicted to 
have the binding affinity with CETP with − 5.9 kcal/mol by 
interacting with two hydrogen bond interactions, i.e., CYS325 
and SER 342. Tembetarine showed the binding affinity with 
PPAR-γ by two hydrogen bond interactions, i.e., GLU343 and 
SER342 with − 8.2 kcal/mol binding energy. Tinocordiside 
showed the binding affinity with PPAR-γ by two hydrogen 
bond interactions, i.e., GLU343 and SER342 with − 9.5 kcal/
mol binding energy. Similarly, isocolumbin showed the highest 
binding affinity with pancreatic α-amylase and α-glucosidase. 
Likewise, β-sitosterol showed the highest binding affinity with 
aldose reductase with the binding energy of − 10.8 kcal/mol 
via 1 hydrogen bond interaction with SER302. Energy dis-
similarity of the binding energies of each compound with an 
individual target is represented in Table 2. Similarly, the inter-
action of tembetarine with individual proteins is represented in 
Fig. 3; predicted for the highest druglikeness score.

Discussion

The current study was designed to understand the inter-
action of active biomolecules from T. cordifolia with 
proteins involved in diabetes and obesity. Although 

X-ray crystallography and nuclear magnetic resonance 
techniques are utilized to understand the ligand–protein 
interaction; techniques are limited by the complexity in 
crystallization techniques of proteins, a requirement of 
experienced personnel for data interpretation and being 
time-consuming (Yano and Yachandra 2009; Chatham and 
Blackband 2001). To overcome these limitations, vari-
ous bioinformatics tools have been utilized previously to 
understand ligand–protein interaction (Duyu et al. 2020; 
Khanal et al. 2019b; Patil et al. 2019).

Lipinski’s rule of five explains the druglikeness char-
acter of any organic moiety. Druglikeness character of a 
molecule depends on its molecular weight (< 500), number 
of hydrogen bond acceptors (< 10), number of hydrogen 
bond donors (< 5), and MolLogP (< 5). The molecule can 
be predicted to possess poor intestinal absorptivity if it 
violates more than two rules (Lipinski 2004). Similarly, 
physiochemical properties of drug molecules depend on 
molecular weight, hydrophobic and hydrophilic charac-
ters (Savjani et al. 2012). This prediction of druglike-
ness character is important because most of the active 
biomolecules fail in clinical trials due to their lower bio-
availability (Kennedy 1997). In the current study, eight 
bioactives from T. cordifolia were predicted for positive 
drug-likeness score except for isocolumbin; suggests their 
oral bioavailability so that the bioactives get absorbed into 
the systemic circulation and interact with multiple proteins 
involved in the disease pathogenesis as explained previ-
ously (Khanal et al. 2019a, c).

ADMET profiling reflected syringin and tinocordiside 
were predicted to possess the minimum blood–brain perme-
ability. Likewise, berberine, palmatine, tembetarine, choline, 
jatrorrhizine, and syringin were predicted to have less human 
intestinal absorptivity. Further, syringin, tinocordiside, 
β-sitosterol, and isocolumbin were predicted for minimum 
caco-2 permeability. The heatmap (Fig. 2) provides a glance 
over the ADMET profile of lead phytoconstituents from T. 
cordifolia and was comparable with Sitagliptin.

Fig. 2  Heatmap representing 
ADMET profile of a berberine, 
b palmatine, c tembetarine, 
d choline, e jatrorrhizine, f 
syringin, g tinocordiside, h 
β-sitosterol, i isocolumbin, and 
j sitagliptin
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In the current study, nine macromolecules were tar-
geted which are involved in diabetes and obesity; binding 
of ligands to these proteins may alter the function of these 
receptors. Hence it will be helpful to control diabetes from 
the rational usage of phytochemicals from T. cordifolia. 
Adiponectin, collagen-like circulating protein, produced 
by adipocytes has itself link to diabetes mellitus, insu-
lin resistance, and cardiovascular diseases. Adiponectin 
binding results in increased glucose uptake viz. glucose 
transporter type 4 translocation and promoting the oxida-
tion of fatty acids (Kawano and Arora 2009) which was 
majorly targeted by isocolumbin with the binding energy 
of − 9 kcal/mol with two hydrogen bond interactions with 
HIS382 and TYR111. CETP possesses the role as the 

mediator between neutral lipid transport of cholesteryl 
esters and triglycerides in between lipoproteins;occurs via 
the reversible binding of neutral lipids to CETP (Dallinga-
Thie et al. 2007). In the current study β-sitosterol showed 
the highest binding affinity with CETP; could contribute 
to the management of obesity and lipidaemia with the 
binding energy of − 10.9 kcal/mol; however, there was 
no hydrogen bond interaction of this ligand with CETP. 
Lamin A/C is involved in the regulation of insulin resist-
ance, loss of subcutaneous adipose tissue, dyslipidemia, 
and T2DM and also it shares many features related to met-
abolic syndrome (Mesa et al. 2007); was majorly targeted 
by tinocordiside with the binding energy of − 6.9 kcal/mol 
via 4 hydrogen bond interactions with LYS515, TRP482, 

Fig. 3  Interaction of tembetarine with a suppressor of cytokine signaling 3, b cholesteryl ester transfer protein, c C-Jun N-terminal kinase-1, d 
lamin A/C, e peroxisome proliferator-activated receptor-γ, f adiponectin, g α-amylase, h aldose reductase and i α-glucosidase

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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GLN517, and TRP514. JNKs are identified as a signaling 
molecule that links in inflammation and insulin resistance. 
JNK1 is activated via inflammatory cytokines forward-
ing towards insulin resistance through the increment in 
the level of serine phosphorylation of insulin receptor 
substrate-1 leading to impair insulin signaling (Yang and 
Trevillyan 2008). Targeting this protein could be helpful in 
the treatment of obesity mediated inflammation and insulin 
resistance. In the present study, JNK1 was majorly targeted 
by berberine with the binding energy of − 9.5 kcal/mol 
and two hydrogen bond interactions with SER179, and 
LYS153. PPAR family is associated with glucose metabo-
lism and insulin sensitization. Further, this family plays 
an important role in metabolic and energy homeostatic 
regulation providing the protective effects towards diabetes 
mellitus, obesity, dyslipidemia, inflammation, pain, lung 
diseases including cancer (Tyagi et al. 2011). Experimen-
tal reports have been found regarding the action of phyto-
chemicals from T. cordifolia to act on PPAR family recep-
tors (Puranik et al. 2010). In the present study, PPAR was 
majorly targeted by β-sitosterol and isocolumbin with the 
binding energy of − 10.1 kcal/mol; however, the hydrogen 
bond interaction was formed only by isocolumbin with 
ARG288. However, phytochemicals from the T. cordifo-
lia may show the anti-obese and anti-diabetic activity as 
PPAR-γ receptor agonist which needs to be further inves-
tigated. Hypothalamic leptin resistance is obesity-induced 
(can be presented via diet-induced obesity) which could be 
the outcome of increased expression of Socs3 in the hypo-
thalamus in diet-induced obese animals (Reed et al. 2010); 
was majorly targeted by berberine; however, no hydro-
gen bond interactions were found. Pancreatic α-amylase 
is involved in the hydrolysis of starch (polysaccharides) 
into smaller oligosaccharides (maltose, sucrose, etc.) and 
multiple α-(l–6 and 1–4) oligoglucans (de Souza and de 
Oliveira Magalhães 2010) which is further hydrolyzed into 
monosaccharides for the systemic absorption; contributes 
in post-prandial hyperglycemia (Khanal and Patil 2020b). 
In the present study, isocolumbin was predicted to possess 
the highest binding affinity with α-amylase with − 9.6 kcal/
mol via 1 hydrogen bond interaction with GLN63 and 
α-glucosidase with − 9 kcal/mol and three hydrogen bond 
interactions with GLY992, THR1150, ARG1206; could 
contribute in the management of postprandial hypergly-
cemia. Similarly, aldose reductase acts as a rate-limiting 
step for polyol pathway and is involved in diabetic retin-
opathy (Kinoshita et al. 1979) which was majorly targeted 
by β-sitosterol with the binding energy of − 10.8 kcal/mol 
and one hydrogen bond interaction with SER302.

Further, it is to be understood that a single compound 
can modulate multiple proteins and can regulate multiple 
pathways (Khanal et al. 2020). Hence, the present study also 
suggests assessing the lead hits from T. cordifolia to identify 

probable modulation of multiple pathways in diabetes and 
obesity.

Conclusion

The present study represents the possible role of phyto-
chemicals from T. cordifolia as a ligand against nine differ-
ent targets that are involved in obesity and diabetes. Results 
from acute oral toxicity, rat acute toxicity, and fish toxicity 
predict the molecules are non-toxic and are absorbable via 
the human intestine. All the selected ligands have scored 
well drug-likeness scores which affect the physicochemical 
property of the compound either towards pharmacological 
action or towards the drug development steps. The obtained 
Log S value represents the solubility of the drug molecules 
which would further help in the formulation steps in the 
pharmaceutical industry. This study should encourage fur-
ther investigation of the properties of the phytochemicals 
from T. cordifolia followed by a pharmacological investiga-
tion of these in-silico findings in suitable models. Further, 
most of the bioactives identified to interact with proteins 
involved in diabetes were alkaloids (basic) suggesting the 
performance of wet-lab experiments in both role-based and 
pH based ionization.
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Combination of system biology to probe the anti-
viral activity of andrographolide and its derivative
against COVID-19

Pukar Khanal, †a Yadu Nandan Dey,†b Rajesh Patil, †c Rupesh Chikhale,*d

Manish M. Wanjari,*e Shailendra S. Gurav, *f B. M. Patil,a Bhavana Srivastavae

and Sudesh N. Gaidhanig

The present study aimed to investigate the binding affinity of andrographolide and its derivative i.e., 14-

deoxy-11,12-didehydroandrographolide with targets related to COVID-19 and their probable role in

regulating multiple pathways in COVID-19 infection. SMILES of both compounds were retrieved from the

PubChem database and predicted for probably regulated proteins. The predicted proteins were queried

in STRING to evaluate the protein–protein interaction, and modulated pathways were identified

concerning the KEGG database. Drug-likeness and ADMET profile of each compound was evaluated

using MolSoft and admetSAR 2.0, respectively. Molecular docking was carried using Autodock 4.0.

Andrographolide and its derivative were predicted to have a high binding affinity with papain-like

protease, coronavirus main proteinase, and spike protein. Molecular dynamics simulation studies were

performed for each complex which suggested the strong binding affinities of both compounds with

targets. Network pharmacology analysis revealed that both compounds modulated the immune system

by regulating chemokine signaling, Rap1 signaling, cytokine–cytokine receptor interaction, MAPK

signaling, NF-kappa B signaling, RAS signaling, p53 signaling, HIF-1 signaling, and natural killer cell-

mediated cytotoxicity. The study suggests strong interaction of andrographolide and 14-deoxy-11,12-

didehydroandrographolide against COVID-19 associated target proteins and exhibited different

immunoregulatory pathways.

1. Introduction

In December 2019, a severe acute respiratory syndrome caused
by novel severe acute respiratory syndrome novel coronavirus 2
(SARS-CoV-2)1 emerged as a global pandemic from Wuhan city,
Hubei province, China. WHO designated this nSARS-CoV-2
infection as Coronavirus disease (COVID-19). The n-SARS-CoV-
2 is a highly contagious virus that can be transmitted from
person to person,2 leading to community transmission. COVID-
19 became a major global threat by inuencing around 212

countries, with almost half a million deaths worldwide.3 Pres-
ently, it has majorly affected subjects with comorbidities and
low immunity that are suffering from infectious and non-
infectious diseases.4 Patients with COVID-19, especially those
with severe pneumonia, showed substantially lower lymphocyte
counts, and severely ill patients exhibited a reduction in CD4+ T
cells, CD8+ T cells, and natural killer cells.5,6 The higher plasma
concentrations of several inammatory cytokines, such as IL-6
and tumor necrosis factor (TNF), were observed in COVID-19
patients.7 The pathological ndings in patients with COVID-19
showed that immune-mediated lung injury was involved in
acute respiratory distress syndrome (ARDS).8 This evidence
suggested an immune imbalance in COVID-19, and it was
contemplated that the immune modulation can provide some
prophylaxis and promising benet against COVID-19.9 Also,
there is a need to utilize the concept to identify the new thera-
peutic agent with immunomodulatory action and anti-viral
property against the COVID-19 as reported.10,11

The effectiveness of treatment based on traditional medicinal
plants has been reported during 2003 SARS.12–15 Therefore, the
scientic community has already started studies on medicinal
plants, based on their history and traditional uses, as plausible
leads in the treatment of COVID-19.3,16–20 For thousands of years,
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medicinal plants have played a vital role in managing multiple
infectious and non-infectious diseases.21–23 Among them,
Andrographis paniculata (Family: Acanthaceae), also called known
as ‘King of bitters’ and ‘Indian Echinacea’ reserves its importance
in the management of various infectious and non-infectious
diseases.9,24–26 Further, it has been studied well for its potency
as a modulator of the immune system.25,27 In Andrographis pan-
iculata, andrographolide28 is a major bioactive that possesses
benecial effects in multiple pathogenic conditions, including
the immunity booster role.29 Further, two important databases,
i.e., ChEBI and PCIDB, also record andrographolide (Fig. 1) as
chief bioactive from Andrographis paniculata. Andrographolide
and its derivative(s) also exhibited decisive immunomodulatory
action25,27 and have broad-spectrum anti-viral properties.30

Further, it was found to be effective against multiple viral infec-
tions like dengue,31 swine u,32 hepatitis C,33 chikungunya,24

inuenza,34 Epstein–Barr virus (EBV)35 and herpes simplex virus 1
(HSV-1)36 in previous experimental studies. The andrographolide
derivative, i.e., 14-deoxy-11,12-didehydroandrographolide is one
of the major components/derivatives of A. paniculata reported for
its antiviral properties.37–39

Recently, andrographolide has been investigated as a potential
inhibitor of SARS-CoV-2 main protease (3CLpro) using an in-silico
approach.40 However, its potency to act over papain-like protease
(PLpro) and spike protein has not been investigated yet. Further,
there are numerous reports wherein various in silico approaches41

such as molecular docking, fast pulling of ligand (FPL), free energy
perturbation (FEP),42 density functional theory (DFT),43 high
throughput virtual screening,44 and drug repurposing studies45

have been exploited to investigate various target proteins of SARS-
COV-2. Likewise, there are recent reports of in-silico investigations
of murine natural products46 and some diverse scaffolds of
synthetic compounds designed through in silico insights.47,48 Since
the risk of getting an infection with COVID-19 is reported to be
higher in the subjects with compromised immunity,10 it is impor-
tant to consider in manipulating the immune system in them.

Hence, the present study aimed to investigate the prospective
potential of andrographolide and one of the major derivatives i.e.
14-deoxy-11,12-didehydroandrographolide as a potent anti-viral
agent by targeting three proteins of COVID-19, i.e., 3CLpro, PLpro,
and spike protein. Further, the study also evaluated the plausible
pathways to be regulated in enhancing the immune system.

2. Materials and methods
2.1 Prediction of targets

SMILES of 14-deoxy-11,12-didehydroandrographolide and
andrographolide was retrieved from the PubChem (https://
pubchem.ncbi.nlm.nih.gov/) database49 and queried for

protein-based prediction in DIGEP-Pred50 at a pharmacological
activity (Pa) > pharmacological inactivity (Pi).

2.2 Enrichment analysis

The list of up-and-down-regulated proteins was queried in the
STRING database.51 The biological process, cell component, and
molecular function were recorded. The modulated protein and
their associated pathways were identied using the Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway database.
The interaction between the compounds, their targets, and
pathways was constructed using Cytoscape (https://
cytoscape.org/) and was analyzed using “edge count” of
respective node.

2.3 In silico molecular docking

3D structures of 14-deoxy-11,12-didehydroandrographolide and
andrographolide were retrieved from the PubChem database in
.sdf format and converted into .pdb format using Discovery
studio 2019. The ligand of each molecule was minimized using
mmff94 forceeld and converted into ‘.pdbqt’ format. Structures
of 3CLpro (PDB: 6LU7) and PLpro (PDB: 4M0W) were retrieved
from the RCSB database,52 which were complexed with water
molecules and hetero atoms; removed using Discovery studio
2019 and saved in ‘.pdb’ format. The spike protein of coronavirus
was homology modeled target using accession number
AVP78042.1 as query sequence and PDB: 6VSB as a template
using SWISS-MODEL.53 Docking was carried using Autodock
4.0.54 Aer docking ten different ligand conformations were ob-
tained in which ligand possessing minimum binding energy was
chosen to visualize the ligand–protein interaction using
Discovery studio 2019.

2.4 Molecular dynamics (MD) simulation

MD simulations were carried out with the AMBER18 soware
package.55 The ligands 14-deoxy-11,12-didehydroandrograph-
olide and andrographolide were parameterized with ANTE-
CHAMBER56 employing GAFF force eld. The amino acid resi-
dues of each protein under study were parameterized with the
FF14SB force eld. The xLEAP program was used to prepare the
protein–ligand complexes of the target proteins 3CLpro, PLpro,
and spike protein with ligands' docked poses. Each protein–
ligand complex was solvated in a truncated octahedron of the
TIP3P box. Appropriate counter ions Na+ and Cl� were added to
neutralize the system. Thus prepared, the protein–ligand
complexes were subjected to 100 ns MD simulations on Nvidia
V100-SXM2-16GB GPU using the PMEMD.CUDA module.
Initially, the system was subjected to energyminimization, where
water and the complete system were minimized in two steps.
Simulated annealing optimization, and the NVT and NPT equil-
ibration steps of 5 ns, each was performed to equilibrate the
system. The production phase MD simulations were performed
at 1 atm constant pressure using Monte Carlo barostat and 300 K
constant temperature by using Langevin thermostat. During the
simulation, a collision frequency of 2 ps�1 and the volume
exchange was attempted for every 100 fs. Hydrogen bonds were
constrained by using the SHAKE algorithm, and the integration

Fig. 1 Structures of andrographolide and its derivative.

5066 | RSC Adv., 2021, 11, 5065–5079 © 2021 The Author(s). Published by the Royal Society of Chemistry

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

7 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 2
/4

/2
02

1 
5:

03
:2

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra10529e


step of two fs was employed. Particle Mesh Ewald (PME) method
was used to compute the long-range electrostatic interactions,
while the cut-off of 8 Å was used to compute the short-range
interactions. The program CPPTRAJ was used to analyze the
interactions at every four ps on the result from the full trajectory.
The MD simulation results were analyzed in terms of RMSD and
RMSF of protein–ligand complexes.

2.5 Calculation of drug-likeness and ADMET

The compound's drug-likeness was calculated based on the rule
of ve using Molso57 by querying the SMILES of compounds.
Further, absorption, distribution, metabolism, excretion and
toxicity (ADMET) prole were calculated using admetSAR2.0.58

3. Results
3.1 Prediction of targets

Andrographolide was predicted to regulate 36 proteins, of which
17 were down-regulated, and 19 were upregulated. Likewise, 14-
deoxy-11,12-didehydroandrographolide regulated 48 proteins in
which 21 were downregulated, and 27 were upregulated. The list
of regulated proteins with their Pa and Pi of both compounds is
summarized in Table 1.

3.2 Enrichment analysis

A total of seventy-two different pathways were identied to be
regulated by the andrographolide, among which, pathways in
cancer were primarily regulated by modulating nine genes, i.e.,
AR, ESR2, IL6R, MDM2, PRKCA, RAC1, RARA, RHOA, RXRA at
the false discovery rate of 4.96� 10�5. Similarly, 14-deoxy-11,12-
didehydroandrographolide was predicted to regulate seventy-
seven different pathways by modulating the Estrogen
signaling pathway via seven genes, i.e., ESR2, FKBP5, KRT16,
KRT17, KRT18, PGR, RARA at the false discovery rate of 7.57 �
10�6. Pathways modulated by andrographolide and 14-deoxy-
11,12-didehydroandrographolide with their respective genes
are summarized in Tables 2 and 3, respectively.

Similarly, the interaction of both compounds with the
proteins and regulated pathways is represented in Fig. 2 and 3.

Further, the number of genes in multiple cellular compo-
nents, biological process, and molecular function for androgra-
pholide and 14-deoxy-11,12-didehydroandrographolide are
represented in Fig. 4 and5, respectively. Similarly, network
analysis of 14-deoxy-11,12-didehydroandrographolide identied
prime regulation of PRKCA protein and estrogen signaling
pathway. Further, andrographolide primarily modulated PRKCA
protein and pathways in cancer.

Table 1 Regulated proteins by andrographolide and 14-deoxy-11,12-didehydroandrographolidea

Andrographolide 14-Deoxy-11,12-didehydroandrographolide

DownRegulation UpRegulation DownRegulation UpRegulation

Pa Pi Modulated proteins Pa Pi
Modulated
proteins Pa Pi Modulated proteins Pa Pi

Modulated
proteins

0.548 0.132 TOP2A 0.589 0.131 VDR 0.66 0.117 CHEK1 0.701 0.077 VDR
0.559 0.163 CHEK1 0.526 0.082 CD14 0.627 0.097 TOP2A 0.599 0.043 CD14
0.387 0.028 KRT16 0.336 0.079 CLU 0.562 0.041 IVL 0.47 0.045 CLU
0.364 0.038 KRT17 0.444 0.198 AR 0.451 0.016 KRT16 0.548 0.124 AR
0.331 0.026 PTH 0.417 0.175 ID1 0.445 0.025 KRT17 0.522 0.161 CD83
0.394 0.138 ESR2 0.231 0.043 RAP1A 0.379 0.015 PTH 0.459 0.131 ID1
0.297 0.076 TIMP2 0.375 0.197 RAC1 0.452 0.092 ESR2 0.483 0.178 NPPB
0.38 0.161 CCL2 0.32 0.17 GPX1 0.474 0.127 MDM2 0.429 0.152 RAC1
0.38 0.161 IVL 0.241 0.092 KLK2 0.444 0.097 CCL2 0.41 0.134 SMN2
0.306 0.142 LEP 0.394 0.257 NPPB 0.34 0.044 TIMP2 0.39 0.124 TNFRSF1A
0.364 0.212 PRKCA 0.319 0.186 TNFRSF1A 0.357 0.086 LEP 0.262 0.027 RAP1A
0.3 0.155 CCL4 0.31 0.191 KRT18 0.403 0.139 PRKCA 0.362 0.129 KRT18
0.27 0.141 IL6R 0.171 0.058 RXRA 0.328 0.107 CCL4 0.325 0.096 CTSB
0.226 0.138 GYPA 0.356 0.248 RARA 0.382 0.187 NR3C1 0.35 0.124 GPX1
0.349 0.269 MDM2 0.205 0.103 RHOB 0.299 0.105 IL6R 0.287 0.077 KLK2
0.319 0.28 NR3C1 0.178 0.095 RHOA 0.384 0.206 CASP8 0.412 0.209 PLAT
0.221 0.206 CD44 0.354 0.328 CD83 0.139 0.051 PTHLH 0.397 0.211 RARA

0.294 0.291 SMN2 0.247 0.166 CD44 0.371 0.201 CYP3A4
0.191 0.19 CD38 0.362 0.293 NOS2 0.322 0.162 FKBP5

0.276 0.229 FLT1 0.224 0.065 RHOB
0.255 0.231 PROS1 0.195 0.04 RXRA

0.2 0.057 RHOA
0.231 0.094 CD38
0.304 0.283 CAT
0.243 0.226 PGR
0.268 0.254 PLAU
0.123 0.12 KRT7

a Pa: pharmacological activity, Pi: pharmacological inactivity.
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Table 2 Enrichment analysis of andrographolide regulated targets

#Term ID Term description
Observed gene
count

False discovery
rate

Matching proteins in
the network (labels)

hsa05200 Pathways in cancer 9 4.96 � 10�5 AR, ESR2, IL6R, MDM2, PRKCA,
RAC1, RARA, RHOA, RXRA

hsa04640 Hematopoietic cell lineage 5 7.61 � 10�5 CD14, CD38, CD44, GYPA, IL6R
hsa04972 Pancreatic secretion 5 7.61 � 10�5 CD38, PRKCA, RAC1, RAP1A, RHOA
hsa05130 Pathogenic Escherichia coli infection 4 0.00014 CD14, KRT18, PRKCA, RHOA
hsa04915 Estrogen signaling pathway 5 0.00016 ESR2, KRT16, KRT17, KRT18, RARA
hsa04932 Non-alcoholic fatty liver disease (NAFLD) 5 0.00022 IL6R, LEP, RAC1, RXRA, TNFRSF1A
hsa04062 Chemokine signaling pathway 5 0.00048 CCL2, CCL4, RAC1, RAP1A, RHOA
hsa05205 Proteoglycans in cancer 5 0.00059 CD44, MDM2, PRKCA, RAC1, RHOA
hsa04015 Rap1 signaling pathway 5 0.00063 ID1, PRKCA, RAC1, RAP1A, RHOA
hsa04670 Leukocyte transendothelial migration 4 0.00091 PRKCA, RAC1, RAP1A, RHOA
hsa04071 Sphingolipid signaling pathway 4 0.00095 PRKCA, RAC1, RHOA, TNFRSF1A
hsa04060 Cytokine–cytokine receptor interaction 5 0.0013 CCL2, CCL4, IL6R, LEP, TNFRSF1A
hsa04961 Endocrine and other factor-regulated

calcium reabsorption
3 0.0013 KLK2, PRKCA, VDR

hsa05014 Amyotrophic lateral sclerosis (ALS) 3 0.0013 GPX1, RAC1, TNFRSF1A
hsa05418 Fluid shear stress and atherosclerosis 4 0.0013 CCL2, RAC1, RHOA, TNFRSF1A
hsa05206 MicroRNAs in cancer 4 0.0017 CD44, MDM2, PRKCA, RHOA
hsa04010 MAPK signaling pathway 5 0.0018 CD14, PRKCA, RAC1, RAP1A, TNFRSF1A
hsa04920 Adipocytokine signaling pathway 3 0.0024 LEP, RXRA, TNFRSF1A
hsa05152 Tuberculosis 4 0.0024 CD14, RHOA, TNFRSF1A, VDR
hsa05202 Transcriptional misregulation in cancer 4 0.0024 CD14, MDM2, RARA, RXRA
hsa05203 Viral carcinogenesis 4 0.0027 CHEK1, MDM2, RAC1, RHOA
hsa04151 PI3K-Akt signaling pathway 5 0.0031 IL6R, MDM2, PRKCA, RAC1, RXRA
hsa04510 Focal adhesion 4 0.0033 PRKCA, RAC1, RAP1A, RHOA
hsa05132 Salmonella infection 3 0.0035 CCL4, CD14, RAC1
hsa04064 NF-kappa B signaling pathway 3 0.0045 CCL4, CD14, TNFRSF1A
hsa04014 Ras signaling pathway 4 0.005 PRKCA, RAC1, RAP1A, RHOA
hsa04933 AGE-RAGE signaling pathway in

diabetic complications
3 0.005 CCL2, PRKCA, RAC1

hsa04620 Toll-like receptor signaling pathway 3 0.0052 CCL4, CD14, RAC1
hsa04659 Th17 cell differentiation 3 0.0052 IL6R, RARA, RXRA
hsa04722 Neurotrophin signaling pathway 3 0.0067 RAC1, RAP1A, RHOA
hsa04919 Thyroid hormone signaling pathway 3 0.0067 MDM2, PRKCA, RXRA
hsa04310 Wnt signaling pathway 3 0.0116 PRKCA, RAC1, RHOA
hsa04150 mTOR signaling pathway 3 0.0124 PRKCA, RHOA, TNFRSF1A
hsa04921 Oxytocin signaling pathway 3 0.0124 CD38, PRKCA, RHOA
hsa04530 Tight junction 3 0.0161 RAC1, RAP1A, RHOA
hsa05144 Malaria 2 0.0161 CCL2, GYPA
hsa05164 Inuenza A 3 0.0161 CCL2, PRKCA, TNFRSF1A
hsa04360 Axon guidance 3 0.0166 PRKCA, RAC1, RHOA
hsa04024 cAMP signaling pathway 3 0.0221 RAC1, RAP1A, RHOA
hsa04370 VEGF signaling pathway 2 0.0221 PRKCA, RAC1
hsa05169 Epstein–Barr virus infection 3 0.0221 CD38, CD44, MDM2
hsa04720 Long-term potentiation 2 0.0233 PRKCA, RAP1A
hsa04810 Regulation of actin cytoskeleton 3 0.0233 CD14, RAC1, RHOA
hsa05131 Shigellosis 2 0.0233 CD44, RAC1
hsa01524 Platinum drug resistance 2 0.0237 MDM2, TOP2A
hsa04115 p53 signaling pathway 2 0.0237 CHEK1, MDM2
hsa04520 Adherens junction 2 0.0237 RAC1, RHOA
hsa04664 Fc epsilon RI signaling pathway 2 0.0237 PRKCA, RAC1
hsa05100 Bacterial invasion of epithelial cells 2 0.0237 RAC1, RHOA
hsa05211 Renal cell carcinoma 2 0.0237 RAC1, RAP1A
hsa05214 Glioma 2 0.0237 MDM2, PRKCA
hsa05221 Acute myeloid leukemia 2 0.0237 CD14, RARA
hsa05223 Non-small cell lung cancer 2 0.0237 PRKCA, RXRA
hsa04918 Thyroid hormone synthesis 2 0.0239 GPX1, PRKCA
hsa05133 Pertussis 2 0.024 CD14, RHOA
hsa01521 EGFR tyrosine kinase inhibitor resistance 2 0.026 IL6R, PRKCA
hsa04350 TGF-beta signaling pathway 2 0.0287 ID1, RHOA
hsa05210 Colorectal cancer 2 0.0295 RAC1, RHOA
hsa04970 Salivary secretion 2 0.0297 CD38, PRKCA
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3.3 In-silico molecular docking

Among andrographolide and 14-deoxy-11,12-
didehydroandrographolide, 14-deoxy-11,12-didehydroandro-
grapholide was predicted to have the highest binding affinity
with PLpro, i.e., �6.7 kcal mol�1; however, it did not have any
hydrogen bond interactions. Similarly, andrographolide showed
�6.5 kcal mol�1 binding energy with PLpro with 1 hydrogen bond
interaction, i.e., Tyr274. Although both molecules had equal
binding energy with 3CLpro (�6.8 kcal mol�1), the number of
hydrogen bond interactions were more in andrographolide due to
interaction with Thr190, His163, and Cys145. Further, both
molecules showed a binding affinity with spike protein, i.e., 6.9
kcal mol�1; however, andrographolide showed 1 hydrogen bond
interaction with Lys807 (Table 4).

The interaction of each compound with the respective
proteins is represented in Fig. 6.

3.4 Molecular dynamics (MD) simulations

The exibility at the binding site and the desolvation mecha-
nism is not considered in the rigid docking methodology.
However, molecular dynamics simulations can provide deeper
insights into the interaction between ligand and protein amino
acid residues at the atomistic level. The integrated workow
comprising molecular docking and molecular dynamics simu-
lations is more suited in such situations as docking provides the
most favourable bioactive poses of inhibitor molecules. In
contrast, MD provides the insights of interactions and ener-
getics in a biological environment.59,60 The extended time scale
MD simulations allow exploring a vast space of conformational
optimization and its stability. In the present work, 100 ns MD
simulation of well-equilibrated systems was performed on the
complexes of 3CLpro, PLpro, and modeled spike protein, each of
which is bound to 14-deoxy-11,12-didehydroandrographolide
and andrographolide, respectively. The analysis of resulting
trajectories comprising of 10 000 frames provides insights into
the binding modes of inhibitor molecules, the formation of
hydrogen bonds, pi–pi interactions, van der Waals interactions,

and the consequent stability of the system in terms of RMSD,
RMSF, and ligand-RMSD.

The MD trajectories of PLpro with 14-deoxy-11,12-
didehydroandrographolide and andrographolide were
analyzed for the protein RMSD, ligand RMSD and per residue
uctuations as RMSF (Fig. 7a–c). The RMSD analyses of PLpro

bound with 14-deoxy-11,12-didehydroandrographolide showed
a slight gradual increase in RMSD with initial equilibration at
around 2 Å for the rst 25 ns, aer which it had gradually risen
to 2.75 Å between 25 to 100 ns. These RMSD values point out the
system's stability and strong binding affinity between the PLpro

and the 14-deoxy-11,12-didehydroandrographolide molecule.
The subtle but gradual increase in RMSD could be attributed to
the binding site adaptation supported by the RMSF for the
binding site residues aa150 to aa200 and aa220 to aa240.
Interestingly, a similar trend in the RMSF was also observed in
the complex with andrographolide. These residues are present
at the binding cavity, and possibly they adopt the conformation
suitable for both the ligands. These RMSD uctuations in the
case of PLpro and andrographolide complex were observed,
reaching a maximum RMSD of 3 Å at around 85 ns. Aer that,
they were gradually decreasing to around 2.5 Å towards the end
of the simulation. The uctuations in RMSD may be in part due
to the C11–C12 rotatable bond, which may give rise to better
conformational exibility in the andrographolide molecule. The
Lig-RMSD of 14-deoxy-11,12-didehydroandrographolide
remains stable at 2.5 Å for about 75 ns and aer that uctu-
ates and sharply rises to 15 Å. However, the Lig-RMSD of
andrographolide remains stable at RMSD of 2.75 Å until 50 ns
and further rises to a stable RMSD of 5 Å until the end of the
simulation. The MD trajectories were visually inspected to
investigate the uctuations in Lig-RMSD (Fig. 7d and e). Both
the phytochemicals adopt a conformationally more stable
position by binding at the shallow binding cavity. Possibly
because the hydroxyl group at the 14th position in androgra-
pholide allows it to adopt a conformationally stable form
throughout the simulation; however, the lack of this hydroxyl
group and restricted rotation around the C11–C12 bond in 14-

Table 2 (Contd. )

#Term ID Term description
Observed gene
count

False discovery
rate

Matching proteins in
the network (labels)

hsa04666 Fc gamma R-mediated phagocytosis 2 0.0311 PRKCA, RAC1
hsa05146 Amoebiasis 2 0.0339 CD14, PRKCA
hsa01522 Endocrine resistance 2 0.034 ESR2, MDM2
hsa05215 Prostate cancer 2 0.0348 AR, MDM2
hsa04066 HIF-1 signaling pathway 2 0.0349 IL6R, PRKCA
hsa05231 Choline metabolism in cancer 2 0.0349 PRKCA, RAC1
hsa05142 Chagas disease (American trypanosomiasis) 2 0.0358 CCL2, TNFRSF1A
hsa04668 TNF signaling pathway 2 0.0399 CCL2, TNFRSF1A
hsa04270 Vascular smooth muscle contraction 2 0.047 PRKCA, RHOA
hsa04110 Cell cycle 2 0.0492 CHEK1, MDM2
hsa04380 Osteoclast differentiation 2 0.0492 RAC1, TNFRSF1A
hsa04611 Platelet activation 2 0.0492 RAP1A, RHOA
hsa04650 Natural killer cell mediated cytotoxicity 2 0.0492 PRKCA, RAC1

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 5065–5079 | 5069
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Table 3 Enrichment analysis of 14-deoxy-11,12-didehydroandrographolide regulated targets

#Term ID Term description
Observed gene
count

False discovery
rate Matching proteins in the network

hsa04915 Estrogen signaling pathway 7 7.57 � 10�6 ESR2, FKBP5, KRT16, KRT17, KRT18, PGR, RARA
hsa05200 Pathways in cancer 11 7.57 � 10�6 AR, CASP8, ESR2, IL6R, MDM2, NOS2,

PRKCA, RAC1, RARA, RHOA, RXRA
hsa05202 Transcriptional misregulation in cancer 7 1.32 � 10�5 CD14, FLT1, MDM2, PLAT, PLAU, RARA, RXRA
hsa04932 Non-alcoholic fatty liver disease (NAFLD) 6 9.13 � 10�5 CASP8, IL6R, LEP, RAC1, RXRA, TNFRSF1A
hsa04972 Pancreatic secretion 5 0.00016 CD38, PRKCA, RAC1, RAP1A, RHOA
hsa05152 Tuberculosis 6 0.00016 CASP8, CD14, NOS2, RHOA, TNFRSF1A, VDR
hsa04015 Rap1 signaling pathway 6 0.00023 FLT1, ID1, PRKCA, RAC1, RAP1A, RHOA
hsa05014 Amyotrophic lateral sclerosis (ALS) 4 0.00023 CAT, GPX1, RAC1, TNFRSF1A
hsa05130 Pathogenic Escherichia coli infection 4 0.00023 CD14, KRT18, PRKCA, RHOA
hsa05205 Proteoglycans in cancer 6 0.00023 CD44, MDM2, PLAU, PRKCA, RAC1, RHOA
hsa05418 Fluid shear stress and atherosclerosis 5 0.00035 CCL2, PLAT, RAC1, RHOA, TNFRSF1A
hsa05206 MicroRNAs in cancer 5 0.00054 CD44, MDM2, PLAU, PRKCA, RHOA
hsa04060 Cytokine–cytokine receptor interaction 6 0.00065 CCL2, CCL4, FLT1, IL6R, LEP, TNFRSF1A
hsa04610 Complement and coagulation cascades 4 0.00065 CLU, PLAT, PLAU, PROS1
hsa05132 Salmonella infection 4 0.00075 CCL4, CD14, NOS2, RAC1
hsa04010 MAPK signaling pathway 6 0.00095 CD14, FLT1, PRKCA, RAC1, RAP1A, TNFRSF1A
hsa04062 Chemokine signaling pathway 5 0.00095 CCL2, CCL4, RAC1, RAP1A, RHOA
hsa04064 NF-kappa B signaling pathway 4 0.00095 CCL4, CD14, PLAU, TNFRSF1A
hsa04066 HIF-1 signaling pathway 4 0.00095 FLT1, IL6R, NOS2, PRKCA
hsa04640 Hematopoietic cell lineage 4 0.00095 CD14, CD38, CD44, IL6R
hsa05203 Viral carcinogenesis 5 0.00095 CASP8, CHEK1, MDM2, RAC1, RHOA
hsa05215 Prostate cancer 4 0.00095 AR, MDM2, PLAT, PLAU
hsa04510 Focal adhesion 5 0.00097 FLT1, PRKCA, RAC1, RAP1A, RHOA
hsa04620 Toll-like receptor signaling pathway 4 0.00097 CASP8, CCL4, CD14, RAC1
hsa05142 Chagas disease (American trypanosomiasis) 4 0.00097 CASP8, CCL2, NOS2, TNFRSF1A
hsa04670 Leukocyte transendothelial migration 4 0.0013 PRKCA, RAC1, RAP1A, RHOA
hsa04071 Sphingolipid signaling pathway 4 0.0014 PRKCA, RAC1, RHOA, TNFRSF1A
hsa04151 PI3K-Akt signaling pathway 6 0.0014 FLT1, IL6R, MDM2, PRKCA, RAC1, RXRA
hsa04014 Ras signaling pathway 5 0.0015 FLT1, PRKCA, RAC1, RAP1A, RHOA
hsa04961 Endocrine and other factor-regulated

calcium reabsorption
3 0.0015 KLK2, PRKCA, VDR

hsa04115 p53 signaling pathway 3 0.004 CASP8, CHEK1, MDM2
hsa04920 Adipocytokine signaling pathway 3 0.004 LEP, RXRA, TNFRSF1A
hsa01524 Platinum drug resistance 3 0.0041 CASP8, MDM2, TOP2A
hsa04621 NOD-like receptor signaling pathway 4 0.0041 CASP8, CCL2, CTSB, RHOA
hsa05133 Pertussis 3 0.0045 CD14, NOS2, RHOA
hsa05146 Amoebiasis 3 0.0085 CD14, NOS2, PRKCA
hsa04933 AGE-RAGE signaling pathway

in diabetic complications
3 0.0093 CCL2, PRKCA, RAC1

hsa04659 Th17 cell differentiation 3 0.0101 IL6R, RARA, RXRA
hsa04668 TNF signaling pathway 3 0.0115 CASP8, CCL2, TNFRSF1A
hsa05145 Toxoplasmosis 3 0.0115 CASP8, NOS2, TNFRSF1A
hsa04215 Apoptosis – multiple species 2 0.0127 CASP8, TNFRSF1A
hsa04722 Neurotrophin signaling pathway 3 0.0127 RAC1, RAP1A, RHOA
hsa04919 Thyroid hormone signaling pathway 3 0.0127 MDM2, PRKCA, RXRA
hsa04210 Apoptosis 3 0.0188 CASP8, CTSB, TNFRSF1A
hsa04310 Wnt signaling pathway 3 0.0215 PRKCA, RAC1, RHOA
hsa04150 mTOR signaling pathway 3 0.0231 PRKCA, RHOA, TNFRSF1A
hsa04921 Oxytocin signaling pathway 3 0.0231 CD38, PRKCA, RHOA
hsa04530 Tight junction 3 0.0306 RAC1, RAP1A, RHOA
hsa05134 Legionellosis 2 0.0306 CASP8, CD14
hsa05164 Inuenza A 3 0.0306 CCL2, PRKCA, TNFRSF1A
hsa05416 Viral myocarditis 2 0.0308 CASP8, RAC1
hsa04360 Axon guidance 3 0.0311 PRKCA, RAC1, RHOA
hsa04370 VEGF signaling pathway 2 0.0327 PRKCA, RAC1
hsa04020 Calcium signaling pathway 3 0.0328 CD38, NOS2, PRKCA
hsa05168 Herpes simplex infection 3 0.0332 CASP8, CCL2, TNFRSF1A
hsa05167 Kaposi's sarcoma-associated

herpesvirus infection
3 0.0335 CASP8, RAC1, TNFRSF1A

hsa05131 Shigellosis 2 0.0343 CD44, RAC1
hsa04720 Long-term potentiation 2 0.0347 PRKCA, RAP1A
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deoxy-11,12-didehydroandrographolide may be responsible for
larger uctuations in Lig-RMSD aer 75 ns. The residues Val164
and Tyr274 participate in hydrogen bond formation with
a carbonyl oxygen atom at C16 position in both the ligands.
These bonds break in 14-deoxy-11,12-
didehydroandrographolide more oen aer 75 ns due to
restricted rotation around the C11–C12 bond. The ligand
superposition also shows some structural conformational
changes in both the ligands. The MDS studies on the PLpro–
ligand complexes suggest that these complexes are relatively
stable.

The MDS trajectories of 3CLpro bound to each ligand were
analyzed, and the protein RMSD, ligand RMSD and per amino
acid residue uctuations, RMSF were recorded (Fig. 8a–c). The
protein RMSD for the 14-deoxy-11,12-didehydroandro-
grapholide rise to about 3 Å during the rst 25 ns and then
equilibrated at around 3 Å until 75 ns, aer which it uctuates
and rose to around 4.5 Å towards the end of MDS. On the other
hand, the andrographolide bound to 3CLpro equilibrates
quickly, and the RMSD remains in 2 to 3 Å throughout the
simulation. It indicates the fair stability of 3CLpro bound to
andrographolide. This nding is also clearly reected in the
RMSF and ligand RMSD. The ligand RMSD of andrographolide

Table 3 (Contd. )

#Term ID Term description
Observed gene
count

False discovery
rate Matching proteins in the network

hsa04024 cAMP signaling pathway 3 0.0362 RAC1, RAP1A, RHOA
hsa04664 Fc epsilon RI signaling pathway 2 0.0362 PRKCA, RAC1
hsa05169 Epstein–Barr virus infection 3 0.0362 CD38, CD44, MDM2
hsa05211 Renal cell carcinoma 2 0.0362 RAC1, RAP1A
hsa05214 Glioma 2 0.0362 MDM2, PRKCA
hsa05221 Acute myeloid leukemia 2 0.0362 CD14, RARA
hsa05223 Non-small cell lung cancer 2 0.0362 PRKCA, RXRA
hsa04520 Adherens junction 2 0.037 RAC1, RHOA
hsa04810 Regulation of actin cytoskeleton 3 0.037 CD14, RAC1, RHOA
hsa04918 Thyroid hormone synthesis 2 0.037 GPX1, PRKCA
hsa04976 Bile secretion 2 0.037 CYP3A4, RXRA
hsa05100 Bacterial invasion of epithelial cells 2 0.037 RAC1, RHOA
hsa01521 EGFR tyrosine kinase inhibitor resistance 2 0.0409 IL6R, PRKCA
hsa04146 Peroxisome 2 0.0433 CAT, NOS2
hsa04350 TGF-beta signaling pathway 2 0.0446 ID1, RHOA
hsa05323 Rheumatoid arthritis 2 0.045 CCL2, FLT1
hsa05210 Colorectal cancer 2 0.0454 RAC1, RHOA
hsa04970 Salivary secretion 2 0.0457 CD38, PRKCA
hsa04666 Fc gamma R-mediated phagocytosis 2 0.0481 PRKCA, RAC1

Fig. 2 Interaction of andrographolide with the proteins and regulated pathways.

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 5065–5079 | 5071
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is fairly constant to 2 Å until 40 ns of the MDS, increasing
slightly to 2.5 Å aer that and equilibrated in the same
conformation for the rest of the MDS. 14-deoxy-11,12-
didehydroandrographolide equilibrate initially with RMSD of

2 Å till 25 ns, and there is steep conformational change result-
ing in RMSD of 2.5 Å till around 70 ns.

Larger uctuations in the RMSD were observed aer 70 ns
with an increase in RMSD to an average of around 7.5 Å. The

Fig. 3 Interaction of 14-deoxy-11,12-didehydroandrographolide with the proteins and regulated pathways.

Fig. 4 GO enrichment analysis for andrographolide. (a) cellular component, (b) molecular function, and (c) biological process.
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results of ligand RMSD indicates better conformational stability
of andrographolide than 14-deoxy-11,12-didehydroandro-
grapholide (Fig. 8b). The per residue RMSF for both the
complexes has a similar pattern of uctuating residues
involvement with the uctuations ranging between 0.5 to 4 Å;
however, the RMSF values for 14-deoxy-11,12-
didehydroandrographolide are slightly higher than androgra-
pholide. The residues aa48–aa52 and aa150–aa200 clearly show
larger deviations in RMSF with 14-deoxy-11,12-
didehydroandrographolide (Fig. 8c). A visual analysis of the
MDS trajectories was performed to ascertain these observations,

as shown in Fig. 8d and e. In the initial conformation of 14-
deoxy-11,12-didehydroandrographolide bound to 3CLpro before
MDS, a hydrogen bond between the carbonyl oxygen at C14 and
Arg131 residue of the active site was observed. However, this
hydrogen bond breaks and new hydrogen bonds were formed
with other residues such as Gln109 and Thr190. Probably due to
conformationally restricted bond rotation around C11–C12,
these hydrogen bonds are formed less frequently, which is
evident in RMSF values in these residues and ligand RMSD
(Fig. 8d). In the case of andrographolide bound to 3CLpro, the
initial conformation has three hydrogen bonds between C16-

Fig. 5 GO enrichment analysis for 14-deoxy-11,12-didehydroandrographolide. (a) Cellular component, (b) molecular function, and (c) biological
process.

Table 4 Docking hits of andrographolide and 14-deoxy-11,12-didehydroandrographolide with PLpro, 3CLpro, and spike protein

Targets Ligand
Binding affinity
(kcal mol�1)

Number of
hydrogen bonds

Hydrogen bond
residues

PLpro (PDB 4M0W) 14-Deoxy-11,12-didehydroandrographolide �6.7 — —
Andrographolide �6.5 1 Tyr274

3CLpro (PDB 6LU7) 14-Deoxy-11,12-didehydroandrographolide �6.8 1 Arg131
Andrographolide �6.8 3 Thr190, His163,

Cys145
Spike protein 14-Deoxy-11,12-didehydroandrographolide �6.9 — —

Andrographolide �6.9 1 Lys807

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 5065–5079 | 5073
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Fig. 6 Docked poses of ligands at the binding site of each protein. Hydrogen bond donor and acceptor regions are shown as the surface around
the binding site. (1) Binding site of papain-like protease (PLpro) (PDB:4M0W), (2) binding site of 3CLpro (PDB:6LU7), and (3) spike protein (panel
a represents 14-deoxy-11,12-didehydroandrographolide and panel b represents andrographolide).

Fig. 7 Trajectory analysis for PLpro (PDB: 4M0W) bound to 14-deoxy-11,12-didehydroandrographolide and andrographolide; (a) root mean
square deviation (RMSD), (b) root mean square deviation for each ligand (Lig-RMSD), and (c) root mean square fluctuations per amino acid (aa)
(RMSF). Interaction analysis of the PLpro bound to ligands during themolecular dynamics simulation; (d) equilibrated structure of 14-deoxy-11,12-
didehydroandrographolide bound to the PLpro before MDS production phase (green) and post-MDS production phase (red); (e) equilibrated
structure of andrographolide bound to the PLpro before MDS production phase (green) and post-MDS production phase (red).
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Fig. 9 Trajectory analysis for modeled spike protein bound to 14-deoxy-11,12-didehydroandrographolide and andrographolide; (a) root mean
square deviation (RMSD), (b) root mean square deviation for each ligand (Lig-RMSD), and (c) root mean square fluctuations per amino acid (aa)
(RMSF). Interaction analysis of the 3CLpro bound to ligands during the molecular dynamics simulation; (d) equilibrated structure of 14-deoxy-
11,12-didehydroandrographolide bound to the spike protein before MDS production phase (green) and post-MDS production phase (red); (e)
equilibrated structure of andrographolide bound to the spike protein before MDS production phase (green) and post-MDS production phase
(red).

Fig. 8 Trajectory analysis for 3CLpro (PDB: 6LU7) bound to 14-deoxy-11,12-didehydroandrographolide and andrographolide; (a) root mean
square deviation (RMSD), (b) root mean square deviation for each ligand (Lig-RMSD), and (c) root mean square fluctuations per amino acid (aa)
(RMSF). Interaction analysis of the 3CLpro bound to ligands during the molecular dynamics simulation; (d) equilibrated structure of 14-deoxy-
11,12-didehydroandrographolide bound to the 3CLpro before MDS production phase (green) and post-MDS production phase (red); (e) equili-
brated structure of andrographolide bound to the 3CLpro before MDS production phase (green) and post-MDS production phase (red).

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 5065–5079 | 5075
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carbonyl oxygen–His163, C14-hydroxyl group oxygen–Cys145,
and C19-hydroxyl oxygen–Thr190. During MDS's progress, some
of these hydrogen bonds break, and new hydrogen bonds were
formed with adjacent residues such as Ala191 and His164.
However, due to conformational exibility in andrographolide
around the C11–C12 bond, the ligand stabilizes and quickly
gains an energetically lower conformation (Fig. 8e). These
observations suggest conformationally better stabilization of
the andrographolide at the binding site of 3CLpro.

The MDS trajectories of modelled spike protein bound to
both the ligands were analyzed. The protein RMSD, ligand
RMSD and per amino acid residue uctuations, and RMSF were
recorded (Fig. 9a–c). The RMSD in spike protein bound to each
ligand shows uctuations in the range 5 to 12 Å, and it is
acceptable due to the amino acid composition of the protein
comprising more than 600 residues. In spike protein bound to
14-deoxy-11,12-didehydroandrographolide, an initial increase
in RMSD to 10 Å till 25 ns simulation was observed, which
remained stable with minor deviations, thereaer till the end of
simulation with RMSD of 10 Å. This suggests the conforma-
tional stability of 14-deoxy-11,12-didehydroandrographolide at
the binding cavity, which resulted in the system stability.

On the other hand, spike protein bound with andrographo-
lide showed a similar trend in RMSD initially till 25 ns, which
rises to around 12.5 Å during 25 ns to 100 ns. The binding site
residues undergo conformational change during this simula-
tion period. Possibly, the conformational change in the residues
is due to conformational exibility in the andrographolide
molecule. The ligand RMSD and per residue RMSF supports
this observation for andrographolide (Fig. 9b and c). The ligand
RMSD of andrographolide increases sharply during initial MDS
to around 15 Å until 25 ns and decreases to around 5 Å until 50
ns. However, it is unable to converge to a stable RMSD aer that
which suggests the major conformational changes in androg-
rapholide and, consequently, the conformational changes in
the binding site.

In contrast, the RMSD uctuations in 14-deoxy-11,12-
didehydroandrographolide are very subtle, with an initial rise
to around 5 Å, and remain stable at this RMSD with minor
deviations through the rest of the simulation period, suggests
a stable complex and strong binding between the protein and
ligand. The RMSF in spike protein residues also supports these
observations. The residues aa300–aa550 clearly shows larger
deviations in RMSF of around 7 to 12 Å with andrographolide
(Fig. 9b). Most of these residues belong to the binding cavity.
The corresponding RMSF values in the case of 14-deoxy-11,12-
didehydroandrographolide for these residues range from 5 to
7 Å. A visual analysis of the MDS trajectories was also performed
to ascertain these observations. The initial equilibratedFig. 10 ADMET profile of (A) andrographolide, and (B) 14-deoxy-

11,12-didehydroandrographolide.

Table 5 Druglikeness score of andrographolide and 14-deoxy-11,12-didehydroandrographolide

Andrographolide
14-Deoxy-11,12-
didehydroandrographolide

Molecular formula C20H30O5 C20H28O4

Molecular weight 350.21 332.20
Number of HBA 5 4
Number of HBD 3 2
Mollog P 2.19 3.09
Mollog S log (mol L�1) �1.97 �2.67

mg L�1 3791.12 702.11
MolPSA (A2) 71.27 55.16
MolVol (A3) 416.03 421.79
Number of stereocenters 6 5
Drug-likeness model score �0.64 �0.52
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conformation of 14-deoxy-11,12-didehydroandrographolide
bound to spike protein has a hydrogen bond between the
carbonyl oxygen at C14 and Tyr585 and C19-hydroxyl group
oxygen and Pro263. However, these hydrogen bond breaks and
a new hydrogen bond were formed between the C14 carbonyl
oxygen and Trp582. In the case of andrographolide bound to
spike protein, the initial equilibrated conformation shows
a hydrogen bond between C3 hydroxyl group hydrogen and
Asn285 and Gln282 residues. Due to conformational exibility
in andrographolide, during the production phase of MDS, these
hydrogen bonds break. However, no new hydrogen bond
formation was observed towards the end of the simulation.

3.5 Drug-likeness and ADMET proling

14-Deoxy-11,12-didehydroandrographolide scored higher drug-
likeness score, i.e., �0.52 compared to andrographolide,
which was computed based on molecular weight, number of
hydrogen bond donor, number of hydrogen bond acceptor, and
log P value (Table 5). It has inuenced both compounds' phar-
macokinetic characters by affecting absorption, distribution,
metabolism, excretion, and toxicity (Fig. 10).

4. Discussion

The present study investigated one of the active biomolecules,
andrographolide, and its derivative i.e., 14-deoxy-11,12-
didehydroandrographolide from Andrographis paniculate, for
the regulation of the proteins/immunomodulatory pathways
and also assess their binding affinity with three targets, i.e.,
3CLpro, PLpro, and spike protein involved in the COVID infec-
tion. Further, we investigated the drug-likeness property of both
molecules in which andrographolide scored a lower drug-
likeness character compared to 14-deoxy-11,12-didehydroan-
drographolide. However, on looking at the binding affinity and
number of hydrogen bond interactions, andrographolide
showed a higher interaction towards the selected targets. It
suggests fewer modications could be made in the androgra-
pholide moiety to enhance its drug-likeness property without
altering the binding affinity towards the targeted proteins.
Further, some modications could be made in 14-deoxy-11,12-
didehydroandrographolide to amplify the hydrogen bond
interaction and eventually increase the higher binding affinity
with targeted proteins.

Subjects with lower immunity system are more prone to
infection with COVID 19 due to compromised immunity
system,61 which is well proven in subjects suffering from an
infectious and non-infectious disease(s). In this case, it is crucial
to enhance the subjects' immunity tominimize the probability of
viral infection. In the present study, via the enrichment analysis,
we identied multiple pathways involved in boosting the
immune system, which ismodulated by andrographolide and 14-
deoxy-11,12-didehydroandrographolide.

In the present study, we identied potential modulation of
few pathways, directly or indirectly linked with the modulation of
the immune system, i.e., chemokine signaling pathway, Rap1
signaling pathway, cytokine–cytokine receptor interaction, MAPK

signaling pathway, NF-kappa B signaling pathway, RAS signaling
pathway, p53 signaling pathway, HIF-1 signaling pathway, and
natural killer cell-mediated cytotoxicity. Among the above path-
ways, chemokine signaling pathways, Rap1 signaling pathway,
and cytokine–cytokine receptor interaction are the choice of
interest pathways as they are directly linked with the immune
system's regulation, and they scored minimum false discovery
rate compared to the rest of the pathways. The chemokine
signaling pathway was modulated by andrographolide and 14-
deoxy-11,12-didehydroandrographolide, which could control the
migration of immune cells in tissues.62 Further, the Rap1
signaling pathway is involved in activating three secondary
messengers, i.e., cAMP, calcium, and diacylglycerol,63 which are
needed in the signaling of cell position during viral infections;
modulated by andrographolide by regulating ID1, PRKCA, RAC1,
RAP1A, and RHOA and by 14-deoxy-11,12-
didehydroandrographolide by regulating FLT1, ID1, PRKCA,
RAC1, RAP1A, and RHOA. Similarly, the KEGG database has
recorded cytokine–cytokine receptor interaction as an entry
(hsa04060) in various auto-immune disorders. Since COVID-19
has a more risk over the infections on the altered immune
system of subjects, modulation of this pathway could be bene-
cial in them, modulated by andrographolide and 14-deoxy-11,12-
didehydroandrographolide. Further, the MAPK signaling
pathway has been identied to play an essential role in the
functioning of T lymphocytes,64 was observed to be modulated by
andrographolide and 14-deoxy-11,12-didehydroandrographolide.
Additionally, other pathways like NF-kappa B signaling pathway,
ras signaling pathway, p53 signaling pathway, HIF-1 signaling
pathway, and natural killer cell-mediated cytotoxicity are also
regulated which has been well reported to be involved in the
modulation of the immune system.

In COVID-19 infection, the n-CoV-2 binds to ACE-2, enters
into the cell, and starts deregulating the intracellular functions
by altering the normal homeostatic stimulus.65 Hence, it is
needed to control the components by binding over them or
responding towards the stimulus 3CLpro, or at least to minimize
its effect by controlling the intracellular cascade initiated by the
viral infection. Further, gene ontology enrichment analysis
identied andrographolide and 14-deoxy-11,12-
didehydroandrographolide to target the intracellular compo-
nents, binding capacity towards various proteins as a molecular
function and responder towards stimulus which could be the
possible action of these two agents over the viral infection.

A concept of modulation of multiple proteins by a single
molecule is the choice of research interest in identifying the
lead hit towards respective targets. Further, andrographolide
has been previously reported to possess anti-viral properties.29

Hence, based on the same concept, andrographolide and 14-
deoxy-11,12-didehydroandrographolide may also possess the
anti-viral efficacy over COVID-19, which kindled us evaluating
the binding affinity of these bioactives over PLpro, 3CLpro, and
spike protein. Although the drug-likeness score model pre-
dicted 14-deoxy-11,12-didehydroandrographolide to behave like
a drug based on “Rule of Five”, the binding affinity and number
of hydrogen bond interactions reected andrographolide to act

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 5065–5079 | 5077
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more on three proteins of COVID-19 i.e. PLpro, 3CLpro, and spike
protein.

5. Conclusion

The present study utilized the system biology approach to
investigate the andrographolide and 14-deoxy-11,12-didehy-
droandrographolide against COVID-19 by modulating the
multiple pathways in which the chemokine signaling pathway
could be a choice of interest as it is directly linked in modulating
the immune response and scored the lowest false discovery rate.
Further, andrographolide could possess higher importance than
14-deoxy-11,12-didehydroandrographolide as it scored higher
interaction with the targeted proteins of COVID-19. However, the
present ndings are completely based on computer simulations
and database query; the outcome may vary based on processing
units and database updates; suggests the necessity to conrm the
present ndings via well-designed experimental protocols and is
the future scope of present ndings.
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Abstract
The majority of the bioactives under investigation were predicted to target TNF receptor-associated factor 5 in the Janus 
kinase/signal transducers and activators of the transcription pathway. Similarly, druglikeness prediction identified vitexilac-
tone to possess the highest druglikeness score, i.e., 0.88. Furthermore, proteins targeted in the Janus kinase/signal transducers 
and activators of transcription pathway were also predicted to regulate multiple pathways, i.e., ErbB, AGE-RAGE, NF-kappa 
B, Measles, insulin, mTOR, chemokine, Ras, and pathways associated with infectious and non-infectious pathogenesis, where 
the immune system is compromised. Similarly, the docking study identified sesaminol 2-O-β-D-gentiobioside to possess the 
highest binding affinity with  3CLpro,  PLpro, and spike proteins. Furthermore, phylogeny comparison identified the common 
protein domains with other stains of microbes like murine hepatitis virus strain A59, avian infectious bronchitis virus, and 
porcine epidemic diarrhea virus CV777.

Keywords 3CLpro · Anti-viral · Coronavirus · COVID-19 · JAK-STAT pathway · PLpro · Spike protein

Introduction

Coronavirus disease 2019 (COVID-19) has emerged as a 
public health concern in terms of mortality and economic 
loss. Originating from China, COVID-19 drastically spread 
throughout the world quickly and affected more than 50 dif-
ferent countries (Zhang et al. 2020). World Health Organiza-
tion declared COVID-19 as “Pandemic” and has suggested 

preventive approaches like social isolation and intensive 
care of patients (WHO 2020). Recent in-silico and network 
pharmacology studies have reported repurposing of existing 
drugs and the alleged role of natural lead in the treatment of 
COVID-19 (Sinha et al. 2020a,b; Chikhale et al. 2020a,b,c; 
Patil et al. 2020; Khanal et al. 2020a,b, 2021a,b). The earlier 
reports indicated the Janus kinase/signal transducer and acti-
vator of transcription (JAK-STAT) pathway’s deregulation 
during host invasion of coronavirus by affecting the type 
I IFNs synthesis (Luo et al 2020). But, the stimulation of 
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IFN by host cells helps in immune modulation and prevent 
viruses’ spreading (Li et al. 2020). Furthermore, comorbid 
patients with compromised immunity are more prone and 
carry a higher risk for COVID-19 infection (Khanal et al 
2020a,b). The manipulation of the JAK-STAT pathway due 
to its close association with the immune system can man-
age the COVID-19 infection (Villarino et al. 2017; Satarker 
et al. 2020). Hence, the JAK-STAT pathway’s multiple pro-
tein expression modulations would regulate IFN-associated 
genes’ production (Satarker et al. 2020) to minimize viral 
infection.

Furthermore, coronavirus is composed of multiple 
proteins such as 3C-like protease  (3CLpro), papain-like 
protease  (PLpro), and spike protein that play an essential 
role in host entry and replication (Bhoj and Chen 2009; 
Lindner et al. 2005; Patil et al. 2020). Furthermore,  3CLpro 
alters the ubiquitin system and also modifies the functional 

protein by incorporating the viral polypeptides (Bhoj and 
Chen 2009), whereas  PLpro is reported to process pp1a 
and pp1ab into the replicase proteins and plays a crucial 
task in the viral life cycle (Lindner et al. 2005). Likewise, 
spike protein utilizes angiotensin-converting enzyme 2 as 
a receptor to enter inside the cell (Kuhn et al. 2004; Patil 
et al. 2020). Hence, these three proteins of coronavirus 
could be the targets of interest for investigations to man-
age COVID-19.

Indian traditional system of medicines described many 
anti-viral plants that are effective in controlling viral infec-
tion. Given the scarcity of treatment to combat COVID-19, 
the present study focused on identifying JAK-STAT path-
way regulators by network pharmacology and predicting the 
probable lead hits to act over  3CLpro,  PLpro, and spike protein 
using in-silico molecular docking. The complete flow line 
for the present study is depicted in Fig. 1.

Fig. 1  Flowline of the study to identify the JAK-STAT modulators and  3CLpro,  PLpro, and spike protein inhibitors from Indian medicinal plants
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Methodology

Compounds mining and their gene expression study

The traditional anti-viral plants were identified from the 
open-source database and published literature. The list of 
each phytoconstituent was retrieved using the Chemical 
Entities of Biological Interest (ChEBI) database (https ://
www.ebi.ac.uk/chebi ). Their simplified molecular input 
line entry system (SMILES) was queried in DIGEP-Pred 
(Lagunin et al. 2013) to identify the probable expression 
of genes based on mRNA expression at the pharmacologi-
cal activity (Pa) > 0.5. A complete datasheet comprising the 
list of plants, their phytoconstituents, and their expression 
profile was constructed.

Identification of proteins involved in the JAK‑STAT 
pathway

We identified the proteins involved in the JAK-STAT sign-
aling pathway from the Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway database (pathway ID: 
hsa04630) (https ://www.genom e.jp/kegg/pathw ay.html). 

Furthermore, “Pivot Table” was used to determine the phy-
toconstituents and the highest count of proteins involved in 
the JAK-STAT pathway. Multiple keywords “STAM, JAK, 
TC-PTP, SHP1, STAT, SHP2\GRB, PI3K, AKT, SOS, IRF9, 
Ras, Raf, mTOR, PIAS, SLIM, CBPP300, CIS, Bcl-2, Bcl-
XL, c-Myc, p21, AOX, GFAP, SOCS, MCL1, PIM1, and 
CycD” were used to identify the modulators of the JAK-
STAT pathway concerning KEGG pathway; hsa04630.

Enrichment analysis, network construction, and hit 
identification

We performed an enrichment analysis of the JAK-STAT 
pathway’s expressed targets by querying a list of modulated 
proteins using a search tool for the retrieval of interact-
ing genes/proteins (Szklarczyk et al. 2019) and identified 
biological processes, cellular components, and regulated 
pathways concerning KEGG. The network interaction of 
phytoconstituents and modulated proteins from JAK-STAT 
pathway was constructed using Cytoscape (Shannon et al. 
2003) version 3.7.1. The constructed network was analyzed 
based on edge count by treating the network as directed and 
setting the node size as “low values to small sizes” and color 

Fig. 2  Interaction of phytoconstituents with proteins involved in the JAK-STAT pathway

https://www.ebi.ac.uk/chebi
https://www.ebi.ac.uk/chebi
https://www.genome.jp/kegg/pathway.html
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as “low values to bright colors”. Then the protein targeted by 
the highest number of phytoconstituents was further chosen 
as a target for docking.

Druglikeness and absorption, distribution, 
metabolism, excretion, and toxicity (ADMET) profile 
of lead hits

We predicted the probable oral bioavailability and a drug-
likeness score of hit phytoconstituents using Lipinski’s rule 
of five (Lipinski 2004). According to Lipinski’s rule of five, 
only two violations may be accepted for human intestinal 
absorptivity. Similarly, the ADMET profile of lead hits was 
calculated using admetSAR2.0 (Yang et al. 2019). Using 
admetSAR2.0, multiple parameters for ADMET profile 
like human intestinal absorption, Caco-2, and blood-brain 
barrier permeability, inhibition/substrate of P-glycopro-
tein, CYP3A4, CYP2C9, CYP2D6, CYP3A4, CYP2C19, 
CYP1A2, and toxicity effects like eye corrosion/irritation, 
ames mutagenesis, human either-a-go-go inhibition, micro-
nuclear, hepatotoxicity, fish aquatic toxicity, acute oral 

toxicity, and Tetrahymena pyriformis and binding affinity 
for multiple proteins like estrogen, androgen, thyroid, glu-
cocorticoid, and aromatase receptor, PPAR-γ and plasma 
protein binding was predicted.

In silico molecular docking

The crystallographic protein of Tumor necrosis factor recep-
tor-associated factor 5 (TRAF5) for humans with complete 
amino acid residues was not found in Research Collabo-
ratory for Structural Bioinformatics (RCSB) protein data-
bank (https ://www.rcsb.org/). Hence, homology modeling 
was performed for TRAF5 using the FASTA sequence of 
AAH29600.1 as a query sequence against TRAF5 from Mus 
musculus as a template (PDB: 4GJH) using SWISS-MODEL 
(Schwede et al. 2003). Pre-complexed hetero-molecules 
from the retrieved target were removed using Discovery stu-
dio (Dassault Systèmes BIOVIA) 2019 and saved in.pdb for-
mat. The corresponding 3D structure of each ligand against 
TRAF5 was retrieved from the PubChem database (https ://
pubch em.ncbi.nlm.nih.gov/) in.sdf format, converted into.

Fig. 3  Gene ontology analysis of regulated proteins from the JAK-STAT pathway

https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
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pdb format using Discovery studio 2019; drawn in Marvin 
sketch (https ://chema xon.com/produ cts/marvi n) and con-
verted into 3D.pdb format if not available. Each molecule’s 
energy was minimized using mmff94 forcefield (Halgren 
1996) and converted into.pdbqt format. Autodock4 (Mor-
ris et al. 2009) was used for docking the identified ligands 
with TRAF5 to get ten different ligand poses. The mini-
mum binding energy scored pose was chosen to visual-
ize the ligand–protein interaction using Discovery studio. 
Furthermore, we assessed the binding affinity of lead hits 
with  3CLpro (PDB: 6LU7),  PLpro (PDB: 4M0W), and spike 
proteins (homology modeled target, accession number: 

AVP78042.1 as query sequence and PDB: 6VSB as a tem-
plate using SWISS-MODEL) as previously explained.

Phylogeny comparison of  3CLpro,  PLpro, and spike 
protein

The FASTA sequence of  3CLpro (accession:1P9U_A, 
GI: 31,616,013),  PLpro (accession: 4WUR_A, GI: 
726,969,143), and spike protein (accession: AVP78042.1 
GI: 1,369,125,431) were retrieved from NCBI-protein and 
compared with the RCSB protein bank database to identify 
the possible homologous proteins using BlastP (Altschul 
et al. 1997).

Table 1  Enrichment analysis of 
modulated proteins from JAK-
STAT pathway

Pathway 
ID

Pathway description Observed 
gene count

Matching proteins in network False discovery 
rate

hsa04917 Prolactin signaling pathway 5 CISH, KRAS, SOCS2, STAT5A, 
STAT5B

1.76E-07

hsa04630 Jak-STAT signaling 
pathway

5 CISH, MCL1, SOCS2, STAT5A, 
STAT5B

5.05E-06

hsa05221 Acute myeloid leukemia 4 BCL2A1, KRAS, STAT5A, 
STAT5B

5.95E-06

hsa05203 Viral carcinogenesis 4 KRAS, STAT5A, STAT5B, 
TRAF5

0.00023

hsa05223 Non-small cell lung cancer 3 KRAS, STAT5A, STAT5B 0.00033

hsa05220 Chronic myeloid leukemia 3 KRAS, STAT5A, STAT5B 0.00042

hsa04012 ErbB signaling pathway 3 KRAS, STAT5A, STAT5B 0.00046

hsa04933 AGE-RAGE signaling 
pathway in diabetic 
complications

3 KRAS, STAT5A, STAT5B 0.00065

hsa04210 Apoptosis 3 BCL2A1, KRAS, MCL1 0.0015

hsa05161 Hepatitis B 3 KRAS, STAT5A, STAT5B 0.0015

hsa04217 Necroptosis 3 STAT5A, STAT5B, TRAF5 0.0018

hsa05200 Pathways in cancer 4 KRAS, STAT5A, STAT5B, 
TRAF5

0.004

hsa05166 HTLV-I infection 3 KRAS, STAT5A, STAT5B 0.006

hsa04658 Th1 and Th2 cell 
differentiation

2 STAT5A, STAT5B 0.0136

hsa04064 NF-kappa B signaling 
pathway

2 BCL2A1, TRAF5 0.0141

hsa04659 Th17 cell differentiation 2 STAT5A, STAT5B 0.0158

hsa04140 Autophagy - animal 2 DEPTOR, KRAS 0.022

hsa04910 Insulin signaling pathway 2 KRAS, SOCS2 0.0234

hsa05162 Measles 2 STAT5A, STAT5B 0.0234

hsa04150 mTOR signaling pathway 2 DEPTOR, KRAS 0.0258

hsa05206 MicroRNAs in cancer 2 KRAS, MCL1 0.0258

hsa04360 Axon guidance 2 KRAS, RASA1 0.0316

hsa04062 Chemokine signaling 
pathway

2 KRAS, STAT5B 0.0329

hsa04014 Ras signaling pathway 2 KRAS, RASA1 0.0489

Color Scale
hgiHwoL

https://chemaxon.com/products/marvin
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Table 2  Druglikeness of phytoconstituents targeting TNF receptor-associated factor 5

MolLogS Phytoconstituents Molecular 
formula

Molecular 
weight

NHBA NHBD MolLogP 
(Log(moles/L))

DLS

(-)-α-gurjunene  C15H24 204.19 0 0 5.03 -4.81 -1.18

(+)-garcinia acid C6H6O7 190.01 7 3 -2.25 -0.18 -0.92

(S)-3,7-dihydroxychroman-4-one  C9H8O4 180.04 4 2 0.28 -2.07 0.24

1-O-acetyl-4R,6S-britannilactone  C17H24O5 308.16 5 1 1.88 -1.51 0.08

3'-deoxyepisappanol  C16H16O5 288.10 5 4 1.50 -1.38 -0.09

3'-deoxysappanol  C16H16O5 288.10 5 4 1.50 -1.38 -0.09

β-maaliene  C15H24 204.19 0 0 4.95 -4.70 -0.51

Brazilein  C16H12O5 284.07 5 3 1.01 -2.37 -0.56

Brazilin  C16H14O5 286.08 5 4 1.68 -1.58 -0.49

Caesalpinin C  C24H32O6 416.22 6 1 3.46 -3.32 -0.16

Caesalpinin D  C24H30O8 446.19 8 1 2.34 -2.40 -0.48

Caesalpinin F  C23H30O7 418.20 7 1 2.59 -2.73 0.33

Daturadiol  C30H50O2 442.38 2 2 6.78 -5.91 -0.04

δ-elemene  C15H24 204.19 0 0 5.51 -5.41 -1.19

Isoceanothic acid  C30H46O5 486.33 5 3 5.36 -5.13 0.19

Jerantinine F  C22H26N2O5 398.18 6 2 2.33 -2.80 0.31

Mangiferin  C19H18O11 422.08 11 8 -0.13 -1.49 0.25

Norcaesalpinin A  C23H30O7 418.20 7 1 2.38 -2.52 0.26

Norcaesalpinin B  C23H30O7 418.20 7 1 2.55 -2.53 0.20

Norcaesalpinin D  C25H32O9 476.20 9 1 2.15 -2.37 0.17

Norcaesalpinin E  C21H28O6 376.19 6 2 1.89 -2.23 0.55

Platanic acid  C29H46O4 458.34 4 2 4.82 -4.38 0.58

Rotundifuran  C22H34O4 362.25 4 1 4.67 -4.45 0.17

Salicifoliol  C13H14O5 250.08 5 1 0.62 -1.45 0.06

Sandaracopimaric acid  C20H30O2 302.22 2 1 4.48 -4.40 -0.55

Sebacic acid  C10H18O4 202.12 4 2 1.37 -1.31 -0.01

Sesaminol  C20H18O7 370.11 7 1 3.02 -2.71 -0.55

Sesaminol 2-O-β-D-gentiobioside  C32H38O17 694.21 17 7 -0.88 -1.19 -0.23

Sesaminol 2-O-β-D-glucoside  C26H28O12 532.16 12 4 0.99 -1.30 -0.26

Stigmastane-3β,5α,6β-triol  C29H52O3 448.39 3 3 6.52 -6.05 0.56

Taxine B  C33H45NO8 583.31 9 3 2.24 -2.61 0.82

Vicenin-3  C26H28O14 564.15 14 10 -0.52 -1.43 0.32

Viteagnusin I  C22H34O6 394.24 6 2 3.26 -3.55 0.71

Vitetrifolin D  C24H38O5 406.27 5 1 4.83 -4.43 0.82

Vitex norditerpenoid 1  C19H30O2 290.22 2 0 3.93 -3.98 -0.57

Vitex norditerpenoid 2  C21H32O4 348.23 4 0 3.85 -3.75 0.30

Vitexilactone  C22H34O5 378.24 5 1 3.55 -3.86 0.88

Gibberellin A45 C19H24O5 332.16 5 2 1.23 -1.40 -0.60

Gibberellin A63 C19H24O6 348.16 6 3 0.34 -0.78 -0.59

Color Scale
hgiH woL

NHBA Number of hydrogen bond acceptors, NHBD Number of hydrogen bond donors, DLS Druglikeness Score
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Results and discussion

Identification of hits  as the JAK‑STAT regulators

Twenty-five different medicinal plants were screened and 
seventeen possessing anti-viral activity (Abutilon indicum, 
Crescentia alata, Caesalpinia bonduc, Datura metel, Durio 
zibethinus, Evolvulus alsinoides, Garcinia mangostana, 
Indigofera tinctoria, Jatropha curcus, Leucas aspera, 
Orobanche corymbosa, Ricinus communis, Trichodesma 
indicum,  Vitex trifolia, Wedelia Chinensis, Woodfordia 
fruticosa, and Wrightia tinctoria) were chosen for fur-
ther study. A total of 174 multiple phytoconstituents were 

retrieved from the ChEBI database. Among them, 96 bioac-
tives were identified to modulate the proteins involved in the 
JAK-STAT pathway. Likewise, 174 molecules were identi-
fied to regulate 807 genes; among them, 15 were from the 
JAK-STAT signaling pathway. Similarly, network analysis 
identified β-maaliene as a hit molecule to regulate the high-
est number of genes, and TRAF5 was a majorly targeted 
protein (Fig. 2). Similarly, gene ontology analysis of modu-
lated proteins in the JAK-STAT pathway (Fig. 3) reflects the 
highest gene regulation in the cellular components was from 
cytoplasm and regulation of biological process and response 
to stimulus were the major biological processes. 

Fig. 4  Absorption, distribution, metabolism, excretion, and toxic-
ity profile of phytoconstituents. a (S)-3,7-dihydroxychroman-4-one, 
b 1-O-acetyl-4R,6S-britannilactone, c caesalpinin F, d isoceanothic 
acid, e jerantinine F, f mangiferin, g norcaesalpinin A, h Norcae-

salpinin B, i norcaesalpinin D, j norcaesalpinin E, k platanic acid, l 
rotundifuran, m salicifoliol, n stigmastane-3β,5α,6β-triol, o taxine B, 
p vicenin-3, q viteagnusin I, r vitetrifolin D, s Vitex norditerpenoid 2, 
and t vitexilactone
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Table 3  Binding energy and mode of interactions of phytoconstituents with TNF receptor-associated factor 5

Binding energyLigand
(kcal/mol)

Number of 
hydrogen bonds

Hydrogen bond residues

(S)-3,7-
dihydroxychroman-4-one

-5.1 0 -

1-O-acetyl-4R,6S-
britannilactone

-5.0 3 Gln431, Ser430, Phe429

3'-deoxyepisappanol -6.5 3 Tyr402, Tyr434, Arg393
3'-deoxysappanol -5.9 2 Gln431, Gly399
Norcaesalpinin A -6.6 3 Lys416, Gln431
Norcaesalpinin B -6.3 3 Ser505, Gly520, Cys521
Vitex norditerpenoid 1 -6.2 1 Arg441
Vitex norditerpenoid 2 -6.5 1 Cys443
Brazilein -6.5 1 Asn535
Brazilin -6.6 1 Glu531
Caesalpinin C -6.2 2 Arg418, Lys414
Caesalpinin D -7.7 4 Gln431, Thr411
Caesalpinin F -6.1 4 Ser505, Ser507, Ser519
Daturadiol -8.4 0 -
δ-elemene -5.3 0 -
Isoceanothic Acid -7.2 2 Arg441, Gln431
Jerantinine F -6.6 1 Lys416
Mangiferin -7.3 3 Trp408, Gln431, Gly399
Norcaesalpinin D -5.4 1 Lys509
Norcaesalpinin E -6.1 1 Asp541
Platanic acid -7.5 2 Thr411, Lys416
Rotundifuran -5.7 2 Trp408, Lys395
Salicifoliol -5.8 2 Trp408, Gly399
Sandaracopimaric Acid -7.2 1 Asp540
Sebacic Acid -4.1 2 Glu531, Lys414
Sesaminol -7.6 0 -
Taxine B -6.4 3 Gln431, Thr411, Trp408
Vicenin-3 -6.6 9 Lys500, Asp502, Ser505, Ser506, Ser507, Gly520, 

Ser519
Viteagnusin I -6.7 1 Lys417
Vitetrifolin D -5.6 0 -
Vitexilactone -6.5 1 Glu531
(+)-garcinia acid -5.1 5 Val421, Asn449, Gly450
(-)-α-gurjunene -5.5 0 -
β -maaliene -6.6 0 -
Gibberellin A45 -6.9 1 Ser432
Gibberellin A63 -7.5 3 Thr411, Lys409
Sesaminol 2-O-β-D-
gentiobioside

-8.6 5 Gln431, Phe429, Trp408

Sesaminol 2-O- β -D-
glucoside

-7.8 8 Lys416, Lys409, Trp408, Phe429, Lys395

Stigmastane-3β, 5α, 6β -
triol

-6.4 2 Gln431

Color Scale
hgiHwoL
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Enrichment analysis of JAK‑STAT modulated 
proteins

Enrichment analysis of proteins identified multiple pathways 
such as JAK-STAT signaling pathway, viral carcinogenesis, 
chronic myeloid leukemia, ErbB signaling pathway, apopto-
sis, Hepatitis B, Necroptosis, HTLV-I infection, NF-kappa 
B signaling pathway, Th17 cell differentiation, autophagy—
animal, mTOR signaling pathway, chemokine signaling 
pathway, and Ras signaling pathway involved in the regula-
tion of viral infections (Table 1).

Druglikeness and ADMET profile of lead hits

Vitexilactone, among 39 different phytoconstituents tar-
geting TRAF5, was predicted for the highest druglikeness 
score, i.e., 0.88. Among them, 18 compounds possessed 
a non-druglikeness character based on the rule of five. 
The druglikeness score of each phytoconstituent targeting 
TRAF5 is summarized in Table 2. Similarly, the ADMET 
profile of each phytoconstituent is depicted in Fig. 4 as a 
heat map. 

In silico molecular docking

Sesaminol 2-O-β-D-gentiobioside, among 39 different phy-
toconstituents targeting TRAF5, was predicted to have the 
highest binding affinity (binding energy  – 8.6 kcal/mol) 
via 5 hydrogen bond interactions with Gln431, Phe429, 
and Trp408 amino acids. However, vicenin-3 was predicted 
to possess the highest number of hydrogen bond interac-
tions, i.e., 9 with Lys500, Asp502, Ser505, Ser506, Ser507, 
Gly520, and Ser519 amino acids; though scored compara-
tively lower binding affinity (binding energy  – 6.6 kcal/mol) 
than sesaminol 2-O-β-D-gentiobioside (Table 3). The inter-
action of sesaminol 2-O-β-D-gentiobioside and vicenin-3 is 
represented in Fig. 5. 

Likewise, sesaminol 2-O-β-D-glucoside was pre-
dicted to possess the highest binding affinity (binding 
energy  – 9.2 kcal/mol) with  3CLpro via 2 hydrogen bond 
interactions with Glu166, and  Thr190. Similarly, vice-
nin-3 was predicted to have a binding affinity (binding 
energy -8.2 kcal/mol) with  3CLpro via 5 hydrogen inter-
actions with Gly143, Ser144, and Glu166 (Table 4). The 
interaction of sesaminol 2-O-β-D-glucoside and vicenin-3 
is represented in Fig. 6. 

Sesaminol 2-O-β-D-gentiobioside was predicted to pos-
sess binding affinity (binding energy  – 8.5 kcal/mol) with 
 PLpro via 4 hydrogen bond interactions with Thr75 and 
Asp77. However, taxine B was predicted to have the high-
est hydrogen bond interactions, i.e., 6 with Thr171, Arg167, 
Glu204, Met207, and Gln233 amino acids though it scored 
comparatively lower binding affinity (binding energy 
-6.9 kcal/mol) with  PLpro (Table 5); the interaction is rep-
resented in Fig. 7. 

In addition, sesaminol 2-O-β-D-gentiobioside was 
predicted to have the highest binding affinity (binding 

Fig. 5  Interaction of a sesaminol 2-O-β-D-gentiobioside and b vice-
nin-3 with TNF receptor-associated factor 5
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Table 4  Binding energy and mode of interaction of phytoconstituents with  3CLpro

Ligand Binding energy 
(kcal/mol)

Number of 
hydrogen bonds

Hydrogen bond residues

(+)-garcinia acid -5.6 5 Gln110, Asn151, Thr111
(-)-α-gurjunene -6.4 0 -
(S)-3 7-dihydroxychroman-4-
one 

-5.8 4 Gln110, Thr111, Asp153, 
Ser158

1-O-acetyl-4R, 6S-
britannilactone 

-5.8 5 Asn277, Gly278, Ala285, 
Tyr239, Thr199

3'-deoxyepisappanol -6.5 2 Asn142, Glu166
3'-deoxysappanol -6.7 0 -
Norcaesalpinin A -7.1 4 Thr111, Gln110
Norcaesalpinin B -7.4 2 Thr292, Gln110
Vitex norditerpenoid 1 -6.8 3 Gln110, Thr292, Thr111
Vitex norditerpenoid 2 -7.0 5 Lys102, Ser158, Thr111, 

Thr292, Gln110
β-maaliene -6.0 0 -
Brazilein   -7.3 4 Gln110, Thr111, Asp295
Brazilin   -7.1 2 Ser158, Thr111
Caesalpinin C -6.7 3 Tyr239, Thr199
Caesalpinin D -7.1 3 Leu287, Tyr239, Tyr237
Caesalpinin F -6.7 1 Glu166
Daturadiol -8.0 2 Asp197, Asn238
δ-elemene -5.4 0 -
Gibberellin A45 -7.6 3 Gln110, Thr111, Asn151
Gibberellin A63 -7.4 5 Asn238, Thr199, Asp289
Isoceanothic acid -7.7 2 Glu166, His164
Jerantinine F   -7.5 0 -
Mangiferin  -8.5 5 Thr190, Ser144, His41, Asn142
Norcaesalpinin D -6.7 3 Leu287, Arg131, Thr199
Norcaesalpinin E -6.9 5 Gly195, Asp197, Asn238, 

Lys137, Thr135
Platanic acid -8.3 2 Leu271, Thr199
Rotundifuran -6.6 2 Asn151, Gln110
Salicifoliol -6.5 3 Gly143, Ser144, Cys145
Sandaracopimaric acid -6.5 0 -
Sebacic acid -4.7 2 Asn151, Thr111
Sesaminol 2-O-β-D-
gentiobioside 

-8.7 2 Glu166, Thr190

Sesaminol 2-O-β-D-glucoside -9.2 2 Glu166, Thr190
Sesaminol -7.9 4 Lys137, Arg131, Tyr239
Stigmastane-3β,5α,6β-triol -6.5 3 Leu287, Tyr239
Taxine B -7.9 3 Phe294, Gln110
Vicenin-3 -8.2 5 Gly143, Ser144, Glu166
Viteagnusin I -6.7 4 Thr199, Lys137, Arg131, 

Glu288
Vitetrifolin D -6.2 4 Arg131, Thr199
Vitexilactone -6.9 1 Gln110

Color Scale
hgiHwoL
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energy  – 9.7 kcal/mol) with spike protein via 8 hydrogen 
bond interactions with Thr47, Leu48, Gln825, Ala801, 
Ala803, Phe805, Lys807, and Asp811 (Table 6); the inter-
action is represented in Fig. 8. 

Phylogeny comparison of  3CLpro,  PLpro, and spike 
protein

The protein blast identified 3 different proteins, i.e., 3C-like 
proteinase of porcine transmissible gastroenteritis coronavi-
rus strain Purdue, replicase of transmissible gastroenteritis 
virus, and  Mpro Transmissible gastroenteritis virus; based 
on query cover (100%), E-value (0), and percentage identity 
(100%), these proteins were found to be similar with  3CLpro. 
The alignments were also matched with other proteins like 
Pedv 3c-like protease of diarrhea virus, replicative polypro-
tein 1ab of murine hepatitis virus strain A59, and purine 
nucleoside phosphorylase of Toxoplasma gondii. However, 

maximum matching was with multiple strains of the coro-
navirus from different organisms. Similarly, the sequence 
of  PLpro was similar to previously reported papain-like pro-
tease from coronavirus in England and Jordan. Furthermore, 
 PLpro sequence also matched with papain-like protease from 
other viral strains (Murine hepatitis virus strain A59) by 
29.45%, replicase polyprotein 1ab (Murine hepatitis virus 
strain A59) by 29.13%, replicase polyprotein 1ab (Avian 
infectious bronchitis virus; strain Beaudette) by 27.11%, 
and nonstructural protein 3 (Avian infectious bronchitis 
virus; strain Beaudette) by 26.76%. Likewise, spike proteins 
from other viruses like Murine hepatitis virus strain A59, 
feline infectious peritonitis virus, infectious bronchitis virus, 
and porcine epidemic diarrhea virus CV777 were similar 
to coronavirus. Similarly, 47.06% of spike protein amino 
acid sequence matched with Hepcidin; however, this match’s 
E-value was 5. The dendrogram (Fig. 9) represents the hier-
archical clustering relationship of  3CLpro,  PLpro, and spike 
protein with respective proteins.

The present study attempted to identify the potential lead 
hits of JAK-STAT signaling pathway regulators from anti-
viral Indian traditional medicinal plants and identify the 
probable homologous proteins of COVID-19  3CLpro,  PLpro, 
and spike protein concerning an available database. Further-
more, the study also predicted the binding affinity of a lead 
hit as JAK-STAT regulator with  3CLpro,  PLpro, and spike 
protein using in silico molecular docking.

COVID-19 is reported to impair pulmonary gas exchange, 
primarily in the malfunctioning of the maladjusted immune 
system. Furthermore, to eliminate the coronavirus infection, 
the subject’s immune system plays an important role (Li 
et al. 2020). KEGG database also records the JAK-STAT 
pathway for multiple immunological disorders, including 
JAK-STAT signaling for viruses (pathway entry: hsa04630). 
Hence, identifying lead hits to modulate the JAK-STAT 
pathway proteins from the medicinal plants can play an 
essential role in regulating an immune system as a home 
remedy and may help as a preventive approach to deal with 
corona infection. Furthermore, we were interested in know-
ing if  3CLpro,  PLpro, and spike protein share their amino 
acid sequence with any other predeposited proteins in the 
RCSB databank.

Interestingly, we identified  3CLpro to share its amino acid 
sequences with other microbial infections like PEDV main 
protease from Porcine epidemic diarrhea virus CV777. Fur-
thermore,  PLpro also shared its amino acid sequence with 

Fig. 6  Interaction of a sesaminol 2-O-β-D-glucoside and b vicenin-3 
with  3CLpro
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Table 5  Binding energy and mode of interaction of phytoconstituents with  PLpro

Ligand Binding energy 
(kcal/mol)

Number of hydrogen 
bonds

Hydrogen bond residues

(+)-garcinia acid -5.5 4 Gly272, Tyr265, Gly164
(-)-α-gurjunene -6.0 0 -
(S)-3, 7-dihydroxychroman-4-one -5.7 0 -
1-O-acetyl-4R, 6S-britannilactone -7.0 2 Tyr269, Gly272
3'-deoxyepisappanol -6.6 1 Tyr269
3'-deoxysappanol -6.8 1 Gly164
Norcaesalpinin A -6.7 5 Asn178, Ser181, Ala182
Norcaesalpinin B -7.3 5 Tyr252, Ser213, Asp215, Tyr214
Vitex norditerpenoid 1 -6.2 1 Tyr306
Vitex norditerpenoid 2 -6.0 0 -
β-maaliene -5.8 0 -
Brazilein -8.0 0 -
Brazilin -7.5 4 Thr55, Tyr36, Gly39, Arg139
Caesalpinin C -7.1 2 Tyr265, Tyr269
Caesalpinin D -7.9 2 Tyr274, Tyr265
Caesalpinin F -6.4 0 -
Daturadiol -7.8 2 Gln233, Met207
δ-elemene -5.3 0 -
Gibberellin A45 -6.9 3 Tyr265, Asp165
Gibberellin A63 -7.3 0 -
Isoceanothic Acid -7.0 4 Ser310, Glu308, Thr309, Asp215
Jerantinine F -6.6 1 Phe259
Mangiferin -7.3 1 Ser181
Norcaesalpinin D -6.1 3 Arg167, Gln233, Tyr208
Norcaesalpinin E -7.3 3 Tyr265, Tyr274
Platonic acid -7.1 2 Gln233
Rotundifuran -6.9 4 Lys158, Tyr269, Tyr265, Thr302
Salicifoliol -7.1 2 Thr302, Tyr274
Sandaracopimaric Acid -6.7 1 Tyr269
Sebacic acid -5.4 1 Thr302
Sesaminol 2-O-β-D-gentiobioside -8.5 4 Thr75, Asp77
Sesaminol 2-O-β-D-glucoside -7.5 4 Lys218, Phe259, Lys280, Ala279
Sesaminol -8.2 2 Tyr265, Tyr269
Stigmastane-3β,5α,6β-triol -6.2 4 Gln233, Tyr208, Met209
Taxine B -6.9 6 Thr171, Arg167, Glu204, Met207, Gln233
Vicenin-3 -6.9 2 Ser181, Ser241
Viteagnusin I -7.4 4 Tyr265, Lys158, Tyr274, Thr302
Vitetrifolin D -6.4 2 Arg167, Tyr265
Vitexilactone -7.3 3 Lys158, Thr302, Tyr265
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replicase polyprotein 1ab of Murine hepatitis virus strain 
A59. Likewise, spike protein possessed similar amino acid 
alignments with spike glycoprotein of Murine hepatitis virus 
strain A59. This observation suggests that analogues of pro-
tease inhibitors from procaine epidemic diarrhea could be 
chosen as the investigative molecule against  3CLpro. Simi-
larly, analogues of replicase polyprotein 1ab and spike gly-
coprotein of Murine hepatitis virus strain A59 could act over 
the  PLpro and spike protein, respectively.

Enrichment analysis of modulated proteins from JAK-
STAT pathways identified the multiple pathways which may 
contribute to maintain an immune system like apoptosis, 
necroptosis, Th1, and Th2 cell differentiation, NF-kappa B 
signaling pathway, Th17 cell differentiation, and chemokine 

signaling pathway. Coronavirus replication is linked with 
the membrane of the endoplasmic reticulum and is reported 
to increase stress over it; leads to apoptosis via unfolded 
protein response (Fung and Liu 2014). Likewise, the corona 
virus-induced necrotic cell death may occur due to multiple 
mechanisms like Rip3-induced oligomerization, mixed line-
age kinase domain-like protein dispensed cell death, necrop-
totic elements-induced human lung cell damage, lysosome-
induced damage, and activation of multiple inflammasomes 
(Yue 2018). Hence, modulation of these pathways’ may con-
tribute to the immune system’s homeostatic regulation and 
reduce cell apoptosis and necrosis. Other pathways involv-
ing T-helper cells, cytokine, and chemokine signallers are 
also closely associated in enhancing the immune system that 
may contribute towards up-/down- regulation of the immune 
system during corona infection (Padovan 2017; Simon 2011; 
Jang et al. 2005).

The network pharmacology screening of multiple phy-
toconstituents from folk medicines has identified the 
β-maaliene to regulate the highest number of proteins. The 
probable checkpoints affected by β-maaliene in the JAK-
STAT pathway are presented in Fig. 10. Although, based 
on the literature search, we did not find any reported anti-
viral activity of β-maaliene, our prediction of the biological 
spectrum via Prediction of Activity Spectra for Substances 
(PASS) ONLINE (Lagunin et al. 2000) identified it to pos-
sess an anti-viral effect against influenza, adenovirus, Cyto-
megalovirus, Herpes, Picornavirus, and Hepatitis C. Fur-
thermore, the compound was also envisioned as viral entry 
inhibitor. So, apart from modulating the JAK-STAT pathway 
proteins, β-maaliene may also act over the spike protein of 
coronavirus and inhibit its entry into the cell. Furthermore, 
these calculations suggest that analogs of β-maaliene could 
be the choice of investigative molecules as a modulator of 
the JAK-STAT pathway and inhibitor of virus entry into host 
cells.

We identified TRAF5 protein that may be modulated by 
the highest number of phytoconstituents during network 
pharmacology-evident target identification. A previous 
report suggested that the requirement of TRAF5 optimizes 
the T cell expansion in response to infection (Kraus et al. 
2008). Hence, we attempted to identify the lead hit agent 
as the prime modulator of TRAF5 from the list of phyto-
constituents. Based on the binding energy and number of 

Fig. 7  Interaction of a sesaminol 2-O-β-D-gentiobioside and b taxine 
B with  PLpro
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Table 6  Binding energy and mode of interaction of phytoconstituents with spike protein
Ligand Binding 

energy
(kcal/mol)

Number of 
hydrogen 
bonds

Hydrogen bond residues

(+)-garcinia acid -5.7 5 Tyr66, Thr94, Asn185, Ala255

(-)-α-gurjunene -6.6 0 -

(S)-3,7-dihydroxychroman-4-one -6.2 2 Ala608, Tyr588

1-O-acetyl-4R,6S-britannilactone -6.0 2 Thr525, Arg314

3'-deoxyepisappanol -7.1 1 Asp595

3'-deoxysappanol -7.0 2 Ile600, Ile611

Norcaesalpinin A -6.7 3 Arg77, Asp137, Tyr136

Norcaesalpinin B -7.0 1 Ala259

Vitex norditerpenoid 1 -6.5 0 -

Vitex norditerpenoid 2 -6.7 3 Thr94, Tyr66, Ala255

β-maaliene -6.3 0 -

Brazilein -7.0 2 Ile881, His1020

Brazilin -6.8 4 Gly716, Asp717, Leu938, Arg972

Caesalpinin C -6.7 2 Tyr136

Caesalpinin D -7.4 4 Leu493, Asn495, Ser490, Arg350

Caesalpinin F -6.6 4 Tyr136, Asp137, Tyr139

Daturadiol -8.2 1 Asp820

δ-elemene -5.3 0 -

Gibberellin A45 -6.9 1 Lys807

Gibberellin A63 -7.2 0 -

Isoceanothic acid -7.7 4 Thr799, Gln304, Ser300, Ser302

Jerantinine F -7.1 2 Ala287, Leu288

Mangiferin -8.0 3 Ala801, Phe805, Asp46

Norcaesalpinin D -7.3 1 Gln825

Norcaesalpinin E -6.8 2 Gln825, Asp811

Platanic acid -7.9 1 Arg268

Rotundifuran -6.2 2 Ile600, Lys266

Salicifoliol -6.1 0 -

Sandaracopimaric acid -8.3 0 -

Sebacic acid -4.1 3 Arg77, Tyr139, Ala156

Sesaminol 2-O-β-D-gentiobioside -9.7 8 Thr47, Leu48, Gln825, Ala801, Ala803, 
Phe805, Lys807, Asp811

Sesaminol 2-O-β-D-glucoside -7.9 3 Lys705, Thr831, Ile816

Sesaminol -7.7 3 Ser460, Trp348, Asn417

Stigmastane-3β,5α,6β-triol -7.8 1 Tyr59

Taxine B -8.1 1 Thr47

Vicenin-3 -8.0 4 Tyr59, Ile600, Ala287, Thr599

Viteagnusin I -7.4 2 Thr47, Leu48

Vitetrifolin D -6.2 5 Asp46, Asp811, Gln825

Vitexilactone -6.9 4 Leu48, Thr47, Gly814, Lys807
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hydrogen bond interactions we identified sesaminol 2-O-β-
D-gentiobioside and vicenin-3 to possess the best interac-
tion with TRAF5. Furthermore, TRAF5 modulators were 
also docked with  3CLpro,  PLpro, and spike protein; and found 
that sesaminol 2-O-β-D-gentiobioside, taxine B, vicenin-3, 
and sesaminol 2-O-β-D-glucoside as lead hits. In addition, 
PASS (Lagunin et al. 2000) helps to identify the probable 
anti-viral compounds by querying the SMILES of molecules 
which predicted plausible anti-viral properties against Influ-
enza (Pa: 0.733), Hepatitis B (Pa: 0.402), and Herpes (Pa: 
0.371) by sesaminol 2-O-β-D-gentiobioside (1), Rhinovirus 
(Pa:0.324) by Taxine B (2), Herpesvirus (Pa: 0.842), Influ-
enza (Pa: 0.540), Hepatitis B virus (Pa: 0.443), Picornavi-
rus (Pa: 0.349), Poxvirus (Pa: 0.237), Hepatitis (Pa: 0.136), 
and Retrovirus (Pa: 0.133) by vicenin-3 (3) and Influenza 
(Pa: 0.690), Hepatitis B (Pa: 0.378), Herpes (Pa: 0.396), 
Rhinovirus (Pa:0.305) by sesaminol 2-O-β-D-glucoside (4). 
Docking study also revealed the probable binding affinity of 
these molecules with  3CLpro,  PLpro, and spike protein. These 

targets also shared the similar amino acid sequence with pro-
teins from other viruses; hence, these molecules may be fur-
ther screened via their functional group modeling to target 
coronavirus with the proper assessment of protein domain 
of target of interest.

Although the present screening focused in identifying 
the lead hit anti-viral molecules against COVID-19, Indian 
herbal medicinal plants were screened via network pharma-
cology and gene enrichment analysis; is a concept via "multi 
compounds-multi protein" interaction. Furthermore, the pre-
sent study’s outcome is knowledge-based and depends on 
multiple regression models for particular biological activi-
ties. On the other hand, during COVID-19 infection, the 
dysregulated immune system may play an essential role in 
spreading the virus in the host system; it could be main-
tained via the JAK-STAT signaling pathway, the main basic 
concept of the present study. Likewise, identifying the 
homologous proteins may also play a crucial role in iden-
tifying new drug molecules that kindled us for phylogeny 
comparison of targets based on the predeposited amino acid 
sequences of individual proteins.

Conclusion

The present study identified few lead hits from the tradi-
tional Indian medicines reported for their anti-viral prop-
erty against COVID-19. Further phylogeny comparison also 
reflected that the coronavirus proteins may share a com-
mon domain with other similar microbial proteins. It also 
suggests that reported inhibitors of such proteins could be 
implemented in screening the molecules as  3CLpro,  PLpro, 
and spike protein inhibitors. However, the present findings 
are based on available databases and computer simulations. 
Hence, further investigations using wet-lab protocols are 
required to confirm the conclusions accordingly.

Fig. 8  Interaction of sesaminol 2-O-β-D-gentiobioside with spike 
protein



 3 Biotech (2021) 11:119

1 3

119 Page 16 of 18

Fig. 9  Hierarchical clustering relationship of a 3CLpro, b PLpro, and c spike protein with multiple proteins
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Original Article

Quantitative association of educational
status and effect of patient counseling
among cancer patients: A cross-sectional
analysis in a tertiary care hospital in
South India

Kumar Jyoti, Gudhoor Manjula and Madiwalayya S Ganachari

Abstract

Context: Patient Counseling is desirable in chronic disease condition which is influenced by innumerable predictors.

Educational status is one of the primary predictor which is usually ignored while considering the effect of patient

counseling in cancer patients. Therefore, this study was aimed to determine the measure of association between

education level and patient counseling among cancer patients.

Design and method: In the cross-sectional analysis, 90 cancer patients in inpatient setting at Oncology department of

tertiary care hospital in South India were examined for a 24-week period through pharmacist-patient interview. The data

were recorded in well-customized and validated data collection form.

Statistical analysis used: Bivariate analysis and linear regression analysis were performed using IBM SPSS Statistics

16.0, USA to assess the empirical relationship between the two determinants: education level and patient counseling.

Results: The study participants were aged between 11 to 80 years with 7:11 male to female ratio. Among 90 inter-

viewed patients, 83.3% were counseled. Linear regression analysis demonstrated significant association between edu-

cation status and patient counseling (p< 0.05).

Conclusions: The study findings suggest that poor education status can be a barrier to patient’s ability to seek and act

on the counseling provided by the health care professionals. Thus, it recommends improvisation of counseling practice

on patients from different educational divisions.
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Introduction

Cancer is a global health problem.1 The diagnosis of
this global disease is life-changing phenomena as it is a
source of psychological and emotional stress.2 Because
the cancer patient has to undergo multi-modal treat-
ment which includes surgery, radiation and chemother-
apy.3 Besides these, there are other treatments such as
targeted therapy, immunotherapy, hormone therapy,
bone marrow transplantation, cyroablation and so
on. However, the side effects and adverse symptoms
are apparent to co-occur among patients receiving che-
motherapy.4 In view of life-threatening diseases like
cancer, where medication adherence is overlooked, get-
ting a patient adhere to the treatment is a challenging
task.5 Wherein due to lack of adherence to the

treatment, the patients do not fulfill their planned
treatment regimen which ultimately leads to cata-
strophic results that contributes to decreased survival
rates.6,7 Therefore, before a patient can consent to
treatment their knowledge about the disease and treat-
ment is also essential.8 Health professionals try their
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best to focus on the maintaining the adherence to the

therapy through patient counselling. Thereby, patient

counselling is observed as one of the important compo-

nents in overall drug-use process.9 Relatively, another

new science in the field of health care is patient educa-

tion.10 It includes an array of knowledge, skills and

capacities that one acquires through formal learning pro-

cess. Education is a prerequisite condition of improved

health. But it is an attribute of a person which cannot be

modified. Patients’ understanding of information has a

huge impact on health outcome.11 Taking these two

determinants into consideration in treatment process

helps to develop a relationship with the patient, increase

their participation in self-care and satisfaction towards

treatment, slowing the disease progression, reducing the

treatment expenditure as well as hospital readmission

thus in turn help in improving the patients’ quality of

life by enhancement of the health outcomes.12–14 With

patient counselling, knowledge and awareness about the

medications and therapy increases among the patients,

but, the level of patient education and degree of patient

counselling given by health care professionals may have

a positive as well as a negative impact on patients. The

former impact includes patients’ acceptance and adher-

ence to the treatment plan, thereby improving the health

status of the patient and managing the progression of the

disease whereas the negative impact includes patient’s

rejection and non-adherence to the therapy either due

to physiological, psychological and financial factors

which leads to poor management of disease and worsen-

ing of the disease condition. Therefore, the study aims to

find the quantitative association in terms of correlation

and regression analysis between the patient counselling

and their education level so as to understand the extent

to which the level of education of the patients matters

that has an impact on acceptance or rejection of patient

counselling leading to adherence or non-adherence to the

treatment therapy among these cancer patients (Table 1).

Subjects and methods

Study design, population and study

The cross-sectional study was conducted for 24-week

period in cancer patients undergoing chemotherapy

cycles in Oncology department of tertiary care hospital

in South India. The Institutional Ethics Committee of

KLE College of Pharmacy approved the study.

Mode of selection of subjects

Patients of either gender diagnosed with any type of

cancer who were admitted for initial cycle of chemother-
apy were included. The pregnant or lactation/breast

feeding women and patients with less than 6months of
life-expectancy were excluded from the study.

Study procedure

Figure 1 describes the study procedure.

Results

Demographic details

The demographic detail signifies that among 90 recruited

patients, 61.11% were female whereas 38.88% were male.
Out of which 33.33% lies in the age group of 61 to

70years and 30% were within 51 to 60years of age.
Around 11.11% falls in the age group of 31 to 40 whereas

8.88% of recruited patients were in the age group of 41 to
50 and 71 to 80. And only 1.11% was found between 11

to 20years of age (Table 2).

Patient counseling in cancer patients on
chemotherapy

The table explicit the number of patients counseled

who were diagnosed with different type of cancers.

Table 1. Contingency table to show association between educational status and patient counseling.

Patient counseling

High understanding capacity Low understanding capacity

High grade educational status Positive Negative

Patient educational status Low grade educational status Negative Positive

Table 2. Demographic details.

Age

Gender

Total

percent %

Male

(Percent %)

Female

(Percent %)

11–20 1 (1.11) 0 (0) 1.11

21–30 4 (4.44) 2 (2.22) 6.66

31–40 4 (4.44) 6 (6.66) 11.11

41–50 3 (3.33) 5 (5.55) 8.88

51–60 5 (5.55) 22 (5.55) 30

61–70 13 (14.44) 17 (18.88) 33.33

71–80 5 (5.55) 3 (3.33) 8.88

Total 35 (38.88) 55 (61.11) 100
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It depicts that out of 90 patients, 75 received counseling
that accounts to 83.33% and rest 16.66% were not
counseled. The percentage of patients counseled in
each group were breast cancer (84.3%), oesophageal
cancer (100%), lung cancer (66.6%), germ cell tumor
(100%), rectum cancer (100%), colon cancer (75%),
multiple myeloma (100%), ovarian cancer (100%),
pancreas cancer (50%), follicular lymphoma (100%)
and others (72.2%) (Table 3).

The patient counseling was classified into two catego-
ries namely, pharmacological and non-pharmacological.
Pharmacological category was further sub-divided into
disease (41.77%), drug information (84.81%), drug relat-
ed problems awareness (89.81%) and non-prescription/
complementary/alternative medicine (93.67%) related
counseling whereas non-pharmacological category had 4
different sub-divisions like diet recommendations
(76.66%), lifestyle modifications (78.88%), abstinence
(62.22%) and awareness related to financial schemes
(26.66%) (Table 4).

The data on educational status divides the recruited

sample population into 5 different levels namely unedu-

cated or no education (17.8%), education up to primary

level (7.8%), high school education and matriculation

(8th to 10th standard) (15.6%), high school (24.4%)

and university graduation (34.4%) (Table 5).
The r-value of patient counseling with patient edu-

cation level (0.480) gives a significant result at p< 0.01.

It reveals that there is correlation between the respec-

tive parameter.
The result of regression analysis shows that with

every unit increase in education level of the patients,

effect of patient counseling significantly increases by

0.136 times. Thus, 21.8% of variance (adjusted R

square¼ 0.281) in patient counseling can be explained

by one’s educational status as shown in Figure 2 at

p< 0.05. The results are thus statistically significant.

Discussion

The current study in 90 patients showed that percentage of

occurrence of solid tumor varied distinctly and were more

prominent in geriatrics population than in pediatrics.
Table 3. Patient counseling data in different types of cancers.

Type

Total number

of patients Y N

1 Breast cancer 32 27 5

2 Oesophagus cancer 3 3 0

3 Lung cancer 6 4 2

4 Germ cell tumor 6 6 0

5 Rectum cancer 4 4 0

6 Colon cancer 4 3 1

7 Multiple myeloma 5 5 0

8 Ovary cancer 3 3 0

9 Pancreas cancer 4 2 2

10 Follicular lymphoma 5 5 0

11 Others 18 13 5

Total 90 75 15

N: Not counseled; Y: yes counseled.

Table 4. Patient counseling on pharmacological and non-pharmacological aspects.

Pharmacological counseling

Patient counseling

Parameters Disease Drug information

Drug related problems

awareness

Non-prescription/

complementary/

Alternative medicine

No. of patients 33 67 71 74

Percent 41.77% 84.81% 89.87% 93.67%

Non-pharmacological counseling

Patient counseling

Parameters

Diet recommendations Lifestyle

modifications

Abstinence

(alcohol/smoking)

Financial scheme

awareness

No. of patients 69 71 56 24

Percent 76.66% 78.88% 62.22% 26.66%

Table 5. Frequency distribution of educational status of 90
cancer patients.

Educational status Frequency

Valid

percent

(%)

No education 16 17.8

Primary education (5th–7th standard) 7 7.8

High school education and

matriculation (8th to 10th standard)

14 15.6

Pre-university education

(11th to 12th standard)

22 24.4

Graduation 31 34.4

Total 90 100.0
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Similarly, Mary et al. stated in their evident article that the

probability of getting diagnosed with cancer will vary all

throughout the life span of a person.15

In consideration to cancer, in current study, major-

ity of the patients were counseled and few subjects were

not the part of pharmacist’s counseling due to counsel-
ing barriers. Similar research findings had shown clear
benefits of counseling in patients as well as relatives
and health care professionals proving the vitality of
oncology counseling.16,17

In addition, the current research depicts the counsel-
ing in cancer patients on these aspects. Dang et al. has
conducted a pre-chemotherapy counseling by pharma-
cist in breast cancer patients.18 Hardly any studies
demarcated the counseling into pharmacological and
non-pharmacological elements.

Study participants were more repulsive to the
disease-related counseling because of the mental
impression of high risk of disease fatality. As a result
restricted counseling was given on disease aspect which
included advice on the disease progression, survival,
followed by importance of reporting unexpected
signs/symptoms in the body and awareness on reality/
myths of cancer. Simultaneously, patients were
informed about their respective drugs (name and indi-
cation of medication, dosage regimen, potential side
effects, administration pattern, significant interactions
like drug-drug, drug-herbal, drug-radiations and drug-
food interactions, importance of storage condition of
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Figure 2. Simple Linear regression analysis of Patient
Counseling & Education Level.

Patients who met the study criteria and were willing to give consent were
screened (153) and recruited (90).  

Data on Education level was recorded along with the demographic
information that was collected at the time of enrollment.  

� Results were interpreted using non-parametric statistical methods. 

� Measure of association (correlation and association) between the education level
and patient counseling was interpreted by Spearman correlation coefficient and
regression analysis using IBM SPSS Statistics for Windows, Version 20.0, USA.   

Cancer patients were counseled on two major aspects (pharmacological and non-
pharmacological) that were recorded in customized and validated data collection form. 

ICF (Informed consent Form) and PIS (Patient information) in 
English/Kannada /Marathi/Hindi languages were given and obtained from   
recruited participants 

Figure 1. Study procedure.
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drug, benefits of completing the course, importance of
taking the medicine on time, the methods to follow up
the missed dose, generic formulations/substitutes and
were cautioned on unnecessary consumption of over-
the-counter (OTC) medications during and after the
therapy without consultation) and their consecutive
problems which they may come across that helped
them in improving their compliance to therapy, there-
by, had a greater impact in preventability and manage-
ability of drug related problems.

Consequently, in current research with comprehen-
sive medication chart review, the study participants and
their care takers were made aware about the essential-
ity and distinction of allopathy/ayurvedic/herbal treat-
ments. In similar manner, Smith et al. has shown in
their study that maximum patients do not disclose the
use of complementary or alternative medicine to physi-
cians, so it becomes the responsibility of the healthcare
professionals to encourage discussions about herbal
products and complementary treatments.19

Ovesen et al in their prospective randomized study
confirmed the positive effect of regular counseling on
nutritional aspect of the subjects with lung cancer, ovar-
ian cancer or breast cancer on weight, their oral intake,
survival and response rate and also their quality of life.20

Thereupon, in present study non-pharmacological
counseling was rendered that focused on consumption
of healthy and hygienic diet.

Apart from dietary aspect, we observed that the
patients coming to hospitals for chemotherapy are
highly demotivated with less strength of will. Gibbs
et al. in their research focused on implication of counsel-
ing spiritual values in terminal cancer patients. Its results
indicate that patients are able to cope up with imminent
death by strongly perceiving religious values and beliefs.21

Evidently, patients were encouraged to join spirituality
classes, meditation or social clubs in their nearby locality
to boost their will power. Simultaneously, motivational
interactions were carried out to build positivity and self-
confidence. In this regard they were recommended with
certain motivational and inspirational books. All these
inputs helped to develop faith and belief among patients
towards the treatment and a hope to heal faster and get
rid of social stigma.

In current research, the group counseling sessions
which were organized, emphasized the care takers on
providing mental as well as physical support to the
patient, by regular communication, taking them to
attend sessions or seminars about cancer and care-
takers were highlighted on demerits of keeping them
in isolation. Apparently, in Fallowfield et al. multicen-
ter study in distressed patients, catalytic counseling was
a medium of uplifting the patients by asking them to
create a monthly wish list to keep them occupied
towards the accomplishment of certain goals.16 Ferlic

et al. in their study emphasized the importance of psy-
chological support in cancer patients through group
counseling in conjunction with patients and their
families.22

Also, in present study, the chronic smokers, alco-
holics, drug abusers or patients with poor social
habits were counseled related to the urgency of absti-
nence from such substances. Patients were also cau-
tioned about unnecessary excessive exposure to
harmful radiations. Thereby, LoConte et al. in their
study showed that oncology providers as leaders can
help uplift the awareness of cancer risk due to alcohol
consumption and cigarette smoking.23

A substantial number of patients and their guardians
in current study were detailed about several financial
resources that can be availed to manage the financial
burden due to the chemotherapy treatment through gov-
ernment and private schemes. Also, Vijay et al. in their
single arm prospective study stated that cancer patients
starting palliative therapy lack financial resources are
expected to have greater degree of distress.24,25

In current study, we primarily found the positive
association between patient educational level and
patient counseling, thus, higher the grade of education-
al level of patients, the understanding capacity of the
patient will be more, as a result, improving their adher-
ence to the treatment plan. This proves the clinical sig-
nificance of the two important variables. Also, the
study evaluates that the health care professionals has
to put minimal efforts in counseling the patients with
higher level of education, rather has to endeavor in
counseling patients with no or lower educational
status. But, there were hardly any studies found by
considering educational status and patient counseling
as a clinical determinants in onco-care, thereby, evalu-
ating the relationship and their association between
these two determinants.

Conclusions

In general understanding, it’s known that the clinical
variables: patient counseling and patient education act
in both ways. But it can be drawn from the study that
education is a determinant which is directly propor-
tional to patient counseling. As educational status of
patient plays a vital role in acquiring patient counseling
but it is a parameter which is non-modifiable in
patients. Thus, for the patients with inferior degree of
educational status, the health care professional should
go beyond the traditional practice of patient counseling
through sender-message-receiver communication
model.16 As a result, they should develop and adopt
certain patient counseling techniques and tools to
increase the patient acceptance, satisfaction, under-
standing and knowledge towards the treatment thereby
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improving their therapy adherence. In this regard, it
becomes the duty of the healthcare practitioners to
tailor the counseling taking into account the patient
needs.
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ABSTRACT
Objectives: The aim of the study is to assess the anticancer activity of Caesalpinia 
pulcherrima leaf extract against Erlich Ascites Carcinoma (EAC) in mice. Materials and 
Methods: BALB/c mice with Erlich Ascites Carcinoma were used for the present study. 
Ethanolic extract of C. pulcherrima (EECP) was administered p.o. in three different 
doses i.e. 200, 400 and 800 mg/kg body weight, after 24 hr of tumor inoculation in 
mice for 14 days. Effect of EECP on haematological parameters, liver enzymes marker, 
biochemical parameters/ antioxidants was evaluated after 14 days treatment. Results: 
Effect of EECP on Haematological parameters were evaluated and Hb, Lymphocytes, 
RBC and Monocytes showed significant increase in their count when compared to 
Disease. WBC and neutrophil count was decreased in EECP group compared to disease. 
Effect of EECP on Serum parameters were evaluated and showed significant decrease 
in ALP, TC, AST, ALT and TG compared to disease. TP was significantly increased 
in EECP groups compared to DISEASE group. Effect of EECP on Antioxidant activity 
showed significant increase in CAT, SOD, GSH and GPx counts compared to Disease. 
LPO level was significantly reduced in all the treated groups compared to Disease group. 
Conclusion: Ethanolic extract of C. pulcherrima leaf exhibited significant antioxidant and 
anticancer activity against Erlich Ascites Carcinoma.
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INTRODUCTION
Cancer is a disease in which a group of  
cells shows uncontrolled development, 
intrusion that encroaches upon and wreck 
adjoining tissue and spread to different 
areas in the body by means of  lymph or 
blood.1,2 Experimental tumors have great 
importance for the purposes of  modeling 
and Ehrlich ascites carcinoma (EAC) is 
one of  the commonest. EAC is referred 
to as an undifferentiated carcinoma 
and is originally hyper diploid, has high 
transplantable capability, shorter life span, 
rapid proliferation, no-regression, 100% 
malignancy and also does not have tumor 
specific transplantation antigen.3 The 
chemotherapeutic agents provide a temporary 

improvement of  signs and symptoms of  
cancers and most of  the chemotherapeutic 
agents are given in combination with the 
radiation therapy and surgery, due to which 
the cost of  treatment is high.4 Along with it, 
patient also has to undergo the treatment 
for a longer duration. Thus to reduces such 
problems, in the last few years, novel chemo 
preventive agents of  natural origin have 
been targeted with herbal plants being a key 
interest due to high content of  bioactive 
compounds.
Traditional medicines have been reported to 
constitute multiple secondary metabolites and 
are useful in the management of  multiple 
pathogenesis including both infectious and  



Mallapur, et al.: Caesalpinia pulcherrima Leaves Extract on Anticancer Activity

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 | Jan-Mar, 2021 165

non-infectious pathogenesis.5-12 Herbal plants which 
have antioxidant properties could add a beneficial  
effect in the management of  multiple pathogenesis 
including cancer as they possess broad spectrum of  
biological activities.13 Further, the cytotoxic effects 
of  multiple plant-based agents have been reported as 
cytotoxic agents demonstrated via in silico and in-vitro 
approach.14,15

Caesalpinia pulcherrima is one known plant to be rich in 
flavonoids which possesses various pharmacological 
properties including antibacterial, antifungal, antiviral, 
anticancer and anti-inflammatory effects.16 Caesalpinia 
pulcherrima indicated high particular cytotoxic properties 
against malignant growth cells (MCF-7).17 However, 
no studies are available on antitumor and antioxidant 
activity of  the of  Caesalpinia pulcherrima leaf  extract 
extract against Erlich Ascites Carcinoma (EAC) in mice. 
Hence, present study was considered to determine the 
antioxidant and antitumor activity of  ethanolic leaf  
extract of  Caesalpinia pulcherrima against ehrlich ascites 
carcinoma bearing mice.

MATERIALS AND METHODS
Plant material collection and extraction

Leaves of  C. pulcherrima were collected from the College 
of  Horticulture Arabhavi, Belagavi. The plant material 
were subjected to shade drying and identified by Dr. 
Harsha Hegde, Scientist D, RMRC (ICMR) Belagavi 
Voucher no. RMRC-1401. Leaves of  C. pulcherrima 
were dried in room temperature, powdered and 
stored in a sealed compartment at room temperature. 
Herbal constituents was separated using 95% ethanol 
by Soxhlet extraction technique. The concentrate was  
concentrated to dryness utilizing Rotary evaporator.5 
Percentage yield extract was determined utilizing the 
formula:

Weight of extract
% yield 100

Crude weight
= ×

Dried extract was stored in sealed glass container for 
further evaluation.

In vitro Antioxidant Activity 
DPPH radical scavenging assay18

The Stock solution was prepared by taking 1mg/ml of  
plant extract and 1mg/ml of  Ascorbic acid. The stock 
solution was prepared with 50, 100, 200, 400 and 800μg/ ml  
of  plant extract and Ascorbic acid. The solvent used 
was methanol.
Preparation of  0.1mM DPPH solution was done by 
dissolving 5.85mg of  DPPH in 150ml of  methanol.

Procedure: 0.4 ml of  plant extract (50-800 μg/ ml) 
and the standard drug was mixed with 3.6 ml methanol 
solution of  DPPH (0.1 mM). A Same quantity of  
methanol. (0.4 ml) was used as a blank (control) with 
DPPH soln (3.6ml). The above mixture was vortexed 
for 1 min. After incubation, the change in absorbance of  
each sample against methanol as blank was noted using 
plate reader at 517 nm. Percentage DPPH inhibition 
was calculated using the formula: 

A Control A Sample
DPPH inhibition (%) 100

A Control
−= ×

The results were reported as IC50 value.

Nitrous oxide (NO) radical scavenging activity19

Stock solution was prepared by taking 10mg/ml of  
plant extract and 1mg/ml of  Ascorbic acid. This stock 
solution was prepared with different concentrations of  
100, 200, 400, 800, 1000μg/ mL of  plant extract and 
Ascorbic acid. 
Preparation of  Griess reagent: 25ml of  1% 
sulphanilamide was prepared using 2.5% phosphoric 
acid mixed with 25ml of  0.1% naphthyl ethylene 
diamine di hydro chloride using 2.5% phosphoric acid.
Preparation of  sodium nitroprusside (10 mM): 0.2979 g 
of  sodium nitroprusside was added in 100ml of  pH 7.4 
phosphate buffer. 
To each 1ml different concentration of  extract and  
standard drug (100-1000μg/ mL) added 0.5mL of  
10mM sodium nitroprusside in phosphate buffered 
saline. To this solution, same vol. of  Griess reagent was 
added. Blank was prepared without using plant extract 
and standard drug. The solution was administered to 
ninety six well plate and absorbance was taken at 546nm. 
The % inhibition of  plant ext. and the std drug was 
found out using the formula:

A Control A Sample
Nitric oxide scavenged (%) 100

A Control
−= ×

The results were reported as IC50 value.

Tumor Volume and Tumor Weight

TV and TW were determined by collecting ascetic fluid  
and measuring weight before and after sacrificing.  
Difference in the weight will give tumor weight and 
measurement of  ascitic fluid from peritoneal cavity will 
give tumor volume.20

Determination of cell viability by trypan blue 
exclusion method 

50μl of  cell culture/suspension was spotted in a cryo-vial. 
0.4% of  trypan blue dye was added to the suspension 
to get 1-2 dilution (ex: 50μl of  cells - 50μl of  trypan 
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blue) and was mixed. This cell culture was incubated 
for 3 minutes at room temp. Cells were counted using 
Haemocytometer by placing 10-20μl of  cell suspension 
to each side of  haemocytometer counter covered 
with cover slip. The cells were counted by placing the 
Haemocytometer on the stage of  microscope.21 The 
cells were focused and counted and % of  viable cells 
was calculated using formula.

number of blue cells
% cell viability 1 100

number of total cells
= − ×

Experimental animals

Female BALB/c mice (20 - 30g) were procured from in 
vivo Biosciences, Bengaluru. Animals were kept under 
standard husbandry conditions with temperature 
22-28°C, relative humidity 65±10% and 12 hr light/dark 
cycle respectively. The research study was carried out 
obeying Institution Animal Ethics Committee (IAEC 
Reg. 221/Po/Re/S/2000/CPCSEA) Belagavi.

Induction of erlich ascites carcinoma

Ehrlich Ascites Carcinoma (EAC) cell line was secured 
from NCCS Pune, India. The ascites bearing mice was 
taken after 15 days of  tumor induction. The ascitic 
fluid was withdrawn using sterile/purified syringe and 
21 gauge needle. Sufficient quantity was examined for 
microbial contamination. The ascetic fluid was diluted 
in normal saline to get concentration. of  106 cells / ml 
of  tumor suspension. This was injected intraperitoneally 
to new healthy mice. All data were collected from the 
experimental animal model and seven animals were 
placed in each group. Animals from group 2 to 6 
were transplanted intraperitoneally with EAC (0.1 ml) 
1 × 106 cells/ ml. All groups were inoculated with 
EAC cells excluding Normal control. On zero day 
the weight of  mice was noted. A day of  incubation 
was left for proliferation of  cells and group III was  
administered with standard drug Doxorubicin (i.p.) 
and for groups IV, V and VI received 200 mg/ kg, 
400 mg/ kg and 800 mg/ kg of  extracts of  Caesalpinia 
pulcherrima (p.o.) and this treatment was continued up to 
14 days.

The animals were divided into following groups

Group I: Normal 
Group II: Disease control (EAC control (injected i.p. 
with sterile physiological saline 0.9% w/v of  NaCl); 
Group III: Standard control (EAC+Doxorubicin 
(1.2mg/kg i.p. Administration)

Group IV: Treatment I (EAC bearing EECP treated 200 
mg/kg -p.o. Administration)
Group V: Treatment II (EAC bearing EECP treated 400 
mg/kg -p.o. Administration)
Group VI: Treatment III (EAC bearing EECP treated 
800 mg/kg -p.o. Administration)
Evaluation of  anticancer properties of  plant extracts 
on physical parameters. The weight of  each animal was 
recorded once in three days (0, 3, 6, 9, 12, 15th days). 
All the animals were scarified on the 15th day. Tumor  
volume and Tumor weight were determined by collecting 
ascetic fluid and taking weight before and after sacrificing 
the mice. Difference in the weight will give Tumor 
weight and measurement of  ascitic fluid from peritoneal 
cavity will give tumor volume.

Hematological Profile and Serum Biochemical 
Parameters Estimation

At the end of  the experiment, blood was collected retro-
orbitally and centrifuged at 3000 rpm for 10 mins to 
separate serum for the estimation of  LPO, SOD, CAT, 
GSH and GPx.

Statistical analysis

All values are expressed as Mean±SEM. ANOVA 
followed by post hoc test as required. The min value of  p 
< 0.05 was reflected as significant.

RESULTS
Effect on tumor volume and tumor weight

Results showed that there was reduction in the tumor 
weight and tumor volume in standard Doxorubicin 
group and in all 3 Test groups. Tumor Volume and 
Tumor Weight of  Disease control group was found 
to be 3.95 ± 0.94ml and 4.02 ± 0.64g respectively and 
it was significantly reduced to 3.08 ± 0.25ml and 2.98 ± 
0.31g (200mg/kg), 2.18 ± 0.32ml and 2.18 ± 0.49g 
(400mg/kg), 1.33 ± 0.29ml and 1.53 ± 0.37 (800mg/
kg) in ethanolic extract C. pulcherrima treated group  
where as in the Standard Doxorubicin Group it was 
found to be 0.86 ± 0.44ml and 1.08 ± 0.38g. When 
compared to the Standard Doxorubicin Group,  
200mg/kg (3.08 ± 0.25 and 2.98 ± 0.31) and 400mg/
kg (2.98 ± 0.32 and 2.18 ± 0.49) groups were showed 
significant increase (p<0.001) in Tumor Volume and 
Tumor Weight. When compared with 200mg/kg  
group, 400mg/kg and 800mg/kg groups showed 
significant reduction in TV and TW. When  
compared with 400mg/kg group, 800mg/kg (1.33 ± 
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200mg/kg (28.08 ± 1.33g), 400mg/kg (26.71 ± 0.67g), 
800mg/kg (25.4 ± 0.68g) and Doxorubicin (23.28 ± 
0.49g), disease control showed significant decrease in 
bodyweight. At the end of  14th day, the body weight 
of  Normal was 27.55 ±0.83g and it was significantly 
increased in Disease Control (38.05 ± 0.81g). Judged 
against treated group 200mg/kg (27.8 ± 1.12g),  
400mg/kg (26.01 ± 0.58), 800mg/kg (24.8 ± 1.11g) 
and Doxorubicin (22.9 ± 0.66), Disease control 
group showed significant increase in the body weight  
(Table 2).

Hematological parameters 

When compared against Normal (13.55 ± 0.47), Disease 
(7.61 ± 1.15) group exhibited significant reduction in 
Hb count, as compared to all 3 EECP Treatment groups 
such as 200mg/kg (9.39 ± 1.17), 400mg/kg (10.14 ± 
0.8) and 800mg/kg (11.05 ± 0.38), Disease control 
group showed significant decrease in Hb levels, whereas 
Doxorubicin (11.97 ± 1.34) group also exhibited 
significant increase in Hb count comparing with 
Disease group. Compared to Doxorubicin, 200mg/kg 
and 400mg/kg groups exhibited significant reduction in 
Hb levels (Table 3).
Relative to Normal control (8.09 ± 0.47), Disease control 
(20.8 ± 2.8) displayed significant rise in WBC count. On 
comparing with treated groups like Doxorubicin (11.5 
± 1.26), 400mg/kg (14.34 ± 1.77) and 800mg/kg (12.03 
± 1.33) groups, Disease control displayed significant 
(p<0.001) increase in WBC level. With reference to 
Doxorubicin, Treated group 400mg/kg exhibited 
significant (p<0.001) elevation in WBC levels. Measured 
in opposite to 200mg/kg group (18.76 ± 1.75), 400mg/kg 
and 800mg/kg groups displayed significant decrease in 
WBC levels (Table 3).
Relative to Normal (75.33 ± 5.21), Disease control 
(32.9 ± 4.53) displayed significant reduction in lymphocyte 
count. In comparison to treated groups like Doxorubicin 
(70.41 ± 8.28), 400 mg/kg (56.9 ± 5.35) and 800mg/ kg 
(68.22 ± 5.04), Disease group showed significant reduction 

0.29 and 1.53 ± 0.37) displayed significant (p<0.001) 
decrease in TV (Table 1).

Effect on body weight 

Towards the end of  the 3rd day every animal gained body 
wt. compared to 0th day. Body wt. of  Normal group 
was found to be 23.8 ± 0.43g and it was significantly 
increased in Disease control (24.25 ± 1.14g), when 
compared to treated 800mg/kg group (26.13 ± 1.05g), 
Doxorubicin group (22.23 ± 0.60g), Body weight in the 
diseased group was significantly reduced. At the end of  
6th day, body weight of  Normal was found to be 24.95 
± 0.62g and it was significantly increased in Disease 
control (28.43 ± 1.36g). When evaluated against treated 
groups such as 200mg/kg (26.90± 0.74g), 400mg/
kg (25.96 ± 0.73g), 800mg/kg (26.83 ± 0.92g) and 
Doxorubicin (23.46 ± 0.50g), body weight of  Disease 
Control was significantly reduced. On 9th day, the body 
weight of  Normal was found to be 25.96 ± 0.73g and it 
was significantly increased, in disease control group was 
found to be 31.38 ± 1.35g. When compared to treated 
200mg/kg (28.4 ± 1.36g), 400mg/kg (27.15 ± 0.61g) 
and 800mg/kg (27.25 ± 0.84g) groups, Body weight of  
disease control was significantly reduced. On 12th day, 
the body wt of  Normal was (26.8 ± 0.65g) and it was 
significantly increased in disease control group (34.2 
± 0.88g). In comparison with treated groups such as 

Table 1: Effect of EECP leaf on Tumor volume and 
Tumor weight.

Group Tumor Volume (ml) Tumor Weight (g)
Normal - -

Disease 3.95±0.94*** 4.02±0.64***

EAC + Doxorubicin 0.86±0.44### 1.06±0.38###

EECP 200mg/kg 3.08±0.25### 2.98±0.31##

EECP 400 mg/kg 2.18±0.32@@@### 2.18±0.49###@

EECP 800 mg/kg 1.33±0.29^^^ @@@### 1.53±0.37@@@###

All values are expressed as Mean±SEM
***p<0.001 compared to normal, ##p<0.01, ###p<0.001 compared to disease,  
@p<0.05,@@@p<0.001 compared to 200 mg/kg, ̂ ^^p<0.001 compared to 400 mg/kg

Table 2: Effect of EECP leaf on Body weight
Groups Body weight (gm)

0th day III day VI day IX day XII day XIV day
Disease 23.45±1.13 24.25±1.14 28.43±1.36 31.38±1.35 34.2±0.88 38.05±0.81

Normal 23.03±0.48 23.8±0.43 24.95±0.62*** 25.96±0.73*** 26.8±0.65*** 27.55±0.83***

EAC + Doxorubicin 23.01±0.5 22.23±0.60*** 23.46±0.50*** 23.71±0.49*** 23.28±0.49*** 22.9±0.66***

EECP 200mg/kg 23.2±0.5 24.5±0.66 26.9±0.74* 28.4±1.36*** 28.08±1.33*** 27.8±1.12***

EECP 400 mg/kg 23.4±0.44 24.58±0.54 25.96±0.73*** 27.15±0.61*** 26.71±0.67*** 26.01±0.58***

EECP 800 mg/kg 23.53±0.69 26.13±1.05*** 26.83±0.92** 27.25±0.84*** 25.4±0.68*** 24.8±1.11***

All Values are exressed as Mean ± SEM where n=6. *p<0.05, **p<0.01 and **p<0.001compared to Disease
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Table 4: Effect of EECP leaf on Serum Estimation Parameters.
Group Serum Estimation Markers

ALP TP TC AST ALT TG
Normal 27.68±4.21 6.87±0.80 142.34±13.29 40.45±5.8 34.4±3.3 66.25±5.31

Disease (EAC) 101.1±7.08*** 4.66±0.79*** 180.77±7.11*** 82.9±5.49*** 79.26±4.5*** 154.18±7.23***

EAC + Doxorubicin 45.03±5.63### 6.27±0.72## 151.003±3.76### 55.65±2.84### 43.18±5.18### 85.18±4.48###

200mg/kg 78.9±4.01### 4.93±0.81 160.18±7.21### 70.78±2.53### 64.21±4.04### 125.9±5.5###

400 mg/kg 63.63±3.74 ###@@@ 5.43±0.39 155.85±2.85### 61.1±4.38###@@ 53.03±4.6###@@ 111.16±7.98###@

800 mg/kg 50.75±4.33### ^^ @@@ 6.03±0.24# 150.65±2.89### 58.8±4.29###@@@ 48.58±4.98###@@@ 95.25±4.94### ^^^ @@@

All values are expressed as Mean±SEM
***p<0.001 compared to normal, #p<0.05,##p<0.01, ###p<0.001 compared to disease, @p<0.05, @@p<0.01, @@@p<0.001 compared to 200 mg/kg, ^^p<0.01, ^^^p<0.001 
compared to 400 mg/kg

in lymphocyte count. With reference to Doxorubicin 
group, 200 mg/ kg and 400 mg/kg groups displayed 
significant decrease in lymphocyte count. Evaluated 
against 200mg/kg group (38.16 ± 4.63), 400mg/kg and 
400mg/kg group exhibited significant (p<0.001) elevation 
in lymphocyte count (Table 3).
As opposed to Normal control (22.68 ± 3.54), Disease 
control (72.62 ± 4.01) exhibited significant (p<0.001) 
rise in Neutrophils count. Judged against treated groups 
such as Doxorubicin (18.59 ± 2.9), 3 EECP test groups 
200, 400 and 800mg/kg groups, Disease Control displayed 
significant increase in Neutrophils count. In contrast 
to Doxorubicin group, leaf  extracts indicated significant 
enhancement in Neutrophils count. By comparing 
with 200mg/kg group (56.2 ± 3.98), 400mg/kg (35.12 
± 3.64) and 800mg/kg group (27.35 ± 3.42) displayed 
significant (p<0.001) decrease in Neutrophils count. In 
relation to 400mg/kg group, 800mg/kg group showed 
significant (p<0.01) decrease in Neutrophil count (Table 3).
In relation to Normal control (9.24 ± 1.05), Disease 
control (1.12 ± 0.31) showed significant decline in RBC 
count. Related to treated groups such as Doxorubicin 
(10.2 ± 0.8) and 800mg/kg (6.71 ± 1.02), Disease showed 
significant decrease in RBC count. With reference to 
Doxorubicin, 200mg/kg (6.71 ± 1.02) and 400mg/
kg (7.84 ± 0.8) groups exhibited significant decrease in 

RBC count. As opposed to 200mg/kg, 800mg/kg group 
showed significant increase in RBC count (Table 3).
With reference to Normal (3.15 ± 0.37), Disease (1.12 
± 0.3) showed significant decrease in Monocytes 
count. In relation to treated groups such as Doxorubicin 
(2.54 ± 0.4), 400mg/kg (2.29 ± 0.38) and 800mg/kg 
(2.5 ± 0.25), DISEASE group displayed significant  
reduction in Monocytes count. In accordance with 
Doxorubicin, 200mg/kg group (1.67 ± 0.53) showed 
significant (p<0.01) decrease in Monocytes count. On 
comparing with 200mg/kg group, 800mg/kg group 
displayed significant (p<0.01) increase in Monocytes 
count (Table 3).

Serum estimation 

In comparison with Normal control (27.68 ± 4.21), 
Disease control (101.1 ± 7.08) showed significant 
(p<0.001) rise in ALP count. With reference to treated 
groups such as Doxorubicin (45.03 ± 5.63), 200mg/kg 
(78.9 ± 4.01), 400mg/kg (63.63 ± 3.74) and 800mg/
kg (50.75 ± 4.35), Disease control exhibited significant 
(p<0.001) increase in ALP count. In contrast to 
Doxorubicin, 200mg/kg and 400mg/kg was showing 
significant enhancement in ALP count. In contrast to 
200mg/kg, 400mg/kg and 800mg/kg group was showing 
significant (p<0.001) decrease in ALP count. Dealing 
with 400mg/kg, 800mg/kg group displayed significant 
(p<0.01) reduced in ALP count (Table 4).

Table 3: Effect of EECP leaf on Hematological variables.
Group Hematological Parameters

Hb WBC Lymphocytes Neutrophils RBC Monocytes
Normal 13.55±0.47 8.09±0.47 75.33±5.21 22.68±3.54 9.24±1.05 3.15±0.37

Diseasecontrol(EAC) 7.61±1.15*** 20.8±2.8*** 32.9±4.53*** 72.62±4.01*** 6.38±0.76*** 1.12±0.31***

EAC + Doxorubicin 11.97±1.34### 11.5±1.26### 70.41±8.28### 18.59±2.9### 10.2±0.8### 2.54±0.4###

200mg/kg 9.39±1.17# 18.76±1.75 38.16±4.63 56.2±3.98### 6.71±1.02 1.67±0.53

400 mg/kg 10.14±0.8## 14.34±1.77###@@ 56.9±5.35###@@@ 35.12±3.64###@@@ 7.84±0.8 2.29±0.38###

800 mg/kg 11.05±0.38### 12.03±1.33###@@@ 68.22±5.04###@@@ 27.35±3.42###@@@^^ 9.11±0.7###@@@ 2.5±0.25###@@@

All values are expressed as Mean±SEM
***p<0.001 compared to normal, ###p<0.001 compared to disease, @@p<0.01, @@@p<0.001 compared to 200 mg/kg, ^^p<0.01 compared to 400 mg/kg
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In accordance with Normal (6.87 ± 0.80), Disease 
control (4.66 ± 0.79) displayed significant (p<0.001) 
reduction in TP level. In opposite treated groups such as 
Doxorubicin (6.27 ± 0.72) and 800mg/kg (6.03 ± 0.24), 
DISEASE displayed significant (p<0.01 and p<0.05) 
decrease in TP count. As regards to Doxorubicin, 200mg/
kg group (4.93 ± 0.81) showed significant (p<0.05) 
decreased in TP count (Table 4).
Measured against Normal control (142.34 ± 13.29), 
Disease control (180.77 ± 7.11) observed significant 
(p<0.001) upgrade in TC count. Judged against treated 
groups such as doxorubicin (151.003 ± 3.76), 200mg/
kg (160.18 ± 7.21), 400mg/kg (155.85 ± 2.85) and 800mg/
kg (150.65 ± 2.89), Disease control resulted significant 
(p<0.001) decrease in TC count (Table 4).
In contradiction of  normal (40.45 ± 5.8), disease control 
(82.9 ± 5.49) showed significant increase in AST count. 
In accordance with treated groups such as doxorubicin 
(55.65 ± 2.84), 200mg/kg (70.78 ± 2.53), 400mg/
kg (61.1 ± 4.38) and 800mg/kg (58.8 ± 4.29), Disease 
control exhibited significant (p<0.001) increase in AST 
count. Contrary to Doxorubicin, 200mg/kg group was 
showing significance (p<0.001) elevation in AST count. 
Relative to 200mg/kg group, 400mg/kg and 800mg/kg 
group showed significant decrease in AST level (Table 4).
On compared to normal (34.4 ± 3.3), Disease control 
(79.26 ± 4.5) resulted significant (p<0.001) rise in 
ALT count. Measured against treated groups such as 
doxorubicin (43.18 ± 5.18), 200mg/kg(64.21 ± 4.04), 
400mg/kg(53.03 ± 4.6) and 800mg/kg(48.58 ± 4.98), 
DISEASE resulted significant (p<0.001) increase in 
ALT count. Relative to doxorubicin, 200mg/kg and 
400mg/kg groups were showing significant increase 
in ALT level. Evaluated against 200mg/kg, 400mg/kg 
and 800mg/kg was showing significant decrease in ALT 
level (Table 4).
On comparing with normal (66.25 ± 5.31), Disease 
(154.18 ± 7.23) group displayed significant (p<0.001) 
elevation in TG count. In contrast to treated groups 
such as doxorubicin (85.18 ± 4.48), three drug extracts 
200, 400 and 800mg/kg, DISEASE displayed significant 
increase in TG count. Evaluated against Disease, 200mg/

kg(125.9 ± 5.5) and 400mg/kg(111.16 ± 7.98) groups 
displayed significant increase in TG count. Compared 
against 200 mg/ kg group, 400 mg/kg and 800 mg/
kg(95.25 ± 4.94) group showed significant reduction in 
TG level. As opposed to 400mg/kg, 800mg/kg group 
showed significant (p<0.001) reduction in TG level 
(Table 4).

Effect on enzymatic/non-enzymatic antioxidant 
biomarkers 

In accordance with normal control (26.13 ± 1.05), 
Disease control (9.39 ± 1.17) group was showing 
significant (p<0.001) decrease in CAT count. In contrast to 
treated groups such as doxorubicin (22.2 ± 0.6), 200mg/
kg(18.59 ± 2.95), 400mg/kg(20.84 ± 2.85) and 800mg/
kg(21.33 ± 2.87), disease results significant (p<0.001) 
increase in CAT count (Table 5).
In dealing with normal group (8.06 ± 1.28), Disease 
control (25.2 ± 1.99) showed significant (p<0.001) 
elevation in LPO count. In opposite to treated groups 
such as doxorubicin (10.92 ± 0.53), 200mg/kg (19.44 
± 1.31), 400mg/kg(15.07 ± 0.68) and 800mg/kg (10.02 
± 0.45), Disease control displayed significant (p<0.001) 
rise in LPO count. On comparing with Doxorubicin 
group, 200mg/kg and 400mg/kg groups were showing 
significant increase in LPO count. Judged against 
200mg/kg group, 400mg/kg and 800mg/kg group 
showed significant (p<0.001) decrease in LPO count. 
When it is seen with 400mg/kg, 800mg/kg group 
exhibited significant (p<0.05) decrease in LPO count 
(Table 5).
Was against normal group (13.16 ± 3.25), Disease control 
(18.43 ± 3.13) showed significant (p<0.001) decrease in 
SOD count. Measured against treated groups such as 
Doxorubicin (32.03 ± 1.19), 400mg/kg(24.4 ± 3.54) and 
800mg/kg(30.71 ± 2.19), DISEASE displayed significant 
increase in SOD count. Reference to DISEASE, 
200mg/kg (22.6 ± 5.24) and 400mg/kg groups displayed 
significant (p<0.001, p<0.01) reduction in SOD count. 

Table 5: Effect of EECP leaf on Antioxidants.

Group
Antioxidants

CAT LPO SOD GSH GPx
Normal 26.13±1.05 8.06±1.28 39.16±3.25 2.26±0.3 7.02±0.89

Disease control (EAC) 9.39±1.17*** 25.2±1.99*** 18.43±3.13*** 1.55±0.27** 3.11±0.43***

EAC + Doxorubicin 22.2±0.6### 10.92±0.53### 32.03±1.9### 2.02±0.43 6.26±0.72###

EAC 200mg/kg 18.59±2.95### 19.44±1.31### 22.6±5.24 1.63±0.22* 3.51±0.32

EAC 400 mg/kg 20.84±2.83### 15.07±0.68### @@@ 24.4±3.54# 1.74±0.27 4.68±0.28### @

EAC 800 mg/kg 21.33±2.87### 10.02±0.45### ^^^ @@@ 30.71±2.19### ^ @@ 1.9±0.27 5.48±0.48###@@@

All Values are expressed as Mean ± SEM where n=6.
***p<0.001compared to Normal, #p<0.05, ###p<0.001 compared to DISEASE, @p<0.05, @@p<0.01 and @@@p<0.001compared to 200mg/kg, ^p<0.05, ^^^p<0.001compared 
400mg/kg.
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400mg/kg groups. Reversal of  this damage observed in 
Doxorubicin and 800mg/kg groups (Figure 1).

DISCUSSION
The present research was carried out to assess the anti-
oxidant and antitumor activity of  ehthanolic extract of  
C. pulcherrima in EAC bearing mice. The EECP treated 
animals at the doses of  200 mg/ kg, 400 mg/ kg and 
800 mg/kg significantly reduced TV and TW. Treated 
groups showed remarkable reduction in the VCC and 
major increase in the NVCC. Although Standard drug 
Doxorubicin showed a significant result compared to 
the other treated groups and was more effective than 
the C. pulcherrima doses. Phytochemical investigation 
displayed the existence of  Alkaloids, glycosides, phenols 
and flavonoids. Basically alkaloids are used in the 
treatment of  cancer (vincristine and vinblastine).22 
Cardiac Glycosides were also having the significant 
activity against cancer cell lines.23 Similarly Phenols 
and flavonoids were also shown significant activity in 
cancer chemotherapy.24 
Till today, in malignant growth, the problems due 
to chemotherapy that are being experienced are 
myelosuppression and anemia. Anemia occurred in 
tumor bearing mice is principally because of  decrease 
in Red Blood Cells or Hb level and this might happen 
because of  iron inadequacy or because of  hemolytic or 
myelopathy conditions. Treatment with the drug EECP 
normalized the WBC, Red Blood Cells, Hb, Lymphocytes, 
Neutrophils and Monocyte count. This demonstrated 
the activity of  drug on the hematological variables.25

Raised hepatic catalysts and bilirubin in serum lead to 
liver damage, liver metastases and bile duct hindrance.26 

ALP value observed to be expanded in different liver 
and bone disorders. Due to the spread of  malignancy 
in different organ systems ALP level increase and the 
drugs used for treatment should reduce the ALP level 
to the normal. Similarly the levels of  AST and ALT 
were also declined to the normal treatment groups.27 
Liver is the principle sources of  serum protein. Protein 
intake is directly identified with the dimensions of  
total proteins (TP). Prior research reports propose that 
expended protein demonstrates liver dysfunction which 
impedes protein synthesis.28 Total cholesterol (TC) level 
is more in the tumor bearing mice because cholesterol 
consumption leads to tumor growth. Hence the elevated 
cholesterol level reduced to normal level by treatment 
groups. 29

Increased level of  triglycerides (TG) indicates the liver 
damage and cell membrane disruption. The remarkable 
inversion of  biochemical variables towards the normal 

In contradiction of  200mg/kg group, 800mg/kg group 
was showing significant (p<0.01) increase in SOD count. 
With reference to 400mg/kg, 800mg/kg group resulted 
significant (p<0.05) rise in SOD count. Glutathione on 
comparing with normal group (2.26 ± 0.3), Disease 
(1.55 ± 0.27) showed significant (p<0.01) reduction in 
GSH count (Table 5).
Glutathione Peroxidase was evaluated against to Normal 
Group (7.02 ± 0.89), Disease control (3.11 ± 0.43) was 
showing signifying (p<0.001) decrease in GPx count. In 
relation to treated groups such as Doxorubicin (6.26 ± 
0.72), 400mg/kg (4.68 ± 0.28), 800mg/kg (5.48 ± 0.48), 
DISEASE group displayed significant decrease GPx 
count. In accordance with Doxorubicin group, 200mg/
kg (3.51 ± 0.32) and 400mg/kg groups was showing 
significant (p<0.001) decrease in GPx count. Evaluated 
against 200mg/kg group, 400mg/kg and 800mg/kg 
group results significant rise in GPx count (Table 5).

Histopathology study

Damaged hepatocellular architecture with neoplastic 
lesions and changed hepatocytes were observed to 
be developed with more than one nucleus and hyper 
chromatic in nature. Invasion of  lymphocytes and 
stamped widening of  central vein were found in DC 
group. Slight damaged hepatocellular architecture with 
neoplastic lesions was observed in 200mg/kg and 

Figure 1: Histopathology of Liver. A, B, C, D, E and F are 10X 
and 1, 2, 3, 4, 5 and 6 are 40X ; where A (1) is Normal group, B 
(2) is Disease control, C (3) is Doxorubicin, D (4) is 200mg/kg 
group, E (5) is 400mg/kg group and F (6) is 800mg/kg group.
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PICTORIAL ABSTRACT SUMMARY

The Present study aim is to evaluate the anticancer 
activity of Caesalpinia pulcherrima leaf extract against 
Erlich Ascites Carcinoma (EAC) in mice. The ethanolic 
extract of C. pulcherrima (EECP) was administered p.o. 
at three different doses i.e. 200, 400 and 800 mg/kg 
body weight, after 24 hours of tumor inoculation in 
mice for 14 days. Effect of EECP on haematological 
parameters, liver enzymes marker, biochemical 
parameters/ antioxidants was evaluated after 14 days 
treatment. Caesalpinia pulcherrima leaf extract shows 
significant reduction of tumor size by Antioxidant 
and Anticancer activity of Phytoconstituents of the 
Caesalpinia pulcherrima.
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ABSTRACT
Background: COPD is characterized by chronic obstruction of lung airflow that interferes 
with normal breathing and is not fully reversible. Pulmonary rehabilitation is widely 
accepted as a best result outcome treatment for COPD patients. Clinical pharmacist play 
a very important role in patient prescription analysis, promoting the Quality of life, patient 
education, in developing the drug regimen, sensitivity and allergic condition of the patient 
to the drugs, finding out any ADRs. Objectives: To compare and assess the impact 
of pharmacist approach on Health related quality of Life of COPD patients undergoing 
pulmonary rehabilitation at two different time point. Results: Total 112 patients were 
screened as per study criteria, 70 were recruited and randomized into control and 
intervention groups of 35 each, respectively. Compared to baseline QOL score, it was 
improved at the follow-up in intervention group. Out of 35 subjects 33 subjects has 
shown good and very good QOL (94.28%). All the domains of QOL were improved 
compared to control group at the follow-up. Highest improved domain was physical 
health domain among all (difference 25.83) and lowest was socio-economic domain 
(difference 12.14) Mean total score of quality of life at follow-up has the significant 
difference 18.1 (p<0.0001). Conclusion: This study elaborated that quality of life of 
patients with COPD undergoing pulmonary rehabilitation was improved after the clinical 
pharmacists approach when compared to only standard treatment (control group).
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INTRODUCTION

The Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) has 
suggested that the Pulmonary rehabilitation 
as the standard treatment for patients with 
moderate to severe chronic obstructive 
pulmonary diseases (COPD).1-3 It includes 
individualized therapy based on patient’s 
symptoms and traits, confining the diagnosis, 
exercise training, psychological support and 
health education. These above mentioned 
are all much necessary to the COPD patients 
but it is observed that the effectiveness of  
the pulmonary rehabilitation is enhanced 
with the approach of  pharmacists.3

Clinical pharmacists are the licensed 
healthcare providers and play a very 
important role in patient evaluation, 
prescription analysis, promoting the Quality 
of  life and medication adherence, patient 
education, in developing the drug regimen, 
sensitivity and allergic condition of  the 
patient to the drugs, finding out any adverse 
drug reactions (ADRs) and also play a vital 
role in smoking cessations by educating 
them.4-6 Quality of  life is unbalanced in 
COPD patients and it worsens the disease 
condition by which socio-economic status 
reduces leading to poor quality of  life 
(QOL) of  the patients.6-8 The pharmacists 



Vastrad, et al.: Impact of Clinical Pharmacist towards Pulmonary Rehabilitation of the COPD Patients

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 [Suppl] | Jan-Mar, 2021 S319

approach in pulmonary rehabilitation for COPD 
patients can be beneficial with patient education with 
respective medications, dosage and also increase the 
health related quality of  life of  the patients. So this is 
often the key to remove the barriers occurring within 
the pulmonary rehabilitation and improve the health 
benefits of  the patients. Therefore, knowing and getting 
the both negative and positive factors influencing 
pharmacist’s intension to increase benefits of  COPD 
patients in pulmonary rehabilitation can identify where 
efforts to improve utilization would be best applied.9

In India, very few studies have been carried out with 
pharmacist approach for COPD patients.10,11 Moreover, 
health management and care in India is chiefly guided by 
physicians with optimal support from other healthcare 
professionals.5 Therefore, we conducted this study in 
a tertiary care hospital to assess the effectiveness of  
pharmacist approach on health related quality of  life 
for COPD patients who are undergoing pulmonary 
rehabilitation with intervention of  clinical pharmacist.

MATERIALS AND METHODS

Ethical clearance
The study protocol was approved and by Ethics 
Committee (KLE/COP/450/2019-20), KLE Dr. 
Prabhakar Kore Charitable Hospital and Medical 
Research Centre. This was a randomized controlled 
study. 

Study design and Setting
This randomized controlled study was carried out in 
the inpatient Department of  General Medicine and 
Respiratory department in a tertiary care hospital in 
North Karnataka.

Inclusion criteria
• A voluntarily given, written, signed and dated 

informed consent from subject and/or legally 
acceptable representative.

• Patients diagnosed with COPD and undergoing 
Pulmonary rehabilitation 

• Patients of  either age and gender (>18 years)

Exclusion criteria
• Patients having more than 2 exacerbations or any 

serious condition in the past one year.
• Patients having unbalanced cognitive function.
• Cancer and HIV patients.
• Patients currently or planning to be pregnant in 

next 6 months.
• Patients planning vacation in next 6 months

Screening and recruitment of patients
Screening was conducted according to eligibility criteria 
of  the study. Subjects or witness or both were provided 
and informed in detail about the study. Both were 
informed about the procedure of  research work and 
right to take back from the study at any moment.
Participants were recruited from the Respiratory 
Department and Department of  General Medicine. 
The clinical pharmacist provided information about the 
study to eligible subjects through patient information 
sheet and patient consent form and their consent 
had been taken who were willing to participate. The 
recruited patients were randomized into one of  the 2 
groups (Intervention or Control group). Subjects who 
met exclusion criteria were omit from the study and 
documented.

Outcome measures
Quality of  life of  recruited subjects using WHOQOL 
(Bref) as a measuring tool. It consist 24 questions 
those are organized into 4 domains: Physical health (7 
questions), Psychological health (6 questions), Social 
relationship (3 questions) and environmental health (8 
questions). There are additional 2 questions, which are 
indicated for overall QOL and health status. Each item 
or question is derived from five options, that represent 
the score of  particular item or question ranging from 
1-5 (5 point scale). In this, two transformation methods 
are available. First one is to convert domain raw score 
ranging between 4-20. Second is to convert domain raw 
score ranging between 0-100. In present study, 0-100 
transformation scale is considered. The mean score of  
each domain has transformed to 0-100 scale, higher 
score represented the improved quality of  life.

Statistical analysis
Chi-square test, Mann-Whitney U test.

Study procedure (Schematic diagram)
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RESULTS
The patients have been recruited in the study through 
study criteria. There were total 112 patients in the study. 
Of  them 70 (62.5%) patients were recruited as per the 
eligibility criteria. Remaining 42(37.5%) patients were 
excluded from the study due to fall under exclusion 
criteria. Among the 42 excluded patients, 2 (5%) patients 
were having serious conditions since a year and having 
serious co-morbid conditions. 31 (73.8%) patients 
were not willing to participate in the study. 7 (16.6%) 
patients were planned for vacations and move to other 
places from the study site and lastly 2 (5%) patients 
were planning to be pregnant which was included in 
the exclusion criteria. Patient’s demographic details 
were obtained in the data collection form including age, 
gender, occupation of  the patient, diagnosis, occupation 
of  the patient, qualification, socio-economic status, 
habits of  the patient and their locality. 
Total mean QOL score includes transformation score 
of  all four domains. Quality of  life cannot be measured 
or assessed only by any single term. It includes all 
physical health, mental health, social well-being and 
environmental health condition. Lack of  anyone domain 
can cause for poor quality of  life. So it’s important 
to manage all the conditions in life. As quality of  life 
increases disease management can be improved. It is 
said that not only medical treatment with medications 
and exercise can improve the condition unless there 
is good quality of  life. So both should be given equal 
importance to have a best disease management for 
COPD patient. 
In present study, the mean total score of  quality of  
life of  the recruited participants at baseline had much 
no difference in both control and intervention group 
(Difference is 1.28). But mean total score of  quality 
of  life at follow-up has the significant difference (18.1) 
as shown in Table 1. It concluded that, at follow-up 
intervention group has increase of  quality of  life after 
the intervention. Study has shown the positive outcome 
after the intervention.

Mean total score of  Quality of  life was compared 
between the two groups by Mann Whitney U test 
and it was found that it was very highly statistical and 
clinical significant difference between the baseline and 
follow-up (p< 0.0001). 
The physical health domain involves mobility, energy 
and fatigue, discomfort and pain, daily living activities, 
rest and sleep. The seven questions of  this domain 
are according to above mentioned terms. These are 
considered to measure the quality of  life of  an individual. 
It is always good to have the better physical health as it 
is responsible for performing the daily living activities. 
This matter more in COPD patients because they suffer 
with cough and breathlessness. As the physical health of  
a patient improves; symptoms are reduced and a part of  
quality of  life is increased.
In present study, it is found that mean score of  physical 
health domain of  recruited patients at baseline is 
almost similar in both control group and interventional 
group (difference is 1.14). Mean score of  physical 
health domain at follow-up has shown great difference 
comparing control and intervention group (difference is 
25.83) as depicted in Table 2. Mean score value is high 
in intervention group as it includes the collaborative 
approach of  healthcare professionals.
In the comparison of  control group and intervention 
group with mean score of  physical health domain by 
Mann Whitney U test found that there was very high 
statistical and clinical significance difference between 
the two groups (p< 0.0001).
The Psychological health domain is concerned about 
the self-esteem, depression, anxiety, memory and 
concentration, negative feelings, appearance and bodily 
image. This domain included 6 items concerned about 
mentioned terms. Patient mental health plays important 
role in the quality of  life and is also main reason for 
disease condition of  the patient. Acceptance of  illness 
is another important factor in the psychological health 
on which many research have been conducted and 
concluded that it is easier to manage the treatment of  
disease by accepting the illness by patients leading to the 

Table 1: Comparison between mean total QOL score at baseline and follow-up through 
Mann Whitney U test.

Variable Group N Mean SD Mean 
Rank

U-Value Z-Value P-Value

Mean QOL 
Baseline

Intervention 35 45.85 4.27 38.76 498.50 -1.345 0.179

Control 35 44.57 5.35 32.24

Mean QOL 
Follow-up

Intervention 35 64.10 8.91 51.27 60.50 -6.492 0.0001***

Control 35 46.05 5.00 19.73
p<0.05*, p<0.01**, p<0.0001***
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strong and positive mental health of  the patient. The 
psychological health findings can be fixed by healthcare 
professionals while treating the patients.
In this study, the mean score of  psychological health 
domain of  enrolled patients at baseline is not having 
much difference in control and intervention group. The 
mean difference was found to be 1.95 but whereas the 
mean score psychological health domain at follow-up 
had a great difference that is 17.34 which is shown 
in Table 3. The mean score has increased after the 
intervention in the study. This is because of  clinical 
approach by the healthcare professionals. 
Psychological health domain was compared between 
the two groups by Mann Whitney U test and it was 
found that there was very highly statistical and clinical 
significant difference between the follow-up and 
baseline (p< 0.0001).
The Social-relationship domain involves personal 
relationships, sexual activity and social support. This 
domain included 3 questions about above mentioned 

terms. Social-relationship is important for the 
COPD patients because it can improve the health 
status and disease management and also reduces the 
hospitalizations. It supports on mental illness of  the 
patients, loneliness and self-management and increase 
the quality of  life. COPD patients who lack with social 
support may hesitate to care for the fear of  negative 
thoughts and judgment about the disease. So it is 
very important for patients to know about the social-
relationships. And it is responsible of  healthcare 
professionals to educate patients about the same. 
In present study, the mean score of  social-relationship 
domain of  recruited patients at baseline have no much 
difference in both intervention and control group 
(Difference is 1.1) as shown in Table 4. But mean score 
of  same domain at follow-up has significant difference 
(Difference is 12.14). Mean score of  the domain 
has increased after the intervention by health care 
professionals. Patient education plays the very important 

Table 3: Comparison between Psychological health domain at baseline and follow-up through 
Mann Whitney U test.

Variable Group N Mean SD Mean 
Rank

U-Value Z-Value P-Value

Psychological 
Domain at Baseline

Intervention 35 45.97 6.69 36.80 567.000 -.587 0.557

Control 35 44.02 8.45 34.20

Psychological Domain 
at Follow-up

Intervention 35 63.65 10.69 50.53 86.500 -6.267 0.0001***

Control 35 46.31 6.91 20.47

Table 4: Comparison between Social relationship domain at baseline and follow-up through 
Mann Whitney U test.

Variable Group N Mean SD Mean 
Rank

U-Value Z-Value P-Value

Socioeconomic 
Domain at 
Baseline

Intervention 35 55.60 10.41 34.66 583.000 -.365 0.715

Control 35 54.57 7.42 36.34

Socioeconomic 
Domain at Follow-

up

Intervention 35 66.71 7.35 47.09 207.000 -5.016 0.0001***

Control 35 54.57 8.74 23.91

Table 2: Comparison between Physical health domain at baseline and follow-up through Mann 
Whitney U test.

Variable
Group N Mean SD Mean 

Rank
U-Value Z-Value P-Value

Physical Domain 
at Baseline

Intervention 35 37.94 6.07 36.76 568.500 -.541 0.588

Control 35 36.80 7.85 34.24

Physical Domain 
at Follow-up

Intervention 35 64.85 12.72 51.36 57.500 -6.600 0.0001***

Control 35 39.02 5.89 19.64
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role in this domain even though there is less difference 
compared to other domains of  the quality of  life.
Mean score of  social-relationship domain were 
compared before and after intervention by Mann- 
Whitney U test and the difference between the groups 
showed that there was very highly statistical significance 
and clinical significance in the intervention. (p< 0.0001).
The Environmental health domain involves financial 
resources, security, home environment, opportunities 
for acquiring new information and transport. This 
domain had 8 questions related to above mentioned 
terms. Environmental factors have a great impact on the 
disease condition of  the patient. Such as financial support 
which is most necessary for each individuals to lead the 
life. Similar to home environment and relationships 
with family members. And also how much safe do they 
feel in their life. This environmental factor indirectly 
supports mental illness and varies the quality of  life of  
an individual. So it is very important to maintain a good 
environment around the COPD patient to manage the 
disease condition and to enhance the quality of  life of  
the patient.
In this study, the mean score of  environmental health 
domain of  participated patients at baseline have not 
much difference between control and intervention 
group (Difference is 1). And mean score of  environment 
domain at follow-up has significant difference 
(Difference is 16.89). The score at follow-up is increased 
only after the intervention (Table 5). This indicates the 
positive effect of  the intervention. 
Mean score of  environmental health domain were 
compared before and after intervention by Mann- 
Whitney U test and the difference between the groups 
showed that there was very highly statistical significance 
and clinical significance in the intervention. (p< 0.0001).

DISCUSSION
In past 8-10 years, there is increase in chronic respiratory 
diseases that influence quality of  life of  individuals.11 
Assessing QOL may lead to enhancement of  the 
treatment. This present study compared and assessed the 

impact of  the health related quality of  life patients with 
COPD undergoing pulmonary rehabilitation. Result of  
this study shown that chronic disease affects quality of  
life and alter COPD management. Overall quality of  life 
of  the subjects was improved in the intervention group 
compared to baseline. Recruited subjects obtained 
highest score in physical health domain and less in 
social-relationship domain and medication adherence 
was improved.
Quality of  Life of  the patients with COPD undergoing 
pulmonary rehabilitation was assessed and it was 
observed that with the help of  pharmacist in the form 
of  patient education, counseling, physiotherapy and 
diet education there was significant increase in the 
scores of  domains of  the quality of  life of  the patients 
in interventional group (p<0.0001). Physical health 
domain’s mean score was found to be 64.86±12.72.
In the study conducted by Beata Jankowska-Polańska et 
al. mean score of  physical health domain was found 46.7 
(p<0.001).12 It is similar with the mean score of  other 
domains of  quality of  life such as psychological health 
domain 60.7, Social domain 68.8 and environmental 
60.3 (p<0.001).3 In present study mean score of  other 
domains was found more compared to previous studies. 
Psychological domain was 63.65, social domain 66.71 
and environmental 61.17 (p<0.0001). 
The median QOL score of  chronic bronchitis and 
emphysema patients studied by Carreiro-Martins et al. 
was found 54, 60, 71 and 56 with respective WHOQOL 
domains which is less compared to present study.13 The 
scores obtained by present study was 64, 61, 69 and 60 
with respective domains (p<0.0001). 
The mean QOL score of  chronic respiratory disease 
patients studied by Samiee Siboni et al. was found very 
less 10.32±2.83, 11.27±2.69, 10.51±3.83, 10.25±3.28 
with respective all the domains (p<0.006).14 So, it is 
concluded that more pharmaceutical care is required for 
the COPD patients to improve the quality of  life.
Through this research study, it was identified that 
there is a need of  a constant surveillance system to be 
incorporated into the health‑care system for monitoring 

Table 5: Comparison between Environmental health domain at baseline and follow-up 
through Mann Whitney U test.

Variable Group N Mean SD Mean 
Rank

U-Value Z-Value P-Value

Environmental 
Domain at Baseline

Intervention 35 43.91 6.18 37.29 550.000 -.780 0.436

Control 35 42.91 5.50 33.71

Environmental 
Domain at Follow-

up

Intervention 35 61.17 9.35 51.01 69.500 -6.488 0.0001***

Control 35 44.28 5.37 19.99
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the COPD patients within the tertiary care hospital to 
enhance the quality of  life of  the patients undergoing 
pulmonary rehabilitation. Pharmacists can help in the 
overall treatment of  COPD by providing information to 
the prescriber, administrator and the patient regarding 
medication counseling, importance of  quality of  life, 
mental health, physical health and environmental health 
status.15 

CONCLUSION
Through this study, it is understood that there is  
necessary and important role of  Pharmacists in the 
treatment of  COPD who are undergoing pulmonary 
rehabilitation. It is necessary to surveillance constantly 
the COPD patients in all the stages to reduce  
exacerbation and improve disease condition of  the 
patient. After intervention, positive outcomes of  the 
study were found. This study elaborated that clinical 
pharmacist’s approach towards COPD patients 
undergoing pulmonary rehabilitation improved the 
disease management and quality of  life of  the subjects 
when compared to only standard treatment of  the 
COPD. 

ACKNOWLEDGEMENT
We would like to thank MD, KLE’s Dr. Prabhakar Kore 
Hospital and MRC, Belagavi, Superintendent, KLE’s 
Dr. Prabhakar Kore Charitable Hospital, Belagavi, 
Principal, KLE College of  Pharmacy, Belagavi and Head 
of  the General Medicine and Respiratory Medicine 
Department, KLE’s Dr. Prabhakar Kore Hospital and 
MRC, Belagavi for providing necessary support to 
conduct this study.

CONFLICT OF INTEREST 
The authors declare no conflict of  interest.

ABBREVIATIONS
COPD: Chronic Obstructive Pulmonary Disease; 
GOLD: Global Initiative for Chronic Obstructive Lung 
Disease; QOL: Quality of  Life; WHOQOL: World 
Health Organization Quality of  Life; ADR: Adverse 

Drug Reaction; SD: Standard Deviation; HIV: Human 
Immunodeficiency Virus.

REFERENCES
1. https://goldcopd.org/wp-content/uploads/2020/03/GOLD-2020-POCKET-

GUIDE-ver1.0_FINAL-WMV.pdf
2. Chen YJ, Fan JY, Guo SE, Hwang SL, Yang TM. Factors facilitating and 

hindering the intention to promote pulmonary rehabilitation for patients 
with COPD among respiratory therapists. International Journal of Chronic 
Obstructive Pulmonary Disease. 2017;12:2695-702. 

3. Jankowska-Polańska B, Kasprzyk M, Chudiak A, Uchmanowicz I. Relation 
between illness acceptance and quality of life in patients with chronic 
obstructive pulmonary disease (COPD). Pneumonologia i Alergologia Polska. 
2016;84(1):3-10.

4. Carreiro-Martins P, Gomes-Belo J, Papoila AL, Caires I, Palmeiro T, Gaspar-
Marques J, et al. Chronic respiratory diseases and quality of life in elderly 
nursing home residents. Chronic Respiratory Disease. 2016;13(3):211-9.

5. Suhaj A, Manu MK, Unnikrishnan MK, Vijayanarayana K, Rao CM. 
Effectiveness of clinical pharmacist intervention on health-related quality of life 
in chronic obstructive pulmonary disorder patients: A randomized controlled 
study. Journal of Clinical Pharmacy and Therapeutics. 2016;41(1):78-83. 

6. Verma A, Harrison A, Torun P, Vestbo J, Edwards R, Thornton J. Are 
pharmacists reducing COPD’S impact through smoking cessation and 
assessing inhaled steroid use?. Respiratory Medicine. 2012;106(2):230-4.

7. Li Q, Qu HJ, Lv D, Yeh MK, Sun S, Li L, et al. Drug-related problems among 
hospitalized patients with COPD in mainland China. International Journal of 
Clinical Pharmacy. 2019;41(6):1507-15.

8. Davis E, Marra C, Gamble JM, Farrell J, Lockyer J, Fitzgerald JM, et al. 
Effectiveness of a pharmacist-driven intervention in COPD (EPIC): Study 
protocol for a randomized controlled trial. Trials. 2016;17(1):502.

9. Ottenbros S, Teichert M, Groot RD, Griens F, Sodihardjo F, Wensing M, et 
al. Pharmacist-led intervention study to improve drug therapy in asthma and 
COPD patients. International Journal of Clinical Pharmacy. 2013;36(2):336-
44.

10. Gentene AJ, Guido MR, Woolf B, et al. Multidisciplinary Team Utilizing 
Pharmacists in Multimodal, Bundled Care Reduce Chronic Obstructive 
Pulmonary Disease Hospital Readmission Rates. J Pharm Pract. 
2019;897190019889440. [published online ahead of print, 2019 Nov 26] 
doi:10.1177/0897190019889440.

11. Marx G, Nasse M, Stanze H, Boakye SO, Nauck F, Schneider N. Meaning of 
living with severe chronic obstructive lung disease: A qualitative study. BMJ 
Open. 2016;6(12):6e011555. Doi:10.1136/bmjopen-2016-011555.

12. Marshall M, Mountford J, Gamet K, et al. Understanding quality improvement 
at scale in general practice: A qualitative evaluation of a COPD improvement 
programme. Br J Gen Pract. 2014;64(629):e745-51. doi:10.3399/
bjgp14X682801.

13. Tommelein E, Mehuys E, Hees TV, Adriaens E, Bortel LV, Christiaens T, et 
al. Effectiveness of pharmaceutical care for patients with chronic obstructive 
pulmonary disease (PHARMACOP): A randomized controlled trial. British 
Journal of Clinical Pharmacology. 2014;77(5):756-66.

14. Alimoradi Z, Siboni F, Atashi V, Alipour M, Khatooni M. Quality of life in 
different chronic diseases and its related factors. International Journal of 
Preventive Medicine. 2019;10(1):65.

15. Chand S, Shastry CS, Vinay BC, Bhandari R, Kumar SS, Rawal KB. Brown, 
White and Blue Bagging in Special Pharmacy: An Emerging Trend to Minimize 
Medication Error. Journal of Global Pharma Technology. 2019;11(8):01-4.



Vastrad, et al.: Impact of Clinical Pharmacist towards Pulmonary Rehabilitation of the COPD Patients

S324 Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 [Suppl] | Jan-Mar, 2021

Cite this article: Mahantha V, Shashikala W, Ganachari MS, Ashish P, Bhandari R. Clinical Pharmacist Approach 
towards Effectiveness of Pulmonary Rehabilitation of the Patient with COPD: A Randomized Controlled Study. 
Indian J of Pharmaceutical Education and Research. 2021;55(1s):s318-s324.

PICTORIAL ABSTRACT

About Authors

SUMMARY
Health related Quality of Life among COPD patients 
is not up to the standard, especially while treating 
with individual treatment, like pulmonary rehabilitation 
where most people encountered low standard of 
living and illiterate to treatment recommendations 
and decreased health related quality of life. Therefore 
becomes a most necessary for generating ideas with 
pharmacist approach and plans to improve health 
related quality of life in order to reduce both duration 
of treatment and economic burden on the patients.

Mrs. Shashikala W, Department of 
Pharmacy Practice, KLE College of 
Pharmacy, KLE Academy for Higher 
Education and Research (KAHER), 
Belagavi, Karnataka, INDIA.

Mr. Mahantha V, Department of Pharmacy 
Practice, KLE College of Pharmacy, 
KLE Academy for Higher Education and 
Research (KAHER), Belagavi, Karnataka, 
INDIA.

Dr. MS Ganachari, Department of 
Pharmacy Practice, KLE College of 
Pharmacy, KLE Academy for Higher 
Education and Research (KAHER), 
Belagavi, Karnataka, INDIA.

Dr. Ramesh Bhandari, Department of 
Pharmacy Practice, KLE College of 
Pharmacy, KLE Academy for Higher 
Education and Research (KAHER), 
Belagavi, Karnataka, INDIA.

Ashish Singh Parihar, Department of 
Pharmacy Practice, KLE College of 
Pharmacy, KLE Academy for Higher 
Education and Research (KAHER), 
Belagavi, Karnataka, INDIA.



S56 Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 [Suppl] | Jan-Mar, 2021

Original Article

www.ijper.org

Solubility Enhancement of Oxcarbazepine by Melt 
Sonocrystallization Technique to Increase the 
Bioavailability

Vinayak Shivamurthy Mastiholimath1,*, Gauri Pradeep Mashelkar1, Vinodkumar Shirshalappa 
Mannur1, Panchaxari Mallappa Dandagi2, Pukar Khanal3

1Department of Pharmaceutical Quality Assurance, KLE College of Pharmacy, KLE Academy of Higher Education and Research 
(KAHER), Belagavi, Karnataka, INDIA.
2Department of Pharmaceutics, KLE College of Pharmacy, KLE Academy of Higher Education and Research (KAHER), Belagavi, 
Karnataka, INDIA.
3Department of Pharmacology, KLE College of Pharmacy, KLE Academy of Higher Education and Research (KAHER), Belagavi, 
Karnataka, INDIA.

ABSTRACT
Objectives: The present study aimed to enhance the solubility of Oxcarbazepine by melt 
sono crystallization technique as well as increase its bioavailability. Materials and Methods: 
Tablets of Melt Sonocrystallized Oxcarbazepine were prepared by the direct compression 
method. Compression was performed on a Remik mini-press tablet compression machine 
using an 8mm punch. The analytical method development was carried out in 20x10 and 
10x10 twin trough chambers. The sample was spotted with a 100µl camas microliter 
syringe on silica gel aluminum plate 60 F254 (20X10) and (10x10) plate; Merck using a 
CAMAG Linomat-5 sample applicator. Results: The Oxcarbazepine had better solubility 
in the ph 6.8 buffer. The mobile phase selected for HPTLC was Ethyl acetate: Methanol 
in the ratio (8:2 v/v) with the Rf value 0.582. The formulation F2 containing 5% SSG 
showed a release of 90.51% and was considered as an optimized formulation based on 
several parameters such as friability (0.21%), disintegration time(27.8 sec) and in vitro 
dissolution studies. 
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Validation, Solubility Enhancement.
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INTRODUCTION
Epilepsy is defined as having two or more 
unprovoked seizures. Seizures are brief  
episodes of  involuntary movement that may 
involve a part of  the body (partial) or the 
entire body (generalized) and are sometimes 
accompanied by loss of  consciousness 
and control of  bowel or bladder function. 
Seizures are expected in adults with the age 
group of  60 and above.1 Oxcarbazepine is 
an antiepileptic drug generally used to treat 
generalized tonic-clonic seizures and partial 
seizures in humans.2 Oral bioavailability 
of  Oxcarbazepine is >95% and is not 
affected by food. By oral administration, 
Oxcarbazepine is completely absorbed 
and is converted into an active metabolite 
i.e. 10-monohydroxy metabolite (MHD). 

The oral route of  administration is the 
most convenient route of  administration. 
The major problem faced during the 
oral administration of  the active agent 
is the bioavailability factor, which 
ultimately depends on the solubility 
of  the agent. Techniques for Solubility 
Enhancement include -Particle size 
reduction, Micronization, nanosuspension, 
Hydrotropy.3 Hot Melt Extrusion technique 
Steam aided granulation Floating granulation 
Sono crystallization Melt Sonocrystallization 
is a new particle design technology 
developed to modify the undesired 
properties of  compounds such as poor 
flowability and solubility.4 This technique 
is an efficient tool to influence the external 
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appearance structure of  crystalline products, smaller 
crystal size compared with conventional crystallization 
and cost-effectiveness of  apparatus. Ultrasonication 
energy has been used to achieve nucleation at moderate 
super saturation during the crystallization process to 
achieve de agglomeration and to obtain the desired 
crystal habit.5 In the melt sonocrystallization technique 
the drug is first melted in the heavy liquid paraffin 
bath and the liquid drug is added to deionized water. 
Simultaneously subjected to sonication. The resultant 
solution is filtered and dried at room temperature. High-
Performance Thin Layer Chromatography is a powerful 
tool for qualitative and quantitative analytical tasks.6

MATERIALS AND METHODS
Oxcarbazepine was a gift sample from Vergo Pharma 
Research Laboratories Pvt. Ltd, Sodium Starch  
Glycolate, SLS, Talc, Magnesium stearate was 
procured from M/s Hi-Media Laboratories Pvt. 
Ltd, Microcrystalline Cellulose from M/s Ozone ® 
International, Mumbai, Pregelatinized Starch from 
Colorcon Pvt. Ltd and PVP K-30 from M/s Balaji 
Drugs.

Preformulation studies
Identification Tests
Melting point
The melting point of  Oxcarbazepine was determined 
by an open capillary method using theils tube apparatus.

Lambda max (λmax)
The 100mg of  drug dissolved in 10 ml of  methanol in a 
100 ml volumetric flask and the volume was made up to 
100ml with phosphate buffer pH 6.8. Further 10ml was 
pipette and diluted up to 100ml using phosphate buffer 
pH 6.8 in a volumetric flask and the λmax was scanned in 
the range of  200-400nm using a UV spectrophotometer

FT-IR
The FT-IR spectrum of  Oxcarbazepine by potassium 
bromide method was carried out to confirm any changes 
in the purity of  the drug.

Standard Calibration Curve
The primary stock solution of  Oxcarbazepine was 
prepared by dissolving 100mg of  a drug in 10ml of  
methanol in a 100ml volumetric flask and sonicated for 
4 min. The volume was made up to 100ml with pH6.8 
buffer solution to get the concentration of  1000µg/
ml. From this, an aliquot of  10ml was withdrawn and 
it was diluted to 100ml with the buffer solution to give 
a concentration of  100µg/ml. Again from the above 
solution, aliquots of  0.5, 1, 1.5, 2.0, 2.5, 3.0 ml were 

pipette out into 10ml volumetric flask using phosphate 
buffer pH 6.8 to get the concentrations of  5 to 30µg/
ml. The absorbance of  this solution was measured at 
λmax256 nm using a UV spectrophotometer.

Method of Preparation of Melt Sonocrystallized7 
Oxcarbazepine
1g of  Oxcarbazepine was melted in a test tube of  10ml 
capacity by placing it on a heavy liquid paraffin oil bath 
at a temperature of  215°C. The molten mass was poured 
into deionized water maintained at a temperature of  
50°C. The suspension was sonocrystallized using a 
probe tip solicitor at a frequency of  33±3 kHz and 
amplitude of  80% for 4 min with a cycle of  15sec ON 
and 15 sec OFF. After sonication, the content is filtered 
off  using Whatman filter paper no.1. The filtrate is dried 
at an ambient temperature of  60°C for several hours to 
obtain a dry mass. The percentage of  practical yield was 
calculated.

Solubility analysis
To select the best solvent, solubility studies were carried 
out by preparing a saturated solution of  a drug by adding 
an excess of  a drug into different buffer solutions. The 
prepared solution was subjected to constant stirring for 
24 hr. After this, the solution was filtered and analyzed 
spectrophotometrically at wavelength 256nm with 
suitable dilutions. 

HPTLC method development
The HPTLC is a widely used method of  choice for 
the analysis of  the substance. A CAMAG HPTLC was 
used for the estimation of  Oxcarbazepine using the 
visioncats-software version 2.4.17207.2.

Method Validation
This includes the procedure of  performing numerous 
assessments designed to verify that an analytical test 
system is suitable for its intended reason and is capable 
of  providing beneficial and legitimate analytical data. 
The validation parameters included are Linearity, Limit 
of  detection and limit of  quantification, Precision, 
Specificity and Accuracy.

Compatibility studies
Differential Scanning Calorimetry (DSC)
Differential scanning calorimetry (DSC) analysis was 
performed on a DSC60 detector (Shimadzu Co., 
Japan). Approximately 4mg of  melt sonocrystallized 
Oxcarbazepine along with excipients was weighed in 
an aluminum pan and sealed hermetically. DSC scan 
was recorded from 30°C to 300°C at a heating rate of  
10°C/min under a nitrogen purge, using an empty pan 
as reference.
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Formulation of Melt Sonocrystallized 
Oxcarbazepine tablet
The 150 mg of  drug was taken and mixed with directly 
compressible diluents and super disintegrate in mortar. 
Magnesium stearate was passed through sieve no. 60, 
mixed and blended with the initial mixture in the mortar 
followed by compression of  the blend. Compression was 
performed on a Remik mini-press tablet compression 
machine using an 8mm punch by direct compression 
method (Table 1).

Evaluation of tablets 
The angle of Repose (θ)
The angle of  repose is the maximum angle formed 
between the freestanding surface of  the powder heap 
and the horizontal plane.
Angle of  repose (θ) = tan-1(h/r)

Bulk density and Tapped density
The weighed amount of  the sample is taken in a 25ml 
measuring cylinder and the volume of  the packing is 
recorded and tapped until no change in the volume was 
noted on the hard wooden surface
                                                  Weight of  powder
LBD (Loose Bulk Density) = 
                                                 Volume of  packing
                                                       Weight of  powder
TBD (Tapped bulk density) = 
                                                Tapped Volume of  packing

Compressibility Index and Hausner’s Ratio
                              Tapped density – Bulk density
Carr’s Index % =  X 100
                                          Tapped density
                               Dt
Hausner’s Ratio =  
                               Db
Post compression parameters 
Drug Content Uniformity
Random 5 tablets were crushed and powder equivalent 
to 150 mg of  the drug is dissolved in a minimum quantity 
of  methanol in 100 ml volumetric flask and the volume 
was made up to 100 ml with a phosphate buffer of  pH 

6.8. The resultant solution was filtered and 10ml of  it 
was withdrawn in 100 ml volumetric flask and volume 
was made with pH6.8 buffer solution and was analyzed 
spectrophotometrically at 256 nm.

In vitro Disintegration Time
The in-vitro disintegration time of  tablets was determined 
using the disintegration test apparatus as per I.P. 
specification using 6 tablets in phosphate buffer pH 6.8 
maintained at 37°C+ 0.5°C.

In-vitro Dissolution Studies
In vitro drug release of  the formulation was carried out 
by the USP type II paddle apparatus with a rotating 
speed of  50 rpm at a temperature of  37°C+ 0.5°C. The 
phosphate buffer of  pH6.8 was used as a dissolution 
medium. 900ml of  phosphate buffer was taken in the 
basket. The temperature was maintained at 37±0.50°C 
with a stirring speed of  50 rpm. Sink condition was 
maintained throughout the study by adding 5ml of  
phosphate buffer was every time after the withdrawal 
of  aliquots. The samples withdrawn were filtered 
through Whatman filter paper no. 1 and assayed 
spectrophotometrically at 256nm.

Short Term Stability Studies
The purpose of  stability studies is to determine how 
the quality of  formulation varies with time under the 
influence of  a variety of  environmental factors such 
as temperature, humidity and light. Short term stability 
studies for the formulation F2 was performed at both 
room temperature and accelerated temperatures as per 
ICH guidelines. The tablets were analyzed on the 15th, 
30th, 45th day it’s for appearance, disintegration time, 
drug content and in vitro drug release.

RESULTS AND DISCUSSION
Melting point: The melting point of  the drug was 
found to be between 215°C-219°C. This indicates that 
the drug obtained was in pure form.

Table 1: Formulation of Melt Sonocrystallized Oxcarbazepine tablet.
Formulation ingredients F1 F2 F3 F4 F5 F6

Msc oxcarbazepine 150 mg 150 mg 150 mg 150 mg 150 mg 150 mg
Sodium Starch Glycolate 3% 5% 7% - - -

Pre gelatinized starch - - - 3% 5% 7%

Microcrystalline cellulose 40.5mg 37.5mg 34.5mg 40.5mg 37.5mg 34.5mg

PVP K-30 1% 1% 1% 1% 1% 1%

SLS 1% 1% 1% 1% 1% 1%

Magnesium stearate 0.8% 0.8% 0.8% 0.8% 0.8% 0.8%

Talc 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
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Lambda max (λmax): The lambda max of   
Oxcarbazepine pure drug was found to be 256 nm. 
This shows that the drug obtained was in pure form. 
Further, the absorbance of  multiple concentrations of  
the oxcarbazepine is presented in Table 2 and Figure 1.
IR Spectroscopy: The IR spectrum of  the pure drug 
was similar to that of  Oxcarbazepine which indicates 
that the drug obtained is pure.

Absorbance data for standard calibration of 
oxcarbazepine

Solubility analysis
The solubility of  Oxcarbazepine in a buffer solution of  
pH 1.2 was found to be 0.021 mg/ml, 0.0789 mg/ml in 
pH 6.8 and and 0.072 mg/ml in pH 7.4. The solubility of  
melt sonocrystallized oxcarbazepine in a buffer solution 
of  pH 1.2 was found to be 0.0712 mg/ml, 0.114 mg/ml 
in pH 6.8 and 0.085 mg/ml in pH 7.4. Results obtained 
by carrying out saturation solubility studies indicated 
that both oxcarbazepine and melt sonocrystallized 
oxcarbazepine had better solubility in pH 6.8 buffer.

X-Ray Powder Diffraction (XRPD)
The XRPD pattern of  both OXC and MSCOXC 
showed characteristic diffraction peaks which were 

also seen in the MSCOXC indicating no structural 
changes. The intensity of  the peaks of  MSCOXC was 
low as compared to the peaks of  OXC indicating the 
difference in the particle size of  the samples; presented 
in Figures 2 and 3. 

Scanning Electron Microscopy (SEM)
The SEM of  the pure Oxcarbazepine particles and 
MSCOXC particles are shown in Figures 4 and 5. 
The crystals of  the original form of  the drug i.e. 

Table 2: Absorbance of multiple concentrations of 
Oxcarbazepine.

S. No. Concentration (µg/
ml)

Absorbance

1 0 0.00

2 5 0.188

3 10 0.370

4 15 0.550

5 20 0.727

6 25 0.918

7 30 1.070

Figure 2: XRPD pattern of Oxcarbazepine (OXC).

Figure 3: XRPD pattern of Melt sonocrystallized 
Oxcarbazepine (MSCOXC).

Figure 4: Scanning Electron Microscopy of Oxcarbazepine.

Figure 1: Standard calibration curve of Oxcarbazepine.
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Oxcarbazepine were large with defined boundaries 
whereas the MSC form shows smaller particles.

Differential Scanning Calorimetry (DSC)
The melting point of  oxcarbazepine pure drug was 
found to be in the range of  215-219°C. DSC peak of  
oxcarbazepine was found to be 217.74°C. Similarly, 
melt-sonocrystallized oxcarbazepine showed a peak 
of  217.74°C. This indicates that no modification has 
occurred during the melt sonocrystallization technique; 
Figure 6 and 7.

Compatibility studies
Differential Scanning Calorimetry (DSC)
The DSC peak of  melt sonocrystallized oxcarbazepine 
with excipients was seen at 214.99°C. Peaks obtained 
indicate that the drug was found to be compatible with 
the excipients; Figure 8.

Evaluation of Tablets

Precompression studies
The angle of  repose for powder was found to be in the 
range of  18°-25°. Bulk density was found to be 0.4g/

ml-0.39g/ml and tap density was found to be in the 
range of  0.414g/ml to 0.490g/ml. Hausner’s ratio was 
found to be in the range of  1.04-1.22. The percentage 
compressibility range was found to be 5.70%- 18.36%. 
The average weight of  tablets prepared was in the  
range of  200±0.63 mg to199±0.33 mg. The hardness 
of  tablets was found to be in the range of  3±0.02 to 
3±0.003 kg/cm2. Thickness was found to be in that 
range of  4±0.03 to 4±0.05 mm. The diameter was 
uniform and found to be 8mm. Friability was below 1%.

Drug content
Absorbance was measured at 256 nm. The percentage 
of  drug content was found to be in the range of   
96.38% - 98.54%. 

In vitro drug release
This test was performed as triplicates for each batch of  
the formulation; pure drug and marketed formulation. 
The results are given in Figures 9-11.

Selection and optimization of mobile phase
The mobile phase selected was Ethyl acetate: 
Methanol in the ratio (8:2 v/v) as it showed the best 

Figure 5: Melt sonocrystallization Oxcarbazepine.

Figure 6: DSC peak of oxcarbazepine pure drug.

Figure 7: DSC peak of melt-sonocrystallized oxcarbazepine.

Figure 8: DSC peak of melt-sonocrystallized oxcarbazepine 
with excipients. 
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Figure 9: Comparison of the in vitro dissolution release of 
melt sonocrystallized oxcarbazepine tablets F1, F2, F3 (SSG).

separation, compact spot s at the Rf. 0.582. The Rf value 
was reproducible at room temperature.

The optimization of chromatographic conditions
To optimize the mobile phase various mixtures of  
mobile phases and flow rates were previously tested 
on the standards. The best results were obtained with 
a mixture of  ethyl acetate and methanol (8:2 v/v). The 

Figure 11: Comparison of the in vitro dissolution release 
of melt sonocrystallized oxcarbazepine tablet F4, F2 with 

marketed tablets of oxcarbazepine i.e. Trioptal and Pure drug.

Figure 12: Detection of the developed TLC plate at 254nm.

Figure 13: Detection of the developed TLC plate at 366nm.

Figure 10: Comparison of the in vitro dissolution release of 
melt sonocrystallized oxcarbazepine tablets F4, F5, F6 (PGS).

densitometry scanner CAMAGTLC SCANNER 4 was 
used. It was observed that analyses showed the best 
peak resolution at 259 nm.

Chromatographic Development 
The chromatographic development pattern is shown 
in Figures 12 and 13 and validation parameters for 
HPTLC analytical method development and validation 
are summarized in Table 3 and 4.

Linearity
Linear regression data showed a good linear relationship 
over a concentration range of  150 to 350 μg/ml with 
an equation of  y= 9.263 ×10-9 x+2.668×10-3 and the 
correlation coefficient is R=99.830% (Figure 14). 

Limit of Detection and Limit of Quantification
LOD and LOQ were calculated by standard calibration 
method. LOD for oxcarbazepine was found to be 18µg 
and LOQ for Oxcarbazepine was found to be 54.8 µg.

Precision
Intra-day precision was carried out twice on the same 
day (replicate of  6 times). An inter-day precision study 
was carried out on two different days (replicate 6 times). 



Mastiholimath, et al.: Solubility Enhancement of Oxcarbazepine

S62 Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 [Suppl] | Jan-Mar, 2021

Table 3: HPTLC Analytical Method Development and Validation.
Evaluation Parameters Optimized formulation F2

Initial day 15th day 30th day 45th day
RT/65% RH 40˚/75%

RH
RT/65% 

RH
40˚/75%

RH
RT/65% RH 40˚/75%

RH
Disintegration time(sec) 27.8 28.02 27.60 27.33 28.01 27.30 28.03

Drug content (%) 98.54% 98.41% 98.40% 98.36% 98.39% 98.28% 98.12%

%CDR on the 4th hr 90.54% 90.53% 90.60% 90.52% 90.02% 90.49% 90.28%

Figure 14: Calibration Curve of Oxcarbazepine by HPTLC.

Table 4: Validation parameters.

Sample Theoretical concentration 
mg/spot

Observed 
concentration mg/spot

Amount obtained 
mg/tablet %content %RSD

Oxcarbazepine 0.150 0.140 140 93.33% 0.89%

The %RSD values for intra-day and inter-day precision 
less than 5% (Table 4) were considered as an acceptance 
criterion.

Accuracy
Accuracy of  Oxcarbazepine was carried out in 
triplicate by comparing the areas of  spiking the pure 
drug of  Oxcarbazepine with the formulation (Melt 
sonocrystallized Oxcarbazepine) at three different levels 
(80%, 100% and 120%) with the area obtained by  
spiking the formulation with the pure drug. Acceptance 
criteria; % recovery should be within the range of  
80-115%.

Specificity
Specificity was carried out by application of  the standards, 
formulation, mobile phase and diluent. The Rf value of  
Oxcarbazepine the standard was found to be 0.602. The 
Rf value of  Oxcarbazepine from the formulation was 
found to be 0.587, further, the mobile phase and diluents 
did not show any peaks at the Rf  of  the standards 
confirming the method are specific (Figure 15-18).

Table 5: Results of intra-day precision studies of 
Oxcarbazepine.

1 2
Concentration

(µg/spot)
Mean peak 
area (n=6)

% RSD Mean peak 
area (n=6)

% RSD

100 0.0042 2.636 0.0044 2.515

Average 0.0043

% RSD 2.57

Figure 15: Chromatogram for Specificity of Oxcarbazepine in 
the formulation.

Figure 16: Chromatogram for Specificity of Diluent.
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Figure 17: Chromatogram for Specificity of Mobile Phase.

Figure 18: Chromatogram for Specificity of Oxcarbazepine.

CONCLUSION
The melt sonocrystallization technique enhanced the 
solubility of  the Oxcarbazepine and the saturation 
solubility revealed it. XRPD, SEM, DSC is the 
preferred analytical method for the characterization 
of  the MSCOXC. The direct compression method 
is the preferred method for the formulation of  melt 
sonocrystallized Oxcarbazepine tablets. FTIR and DSC 
is the preferred analytical method for the compatibility 
studies. The formulation and post-compression studies 
were found in the limit. The optimized formulations 
have a high dissolution profile as compared to the pure 
drug and marketed formulation and were stable in the 
45 days stability studies HPTLC method is developed on 

the Optimized formulation i.e. F2 melt sonocrystallized 
Oxcarbazepine for the estimation of  the drug in the 
formulation. The Assay showed 93.3% of  the drug 
content which was within a limit i.e 90%-110% as 
per I.P. with % RSD less than 2.00%. The developed 
method is validated and found to be a linear, precise, 
accurate and specific method. 
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SUMMARY
The present study reveals that the application of the melt sonocrystallization technique to BCS class II drug 
Oxcarbazepine has resulted in the enhancement of solubility. The study has demonstrated the role of ultrasonic 
energy in particle size reduction and change in crystal habit. Melt sonocrystallized Oxcarbazepine was prepared 
from a pure drug of Oxcarbazepine using the sonocrystallization technique where the melt form of the drug 
is sonocrystallized using probe tip sonicator. The saturation solubility revealed that the solubility of Melt 
sonocrystallized Oxcarbazepine (0.114mg/ml) was higher than the pure Oxcarbazepine (0.078mg/ml) in the 
buffer solution of pH 6.8. The characterization of the Melt sonocrystallized Oxcarbazepine was done by carrying 
out XRPD, SEM and DSC analysis. XRPD analysis revealed that the MSCOXC drug was showing low-intensity 
peaks which indicates that the change in crystal habit has occurred and the particle size has been decreased.SEM 
analysis revealed that the application of ultrasonic energy has resulted in the formation of a porous surface on 
the drug particles which contributes to the solubility enhancement.DSC showed no change in the melting point 
of the MSCOXC indicating no modification on the melting properties of the drug. Preformulation studies were 
performed to examine the compatibility between the drug melt sonocrystallized Oxcarbazepine and polymers. 
The IR spectra revealed that functional group peaks of Oxcarbazepine, Melt Sonocrystallized Oxcarbazepine and 
MSCOXC with excipients were found to be in the given limit and the DSC thermogram showed no change in the 
melting point of the drug. This indicates that there was no interaction between the polymer and drug and hence 
they are compatible. Directly compressible tablets of Melt Sonocrystallized Oxcarbazepine were prepared for 
oral delivery. Tablets prepared were of uniform size and shape. The percentage drug content of all the prepared 
formulations lied in the range of 95 to 105% respectively. The disintegration time was less than 15 min which 
is the limit for the uncoated tablet. The percentage cumulative drug released of formulations prepared was found 
to be in the range of 90.51% - 76.11% at the end of 4 hr. The formulation F2 containing 5% SSG showed a 
release of 90.51% and was considered as an optimized formulation based on several parameters such as friability 
(0.21%), disintegration time (27.8 sec) and in vitro dissolution studies. Stability studies were carried out on F2 
batch for 45 days as per ICH guidelines in normal conditions and accelerated conditions. Tablets were found to 
be stable at the end of the 45th day. Thus, it can be concluded that Melt Sonocrystallized Oxcarbazepine was 
proven to be a suitable candidate for formulating oral tablets by direct compression method to achieve enhanced 
solubility and better patient compliance. In the present work, the mobile phase selected was Ethyl acetate: 
Methanol in the ratio (8:2 v/v) with the Rf value 0.582 and the chromatographic conditions was optimized. The 
amount of Oxcarbazepine present in the formulation was calculated and the % Drug Content was found to be 
93.33% with 0.89% RSD. Validation parameters like Linearity, Accuracy, Precision, Assay and Specificity were 
carried out. Linearity was found over a concentration range of 150-350 µg/ml with an equation of y= 9.263×10-
9x+2.668×10-3 and Correlation coefficient (R2) 0.998 for Oxcarbazepine. LOD for Oxcarbazepine was found to 
be 18µg and LOQ for Oxcarbazepine was found to be 54.8 µg. Intra-day precision and Inter-day precision were 
found to be < 5.0 %which confirmed that the method developed for Oxcarbazepine was precise. The mean 
recovery for Oxcarbazepine was 90.023%. The % recovery was within the acceptance limits of 80-115% hence 
the method was found to be accurate. It was concluded that the developed HPTLC method is simple, rapid, 
accurate, precise, economical, specific and reproducible for the qualitative and quantitative determination of 
Oxcarbazepine with good resolution and high sensitivity. 
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ABSTRACT:  
As compared to the activation of oncogenes, the mutations in the tumour suppressor genes may lead to the 
loss of function for these genes and promote the development of cancers in humans. In this regard the 
polymorphism of p53 and p21 gene is one of the major research focus worldwide. This intended us to study 

the association between genetic polymorphism in tumour suppressor gene (p53 and p21) and gastrointestinal 
cancer (GI) risk in the rural population of south-western Maharashtra. Genotyping was performed by 
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method in 200 untreated GI 

cancer patients and 400 age & sex matched controls, to study the polymorphism in p53 & p21 gene and their 
association with GI cancer risk. Our results revealed no significant association for GI cancer risk with the 
polymorphism in exon 2 of p21(OR:1.20; CI:0.58-2.47; p:0.61) & exon 3 of p21(OR: 1.52; CI: 0.70-3.30; 

p=0.28)  and exon 4 of p53(OR: 0.94; CI: 0.59-1.50; p: 0.81) genotype. However, statistically significant 
association was observed between codon 249 of exon 7 in p53 gene (OR: 1.96; CI: 1.25-3.07; p=0.003) with 
development of GI cancer. Our findings from this study conclude that there is a possible correlation between 
gastrointestinal cancer risk and polymorphism in codon 249 of exon 7 of p53gene in South Western 

Maharashtrain population. 

Keywords: Geneetic polymorphism, Gastrointestinal Cancer, p21, p53, PCR-RFLP.  

 
INTRODUCTION:  
Malignancies of various parts of digestive system 
are termed as gastrointestinal (GI) cancer. 
Incidence and mortality rate of GI cancer are 
rapidly increasing worldwide. According to the 
cancer statistics in India, the number of new GI 
cancer cases in 2020 is 2,73,982 accounting 
about 19.7% among all types of cancer.(1) 
Change in life-style, poor dietary habits and 
various addictions are among the major risk 
factors for GI cancer.(2) Besides these host 
genetic factors also contribute to the GI 
malignancy. There are two of the main types of 
genes that play a role in cancer viz oncogenes 
and tumor suppressor genes. When a proto- 

 
oncogene, that helps cells to grow normally are 
mutated it becomes a oncogene, which permits 
the cells to grow abnormally and leading to 
cancer. A tumor suppressor gene also known as 
anti-oncogene, are the group of genes encoding 
the proteins that regulate the cell growth by 
slowing down the cell division, repair DNA 
mistakes, or tell cells when to die i.e 
apoptosis or programmed cell death.(3) The loss 
of function for these genes may promote the 
development of human cancers as compared to 
the activation of oncogenes; in this regard p53 
and p21 genes has been one of the major 
research focus. 
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As p53 and p21 play a crucial role in cell cycle 
regulation, the genetic alterations in these genes 
lead to cancer formation and progression. (4) In 
humans, the p53 gene is located on the short 
arm of chromosome 17 (17p13.1) and plays a 
crucial role in cell cycle control and apoptosis.(5) 
When the cells are exposed to genotoxic agents, 
p53 gene expresses p53 protein that controls p21 
gene expression. (6)  The p21 gene is located on 
chromosome 6p21.2 and consists of three exons 
and two introns that encode a 21-kDa protein. 
This p21 protein is an important cell cycle 
regulatory protein which regulates cell 
proliferation, cell growth arrest and programmed 
cell death.(7) Mutations or single nucleotide 
polymorphism (SNPs) in the p53 and p21 gene 
are the most common genetic alterations that 
affect the expression and activity, thereby 
increasing the risk of cancer. Till today thirteen 
SNPs of p53 gene have been identified.(8) 
Among these polymorphism in p53 Arg72Pro 
(rs1042522) is most commonly studied 
polymorphism, which refers to transversion of G 
to C in codon 72 of Exon 4, resulting  into non-
synonymous substitution of an amino acid 
arginine with proline.(9) The other most important 
site is introduced as hot spot for p53 gene is 
codon 249 in exon 7 (rs28934571). The base 
substitution of G to T at the third position of 
codon 249 in exon 7 of p53 gene results in 
replacement of arginine with serine amino 
acid.(10) In p21 gene a total 40 SNPs have been 
described, among these the two major p21 
polymorphism are in codon 31 (p21 C98A 
rs1801270) and in 3’UTR (p21 C70T, 
rs1059234) which may have effect on 
carcinogenesis either independent or in 
combination.(11) The C98A polymorphism in 
p21, is a substitution of cytosine to adenine in the 
third base of codon 31 of exon 2, that results into 
substitution of serine to arginine in the conserved 
region of DNA binding Zinc finger motif of the 
functional protein. (12) The other polymorphism 
p21 C70T causes single substitution of C to T in 
20 nucleotide downstream of the stop codon at 
exon 3 in 3’untranslated region.(13) Several 
studies have been demonstrated and published 
regarding the SNPs in p53 and p21 gene and its 
association with different cancers in various 
populations.(10-13). Some epidemiologic studies 
from India has also reported association of 
polymorphisms in p53 and p21gene with the 
series of cancer.(10, 14-17) But there are no 
reports in concern to polymorphism in p53 and 
p21 gene and its influence in gastrointestinal 
cancer from Maharashtra. Therefore, this hospital 
based case-control study was initiated with the 

objective to examine the p53 & p21 
polymorphism in GI cancer cases and healthy 
controls to explain whether the polymorphic 
variants determine the risk of GI cancer in the 
rural population of south western Maharashtra of 
India. 
 

MATERIALS AND METHODS 
Study population:  
The present case-control study was carried out in 
the rural areas of south western Maharashtra, 
200 untreated GI cancer patients and 400 
disease free, age and gender matched controls 
were recruited during the year 2018-2019 from 
the Department of Oncology of Krishna Hospital 
& Medical Research Centre. The study 
populations ranging in age from 20-80 
(59±13.33) years were enrolled in this study. 
Cases and controls were interviewed with regards 
to economic status, place of residence, dietary 
habits, family history, tobacco and alcohol 
consumption status and other confounding risk 
factors. Interview was taken by trained personal 
and the data was collected in the form of 
structured questionnaire. Written informed 
consent was obtained from all patients and 
control subjects included in the study.  
Genomic DNA extraction: 

 The genomic DNA was isolated from peripheral 
blood samples collected in sterile EDTA 
containing vacutainer. The extraction was carried 
out by salting out method where the whole blood 
was processed with  lysis buffer-1 containing 
10mM Tris-HCl pH-7.6, 320mM sucrose, 5mM 
MgCl2, 1% triton X-100, pH 7.6 to lyse RBCs, 
thereafter the sample was treated with the lysis 
buffer 2 to lyse out WBCs (10mM Tris- HCl, 
11.4mM sodium citrate, 1mM EDTA, 1% SDS, 
pH-8.0). The sample was further treated with 
Proteinase K (20mg/ml) to digest the proteins and 
subsequently RNase A (20mg/ml). The genomic 
DNA was precipitated by ice cold ethanol. The 
precipitated DNA was resuspended in T10E1 buffer 
and was checked on 1% agarose gel for its 
quality and quantity. The DNA was used for 
further genotyping by polymerase chain reaction 
and restriction fragment Length Polymorphism 
(PCR- RFLP). 
Genotyping assays: 

The PCR-RFLP was used to study the 
polymorphism in p53 and p21genes. The 
amplification procedure was carried out in 
reaction volume of 20 micro liter containing of 
100 nanogram (ng) of purified genomic DNA 
template, 1X PCR buffer,0.2 mM each dNTP, 10 
picomole of forward & reverse primes and1U Taq 
DNA polymerase (Genei,Merck Biosciences) 

https://en.wikipedia.org/wiki/Chromosome_17_(human)
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separately for each sample. The primers were 
selected to amplify the regions of DNA that 
contain polymorphic sites of p53 cd-72 ex-4, p53 
cd-249 ex-7, p21 C98A cd-31 ex-2 and p21 
C70T ex-3 and their cycling conditions for the 
amplification were optimized as shown in the 
table 1.  
After the PCR amplification of the PCR products 
were electrophoresed on 1.5% agarose gel 
stained with ethidium bromide in Tris-Acetate-
EDTA (TAE) buffer to confirm the amplification of 
DNA. The gels were visualized under UV 
Transilluminator and results were photographed 
in gel documentation system (Bio-Rad 
Laboratories). 
 After confirmation of an amplified fragment of 
expected size, 10µl of PCR product of each 
sample was digested with 1 U of an appropriate 
restriction enzyme as shown in table-1. The 
digestion products were then separated on 2-3% 
low EEO agarose gel stained with ethidium 
bromide at 100 V for 30 min and photographed 
in Gel Documentation System. 
 

Statistical analysis: 

The association between p53 and p21 genes and 
the risk of GI cancer was studied by the odds ratio 
(OR) with 95% confidence intervals (CI) after 
adjustment of variables using logistic regression 
model. Statistical analysis was performed using 
SPSS software (Version 20.0).  The results were 
considered statistically significant when the p 
value <0.05.  
 

RESULTS: 
Characteristics study of the demographic 

variables: 

200 untreated GI cancer patients and 400 cancer 
free controls were included in the study. The 
demographic characteristics of the study subjects 
are summarized in the table 2. Based on the 
demographic characteristics it was observed that 
there were no statistically significant differences 
between age (p=0.307) of the cases and control 
group, where the Mean±SD age in years was 
59±13.33 for cases and 57.46±11.64 for 
controls. Similarly the data analysis of the cases 
and control group did not show significant 
relationships between gender (p=0.133). 
However, it was observed that there is a 
significant relationship between chewing habit 
[OR: 4.75, CI: 3.30-6.84, p<0.001] and 
drinking habit [OR: 3.70, CI: 2.17-6.30, 
p<0.001] with the increased risk of GI cancer. 
 

 

Association between p53 and p21 gene and GI 

cancer: 

The detection of p53 and p21 gene 
polymorphism was performed by PCR-RFLP 
method in cases and controls. The genotype 
distribution of studied SNPs in p53 cd-72 ex-4, 
p53 cd-249 ex-7, p21 cd-31 ex-2 & p21 3’UTR 
ex-3, genes and their association with GI cancer 
are summarised in the table 3. 
Analysis of p53 cd-72 ex-4 (rs1042522): 
The genotype frequencies did not differ 
significantly between the cases and controls (p: 
0.63) for codon 72 of exon 4 in p53 gene. The 
frequencies of the three genotypes 
Arginine/Arginine, Arginine/Proline & 
Proline/Proline in GI cancer cases were 24.0%, 
46.5% & 29.5% respectively and 25.0%, 42.5% & 
32.5% respectively among controls. We observed 
no significant association of heterozygous 
Arginine/Proline allele (OR: 1.14; CI: 0.74-1.74; 
p: 0.54) and homozygous Proline/Proline allele 
(OR: 0.94; CI: 0.59-1.50; p: 0.81) with the 
altered risk of GI cancer. However, combined 
heterozygous and variant genotype of p53 
codon72 of exon 4 (OR: 1.50; CI: 1.00-2.25; p: 
0.04) showed the risk for developing the GI 
cancer. 
Analysis of p53 cd-249 ex-7 (rs28934571): 
The frequency distribution of p53 cd249 Arginine 
allele showed statistical difference (p=0.003) 
between cases 78.5% and controls 87.8% while 
the frequency of homozygous Serine allele was 
found 21.5% among cases and 12.2% in 
controls. The Genotypic frequencies among cases 
and controls estimated a statistically significant 
association of 249 Ser variant genotype (OR: 
1.96; CI: 1.25-3.07; p=0.003) with the 
probability of 1.96 fold increased risk of GI 
cancer.  
Analysis of p21 cd-31 ex-2 C98A( rs1801270): 
When we studied the substitution polymorphism 
of C→A in codon 31 of exon 2 of gene p21, the 
frequency of wild type Serine/Serine genotype 
was 83.0% in cases and 76.8% in controls, where 
as the homozygous variant Arginine/Arginine was 
6.5% in cases and 5.0% in controls. The observed 
frequency of heterozygous allele Serine/Arginine 
was 10.5% in cases and 18.2% in controls. No 
statistically significant difference was observed 
when the genotypic frequency of homozygous 
variant (OR: 1.20; CI: 0.58-2.47; p: 0.61) and 
heterozygous allele (OR: 0.53; CI: 0.31-0.89: p: 
0.01) was compared to homozygous wild type of 
cd 31 exon 2 of p21.  
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Analysis of p21 ex3 3’UTR C70T (rs1059234): 

The genotypic frequency of p21 ex3 for 
homozygous wild type C/C for cases and controls 
did not show any significant difference with the 
distribution of 72.5% and 73.5% respectively. 
Similarly the frequency of heterozygous C/T was 
21.5% among cases and 22.5% among controls, 
whereas the allele frequency for homozygous 
variant T/T was 6.0% in cases and 4.0% in 
controls with no significant difference. Logistic 
regression analysis showed neither the 
heterozygous C/T (OR: 0.96; CI: 0.64-1.46; p: 
0.88) nor homozygous variant T/T (OR: 1.52; CI: 
0.70-3.30; p=0.28) when compared to 
homozygous wild type C/C was associated with 
the development of GI cancer risk. 
 

DISCUSSION:  
Tumour suppressor proteins (p53 & p21) play an 
important role in the control of cell growth and 
apoptosis. The loss of function of these proteins 
due to genetic alterations may lead to 
carcinogenesis.(18) Therefore, in the present 
hospital based case control study we analyzed the 
interaction of p53 and p21 genotypes and their 
possible association with GI cancer risk among 
the rural population of south western 
Maharashtra. 
In the current study we observed that the 
genotype frequencies of p53 exon 4 
polymorphism in south-western Maharashtrian 
population did not differ significantly to those in 
healthy controls indicating no significant 
association with the risk of GI cancer. Our results 
seem to be in agreement with the studies on 
gastric cancer in Northern Iran. (19) Similar to 
our findings the data provided by Ghaderi (2010) 
also does not support the association of 
the p53 codon 72 polymorphism with stomach 
or colorectal cancers in Iranian patients. (20)  
Some Indian studies also showed negative 
association of p53 arg72pro with breast 
cancer.(10,16) and cervical cancer.(17) However 
on the contrary to our finding some Indian studies 
from Kashmir(21) & South India(22) proved the 
association of p53 exon 4 with the development 
colorectal cancer. Also, some studies showed 
positive association of p53 cd 72 polymorphism 
with cancer site of oral,(23) oesophagus(24), 
stomach(25), colorectal (26) and liver(27). 
The main finding in this study is polymorphism in 
Ser/ Ser allele of codon 249 of exon 7 p53 
(rs28934571) contributes a 1.96 fold increased 
risk for GI cancer in the study population. We 
also found that genotypic frequency of mutant 
allele was considerably high 21.5% in GI cancer 
patients as compared to 12.2% in controls.  In 

support to our findings, studies on colorectal 
cancer state that the mutation in p53 exon 7 
promote the metastasis in colorectal cancer.(28-
29) Moreover a study from China show that the 
249(Ser) p53 mutation in plasma was strongly 
associated with hepatocellular carcinoma in 
Qidong patients.(30)  Our results are consistent 
with results were reported in colon cancer (31) 
and cervical cancer (17). The other case control 
studies from Tamilnadu did not show any 
association of cd249 p53 polymorphism with 
breast cancer.(10) There are very few studies 
been carried out to determine the association 
between codon 249 of p53 mutation and GI 
cancer risk. Thus, more studies with larger 
population are required to understand the 
molecular association of GI cancer.  
 In the case control study we also analyzed 
p21polymorphism in both the cd31of exon 2 
C98A (rs1801270) and 3’UTR of ex3 C70T 
(rs1059234). However, no association was 
detected between these two polymorphism and GI 
cancer development. Similar cofounding were 
observed in a study from North-eastern Iran on 
Esophageal carcinoma.(13) Similarly the study 
performed by Sivonova and co-workers from 
Solvak population also concludes with no 
association of p21 3’UTR polymorphism with 
prostate cancer.(11) Our observations was in line 
with some studies on lung cancer (32) and 
bladder cancer.(33) The meta analysis by Wang 
etal (2015) showed that C>T polymorphism was 
associated with increased risk of SCCHN, but no 
significant association was found in other 
subgroups of analysis.(34) However in contrary to 
our finding, studies from china suggest that p21 
genotype may influence the progression during 
gastric carcinogenesis.(35) Similarly the meta 
analysis performed by Wei (2011) also provides 
the evidence that variant Arg/Arg genotype of 
p21 rs1801270 is significantly associated with an 
increased risk of colorectal cancer.(36) The 
systematic review & meta analysis performed by 
Yang on 7 case-control studies in Asian 
population, suggested that polymorphism in p21 
Ser 31 Arg allele was significantly associated with 
increased Gastrointestinal tract tumour risk 
among Asians.(37)  
While Liu et al performed a meta analysis on 
33,120 cancer cases and 44,954 controls from 
49 publications with 66 individual case control 
studies for p21 ser31 Arg polymorphism and 
stated that the p21 31Arg allele is a significantly 
increased risks for breast cancer and ‘other 
cancers’ among Caucasians while it is 
significantly decreased risks  for oesophageal and 
gastric cancer among Asians.(12) Numerous 
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studies have been  carried out to investigate the 
risk of cancer and its association with p21 
polymorphism, but with the inconsistent results.  
 

CONCLUSION: 
To the best of our knowledge ours is the first study 
to explore the association of p53 and p21with GI 
cancer in the rural area of south western 
Maharashtra. From this observed data we 
conclude that polymorphism in p21 ex-2 (Arg 
allele of rs 1801270), p21 ex-3 (T allele of 
rs1059234), and p53 ex-4 (Pro allele of 
rs1042522) do not provide an association with 
the development of GI cancer in the rural 
population of Maharashtra. However, p53 codon 
249 of ex-7 (rs28934571) gene polymorphism is 
positively associated with the increased risk of GI 
cancer. The current study provides additional 
knowledge regarding the association of 
investigated polymorphism in tumour suppressor 
genes and GI cancer however, this analysis of 
polymorphism in p53 & p21genes and GI cancer 
has a limitation of small sample size and further 
studies can be carried out using larger sample 
size to confirm our findings. 
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Table 1: Details of PCR and RFLP procedure and their expected product for tumour suppressor 

genes. 
Gene  FP/RP PCR condition PCR 

product 

Restriction 

enzyme 

Restriction 

Products 

p53 cd-72 ex-4 
(rs1042522) 

5’-ttc acc cat cta 
cag tcc -3’   5’- 
ctc agg gca act 
gac cgt -3’ 

950C- 5 min, 30 cycles 
of 950C- 30 sec, 520C- 
30 sec, 720C- 30 sec, 
720C- 10 min 

309bp 1 U BstuI 
(Bsh12361) 
370C 
incubation 
for 16 hrs 

Arg/Arg - 175bp, 
134bp Pro/Arg: - 
309bp,175bp,134
bp  
Pro/Pro: 309bp 

p53 cd-249 ex-
7 (rs28934571)  

5’-ggc gac aga 
gcg aga ttc ca -3’    
5’-ggg tca gcg 
gca agc aga gg -
3’ 
 

950C- 5 min, 30 cycles 
of 950C- 20 sec, 600C- 
20 sec, 720C- 20 sec, 
720C- 10 min 

286bp 1 U HaeIII 
(BsuRI)  
370C 
incubation 
for 16 hrs 
 

Arg/Arg:  
92bp, 66bp, small 
fragments 
Ser/Ser: 158bp, 
92bp, 66bp, small 
fragments  

p21  cd-31 ex-
2 C98A 
(rs1801270) 

5’-gtc aga acc 
ggc tgg gga tg-3’ 
5’-ctc ctc cca act 
cat ccc gg-3’ 
 

950C- 5 min, 30 cycles 
of 950C- 30 sec, 580C- 
30 sec, 720C- 30 sec, 
720C- 10 min 

272bp 1 U BpuI 
(BlpI) 
370C 
incubation 
for 16 hrs 

Ser/Ser : 
183bp,89bp 
Ser/Arg: 272bp, 
183bp, 89bp 
Arg/Arg: 272bp 

p21 3’UTR ex3 
C70T 
(rs1059234) 

5’-ccc agg gaa 
ggg tgt cct-3’ 
5’-ggg cgg cca 
ggg tat gta-3’ 

950C- 5 min, 30 cycles 
of 950C- 20 sec, 580C- 
20 sec, 720C- 20 sec, 
720C- 10 min 

300 bp 1 U PstI 
370C 
incubation 
for 16 hrs 

 CC/CC: 126bp, 
174bp 
CC/TT: 
300,174,126 
TT/TT: 300bp 

 
Table 2: Demographic characteristics of gastrointestinal cancer cases and healthy cancer free 

controls. 
Variable  Cases Controls Chi Square 

Value 

p-value 

based on 

X
2

 

Age 
(Mean±SD) yrs  

59±13.33 57.46±11.644
4 

  

Age  <=50 yrs 51(25.5%) 102(25.5%) 

3.606 0.307 
 51-60yrs 50(25%) 118(29.5%) 
 61-70yrs 67(33.5%) 136(34.0%) 

 >=71 yrs 32(16.0%) 44(11.0%) 
      

Gender Male 113(56.5%) 200(50.0%) 
2.258 0.133 

 Female 87(43.5%) 200(50.0%) 

      
Family History 

Yes 44(22%) 0(0.0%) 
94.964 <0.001 

 No 156(78%) 400(100.0%) 

      

Education Illiterate 77(38.5%) 70(17.5%) 

59.414 <0.001 
 SSC 85(42.5%) 141(35.2%) 

 HSC 26(13%) 80(20.0%) 
 Graduate 13(6.4%) 109(27.2%) 

      



Madhavi N.Patil et al/ Title: Association of p53 and p21 gene polymorphism and risk of 
gastrointestinal cancer in rural population of south western Maharashtra: A hospital based case-control 

study. 
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Chewing Habit 
Yes 134(67%) 119(29.8%) 

75.865 <0.001 
 No 66(33%) 281(70.2%) 

      

Drinking Habit 
Yes 38(19%) 25(6.2%) 

23.065 <0.001 
 No 162(81%) 375(93.8%) 

*indicates significant p<0.05, p value determined based on x2 

 
Table 3.  The genotype frequencies of p21 and p53 gene Variants and their association with 

untreated gastrointestinal cancer patients and healthy controls. 

Gene Genotype Cases 

(n=200) 

Controls 

(n=400) 

Chi 

square 

p 

Valu

e 

Odds Ratio    

( 95% CI) 

p 

valu

e 

Adjusted 

odds ratio  

(95% CI) 

p 

valu

e 

p53 cd-
72 ex-4 
(rs10425

22) 

Arg/Arg 48(24.0%) 
100(25.0

%) 

0.922 
0.63

1 

1(Reference) 
 

1(Reference) 
 

Arg/Pro 93(46.5%) 
170(42.5

%) 
1.14(0.74-

1.74) 
0.54 

0.85(0.55-
1.31) 

0.47 

Pro/Pro 59(29.5%) 
130(32.5

%) 
0.94(0.59-

1.50) 
0.81 

1.12(0.70-
1.79) 

0.63 

Arg/Pro+P
ro/Pro 

152(30%) 
210(41%

) 
4.025 

0.04
4 

1.50(1.00-
2.25) 

0.04 
0.95(0.63-

1.42) 
0.80 

p53 cd-
249 ex-7 
(rs28934

571) 

Arg/Arg 
157(78.5

%) 
351(87.8

%) 
8.78 

0.00

3 

1(Reference) 
 

1(Reference) 
 

Arg/Ser 0(0.00) 0(0.00) 0(0.00) 0.0 0.00 0.00 

Ser/Ser 43(21.5%) 
49(12.2

%) 
1.96(1.25-

3.07) 

0.00

3 

0.481(0.30

-0.76) 

0.00

2 

Arg/Ser+S
er/Ser 

43(21.5%) 
49(12.2

%) 
8.78 

0.00

3 

1.96(1.25-

3.07) 

0.00

3 

0.481(0.30

-0.76) 

0.00

2 

p21 cd-
31 ex-2 
(rs18012

70) 

Ser/Ser 
166(83.0

%) 
307(76.8

%) 

6.318 
0.04

2 

1(Reference) 
 

1(Reference) 
 

Ser/Arg 21(10.5%) 
73(18.2

%) 
0.53(0.31-

0.89) 
0.01 

2.41(1.32-
4.40) 

0.00
4 

Arg/Arg 13(6.5%) 20(5.0%) 
1.20(0.58-

2.47) 
0.61 

1.04(0.48-
2.24) 

0.91
8 

Ser/Arg + 
Arg/Arg 

34(6%) 93(16%) 3.121 
0.07

7 
0.67(0.43-

1.04) 
0.07 

1.83(1.10-
3.04) 

0.02 

p21 
3’UTR 
ex3 

(rs10592
34) 

CC/CC 
145(72.5

%) 
294(73.5

%) 

1.221 
0.54

3 

1(Reference) 
 

1(Reference) 
 

CC/TT 43(21.5%) 
90(22.5

%) 
0.96(0.64-

1.46) 
0.88 

0.73(0.45-
1.19) 

0.21 

TT/TT 12(6.0%) 16(4.0%) 
1.52(0.70-

3.30) 
0.28 

0.53(0.23-
1.21) 

0.13 

CC/TT+TT
/TT 

55(9%) 
106(18%

) 
0.067 0.79 

1.05(0.71-
1.54) 

0.79 
0.72(0.46-

1.12) 
0.15 

*indicates significant p<0.05, p value determined based on x2 
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SHORT  REPORT

CARBAMAZEPINE INDUCED DRESS 
SYNDROME WITH REGISCAR ANALYSIS. 
A CASE REPORT
KUMAR CHAUDHARY RAUSHAN, KAROLI SATISH S,  
BHANDARI RAMESH, GANACHARI MS

ABSTRACT
DRESS (Drug Reaction with Eosinophilia and Systemic Symptoms) syndrome 
is a life-threatening drug-induced eosinophilic and systemic symptom caused by 
mainly antiepileptic drug. The incidence rate of this reaction in the patient new 
to carbamazepine/phenytoin is 1 per 1,500 patients. The clinical presentation of 
this syndrome is fever, skin rash, eosinophilia, lymphadenopathy, organ failure, 
etc. The mortality rate is 2-14% and mainly due to liver failure. We report one 
case of carbamazepine induced DRESS syndrome in an old 65 years woman who 
is known case of seizure disorder and hypertension was on carbamazepine and 
nifedipine for the same respectively. She was admitted with the complaints of fe-
ver, burning sensation of the abdomen, facial edema, bilateral pedal edema and 
swelling of upper limb. On dermatological examination xerosis with mild scaling 
of skin was observed and on laboratory investigation showed anemia associated 
with leukocytosis, eosinophilia, increased in hepatic enzymes and HScCRP (High  
Sensitivity C-Reactive Protein) and decrease in the total protein, albumin with 
minimal ascites. The patient complies with the diagnostic criteria given by Bocquet 
et al., RegiSCAR (Registry of Severe Cutaneous Adverse Reaction) study group 
and Japanese consensus group for DRESS syndrome with RegiSCAR score of 4. 
The patient was managed with the antihistaminic, glucocorticosteroid, leukotriene 
receptor antagonist, hepatoprotective drug, etc. and on discharge prescribed with 
the tapering dose of glucocorticosteroid, hepatoprotective syrup, and vitamin sup-
plements. This case can be helpful for the clinician to diagnose and manage the 
patient with DRESS syndrome effectively.

CARBAMAZEPINE – DRESS SYNDROME – DRUG INDUCED DISORDER –  
REGISCAR – HEPATOTOXICITY

RESUMEN
-

témicos) inducido principalmente por fármacos anticonvulsivos implica un alto 
riesgo para la salud del paciente. La tasa de incidencia de esta reacción en pa-
cientes tratados por primera vez con carbamazepina/fenitoína es de 1 por cada 

-

Se describe el caso de una mujer de 65 años de edad con síndrome de DRESS 
inducido por carbamazepina con trastorno convulsivo e hipertensión tratada con 
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INTRODUCTION
DRESS stands for Drug Reaction with Eosinophilia and 
Systemic Symptoms is a rare life- threatening reaction to 
drugs. DRESS syndrome occurs mainly with Antiepilep-
tic drugs (phenytoin, carbamazepine, phenobarbiturate, 
valproate, etc.) whereas other drugs also can cause this 
syndrome like allopurinol, sulfa-derivatives, vancomycin, 
doxycycline, esomeprazole, etc.1, 2 The incidence rate of 
hypersensitivity syndrome among the consumer of antie-
pileptic drugs is around 1 in 1,000 to 1 in 10,000 out of 
which adults are found to be more prone to the syndrome.3, 4 
For the patients who are new users of carbamazepine and/
or phenytoin, at least 1 per 1,500 suffers from this syn-
drome.2 The main clinical presentation associated with 
this syndrome are fever, skin rash, hematological abnor-
mality, lymphadenopathy, organ failure, etc.5 Most of the 
retrospective studies suggest the mortality rate due to this 
syndrome is approximately found to ranges from 2-14% 
and mortality is mainly due to liver failure.2, 6

CASE REPORT
-

-
 

-

-
hold the carbamazepine and nifedipine.

-

6
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10 -

-

-
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-
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improved during the course of treatment in the hospital. So 
-

DISCUSSION
DRESS syndrome is a type IV hypersensitivity reaction in 
which an autoimmune reaction is initiated by drug or its 
metabolite stimulated cytotoxic T cell or T helper cell. In 
the case of aromatic anticonvulsant (phenytoin, carbama-

-

efectiva.
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zepine, phenobarbiturate), DRESS syndrome occurs due to 
failure in the drug detoxi cation process because of phar-
macogenetic defect in the epoxide hydroxylase enzyme 
system.5 In 1950 Chaiken et al. reported a case with clinical 
presentation of fever, hepatitis and morbilliform rash after 
using phenytoin and called it phenytoin hypersensitivity. 
The term DRESS is used by Bocquet et al. In 1996 that 
help to differentiate this syndrome from other drug reac-
tions that are not associated with eosinophilia.5, 7 Literature 
suggests that DRESS occurs mainly within the eight weeks 
of initial therapy which is evident in this case after taking 
carbamazepine.2, 4 There are mainly three diagnostic crite-
ria for diagnosing the DRESS syndrome such as Bocquet  
et al. criteria, RegiSCAR study group and Japanese consen-
sus group.3, 8, 9 The clinical characteristics of this case are:

1. Xerosis and scaling over the whole body.
2. Swelling of the whole body.
3. Fever above 38.6ºC.
4. Blood count parameters:

— Decreased hemoglobin level
— Leukocytosis
— Eosinophilia

5. Elevated serum creatinine, transaminases (SGOT, 
SGPT), alkaline phosphatase and HSc CRP levels.

6. Decreased level of total protein, serum albumin and 
showing minimal ascites in USG abdomen.

On the basis of Bocquet et al., RegiSCAR study group 
and Japanese consensus group, this case was diagnosed 
with DRESS syndrome.3, 8, 9 The case was found to be 
proba ble case of DRESS Syndrome with total scoring of 4 
in accordance with the RegiSCAR scoring system as de-
picted in Table 1.3, 8

The treatment of DRESS syndrome involves nding 
out the offending drug and withdrawal of the drug.4-6 
The use of systemic corticosteroids is the rst choice of 
drug and supportive treatment such as antipyretics, anti-
histamines, topical steroids, and moisturizers. The syn-
drome can reoccur again on treatment with the offending 
drug and when steroids dose is decreased or stopped.10 
According to report published by the French Society  
of Dermatology in 2010, the therapeutic management of 
DRESS syndrome involves use of corticosteroid at a 
dose of 1 mg/kg/day of prednisone if the patient is having 
any sign of severity such as transaminase >5 times nor-
mal, renal involvement, cardiac involvement, pneumo-
nia etc. In case of life-threatening conditions like renal 
failure or respiratory failure, the patient can be treated 
with Intravenous Immunoglobulin at a dose of 2 g/kg for 

ve days.11 In our case, patient was treated with injection 
hydrocortisone, injection ranitidine, tablet levocetirizine 

TABLE 1. RegiSCAR Scoring System for DRESS.

Fever 38.58ºC   es   1 0 0
Enlarged lymph nodes  No   0 1 0
Eosinophilia:    1.5  109 L 1 0 2 2
 Eosinophils
 Eosinophils, if Leucocytes 4  109 L 1

Atypical lymphocytes  No   0 1 0
Skin Involvement (%body surface area):   es  2 2 1
 Skin rash suggesting DRESS
 Biopsy suggesting DRESS
Organ involvement:   es  0 2 1
 Liver
 Kidneys
 Muscle/Heart
 Pancreas
 Other Organs
Resolution 15 day No    1 0 1
Evaluation of other potential causes:
 Antinuclear antibody (ANA)
 Blood culture
 Serology Hep A/Hep B/Hep C
 Chlamydia/Mycoplasma pneumonia
 Other Serology/PCR   es  0 1 1
 If none positive and 3 of above negative
Total Score     4 9 4*

* Final Score: 2: No Case, 2-3: Possible Case, 4-5: Probable Case, >5: De nite Case.
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and montelukast, pheniramine, cefotaxime, liquid paraf-
n, IV uid during hospital stay which match with the 

standard treatment.

CONCLUSION
DRESS syndrome is a rare and under-reported hypersen-
sitivity reaction that can be fatal if untreated. The diagno-
sis is based upon the correlation between clinical symp-
toms, laboratory ndings, and past/present medication 
history. One can easily classify the syndrome based on 
RegiSCAR scoring system. This syndrome increases the 
risk of several autoimmune diseases like Systemic Lupus 
Erythromatosus, Rheumatoid arthritis, Diabetes melli-
tus, Thyroiditis, etc. Patients with this syndrome are well 
managed with steroids, antihistamines. Steroid tapering  
should be done with great care to prevent relapse. The pa-
tient can be given hepatoprotective medication for the he-
patic abnormality or as a prophylaxis to prevent hepatic 
damage. This case report will aid the clinician to diagnose 
and manage the DRESS Syndrome effectively in hospital 
settings.  CP
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Abstract 

In the present review work we have reviewed various scientific research articles published on phytochemical investigation and 

antibacterial activity of Azadirachta indica. It is commonly known as neem, a tree belongs to family Meliaceae and in the 

genus Azadirachta. It is native to the Indian subcontinent and typically grown in tropical and semi-tropical regions. Neem 

consists of fresh dried leaves, fruits, flowers and bark of Azadirachta indica J. Juss. It is the traditional plant which has many 

therapeutic uses due to presence of wide range of phytoconstituents in it. The active phytoconstituents of Neem includes 

nimbin, nimbolide, nimbinene, nimbandiol, tannins, Azadirachtin and flavonoids, etc. Neem has many therapeutic uses like 

anti-viral, anti-bacterial, anti-fungal, antiseptic, stimulant and insect repellent agent etc. It is also used in the treatment of skin 

disease, ulceration of cow-pox, rheumatism, anorexia, nausea and intestinal worms. Many researchers have worked on 

antibacterial activity of various parts of neem in different solvents against various micro-organisms. 

 

Keywords: neem, anti-bacterial activity, phytochemistry, nimbin, flavonoids 
 

 

Introduction 

Azadirachta indica is commonly known as neem, a tree 

belongs to family Meliaceae and in the genus Azadirachta. 

It is native to the Indian subcontinent and typically grown 

in tropical and semi-tropical regions. Neem consists of fresh 

dried leaves, fruits, flowers and bark of Azadirachta indica 

J. Juss. It is the traditional plant which has many therapeutic 

uses due to presence of wide range of phytoconstituents in 

it. The Azadirachta indica leaves are green in colour having 

typical odour, bitter taste. The Azadirachta indica flowers 

are white in colour having bitter taste. The fruits of neem 

are green (unripe) and yellow (ripe)in colour having ovoid 

shape, hard bony endocarp. The fruits have the solitary with 

a thick testa and embryo with foliaceous cotyledons in the 

axis of scanty endocarp. Therapeutically neem is used as 

anti-viral, anti-bacterial, anti-fungal, antiseptic, stimulant 

and insect repellent agent. It is also used in the treatment of 

skin disease, ulceration of cow-pox, rheumatism, anorexia, 

nausea and intestinal worms [1, 2, 3]. 

 

Phytochemistry of neem 

Manpreet kaur et al., have reported some phytoconstituents 

which are present in the Azadirachta indica which includes 

nimbin, 6-desacetylnimbinene, nimbinene, nimbandiol, 

nimbolide, quercetin, β-sitosterol, ascorbic acid, n-

hexacosanol, nonacosane, amino acid in the leaves. They 

have reported Gedunin, 7-deacetoxy-7α- hydroxygedunin, 

azadiredione, azadirone, nimbiol, 17-epiazadiradione in 

fruits. Also they have reported triterpenoids, 1, 2-

diepoxyazadiradione, 7-acetylneotrichilenone, 7-desacetyl-

7-benzoylgedunin and azadirachtin in the seeds [1]. Idoko A 

et al., have reported ethanolic and aqueous extracts of neem 

showed the presence of alkaloids, flavonoids, saponins, 

cyanogenic glycosides, phenols, tannins, steroids and 

reducing sugars [2]. 

The chemical structures of selected phytoconstituents of 

neem were presented in Figure 1.  

 
 

Fig 1: Chemical Structures of Selected Phytoconstituents of Neem 

 

Anti-bacterial activity of neem 
The antibacterial activities of neem reported by many 

researchers were reviewed as follows:  

Munazza Sharif et al., have reported the antibacterial 

activity of neem against the pathogenic bacteria V. 

vulnificus. They have taken the minimal inhibitory 

concentration of 150μg/ml. At this concentration they got 

the results against anti-bacterial activity of neem against V. 

vulnificus using sterile disc method and well diffusion 

method. The well diffusion method showed the zone of 

inhibition (15.3±0.5 mm) at the concentration of 150μg/ml 

and there is no zone of inhibition in the control well method. 

The anti-bacterial activity comparison study was performed 

neem loaded sterile disc and antibiotic disc. The study 

showed the zone of inhibition of 21.6±1.5 mm for neem and 

tetracycline shows the zone of inhibition of 21.6±1.5 mm [3]. 

R. Manivasagaperumal et al., have reported antibacterial 
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activity using agar well diffusion method. The bacterial 

inoculums were spreaded on the media when nutrient agar 

was inoculated with the micro-organisms. The plant extract 

is filled in the wells by punching the agar. At 37ᵒ for 

18hours plates were incubated and by measuring the zone of 

inhibition the anti-bacterial activity is determined. The 

different extracts antibacterial potential is determined by 

their zones of inhibition [4].  

R C Patil et al., have reported antibacterial activity using the 

disc diffusion method. To determine the anti-bacterial 

activity of aqueous, ethanol, methanol and acetone extracts 

they have used the modified paper disc diffusion method. 

The turbidity produced in the inoculums is compared with 

the standard i.e. McFarland standard. Over the nutrient agar 

plate inoculums were spreaded using sterile cotton swab to 

get uniform microbial growth. Ampicillin 10mcg/disc used 

as positive control. The plates were incubated at 37ᵒc for 

18hours. By measuring the diameter of zone of inhibition 

the anti-bacterial activity is determined. They have 

classified the antibacterial activity as strong (>20mm), 

moderate (16-19mm) and mild (12-15mm) and less than 

12mm was taken as inactive [5]. 

Alka Sahrawat et al., determined the anti-bacterial activity 

of all the extracts of the neem leaves against the E. coli 

strains by disc diffusion method. The benzene extract of the 

neem leaves shows the inhibition growth against E. coli 

(maximum growth 46.56% and minimum growth 39.98%). 

The acetone extract of the neem leaves shows the inhibition 

growth against E. coli (maximum growth 58.77% and 

minimum growth 50.40%). The toluene extract of the neem 

leaves shows the inhibition growth against E. coli 

(maximum growth 15.25% and minimum growth 0%). The 

ethylacetate extract of the neem leaves shows the inhibition 

growth against E. coli (maximum growth 40.55% and 

minimum growth 33.20%). The ethanol extract of the neem 

leaves shows the inhibition growth against E. coli 

(maximum growth 33.85% and minimum growth 29.99%). 

The butyl alcohol extract of the neem leaves shows the 

inhibition growth against E. coli (maximum growth 41.15% 

and minimum growth 32.88%) [6]. 

Zabta k. Shinwari et al., determined the anti-bacterial 

activity of neem against Escherichia coli, Staphylococcus 

aureus, Staphylococcus epidermidis, Shigella sonnei, 

Klebsiella pneumonia, Salmonella paratyphi, Salmonella 

typhimurium, Listeria monocytogenes, Yersinia pestis, 

Pseudomonas aeruginosa [7]. 

Faiza Aslam et al., determined the anti-bacterial activity of 

neem leaves extract (50mg, 75mg) by the inhibition of the 

growth of S. aureus, Corynebacterium bovis and E. coli. 

The strains of these bacteria are sensitive against +ve 

control Chloramphenicol [8]. 

Hamidah Jaafar Sidek et al., carried out the anti-microbial 

activity using the disk diffusion assay towards three 

microbes those are Escherichia coli, Staphylococcus aureus 

and Pseudomonas aeruginosa. Three paper discs were used 

for the assay. Ampicillin (10 µg) is used as positive control. 

Second paper disc is soaked in ethanol and used as negative 

control. Third paper disc was soaked in neem extract and 

inhibition of anti-bacterial effect is determined. On the 

nutrient agar media the 0.2ml of broth culture was 

transferred. The plates were incubated at 37ᵒc for 24hours. 

By measuring the diameter of zone of inhibition the anti-

bacterial activity is determined [9]. Aamir F et al., 

determined the anti-bacterial activity using ampicillin as 

positive control. The plates were incubated at 32ᵒc for 48 

hours [10]. 

Raja Ratna Reddy et al., used the Staphylococcus aureus, 

Enterococcus faecalis (Gram positive) and Pseudomonas 

aeruginosa, Proteus mirabilis (Gram negative) for the anti-

bacterial study. The bacterial strains were maintained in 

Muller Hinton Agar (MHA, pH 7.2) at 37±1ᵒ C. All the 

bacterial strains were found to be sensitive ti the 

ciprofloxacin. Neem leaves extract shows its anti-bacterial 

activity against all the concentration of bacteria [11]. 

Taqdees Malik et al., performed the anti-bacterial activity of 

neem leaves extract against the E. coli, Pseudomonas, and S. 

aureus using different methods such as Agar well diffusion, 

antibiotic discs sensitivity test, Minimum inhibitory 

concentration, minimum bactericidal concentration. The 

neem ethanolic extract gives the zone of inhibition against 

the Pseudomonas of 23mm, E. coli of 25mm and S. aureus 

of 26mm [12]. 

S. Cesa et al., done the anti-bacterial activity of neem oil 

against eight H. pylori strains. All the strains showed the 

minimal inhibitory concentration of 128 μg/mL and one 

showed the MIC value of 64 μg/ml[13]. 

Bharat Pokhrel et al., determined the anti-bacterial activity 

of neem. The diameter of zone of inhibition was measured 

and it showed the maximum inhibition against the S. aures 

and minimum inhibition against the E. coli. There is 

increase in the zone of inhibition by increasing the 

concentration of the extract i.e. 22±3mm [14]. 

Abhijeet Balasaheb Shinde et al., used the tetracycline and 

streptomycin as standard references and positive controls for 

the anti-bacterial activity. The plates were incubated at 37ᵒc 

for 24hours. The diameter of zone of inhibition is measured 

against the tested bacteria to determine the anti-bacterial 

activity [15]. 

C. Rajasekaran et al., used the eight strains of positive 

bacteria those are Micrococcus glutamicus, Lactobacillus 

bulgaris, Streptococcus faecalis, Staphylococcus aureus, 

Bacillus stearothermophilus, Staphylococcus pyogenes, 

Micrococcus luteus, Bacillus cereusand two strains of 

negative bacteria those are Escherichia coli and 

Pseudomonas aeruginosa to determine the anti-bacterial 

activity [16]. 

Sharmila Banu Gani et al., using the agar gel disc diffusion 

method perfomed the anti-bacterial activity. Into the 

sterilized petri dish agar (muller hinton) was Pored and it is 

solidified. The plate is rotated approximately 600 time to 

ensure the distribution of inoculums. The gentamycine discs 

were used as positive and negative control. The petridishes 

were incubated at 37ᵒc for 24hours. By measuring the clear 

zone of inhibition the anti-bacterial activity of gradient 

solvents is determined. Hexane, acetone and methanolic 

extracts were found very effective against the bacteria [17]. 

Nwakaeze Emmanuel et al., performed the anti-bacterial 

activity of neem leaf extracts against the various pathogens. 

The minimal inhibitory concentration against the pathogens 

was found to be 25 mg/ml and 12.5 mg/ml [18]. 

Darmendra kumar yadav et al., performed the anti-bacterial 

activity against various 21strains of pathogens. The neem 

extract were effective against the pathogens such as 

Streptococcus mutans, S. salivarius and Fusobacterium 

nucleatum, etc [19]. 

A.Akpuaka et al., done the extraction of the neem leaf using 

the n-hexane to determine its anti-bacterial activity. It gives 

the zone of inhibition of 17mm, 12mm, 5mm, 3mm and 

http://www.botanyjournals.com/
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11mm respectively [20]. Garima Pandey et al., using agar 

well diffusion method peromed the anti-bacterial activity 

against the Ecsherichia coli and Staphyloccus aureus. Using 

muller hinton agar the test culture is inoculated and 

solidified. A 50µl DMSO is used as negative control and 

10µg of streptomycin is used as positive control. The plates 

were then incubated at 37ᵒC for 24 hr and the zone of 

inhibition is measured [21]. S. Susmitha et al., performed the 

anti-bacterial activity of different solvents using muller 

hinton agar by cup diffusion method. The plates were 

incubated at 37ᵒcfor 24h. Then the zone of inhibition is 

observed and measured [22]. Sharma Y et al., done the anti-

bacterial activity of various parts of neem against various 

bacteria. The extracts were done using the aqueous, 

methanol and ethanol and then these extracts were screened 

against the bacteria those are E.coli and Bacillus 

amyloliquefaciens by using agar diffusion method. The 

neem seed of aqueous extract showed the maximum anti-

bacterial activity against E.coli and Bacillus 

amyloliquefaciens of 7mm. The neem leaf ethanolic extract 

showed the maximum anti-bacterial activity against Bacillus 

amyloliquefaciens of 31mm. The methanolic extract of 

neem seed and neem leaf showed the maximum anti-

bacterial activity [23]. T. Revathi et al., perfomed the anti-

bacterial activity using the muller hinton agar by well 

diffusion method against E. coli and K. aerogenes bacteria 

(negative controls). The samples were loaded on the wells 

and kept overnight at 37ᵒc. The anti-bacterial activity is 

determined by measuring the zone of inhibition [24].  

 

Conclusion 

The present review concludes that neem is the plant having 

many therapeutic uses due to presence of wide range of 

phytoconstituents. The active phytoconstituents of neem 

includes nimbin, nimbolide, nimbinene, nimbandiol, 

tannins, Azadirachtin and flavonoids, etc. Neem has many 

therapeutic uses like anti-viral, anti-bacterial, anti-fungal, 

antiseptic, stimulant and insect repellent agent etc. It is also 

used in the treatment of skin disease, ulceration of cow-pox, 

rheumatism, anorexia, nausea and intestinal worms. Out of 

reported activities, antibacterial activity is commonly 

reported by many researchers.  
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Abstract

A total of 21 diferent bioactives were identiied from F. benghalensis bark in which 3 molecules, i.e., apigenin, 3′,4′,5,7-tet-
rahydroxy-3-methoxylavone, and kaempferol were predicted to target the highest number of proteins involved in diabetic 
pathogenesis in which protein tyrosine phosphatase 1b was primarily targeted. Similarly, a docking study identiied ursolic 
acid to have the highest binding ainity with protein tyrosine phosphatase 1b. The combined synergic network analysis 
identiied PI3K/Akt signaling pathway to be primarily modulated followed by the calcium signaling pathway. Similarly, 
in oral glucose tolerance test, we observed the eicacy of hydroalcoholic extract of F. benghalensis to lower the total area 
under the curve of glucose and increase total area under curve of insulin for two hours. Likewise, hydroalcoholic extract 
reversed the altered homeostatic hepatic enzymes after 28 days of treatments. Similarly, the extract also enhanced the anti-
oxidant enzymes level like catalase and superoxide dismutase in liver homogenate. In summary, hydroalcoholic extract of 
F. benghalensis bark may act as an antidiabetic agent by enhancing the glycolysis, decreasing gluconeogenesis, promoting 
glucose uptake, enhancing insulin secretion, and maintaining pancreatic β-cell mass via PI3K/Akt signaling pathway via the 
downregulation of protein tyrosine phosphatase 1b.

Keywords Diabetes mellitus · Ficus benghalensis · Network Pharmacology · PI3K/Akt · PTP1B

Introduction

Diabetes mellitus (DM) is a complex polygenic metabolic 
disorder characterized by elevated fasting blood glucose 
level due to impaired insulin function, resistance, deiciency, 
or a combination of all (Ali 2013); is contributed by multiple 
factors like age, obesity, pregnancy, and genetic factors (Wu 
et al. 2014). Although the malfunctioning of multiple sig-
nalling pathways (PPAR, P13K, and Wnt) and dysregulated 
proteins are concerned with diabetic pathogenesis and its 
progression (Herman and Zimmet 2012; Karter et al. 2013; 
Maruthur 2013), most of the prescriptions for Type 2 Dia-
betes Mellitus in the current pharmacotherapy utilizes vari-
ous synthetic oral hypoglycaemic agents (are single target) 

like insulin sensitizers, peroxisome proliferator-activated 
receptor (PPAR) agonists, thiazolidinediones, sulfonylureas, 
and α-glucosidase inhibitors; associated with multiple side 
efects including dizziness, syncope, vomiting, fatigue, and 
orthostatic hypotension (Chaudhury et al. 2017; Kerru et al. 
2018). Hence, it is important to identify a new antidiabetic 
agent that could target multiple proteins involved in pro-
gressing diabetic pathogenesis with minimum side efects; 
this can be achieved via the utilization of traditional folk 
medicines. Further, World Health Organization also sug-
gests identifying new antidiabetic agents from the traditional 
medicine system (WHO 1965). In addition, diabetes is a 
polygenic condition (Ali 2013); thus, the treatment approach 
should include multiple compound–proteins interactions; 
regulating multiple pathways and generating the synergistic 
efect (Pujol et al. 2010).

Natural products are efective in managing DM (Ríos 
et al. 2015; Wang et al. 2013) and are being utilized in 
Ayurveda and Traditional Chinese Medicine. The treat-
ment strategy of natural products is credited for the com-
plex therapeutic network which includes the combination 
of multicompounds and multitargets interaction to produce 
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synergistic or additive efects. Further, the utility of multi-
components with multitargets, demonstration has been made 
for more efectiveness with fewer side efects compared to 
single-target drugs (Espinoza-Fonseca 2006). Rapid devel-
opment in network biology/pharmacology helps to identify 
eicacy and safety of molecules in the drug development 
process (Khan and Khan 2016). Further, it discloses the 
deep-seated multifarious ailiation among multiple bioac-
tives, their targets, and associated pathways. As a complex 
composition of folk medicine, the desired therapeutic action 
could be due to multifaceted synergistic or additive com-
munications (Gupta et al. 2017); may act concomitantly, 
ephemerally (short time), or feebly (low affinity) with 
multiple targets (Bai et al. 2013; Ohlson 2008). A combi-
nation of various bioactives with diferent ainities with 
multiple targets may add in eicacy and decreased toxicity 
(Hopkins 2008); may help in treating the complex diseases 
systematically.

The bark of Ficus benghalensis L. (family: Moraceae), 
commonly known as Banyan is used to treat “Madhumey” 
(Ayurvedic term for diabetes) as a traditional folk medicine 
(Prashanth 2017) and composes multiple bioactives, such 
as triterpenes, lavonoids, phytosterols, and polyphenols 
(Khaliq 2017). It is also recorded in Ayurvedic pharmaco-
peia of India as “Nyagrodha” to treat Prameha, i.e., meta-
bolic disorder (Government of India, Ministry of Health and 
Family Welfare, Department of AYUSH, The Ayurvedic 
Pharmacopoeia of India). Further, the bark of F. bengha-

lensis is reported to lower the elevated blood glucose level in 
experimental animal models (Gayathri and Kannabiran et al. 
2008). However, the interactions of active principles with 
proteins involved in diabetes have not been reported yet.

Hence, the present study aimed to identify the probable 
interactions of regulated proteins involved in diabetic patho-
genesis by the bioactives of F. benghalensis and to reveal the 
deal of antidiabetic activity via the network pharmacology 
and enrichment analysis followed by experimental evalu-
ation of hydroalcoholic extract of F. benghalensis bark in 
streptozocin–nicotinamide-induced diabetes in rats.

Materials and methods

Network pharmacology

Bioactives and their targets in diabetes

The reported phytoconstituents from F. benghalensis were 
retrieved from the published literature and multiple open-
source databases. Canonical simplified molecular-input 
line-entry system (SMILES) of each phytoconstituent was 
retrieved from PubChem (https:// pubch em. ncbi. nlm. nih. 
gov/) database to screen drug-likeness character via Mol 

Soft (http:// molso ft. com/ mprop/) based on Lipinski’s Rule 
of Five (Lipinski 2004). The targets of all compounds were 
identiied by querying the SMILES of each biomolecule in 
BindingDB (Liu et al. 2007). The data were compiled for 
the target of each compound with a search score ≥ 0.7; based 
on the similarity of 70%. The gene code of each target was 
identiied from the UniProt (https:// www. unipr ot. org/). The 
proteins involved in the diabetes mellitus were identiied 
using open-source databases and published literature.

Pathway analysis and network construction

The probable interactions of proteins were predicted using 
STRING (Szklarczyk et al. 2017) and the modulated path-
ways were identiied concerning the Kyoto Encyclopedia 
of Genes and Genomes pathway database. Cytoscape 3.5.1 
(Shannon et al. 2003) was used to construct the network 
between phytoconstituents, proteins, and related pathways. 
The network was set as directed and the map node size and 
map node color were set as “low values to small size” and 
“low values to bright colors” respectively based on the edge 
count for both settings.

The binding ainity of compounds with targets

Molecular docking was performed to predict the binding 
ainities of bioactives with respective targets using autodock 
4.0 (Morris et al. 2009). A node of the target molecule was 
identiied by having the highest “edge score”; relects the 
interaction of the protein with multiple phytoconstituents 
within the constructed network. The phytoconstituent was 
docked with the corresponding edge linked target. After 
docking, the pose scoring the lowest binding energy was 
chosen to visualize the ligand–protein interaction.

Experimental pharmacology

Plant collection, authentication, and extract preparation

Barks of F. benghalensis were collected from local areas 
of Belagavi, India (16°08′37.1 "N 74°38′51.4 "E) in Janu-
ary; authenticated by a botanist at Indian Council of Medi-
cal Research- National Institute of Traditional Medicine 
Belagavi, India, and herbarium was deposited for the same 
(accession number RMRC-1405) for future reference. Barks 
were washed thoroughly under running water, shade dried, 
and turned into a coarse powder. The coarse powder (250 g) 
was then subjected for maceration with 70% ethanol for 
7 days with occasional shaking; iltered, marc was dried, and 
subjected for soxhlet extraction. Later, both extracts were 
combined and concentrated using a rotator evaporator (IKA 
RV 10) under reduced pressure which yielded 10.92%w/w.
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Animals and ethical clearance

Healthy albino Wistar rats weighing 223.67 ± 10.61 g of 
either sex were used in the present study. Rats were pur-
chased from the committee for the purpose of control and 
supervision of experiments on animals registered vendor 
and housed in pathogen-free conditions. The experiment 
was performed after receiving the approval from Institu-
tional Animal Ethics committee (IAEC) at KLE College 
of Pharmacy, Belagavi, Karnataka, India (resolution no. 
KLECOP/CPCSEA-Reg, No. 221/Po/Re/S/2000/CPCSEA, 
Res. 28–12/10/2019). Animals were acclimatized under a 
12 light/dark cycle for 7 days before the study.

Grouping and induction of diabetes

Nicotinamide at the dose of 230  mg/kg was injected 
15 min before the administration of streptozocin at the 
dose of 65 mg/kg by freshly dissolving in water for injec-
tion and chilled citrate bufer (pH 4.5), respectively. After 
7 days of injection, fasting blood glucose was measured. 
The animals showing elevated fasting blood glucose levels 
(250 mg/dl) were used for further study. Animals were 
randomized using computer-generated random numbers 
for diabetic control and test except normal containing six 
animals in each namely (a) normal; administered with 
saline, (b) diabetic (STZ); administered with saline, (c) 
GLI50 (STZ + glibenclamide); administered with 50 mg/
kg, glibenclamide, (d) low test dose (STZ + FB100); 
administered with 100 mg/kg extract, (e) medium dose 
(STZ + FB200); administered with 200 mg/kg, extract, and 
(f) high dose (STZ + FB400); administered with 400 mg/
kg, extract p.o. Each group contained three cages with two 
animals in each.

Measurement of body weight, food intake, 
and water intake

The body weight, food intake, and water intake of individual 
animals were recorded on the 1st, 7th, 14th, 21st, and 28th 
day of treatment. The measured food and water intake repre-
sented the water and food intake of two animals in each cage.

Measurement of fasting blood glucose/insulin level 
and oral glucose tolerance test (OGTT)

The fasting blood glucose level was measured using a 
glucometer (Janaushadi, India). Whole-body insulin sen-
sitivity was assessed using an oral glucose tolerance test 
(Kumar et al. 2012) at multiple points, i.e., 0, 30, 60, 90, and 

120 min. Similarly, blood was collected to assess the insulin 
level using a commercially available kit (Ray Biotech, USA).

Collection of blood and visceral organs

At the end of the experiment, blood was collected from a 
cardiac puncture to separate plasma. The liver and pancreas 
were collected immediately, washed thoroughly to avoid any 
blood clots, and stored appropriately in 10 percent formalin 
(Nair et al. 2018).

Plasma biochemical estimations

Fasting blood glucose level and insulin levels in the OGTT 
test were measured using a glucometer and commercially 
available kit respectively. Serum urea, uric acid, creatinine, 
and lipid proile, i.e., total cholesterol, triglyceride, and 
high-density lipid (HDL) were measured using commer-
cially available kits (ERBA diagnostics). The low-density 
lipoprotein (LDL) and very low-density lipoprotein (VLDL) 
levels were measured using the following formula

Glucose uptake in rat hemidiaphragm

Percentage uptake in glucose by rat hemidiaphragm after 
28 days treatments was performed as explained by Kumar 
et al. 2012 with minor modiications. Briely, 10 × 10  mm2 of 
rat hemidiaphragm was incubated to 30 mM of glucose solu-
tion in the presence of 0.25 units of insulin. After 30 min, 
samples were collected and the percentage glucose uptake 
by rat hemidiaphragm was quantiied using the following 
formula:

where Ac is the absorbance of the glucose solution before 
incubating rat hemidiaphragm, At is the absorbance of the 
test, i.e., after incubating rat hemidiaphragm.

Glycogen and hepatic enzyme estimation

Glycogen content in skeletal muscle and liver was meas-
ured as explained by Seifter and Dayton 1950. Further, 
multiple enzymes like glucose-6-phosphatase, fructose-
1,6-biphosphatase (Pari and Srinivasan 2010), hexokinase 
(Brandstrup et  al. 1957), lactate dehydrogenase (King 
1959), phosphofructokinase (PFK, KinesisDx, USA), serum 

VLDL (mg∕dl) =
TG

5

LDL (mg∕dl) = TC − (HDL + VLDL)

% glucose uptake =
Ac − At

Ac
× 100
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glutamic-oxaloacetic transaminase (SGOT, Erba Lab, India), 
and serum glutamic pyruvic transaminase (SGPT, Erba Lab, 
India) were measured in liver homogenate.

Evaluation of antioxidant biomarkers

The level of various antioxidant biomarkers, such as super-
oxide dismutase (SOD); incubating liver homogenate with 
pyrogallol solution (2.5 mg/mL, 0.1 mL) and tris–HCl bufer 
(0.05 mol/L, 2.9 mL) to record absorbance at 420 nm at 90 
and 120 s (Nandi and Chatterjee 1987), catalase; by mixing 
 H2O2 (0.019 mol/L, 1.0 mL) with liver homogenate (10% 
w/v, 0.05 mL) and recording the absorbance at 240 nm 
(Claiborne 1985), glutathione; incubating the mixture of 
Ellman’s reagent and EDTA (20 mmol/L, pH 4.7) with liver 
homogenate for 30 min and recording the absorbance at 
412 nm and total thiols; incubating the liver homogenate 
with dithionitrobenzene (10 mmol/L, 40 mL) in the presence 
of methanol of 10 min to record absorbance at 412 nm (Sed-
lak and Lindsay 1968), and malondialdehyde to quantify the 
thiobarbituric acid-reactive substance via the incubation of 
liver homogenate with thiobarbituric acid (0.375%), trichlo-
roacetic acid (15%), and HCl (5 g/L) at 95 ºC for 15 min, 
cooled, and centrifuged to record the absorbance at 512 nm 
(Hiroshi et al. 1979) were measured in liver homogenates.

Hepatic and pancreas histology

A trained pathologist was blinded for the study to ix liver 
samples with 10% formalin, sectioned the tissue (4 µM), and 
stained it with hematoxylin and eosin (H & E).

Statistical analysis

The phytoconstituents–proteins–pathways interaction was 
evaluated by edge count based on color and size map. All the 
data in experimental pharmacology were represented using 
mean ± SEM. The duration-dependent efect was analyzed 
using a two-way analysis of variance (ANOVA) followed by 
the Bonferroni post hoc test. All the biochemical parameters 
and total area under the curve (AUC) for glucose and insulin 
were evaluated using one-way ANOVA followed by Tukey’s 
test. Similarly, all the possible efects of individual animals 
are represented in a heat map.

Results

Network pharmacology

Bioactives and their targets

Twenty-one phytoconstituents were identified from F. 

benghalensis. All the compounds were found under mul-
tiple phytochemistry, i.e., triterpenoids, isolavone, lavo-
noid, phytosterols, ceramide, furocoumarins, and the organic 
molecular entity which are summarized in Table S1 with 
their molecular formula, molecular weight, and druglikeness 
score. Information was compiled for the compounds with a 
search score ≥ 0.7 to identify proteins involved in diabetes. 
The pharmacological action of each compound against each 
target molecule relects the large numbers of the compounds 
are involved in the inhibitory activity rather than activation 
of the receptors; however, the probable pharmacological 
activity of few compounds against some targets was unclear. 
The list of targeted protein molecules and their gene codes 
are summarized in Table S2.

Pathway analysis

A total of 51 diferent pathways were identiied to be mod-
ulated by the phytoconstituents of F. benghalensis; among 
them, 13 were involved in diabetes mellitus. Among the 
13 diferent pathways, the PI3K-Akt signalling pathway 
scored the highest number of the gene set (Table S3). The 
protein–protein interaction of the targets involved in dia-
betes is shown in Fig. 1.

Network analysis of phytoconstituent–protein–
pathway interaction

The network was constructed to represent the interaction 
among active biomolecules, their targets, and modulated 
pathways which include 99 nodes; among them, 65 were 
targets, 21 were phytoconstituents, and 13 were modulated 
pathways. Furthermore, the network contained 228 edges; 
among them, 48 edges were pathway–targets interactions 
and 180 were compound–targets interactions. Similarly, 9 
molecules (ursolic acid, mucusisolavone A, mucusisola-
vone C, isowighteone, wighteone, psoralen, 3′,4′,5,7-tet-
rahydroxy-3-methoxylavone, α-amyrin, and sitosterol) 
targeted protein-tyrosine phosphatase 1B (PTP1B). Fur-
ther, the PI3K/Akt signaling pathway was primarily modu-
lated by regulating the maximum number of genes, i.e., 
KIT, CDK6, IKBKB, PRKCA, RXRA, GSK3B, IGF1, and 
ITGA4 (Fig. 2).
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Fig. 1  STRING analysis of pro-
teins interaction involved in the 
diabetes mellitus. The protein(s) 
and their interaction(s) in 
the network are presented by 
node(s) and edge(s) respectively

Fig. 2  Interaction of bioactives 
from F. benghalensis with their 
targets and regulated pathways
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Docking analysis

A total of 9 phytoconstituents were identiied to inhibit the 
PTP1B based on the edge count of the network. Among 
them, ursolic acid was predicted to have the highest bind-
ing ainity (-8.93 kcal/mol) with PTP1B with 5 hydrogen 
bonds with Asp48, Gln266, Trp179, and Arg221 (Fig. 3). 
The binding ainity of each phytoconstituent with PTP1B 
along with the number of hydrogen bond interactions/resi-
dues is summarized in Table S4.

Animal study

Efect on body weight, food intake, and water intake

Induction of diabetes showed a signiicant decrease in the 
body weight (p < 0.001) as compared to normal. Admin-
istration of glibenclamide showed a signiicant increase 
(p < 0.001) in body weight as compared to the diabetic 
group. Likewise, treatment with multiple doses of extracts 

showed a dose-dependent signiicant increase in body weight 
as compared to the diabetic group (Fig. 4).

There was a signiicant increase (p < 0.01) in water intake 
and a signiicant decrease (p < 0.001) in food intake in dia-
betic groups as compared to normal. The treatment with 
glibenclamide showed a signiicant decrease (p < 0.01) in 
water intake and a signiicant increase (p < 0.001) in food 
intake compared to a diabetic. Similarly, treatment with 
extracts showed a significant decrease in water intake 
(p < 0.05–0.01) and a signiicant increase (p < 0.001) in food 
intake compared to a diabetic (Figs. 5 and 6).

Efect on OGTT and fasting blood glucose level

After 28 days of treatments, a signiicant increase (p < 0.001) 
in the fasting blood glucose level was observed in the dia-
betic group compared to normal. Treatment with glibencla-
mide showed a signiicant decrease (p < 0.001) in fasting 
blood glucose levels compared to the diabetic group. Simi-
larly, treatment with multiple doses of the extract showed 

Fig. 3  Interaction of ursolic 
acid with protein-tyrosine phos-
phatase 1B

Fig. 4  Efect of hydroalcoholic extract of Ficus benghalensis on body 
weight. All the data are presented in mean ± SEM (n = 6). Percent-
age change in body weight was analyzed using one-way ANOVA fol-
lowed by Tukey’s Test for Post Hoc Analysis. *p < 0.001 compared 

to normal, #p < 0.001 compared to diabetic, ▲p < 0.001 compared 
to GLI50, ■p < 0.001 compared to FB100, ★p < 0.05 compared to 
FB200
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a signiicant decrease (p < 0.001) in fasting blood glucose 
levels compared to the diabetic in a dose-dependent manner. 
Further, in the oral glucose tolerance test, the AUC in the 
diabetic group was found to signiicantly higher (p < 0.001) 

as compared to normal. Likewise, the administration of 
glibenclamide and multiple doses of extract relected the 
potency to enhance the glucose clearance by decreasing the 
AUC and the efect was also dose-dependent (Fig. 7).

Fig. 5  Efect of hydroalcoholic extract of Ficus benghalensis extract 
on food intake. All the data are presented in mean ± SEM (n = 6). 
Food intake/2 animals in each group were analyzed using one-way 

ANOVA followed by Tukey’s Test for post hoc analysis. *p < 0.001 
compared to normal, #p < 0.001 compared to diabetic, ▲p < 0.001 
compared to GLI50, ■p < 0.01 compared to FB100

Fig. 6  Efect of hydroalcoholic extract of Ficus benghalensis on 
water intake. All the data are presented in mean ± SEM (n = 6). Water 
intake/2 animals were analyzed using one-way ANOVA followed by 

Tukey’s test for post hoc analysis. *p < 0.01 compared to normal, 
#p < 0.05, ##p < 0.001 compared to disease, ▲p < 0.05 compared to 
GLI50

Fig. 7  Efect of hydroalcoholic extract of Ficus benghalensis on 
fasting blood glucose level and OGTT. All the data are presented in 
mean ± SEM (n = 6). Fasting blood glucose level and total area under 
the curve of glucose was analyzed using one-way ANOVA followed 

by Tukey’s Test for post hoc analysis. *p < 0.001 compared to nor-
mal, #p < 0.001 compared to diabetic, ▲p < 0.001 compared to GLI50, 
■p < 0.01, ■■p < 0.001 compared to FB100, ★p < 0.001 compared to 
FB200
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Efect on fasting insulin level and OGTT insulin level

Fasting insulin level was found to be signiicantly decreased 
(p < 0.001) compared to normal. Similarly, treatment with 
glibenclamide showed a signiicant increase (p < 0.001) in 
insulin levels compared to the diabetic group. Likewise, 
treatment with multiple doses of the extract showed a sig-
niicant increase (p < 0.05 and 0.001) in insulin level com-
pared to the diabetic group. Likewise, the AUC of insulin 
level over 2 h was signiicantly lower (p < 0.001) in the dia-
betic group compared to normal. Similarly, treatment with 
glibenclamide showed a signiicant increase (p < 0.001) in 
insulin levels compared to the diabetic group. Likewise, 
treatment with multiple doses of the extract showed a sig-
niicant increase (p < 0.05 and 0.001) in AUC of insulin level 
compared to a diabetic group, and the efect was found to be 
dose-dependent (Fig. 8).

Efect on glycated hemoglobin

The glycated hemoglobin level was found to be signiicantly 
high (p < 0.001) in the diabetic group compared to normal 
and was signiicantly reversed (p < 0.001) with glibencla-
mide and extract treatment. Further, the decrease in the 
glycated hemoglobin was found to be dose-dependent at 
100 mg/kg, 200 mg/kg, and 400 mg/kg of extract treatment 
(Fig. 9).

Efect on hepatic enzymes

A signiicant increase (p < 0.001) in hepatic enzymes like 
glucose-6-phosphatases, fructose 1,6 biphosphatase, lac-
tate dehydrogenase, phosphofructokinase, and SGOT: 
SGPT ratio was observed in the diabetic group compared 
to normal. Further, treatment with glibenclamide and mul-
tiple doses of the extract showed a signiicant decrease 
(p < 0.05–0.001) in all the hepatic enzymes and SGOT: 
SGPT ratio. In contrast, there was a signiicant decrease 

in the hexokinase enzyme in the diabetic group compared 
to the normal. Further, treatment with glibenclamide and 
multiple doses of the extract showed a signiicant increase 
(p < 0.001) in hexokinase level compared to a diabetic in a 
dose-dependent manner (Table 1).

Efect on urea, uric acid, and creatinine level

There was a signiicant increase (p < 0.001) in serum urea, 
uric acid, and creatinine level in the diabetic group com-
pared to normal. Similarly, treatment with glibenclamide 
significantly decreased (p < 0.001) urea, uric acid, and 
serum creatinine as compared to the diabetic group. Like-
wise, treatment with extract showed a signiicant decrease in 
urea (p < 0.001), uric acid (p < 0.001), and creatinine levels 
(p < 0.05–0.001) compared to a diabetic (Table 2).

Fig. 8  Efect of hydroalcoholic extract of Ficus benghalensis on 
fasting insulin level and during OGTT. All the data are presented in 
mean ± SEM (n = 6). Fasting insulin level and total area under the 
curve of insulin was analyzed using one-way ANOVA followed by 

Tukey’s Test for post hoc analysis. *p < 0.001 compared to normal, 
#p < 0.05, ##p < 0.01, ###p < 0.001 compared to diabetic, ▲p < 0.05, 
▲▲p < 0.001 compared to GLI50, ■p < 0.05, ■■p < 0.001 compared to 
FB100, ★p < 0.001 compared to FB200

Fig. 9  Efect of hydroalcoholic extract of Ficus benghalensis bark on 
glycylated haemoglobin. All the data are presented in mean ± SEM 
(n = 6). The diference among the means of Hb1Ac level between 
groups was analyzed using one-way ANOVA followed by Tukey’s 
Test for post hoc analysis. *p < 0.001 compared to normal, #p < 0.001 
compared to diabetic, ▲p < 0.01, ▲▲p < 0.001 compared to GLI50, 
■p < 0.001 compared to FB100, ★P < 0.001 compared to FB200
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Efect on lipid proile

There was a signiicant increase (p < 0.001) in triglycerides, 
total cholesterol, VLDL, and LDL, and a signiicant decrease 
(p < 0.001) in HDL level in the diabetic group compared 
to normal. The treatment with glibenclamide and extract 
showed a signiicant decrease (p < 0.001) in triglycerides, 
total cholesterol, VLDL, and LDL and a signiicant increase 
(p < 0.001) in HDL levels as compared to the diabetic group 
(Table 3).

Efect on glycogen content

There was a signiicant decrease (p < 0.001) in hepatic and 
skeletal muscle glycogen content in the diabetic group 
compared to normal which was significantly reversed 
(p < 0.001) after glibenclamide and extract treatment. The 
level of glycogen content in liver and skeletal muscle was 
dose-dependent in extract treatment (Fig. 10).

Table 1  Efect of hydroalcoholic extract of F. benghalensis on hepatic enzymes

All the data are presented in Mean ± SEM (n = 6). The diference among the means of each group was analyzed using one-way ANOVA followed 
by Tukey’s test for post hoc analysis. *p < 0.001 compared to normal, #p < 0.01, ##p < 0.001 compared to diabetic, ▲p < 0.01, ▲▲p < 0.001 com-
pared to GLI50, ■p < 0.001 compared to FB100, ★p < 0.001 compared to FB200

Groups Hexokinase (units/
mg of protein)

Glucose-6-phos-
phatase (units/mg)

Fructose-1,6-bi-
phosphatase (Units/
mg)

Lactate dehydroge-
nase (mM/hr/mg)

Phosphofructokinase 
(units/mg of protein)

SGOT: SGPT ratio

Normal 2.92 ± 0.01 10.95 ± 0.20 3.99 ± 0.05 166.40 ± 3.41 4.102 ± 0.16 1.34 ± 0.05
Diabetic 1.61 ± 0.02* 27.67 ± 0.79* 11.28 ± 0.27* 377.10 ± 8.23* 11.24 ± 0.24* 2.75 ± 0.10*
GLI50 2.59 ± 0.01## 15.71 ± 0.56## 5.49 ± 0.23## 209.60 ± 5.15## 4.99 ± 0.12## 1.52 ± 0.05##

FB100 1.80 ± 0.02#▲▲ 23.07 ± 0.36##▲▲ 12.29 ± 0.37▲▲ 328.70 ± 4.61##▲▲ 9.98 ± 0.22##▲▲ 1.58 ± 0.04##

FB200 1.99 ± 0.02#▲▲■ 21.29 ± 0.24##▲▲ 9.86 ± 0.25#▲▲■ 293.10 ± 3.73##▲▲■ 8.23 ± 0.13##▲▲■ 1.59 ± 0.06##

FB400 2.14 ± 0.01#▲▲■★ 18.52 ± 0.09##▲■★ 6.21 ± 0.12##■★ 223.50 ± 1.62##▲▲■★ 5.78 ± 0.19##▲▲■★ 1.49 ± 0.05##

Table 2  Efect of 
hydroalcoholic extract of F. 

benghalensis on urea, uric acid, 
and creatinine level

All the data are presented in mean ± SEM (n = 6). The diference among the means of each group was ana-
lyzed using one-way ANOVA followed by Tukey’s test for post hoc analysis. *p < 0.001 as compared to 
normal, #p < 0.05, ##p < 0.01, ###p < 0.001 as compared to diabetic, ▲p < 0.05, ▲▲p < 0.001 as compared to 
GLI50, ■p < 0.01, ■■p < 0.001 as compared to FB100, ★p < 0.001 as compared to FB200

Groups Urea (mg/dl) Uric acid (mg/dl) Creatinine (mg/dl)

Normal 30.95 ± 0.8024 1.66 ± 0.12 2.71 ± 0.15
Diabetic 55.27 ± 0.9722* 2.89 ± 0.16* 3.26 ± 0.04*
GLI50 37.3 ± 0.7066# 1.58 ± 0.03# 2.53 ± 0.05###

FB100 50.53 ± 0.3363#▲▲ 1.99 ± 0.05#▲ 2.88 ± 0.04#▲

FB200 46.92 ± 0.3655#▲▲■ 1.88 ± 0.05# 2.79 ± 0.02##

FB400 42.9 ± 0.4374#▲▲■■★ 1.80 ± 0.04# 2.68 ± 0.06###

Table 3  Efect of hydroalcoholic extract of F. benghalensis on lipid proile

All the data are presented in mean ± SEM (n = 6). The diference among the means of each group was analyzed using one-way ANOVA followed 
by Tukey’s Test for Post Hoc Analysis. *p < 0.001 compared to normal, #p < 0.001 compared to diabetic, ▲p < 0.05, ▲▲p < 0.01, ▲▲▲p < 0.001 
compared to GLI50, ■p < 0.01, ■■p < 0.001 compared to FB100; ★p < 0.001 compared to FB200

Groups Triglycerides (mg/dl) Total cholesterol (mg/dl) HDL (mg/dl) VLDL (mg/dl) LDL (mg/dl)

Normal 45.92 ± 0.45 90.99 ± 0.94 59.49 ± 0.67 9.18 ± 0.09 22.32 ± 0.55
Diabetic 93.11 ± 3.53* 144.40 ± 0.66* 36.41 ± 0.63* 18.62 ± 0.71* 89.39 ± 1.59*
GLI50 51.07 ± 0.67# 103.40 ± 0.96# 57.93 ± 0.39# 10.21 ± 0.13# 35.29 ± 0.93#

FB100 74.26 ± 0.47#▲▲▲ 131.00 ± 1.39#▲▲ 44.52 ± 0.48#▲▲▲ 14.85 ± 0.09#▲▲▲ 71.61 ± 1.65#▲▲▲

FB200 66.04 ± 0.55#▲▲▲■ 122.90 ± 1.69#▲▲■ 49.39 ± 0.45#▲▲▲■■ 13.21 ± 0.11#▲▲▲■ 60.26 ± 1.67#▲▲▲■

FB400 61.12 ± 0.83#▲▲▲■■ 108.60 ± 1.05#▲■★ 53.12 ± 0.25#▲▲▲■■★ 12.22 ± 0.17#▲▲▲■■ 43.21 ± 0.89#▲▲■■★
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Efect on percentage glucose uptake

There was a signiicant decrease (p < 0.001) in the percent-
age glucose uptake by isolated rat hemidiaphragm compared 
to normal. Similarly, treatment with glibenclamide and mul-
tiple doses of the extract signiicantly increased (p < 0.001) 
glucose uptake by isolated rat hemidiaphragm compared to 
the diabetic group (Fig. 11).

Efect on antioxidant biomarkers

In the diabetic group, there was a significant decrease 
(p < 0.001) in SOD, glutathione, and catalase levels 
compared to normal. Similarly, glibenclamide treatment 
showed a significant increase (p < 0.001) in SOD and 
glutathione levels compared to the diabetic. Significant 
increase in SOD (p < 0.05) and glutathione (p < 0.05 & 
0.01) levels were observed in the extract group at 200 and 
400 mg/kg dose. Likewise, treatment with multiple doses 

Fig. 10  Efect of hydroalcoholic extract on skeletal muscle and liver 
glycogen content. All the data are presented in mean ± SEM (n = 6). 
The diference among the means of glycogen content between groups 
was analyzed using one-way ANOVA followed by Tukey’s Test for 

post hoc analysis. *p < 0.001 compared to normal, #p < 0.001 com-
pared to diabetic, ▲p < 0.001 compared to GLI50, ■p < 0.001 com-
pared to FB100, ★p < 0.001 compared to FB200

Fig. 11  Efect of hydroalcoholic extract of Ficus benghalensis on 
percentage glucose glucose uptake in rat hemidiaphragm. All the 
data are presented in mean ± SEM (n = 6). The diference among the 
means % glucose uptake between groups was analyzed using one-way 
ANOVA followed by Tukey’s Test for post hoc analysis. *p < 0.001 
compared to normal, #p < 0.001 compared to diabetic, ▲p < 0.001 
compared to GLI50, ■p < 0.001 compared to FB100

Table 4  Efect of hydroalcoholic extract of F. benghalensis on antioxidant biomarkers

All the data are presented in mean ± SEM (n = 6). The diference among the means of each group was analyzed using one-way ANOVA followed 
by Tukey’s Test for Post Hoc Analysis. *p < 0.001 as compared to normal, #p < 0.05, ##p < 0.01, ###p < 0.001 as compared to diabetic, ▲p < 0.01, 
▲▲p < 0.001 as compared to GLI50, ■p < 0.001 compared to FB100

Groups SOD (units/ml) Total thiols (µMoles/mg 
of protein)

GSH (µM/mg of protein) Catalase (units/min/mg 
of protein)

MDA (nMol/ 
unit of protein)

Normal 27.81 ± 0.80 260.20 ± 4.867 135.90 ± 4.204 77.34 ± 2.289 203.00 ± 6.924
Diabetic 16.52 ± 1.16* 353.80 ± 64.72 33.76 ± 6.279* 30.86 ± 5.784 * 276.70 ± 49.39
GLI50 25.72 ± 0.34### 262.70 ± 46.98 111.40 ± 19.83### 47.89 ± 8.522 194.70 ± 34.52
FB100 19.10 ± 0.53▲▲ 350.20 ± 2.418 58.19 ± 2.752 ▲ 53.51 ± 2.227 # 292.60 ± 2.148
FB200 24.63 ± 0.91###■ 331.10 ± 3.083 79.51 ± 2.396# 58.84 ± 1.185 ## 283.90 ± 4.618

FB400 27.73 ± 0.37###■ 274.70 ± 26.7 86.70 ± 7.858## 59.71 ± 5.847 ## 217.00 ± 20.56
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of the extract showed a significant increase (p < 0.05 & 
0.01) in catalase activity compared to the diabetic. How-
ever, there was no significant difference in the means of 
total thiols and malondialdehyde levels (Table 4).

Histopathology study

In the diabetic group, there was a signiicant decrease 
(p < 0.001) in the average number of islets and their size 
compared to the normal group. However, treatment with 
hydroalcoholic extract showed a significant increase 
(p < 0.05 & 0.01) in their count and size compared to the 
diabetic group. Further, there was a signiicant increase 

Fig. 12  Histopathology analysis of pancreas magniication HE. a 
normal, b diabetic, c GLI50, d FB100, e FB200, and f FB400 at (1) 
40 × and (2) 10 × , (3) average number of islets, (4) size of beta cells, 
(5) lymphocytic iniltration, (6) vascular degeneration and (7) con-
gestion score. All the data are presented in mean ± SEM (n = 6). The 

diference among the means of each histological parameter between 
groups was analyzed using one-way ANOVA followed by Tukey’s 
Test for post hoc analysis. *p < 0.001 compared to normal, #p < 0.05, 
##p < 0.01, ###p < 0.001 compared to diabetic
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(p < 0.001) in lymphocytic iniltration, vascular degen-
eration, and congestion in the diabetic group compared 
to normal. Further, treatment with hydroalcoholic extract 
improved congestion at all doses compared to the diabetic. 
Although there was no signiicant improvement in lympho-
cytic iniltration after hydroalcoholic extracts treatment, a 
dose of 400 mg/kg improved vascular degeneration com-
pared to the diabetic group (Fig. 12). Further, there was a 
signiicant increase (p < 0.001) in sinusoidal congestion, 
venous congestion, and ballooning degeneration in hepato-
cytes in diabetic group which has been ameliorated with 
extract treatment at the signiicant level of 0.05 and 0.01 
(Fig. 13).

Discussion

Network pharmacology is a theoretical approach that helps 
to understand the complex system of the living organ-
ism by exploring a large number of data sets for com-
pound–protein interaction, protein–protein interaction, 
and associated biochemistry. It further wires to under-
stand the interaction of gene set and generate a hypoth-
esis for the experimental design (Morrow et al. 2010). 
Due to the rapid progression in bioinformatics’ tools, the 
current era of SysBiomics kindled the researchers to be 
aware of the correlation between the set of targets rather 

Fig. 13  Histopathology analysis of liver (magniication HE. 40X). a 
normal, b diabetic, c GLI50, d FB100, e FB200, and f FB400; rep-
resents sinusoidal congestion, venous congestion and ballooning 
degeneration. All the data are presented in mean ± SEM (n = 6). The 

diference among the means of each histological parameter between 
groups was analyzed using one-way ANOVA followed by Tukey’s 
Test for post hoc analysis. *p < 0.01, **p < 0.001 compared to nor-
mal, #p < 0.05, ##p < 0.01, ###p < 0.001 compared to diabetic
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than single (Collins et al. 2007; Wang et al. 2012). To 
fulil this approach, we identiied the probable targets of 
an individual phytoconstituent from BindingDB based on 
the principle “similar compounds identify their similar tar-

gets” (Liu et al. 2007), and the network was constructed to 
understand the probable interaction of multiple phytocon-
stituents, their targets and probably modulated pathways 
in diabetes mellitus. Further, the study aimed to evaluate 
the outcome of network pharmacology in the streptozo-
cin–nicotinamide-induced DM.

Mining of phytoconstituents from F. benghalensis bark 
identiied the multiple class of compounds, i.e., triterpe-
noids, isolavones, lavonoids, steroid saponins, phytoster-
ols, ceramides, and furocoumarins which interacted with 
33 proteins involved in DM. Further, multicomponent–pro-
tein–pathway network analysis identiied the majority of 
the lavonoids were involved in the regulation of PTP1B by 
modulating the PI3K-Akt signaling pathway. However, it is 
to be understood that the generation of the network is due to 
the involvement of multiple phytoconstituents irrespective 
of a particular group of phytoconstituents like lavonoids. 
Hence, in the present study, the whole extract was the choice 
of the testing agent rather than a selective group of fractions 
for in vivo study.

During the 28 days of treatments, the efectiveness of 
hydroalcoholic extract was observed via the assessment of 
reversal weight loss and water intake followed by enhanced 
appetite in diabetic animals. Further, a signiicant decrease 
in blood glucose and increase insulin level in treated animals 
was also conirmed via AUC of glucose and insulin level 
during OGTT. Since the streptozocin–nicotinamide model is 
the relection of the insulin-deicient model due to the partial 
damage of pancreatic β cell mass, the increased insulin pro-
duction to respond to exogenous glucose could be due to the 
regeneration of pancreatic β-cells in extract-treated animals 
which were not observed in the diabetic group.

Network interaction identiied the prime regulation of 
PTP1B which has been well credited for pancreatic β-cell 
proliferation, regulating changes in islet morphometry, and 
modulating the pathways in maintaining pancreatic β-cell 
mass. Likewise, surgical removable of PTP1B alleviates the 
streptozocin-induced damage in pancreatic β-cell mass (Fer-
nandez-Ruiz et al. 2014). Further, PTP1B is well credited 
for the negative regulation of insulin signaling in diabetes 
mellitus by removing phosphate from the tyrosine residues 
of insulin receptor at tyrosine kinase P-subunits leading to 
the disturbed equilibrium state of tyrosine kinase and phos-
phatase; mimics insulin activity (Kennedy 1999). Likewise, 
one of the studies identiied lead hits from F. benghalensis 
as α-glucosidase inhibitor which may involve in regulating 
the p53 signaling pathway (Khanal and Patil 2019). In the 
present study, after 28 days of treatments with extract, the 
level of insulin secretion was found to be signiicantly higher 

which was also conirmed via the AUC in OGTT; relects 
the possibility in maintaining the pancreatic β-cells which 
was also conirmed via the higher number of β-cells in the 
pancreatic tissue in histopathological observation. This 
outcome could be due to the probable inhibition of PTP1B 
by mucusisolavone A, mucusisolavone C, isowighteone, 
wighteone, psoralen, ursolic acid, 3′,4′,5,7-tetrahydroxy-
3-methoxylavone, α-amyrin, and sitosterol; primarily urso-
lic acid as it has been reported to enhance the insulin recep-
tor phosphorylation and stimulate glucose uptake (Zhang 
et al. 2006) as demonstrated in the glucose uptake assay in 
rat hemidiaphragm and increased glycogen content in liver 
and skeletal muscle.

Histopathological observation showed an increase in pan-
creatic β-cell count/shape and decreased lymphocytic inil-
tration, vascular degeneration, and congestion after 28 days 
of treatments with extract; relects the maintenance of pan-
creatic β-cell mass; via probable inhibition of PTP1B and 
modulation of the p53 signaling pathway (Khanal and Patil 
2019), and enhanced insulin secretion via PI3K-Akt signal-
ing pathway and calcium signaling pathway. Further, liver 
cirrhosis can be assessed as SGOT: SGPT ratio > 2 (Cohen 
and Kaplan 1979) and sinusoidal and venous congestion 
followed by ballooning degeneration of hepatocytes (Kakar 
et al. 2004); has been identiied in the diabetic group. How-
ever, due to the antioxidant potency of extract, these changes 
could have been ameliorated.

Similarly, our network pharmacology prediction identi-
ied PI3K-Akt and calcium signaling pathways to be primar-
ily modulated. PI3K-Akt signaling pathway regulates insulin 
secretion, glucose transport, glycogen synthesis, and protein 
synthesis in skeletal muscle and decreased gluconeogenesis 
and enhanced glycolysis in the liver via PI3K-Akt signal-
ing pathway (Huang et al. 2018). Hence, the increased insu-
lin production at the fasting level as well as during OGTT 
increased glycogen content in liver and skeletal muscle could 
be via PI3K-Akt mediated pathway. The previous report 
relected the disturbance in calcium homeostasis acceler-
ates the death of pancreatic β-cells leading to type 1 diabetes 
mellitus (Jiang et al. 2018). Likewise, PI3K has been identi-
ied to stimulate the autocrine function of pancreatic β-cell 
via the inhibition of  Ca2+ATPase; increases the intracellular 
 Ca2+ concentration by activating calcium-mediated signal-
ing pathways leading to insulin secretion (Jiang et al. 2018). 
Further, in our previous study, we identiied three lavonoids, 
i.e., apigenin, 3,4′,5,7-tetrahydroxy-3′-methoxylavone, and 
kaempferol as a potential phytoconstituents to regulate the 
p53 signaling pathway which is also well reported to main-
tain pancreatic β-cell mass (Khanal and Patil 2019); could 
be one of the reasons for increased glucose clearance via the 
elevated level of insulin during OGTT.

Serotonin receptors and PPAR act as homeostatic 
regulators of energy intake and expenditure which can 
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be regulated in managing diabetes mellitus (Calkin et al. 
2007; Oh et al. 2016). A total of 10 bioactives from the 
F. benghalensis were identiied to interact with multiple 
subunits of serotonin receptors which would have a role 
in the amelioration of food and water intake in extract 
treated diabetic animals. Further, apigenin, kaempferol, 
wighteone, and ursolic acid were identiied to interact 
with PPAR; hence, they could regulate the transcription of 
insulin-responsive genes and manage hepatic glucose pro-
duction, transportation, and utilization. Thus, PPAR medi-
ated action could have contributed to the elevated level of 
enzymes for glycolysis and decreased level of enzymes 
involved in gluconeogenesis. Further, estrogen receptors 
are also identiied as new players in DM by modulating 
the genes involved in glucose uptake, insulin sensitiv-
ity and also participating in glucose homeostasis (Bar-
ros et al. 2006) which was modulated by mucusisolavone 
C, 3′,4′,5,7-tetrahydroxy-3-methoxylavone, kaempferol, 
psoralen, ursolic acid, and α-amyrin. Likewise, treatment 
with extract also ameliorated lipid proile which could 
be due to the regulation of adipocytokine signaling path-
way by regulating three proteins, i.e., RXRα; activates 
endogenous retinoids, PPARα; regulates genes involved 
in fatty acid transport and oxidation, and IKBKB; modu-
lates lipid metabolism and associated disorders (He et al. 

2013; Konstandi et al. 2013; Schmid and Birbach 2008; 
Yu et al. 2015).

Although the bark of F. benghalensis is well recognized 
to manage DM, the probable mechanism of action has not 
been understood yet. To overcome this study gap of ethno-
medicine use of F. benghalensis bark, we utilized the sys-
tem biology tools followed by an experimental evaluation 
to propose the probable molecular mechanism (Fig. 14) for 
an antidiabetic efect and support the Ayurvedic literature.

Conclusion

The current study utilized a network pharmacology approach 
to study the probable molecular mechanism of Indian folk 
medicine, F. benghalensis bark in the management of diabe-
tes. The study identiied probable regulation of PTP1B (tar-
get) and PI3K-Akt (modulated pathway) within the complex 
set of diabetic proteins and their interaction with bioactives 
from F. benghalensis which has a direct role in insulin secre-
tion. The study also identiies lavonoids as a major group 
of bioactives from F. benghalensis in diabetes management. 
One of the limitations of the present study is the expression 
level of PTP1B in the liver, skeletal muscle and adipose tis-
sues needs to be further conirmed.

Fig. 14  Proposed mechanism of action of hydroalcoholic extract of Ficus benghalensis L. bark
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ABSTRACT 
The present study aimed to synthesize the pH and temperature responsive alginate-g-poly (N-

isopropylacrylamide) (ALG-g-PNIPAm) co-polymer by two methods namely dispersion co-polymerization 

method and free radical polymerization method and evaluate its dual responsiveness to be used as a carrier for 

anticancer drug delivery. For this, the co-polymer was synthesized by both the methods with varying the 

sodium alginate concentration and its base structure as well as lower critical solution temperature (LCST) was 

determined. It was found that, the percent monomer conversion is higher with free radical polymerization and 

the increase in LCST with respect to alginate concentration was found in dispersion copolymerization method.  

The Capecitabine loaded co-polymeric nanoparticles were prepared by using ultrasonic probe sonicator and 

the nanoparticles were evaluated for their physicochemical properties i.e particle size, PDI, loading efficiency 

and in vitro drug release. The morphological study showed that Capecitabine loaded nanoparticles were 

spherical and uniform in size. The loading efficiency was found to be in the range of 90.0%-97.6% respectively. 

The in vitro stimuli triggered drug release study showed the higher percent drug release at acidic pH (6.8) and 

higher temperature (35±0.5 0C) as compared to alkaline pH 7.4 and temperature 37±0.5 0C. In conclusion, the 

developed co-polymeric nano particulate system is an effective dual responsive carrier which can be efficiently 

used for Capecitabine delivery after proper optimization to achieve targeted drug delivery. 

Keywords: Capecitabine, Alginate, Poly (N-isopropylacrylamide), pH and temperature responsive co-polymer 

 
INTRODUCTION 

The field of Nanotechnology is multi-disciplinary 
which covers wide and multiple areas of devices 
which were derived from physics, chemistry, 
engineering and biology (Ranjit K et al., 2013). 
Size range of particles in nanometer or 
micrometer offer unique properties leading to 
enhanced performance of different dosage forms 
(Koo OM et al., 2005). Nanoparticles are 
advantageous over conventional dosage forms in 
terms of enhanced efficacy and biodistribution, 
low toxicity, greater patient compliance etc (Faraji 
AH and Wipf P 2009). Hydrophobic anti-cancer 
drugs can be efficiently loaded into the inner 
hydrophobic core of nanoparticles without any 
toxic solvent/detergent under aqueous conditions. 
Nanoparticles offer enhanced circulation time 
and also due to EPR (enhanced permeability and 
retention) effect drug-loaded nanoparticles shows 
passive accumulation at tumour site (Min L and 
Xia S 2017). Thus, aiding in selectivity of the drug 
against the cancer cells. 
Low internalization of nanoparticles within the 
cells and inadequate release of drugs 
intracellularly, both these factors affect the 

efficacy of chemotherapy by limiting the actual 
amount of drug reaching the cancer cells. To 
conquer these challenges, stimuli-responsive 
nanoparticles have been considered as the most 
favourable carriers for drug delivery. Stimuli 
responsive polymers are the polymers, which 
exert a sharp transition in physical or chemical 
properties in response to small changes in 
environmental conditions such as pH, glucose, 
redox potential, temperature, magnetic field etc 
(Carreira AS et al., 2010). It is thoroughly 
reported that, cellular compartments and various 
tissues differ with their pH values and temperature 
significantly. For example, the extracellular tumor 
environment is highly acidic (pH 6-7) than normal 
tissues and blood (pH 7.4) and the pH values of 
late endosome and lysosome are even lower (pH 
5.0–5.5), also the temperature in and around 
tumor cells is always higher than that of normal 
body temperature (Fabienne D et al., 2010, Cui 
W et al., 2012 and Lee ES et al., 2007). So, a 
temperature and pH responsive delivery system is 
of great significant in controlled delivery of anti-
cancer drugs. 
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Poly (N-isopropylacrylamide) (PNIPAm) is the 
most highly studied thermo-sensitive polymer, that 
shows phase transition in water at above 32 0C. 
This property of thermo-responsiveness has been 
utilized as on-off switch to release drug. PNIPAm 
has both, hydrophilic amide moiety and 
hydrophobic isopropylic moiety. PNIPAm is 
hydrophilic in water due to chains expansion and 
hydration in water when temperature is below 
LCST and is hydrophobic at a temperature higher 
than LCST due to collapsed and dehydrated 
chains (Li G et al., 2013). 
Co-polymerization with hydrophobic monomer 
would lower the LCST while co-polymerization 
with hydrophilic monomer would increase the 
LCST. Alginate is a hydrophilic polymer and is 
most extensively utilized biomaterial which is 
derived from brown sea weed. It has numerous 
useful biomedical applications due to its low 
toxicity, excellent biocompatibility and relatively 
low cost. Also, it shows poor interaction with 
proteins, which may be beneficial as a systemic 
delivery (Pujeri SS et al., 2012).  
Capecitabine is used to treat cancer which arises 
due to uncontrolled growth of abnormal cells in 
any part of the body. It has half-life of 45-60 
mins approximately along with low bioavailability 
and solubility (Nazari-Vananim R and Karimian K 
2019, Agnihotri SA and Aminabhavi TM 2006) 
Capecitabine is an oral prodrug selectively used 
for colorectal and breast cancer treatment. 
Capecitabine enzymatically converts in to 5-
fluorouracil that further metabolized into two 
active metabolites those are, 5-fluoro-2-
deoxyuridinec5-monophosphate (FdUMP) and 5-
fluorouridine triphosphate (FUTP). Approximately 
70% of the drug is readily absorbed through GI 
tract. Though effective, the action of Capecitabine 
against cancer cells is limited mainly by short 
biological half-life due to rapid metabolism and 
non-selective action against healthy cells 
(Agnihotri SA and Aminabhavi TM 2006, Tripati 
KD). This necessitates the need for the 
development of novel drug delivery system with 
the objective of targeting the drug moiety directly 
to the affected organ or tissue. 
Thus, in the present study attempts were made to 
develop a co-polymer with pH and temperature 
responsiveness which can be used as carrier for 
targeted delivery of anti-cancer drug because of 
increased temperature and acidic pH 
environment at tumor site. 
 
MATERIAL AND METHODS 

Materials  

Capecitabine was obtained as a gift sample from 
Shilpa Antibiotic Pvt. Ltd, Raichur, Karnataka. 
Sodium alginate, Ammonium per sulphate, 

Sodium sulphite ware purchased from HiMedia 
Laboratories pvt ltd. N-isopropyl acrylamide and 
N, N-Methylene bis-acrylamide (MBA) ware 
purchased from Acros Organics, Geel, Belgium. 
Acetone and methanol ware purchased from 
Molychem Mumbai. All other chemicals were of 
analytical grade. 
Methods  

Preparation of Calibration Curve of 

Capecitabine 

Absorbance maximum of Capecitabine in 
phosphate buffer of pH 7.4 was first determined.  

Accurately weighed 100mg of Capecitabine was 
first dissolved in sufficient amount of methanol 
and then made up volume to 100ml with 
phosphate buffer of pH 7.4 to give stock solution 
of concentration 1000µg/ml. From this stock 
solution 10ml was pipette out into 100 ml 
volumetric flask and made up the volume to 
100ml with buffer to achieve the concentration of 
10µ g/ml. Aliquots of 1,2,3,4 and 5ml were 
transferred in 10 ml volumetric flask separately 
and the final volume was adjusted with phosphate 
buffer of pH 6.8 to obtain the concentration of 
10-30µg/ml of drug. The absorbance of all 
solutions was measured at 303nm against 
phosphate buffer of pH 7.4 as blank. The plot of 
absorbance vs. concentration (μg/ml) was plotted 
& data was subjected to linear regression 
analysis. Capecitabine exhibited its maximum 
absorbance at 303 nm and obeyed Beer’s law 
within the concentration range of 10µ g/ml to 
100µg/ml (Suba L and Selvamani P 2012, 
Pentlavalli S et al., 2017). 
Synthesis of Co-polymer ALG-g-PNIPAm 

Two methods were employed for the synthesis of 
ALG-g-PNIPAm namely; free radical 
polymerization method and dispersion 
copolymerization method. 
Synthesis of graft polymers using free radical 

polymerization method 

ALG-g-PNIPAm was synthesized in aqueous 
medium with ammonium persulfate (APS) and 
sodium sulphite redox system as the initiator. 
Briefly, specified amount of alginate and PNIPAm 
were dissolved in 25ml of distilled water and 
degassed with the help of nitrogen gas for 30 
mins. Meanwhile, a specified quantity of APS and 
sodium sulphite ware separately dissolved in 
distilled water and then poured into the monomer 
solution. Copolymerization was performed in a 
round bottom flask (three necked) provided with a 
nitrogen inlet, thermometer and condenser and it 
was performed at 300C for 24hrs occasional 
purging with nitrogen. Obtained product was 
immersed into large amount of acetone and then 
filtered to remove homopolymer. It was further 
dried at room temperature to obtain ALG-g-
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PNIPAm. The quantities of each of the ingredient 
used is listed in Table 1. Gravimetric analysis 
method was used to calculate the total monomer 
conversion (X %) by using the equation as below 
(Zhang T et al., 2012). 

X% =
(𝑊𝐷𝑟𝑦– 𝑊𝐴𝐿𝐺– 𝑊𝐴𝑃𝑆)

(𝑊𝑁𝐼𝑃𝐴𝑚 +  𝑊𝑀𝐵𝐴)
× 100 

Where, WDry stands for weight of both the 
polymers PNIPAm and co-polymer ALG-g-
PNIPAm. WAPS, WALG, WSDS and WNIPAm are the 
weights of APS, Alginate, SDS and NIPAm 
monomer, respectively. 
 

 
Table 1: Formulation design for the synthesis of graft polymers using free radical polymerization 

method 

Formulation 

Code 

Sodium 

Alginate 

N-isopropyl-

acrylamide 

Ammonium 

Persulfate 

Sodium 

Sulphite 

CPF1 2.5g 1g 200mg 100mg 

CPF2 3.0g 1g 200mg 100mg 

CPF3 3.5g 1g 200mg 100mg 

CPF4 4.0g 1g 200mg 100mg 
 

Synthesis of graft polymer using dispersion co-

polymerization method  

ALG-g-PNIPAm was synthesized using APS as 
initiator and MBA as cross-linking agent in 
aqueous medium. Briefly, specified amount of 
alginate was dissolved in 25ml of distilled water. 
Alginate solution was transferred to round bottom 
flask, degassed with the help of nitrogen gas for 
30 mins. Subsequently, specified amount of 
NIPAAm and MBA were added to the solution of 
alginate with forceful stirring. After the reaction 
solution temperature was increased to 45-50 0C, 
the initiator APS (100mg) was added. The 
reaction solution becomes milky white within 15 
mins. The reaction was proceeded for 4 h at 45 -
50 0C. Obtained product was immersed into 

large amount of acetone and then filtered to 
remove the homopolymer. It was further dried at 
room temperature to obtain ALG-g-PNIPAm. 
Quantities of each of the ingredient used is listed 
in Table 2. Gravimetric analysis method was used 
to calculate the total monomer conversion (X %) 
by using the equation as below (Wang Y et al., 
2014). 

X% =
(𝑊𝐷𝑟𝑦– 𝑊𝐴𝐿𝐺– 𝑊𝐴𝑃𝑆)

(𝑊𝑁𝐼𝑃𝐴𝐴𝑚 + 𝑊𝑀𝐵𝐴)
× 100 

Where, WDry stands for weight of both the 
polymers PNIPAm and co-polymer ALG-g-
PNIPAm. WAPS, WALG, WMBA and WNIPAAm are the 
weights of APS, Alginate, MBA and NIPAm 
monomer, respectively. 

 
Table 2: Formulation design for synthesis of graft co-polymer using dispersion copolymerization 

method 

Formulation 

Code 

Sodium 

Alginate 

N-isopropyl-

acrylamide 

Ammonium 

Persulfate 

Methylene Bis-

acrylamide 

CP1 2.5g 1g 200mg 80mg 

CP2 3.0g 1g 200mg 80mg 

CP3 3.5g 1g 200mg 80mg 

CP4 4.0g 1g 200mg 80mg 

 

Characterization of co-polymer
 

The conjugation between alginate and PNIPAm 
was determined by using Fourier-transform 
infrared spectroscopy (FTIR, Shimadzu). For this, 
diffused cell technique was used to obtain FTIR 
spectra of co-polymer. The co-polymer sample 
was mixed properly and ground to very fine 
powder with KBr and then pressed in to pellets. 
The spectrum was recorded in the range of 
wavelength from 4000 to 400 cm-1 at ambient 
temperature. 

Determination of LCST of synthesized co-

polymer 

Differential Scanning Calorimeter (DSC-60, 
Shimadzu) was used to determine the LCST of 
ALG-g-PNIPAm (CP3). It was determined by using 
solid as well as liquid sample. 
Procedure for liquid sample 

The co-polymer was immersed in phosphate 
buffer of pH 6.8 and kept aside for 24h (allowed 
to swell). The temperature between 25 to 50 0C 
(10 0C/min) and dry nitrogen (30ml/min) was 
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used for the analysis. In DSC thermograms, onset 
point temperatures ware considered to be the 
LCST of polymer (Chen D et al., 2014). 
Procedure of solid sample  
Aluminum pan containing 7±1mg was 
hermetically sealed. The glass transition 
temperature was measured with double runs of 
samples i.e., first the sample was heated at a 
heating rate at 10 0C/min, allowed to cool and 
then second heating rate of 2 0C/min. The glass 
transition temperature was taken as the peak-
point of the transition (Jaiswal MK et al., 2014). 
Preparation of drug-loaded nanoparticles 

Before drug loading, absorption maxima and 
standard calibration curve of drug in phosphate 
buffer of pH 7.4 was plotted. Four Capecitabine-
loaded nanoparticle formulations were prepared 
by varying drug: polymer ratio (Table 5).  Briefly, 
the specified amount of Capecitabine and co-
polymer were taken to prepare aqueous solutions 
of Capecitabine and co-polymer separately by 
using magnetic stirrer. Both the solutions were 
mixed and volume was made up to 25ml with 
distilled water. The prepared solution was then 
sonicated by using probe sonicator for 15 mins 
and the obtained solution was analysed for 
particle size and PDI. 
Particle size and Polydispersity index and zeta 

potential of nanoparticles 

Dynamic light scattering (DLS) analyzer (Nanotrac 
R-150 USA) was used to determine the particle 

size and PDI of Capecitabine loaded 
nanoformulations. The dispersions of 
Capecitabine loaded nanoformulations (F1-F4) 
and blank nanoparticles in distilled water were 
prepared with continuous stirring for about 1 h. 
The dispersions were then filtered through 
0.45μm millipore filter. Six determinations were 
taken to get mean diameter (±SD) (Fares MM et 
al., 2008). The Malvern Zetasizer was used to 
determine the zeta potential of all the 
formulations and the average values of triplicate 
measurements were taken. 
Morphology of nanoparticles 

Transmission electron microscope (TEM-Hitachi 
H-7500) was used to analyse the morphology of 
Capecitabine loaded nanoparticles (F3) and it 
was performed at SAIF Cochin. One drop of 
Capecitabine loaded nano formulation was 
placed on copper grid and examined under TEM. 
Determination of loading efficiency 

To determine drug content of nano formulations, 
the obtained solution was centrifuged for 30 min 
at 15000 rpm and the free drug present in the 
supernatant was analysed by UV 
spectrophotometer at 303nm. Three independent 
experiments were performed and the mean 
values of three experiments were considered. It 
was calculated by using the following formula 
(Javia AR et al., 2015). 
 

 

% EE  =
Total amount of  drug − Total amount of unbound drug

 Total amount of drug
× 100 

 
In vitro drug release profile of nanoparticles 

Drug release profile of formulation was 
performed at different pH and temperature 
conditions. The Capecitabine nanoparticles were 
determined by using the dialysis bag. 100 mg of 
formulations was transferred to a dialysis bag 
(MW cut off 12,000–14,000 Dalton, pore size 2.4 
nm) and sealed. The sealed bag was tied & 
dipped in the beaker in 100 ml phosphate buffer 
with pH 6.8 at 35 0C temperature on magnetic 
stirrer up to 12hrs at a constant speed of 100 
rpm at 35±0.5 0C. Aliquots of 5 ml of the sample 
were withdrawn at predetermined time intervals 
and the same was replaced with fresh buffer. The 
withdrawn aliquots were analyzed by the UV 
spectrophotometry at 303nm. Release profile of 
drug-loaded nanoparticles was also performed at 
pH 7.4 and 37 0C temperature (physiological 
conditions). The release profile of pure drug at 
physiological condition was also studied for 
comparison. The measurements were triplicated 
for every sample and the average values were 
plotted. 

RESULTS AND DISCUSSION 

Determination of absorbance maximum 

Standard solution prepared by using phosphate 
buffer of pH 7.4 was scanned and maximum 
absorbance was observed at 303nm. 
Standard calibration curve of capecitabine  

Absorbance values of Capecitabine standard 
solution (10-30 µg/ml) are shown in Table 3. The 
calibration curve was linear between the range of 
10-30 µg/ml at λmax of 303 nm (Figure.1) with 
slope, regression and intercept respectively. 
 

Table 3: Standard calibration curve of 
Capecitabine 

Concentration (µg/ml) Absorbance 

0 0 

10 0.324 

15 0.491 

20 0.622 

25 0.798 

30 0.942 

http://informahealthcare.com/action/doSearch?Contrib=Chen%2C+D
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Fig.1: Standard calibration curve of Capecitabine 
 

Synthesis of co-polymer and percent monomer 

conversion 

The ALG-g-PNIPAm co-polymer was successfully 
prepared by using two monomers, i.e., NIPAAm, 
a thermo sensitive polymer and alginate, a 
biocompatible natural polysaccharide which 
shows pH-responsive property due to 
protonation–deprotonation equilibrium of 
carboxylic groups present in its chains. Two 
methods were adopted to prepare the copolymer. 
In free radical polymerization method, 
ammonium persulfate (APS) and sodium sulphite 
redox system is directly used to initiate 
polymerization whereas, in dispersion 
copolymerization method, APS is used as a 
radical initiator at a temperature of 45 to 50 0C 

which decomposes APS to produce sulfate anion 
radicals. By using radicals of APS, PNIPAm was 
coupled chemically to the alginate backbone 
through carbodiimide chemistry i.e conjugation 
between amino group of PNIPAm and carboxylic 
groups of alginate to initiate the graft 
copolymerization with crosslinking agent MBA 
(Patil AS et al., 2017). In free radical 
polymerization method the percent monomer 
conversion (X) ranges from 32 to 84 % whereas in 
dispersion copolymerization it ranges from 10 to 
45 %. Compared to dispersion co-polymerization, 
percent monomer conversion is higher in free 
radical polymerization method (Table 4) but not 
showing any justifiable results with respect to 
alginate concentration in both the cases. 

 
Table 4: LCST and percent total monomer conversion (X %) of ALG-g-PNIPAAm Co-polymer 

prepared by two different methods 

Free radical  polymerization method 

(Method 1) 

Dispersion co-polymerization method 

(Method 2) 

Formulation code LCST X% Formulation code LCST X% 

CPF1 31.5 43.24 CP1 32.08 21.73 

CPF2 31.83 32.60 CP2 32.11 43.86 

CPF3 32.31 84.26 CP3 33.10 45.2 

CPF4 32.80 60 CP4 33.82 10.86 
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Structure analysis of co-polymer 

The co-polymer synthesis was confirmed by FTIR 
spectra of ALG (a), PNIPAm (b), and co-polymer 
(c) (Figure. 2). We obtained same spectra of ALG-
g-PNIPAm co-polymer when prepared by both the 
methods. In the spectrum of alginate, O-H 
stretching vibrations appear with a broad band 
from 3000 to 3600 cm−1.The band at 2910 cm−1 

corresponds to aliphatic C-H bond and two peaks 
between 1430 and 1380 cm-1 were attributed to 
the asymmetric and symmetric stretching of 
carboxyl groups, respectively. The symmetric and 
asymmetric vibration bands of C-O-C bands (a 
typical polysaccharide rings) were observed in the 
range of ≈1170–1030 cm−1. PNIPAm spectrum 

shows the symmetric and asymmetric vibration 
bands of methyl groups absorption bands at 
2981 and 2868 cm-1. The amide bonds at 1656 
and 1572 cm-1 are representative of the C-O 
stretching and the N-H vibration. In ALG-g-
NIPAAm spectra, the typical bands at 1572 and 
1654cm-1 corresponded to N-H bending and C-
O stretching due to presence of PNIPAm within 
the copolymer. Additionaly, the symmetric and 
asymmetric vibrations of the C-O-C bond 
observed between ≈1030 cm-1 and ≈1170 cm-
1 represented typical from alginate rings. These 
various peaks evidencing that PNIPAm 
polymerization had occurred successfully on the 
alginate backbone. 

 

 

Fig.2: FTIR spectrum of a. NIPAm b. Alginate and c. ALG-g-PNIPAAm Co-polymer 
 

LCST of Copolymer  

LCST of both solid and liquid samples were 
determined to analyse if any change is observed 
in the LCST of polymer if it’s in solid or liquid 
state. LCST of all the co-polymers are listed in 
Table 4. It was found that as the weight of 
alginate increased there was a slight increase (but 
not significant increase) in LCST of the polymer 

as alginate is a hydrophilic monomer. No 
significant difference was observed between the 
LCST of solid (33.30 0C) and liquid (33.10 0C) 
sample i.e in both the cases LCST was found to 
be ~33 0C and the same is depicted in Figure. 3. 
The copolymer CP4 with higher LCST was used to 
load the drug. 
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Fig.3: LCST of ALG-g-PNIPAm a. Solid sample of co-polymer. b. Liquid sample of co-polymer 
(heating rate-2 0C/min) prepared by dispersion copolymerization method 

 
Evaluation of drug-loaded nanoparticles 

Particle size, polydispersity index and zeta 

potential 

Particle size, PDI, zeta potential is shown in Table 
5. All the formulations were found in the range 
of. 200-300nm. PDI determines particle size 
distribution which ranges from 0 to 1. Sample is 
said to be monodisperse when the PDI value is 
close to 0, when PDI value <0.2, it is regarded as 

narrow size distribution. However, when PDI value 
>0.2, it is considered as polydisperse distribution. 
It was observed that particle size of the blank 
polymeric solution i.e. without drug loading was 
less than that obtained after loading the drug 
which shows that drug is successfully loaded into 
the graft polymer. Zeta potential of all the 
formulations was greater than 30 indicating long 
term dispersion stability of nanoparticles. 

 
Table 5:  Formulation design of drug-loaded nanoparticles and their evaluation 

Formulation 

code 

Co-

polymer 

code 

Drug:Polymer 

ratio  

Particle 

size (nm) 

   PDI Zeta 

Potential 

(mV) 

% Loading 

Efficiency (%) 

Blank - - 183±24 0.123 - - 

F1 CP4 1:10 234± 12 0.150 33±4.4 95.2±2.3 

F2 CP4 2:10 201± 22 0.161 36±6.3 96.32±3.1 

F3 CP4 3:10 264± 32 0.122 38±4.2 97.63±4.3 

F4 CP4 4:10 300± 24 0.224 38±5.4 97.25±4.4 

n=3 
 
Morphological study  

TEM analysis were carried out for formulation F3 
and the TEM images of the same are shown in 

Figure. 4. It was observed that all the particles 
were in nano range, spherical in shape and 
evenly distributed. 
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Fig.4: TEM analysis of formulation F3 at different magnification of 200nm (A) and 100nm (B) 
 

Determination of loading efficiency 

Drug is loaded only in co-polymer prepared by 
dispersion copolymerization method, because 
their LCST was found to be within the required 
range.  Loading efficiency was determined in all 
four formulations and the % loading efficiency 
was found to increase with increase in drug 
concentration from F1-F3 but there was no any 
significant difference in formulations F3 and F4 
were observed (Table 5) and maximum loading 
efficiency was found to be 97.63% (F3-
formulation). Due to particle size and % loading 
efficiency the formulation F3 is considered for 
evaluation. 
In vitro drug release study  

Drug release profiles of Capecitabine-loaded 
nanoparticles was performed for a period of 
12hrs and were carried out at pH 6.8 and 
temperature above LCST (35 0C) and also at 

physiological pH (7.4) and temperature 37 0C 
conditions (Figure. 5). F3-Formulation showed % 
drug release of about 49.84 % at pH 6.8 and 
temperature 35 0C (above LCST) and 25.32 % at 
physiological temperature 37 0C and pH 7.4, this 
is because, in case of acidic pH 6.8, temperature 
was maintained at 35 0C which is above to LCST 
temperature (33.38 0C) of co-polymer. Whereas, 
in case of physiological conditions, temperature 
was maintained at 37 0C which is much higher 
than the LCST temperature but the pH is not 
acidic, thus the percent drug release is very low. 
In both the cases, initially, sudden increase in 
drug release was observed which was attributed 
to drug adherence on the surface of nanoparticles 
after that the drug release was sustained over a 
period of time. The release profile of pure drug 
(Figure. 6) shows 90 % of drug release in 2 hrs. 

 

Fig.5: Comparative graph of release profiles of formulation F3 at two different temperature and 
pH conditions 
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Fig.6: In vitro release profile of pure drug 
 
CONCLUSION 

The ALG-g-PNIPAm was successfully prepared by 
both the methods. Though the percent monomer 
conversion is higher with free radical 
polymerization, the increase in LCST was 
observed in dispersion copolymerization method. 
Thus, copolymer prepared by dispersion 
copolymerization is used to prepare drug loaded 
nanoparticles. The prepared nanoparticles 
showed pH and temperature responsive drug 
release. The maximum LCST of co-polymer 
achieved in the present study was around 33.82 
0C but in tumor microenvironment temperature 
will always be higher than that of body 
temperature. Thus, the co-polymer should have 
LCST greater than body temperature for targeted 
drug delivery at tumor site. The synthesized co-
polymer shows dual pH and temperature 
responsiveness and release more percentage of 
drug at temperature above LCST of co-polymer 
and at acidic pH. In conclusion, the developed 
nano particulate system is an effective dual 
responsive targeted drug delivery system for 
Capecitabine after proper optimization (LCST) 
with very low toxic side effects. Future publications 
in this series will deal with the optimization of co-
polymer with required LCST by using other 
hydrophilic monomers and its potential 
application as a carrier for site specific smart 
delivery of anticancer drugs. 
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ABSTRACT
Background: This in situ solution which on gelation floats in the gastric region is 
suitable for sustaining the release of the drug. In the present research work, Ropinirole 
Hydrochloride which is an Anti-parkinson agent, used to formulate an in situ gel for 
prolonged action. Materials and Methods: Sodium alginate is a natural polymer used to 
form the gel matrix, calcium carbonate plays a dual role i.e. the source of CO2 entrapped 
in the matrix for floatation of gel and source of Ca2+ ion for sol to gel transition, HPMC 
K100M as the release retard polymer was investigated. The mechanism for the floatation 
of the gel was pH induced ion gelation. For the formulated in situ solution different 
evaluation parameters were used. Results and Discussion: On the basis of the outcomes 
pale colored, viscous solution of uniform consistency was obtained, the drug content was 
found to be >87%, the viscosities were in the acceptable range suitable for swallowing, 
pH was found to be in the range of 7.35-7.87 which was compatible for oral ingestion. 
Design Expert 12 software was used to derive the results of interaction and responses on 
the basis of concentration of polymer and statistical analysis. F5 (0.75mg SA and 0.5mg 
HPMC) the optimized formulation showed a slow drug release of 96.10% up to 12 h. 
The best fit model for the drug release was Korsmeyer Peppas model which explained 
drug release on imbibition of water from surrounding by polymer matrix. Conclusion: The 
in situ gel prepared can ultimately provide prolonged release, enhance the bioavailability 
of the drug and increase the patient compliance due to development of a once in a day 
dosage form in comparison to multi dose of tablets therefore, can be considered as 
promising dosage form for increased therapeutic action.
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INTRODUCTION
Oral sustained release drug delivery has 
received an increasing attention in the 
pharmaceutical field because of  its certain 
advantages over other dosage forms which 
includes easier administration of  dose, 
improved patient compliance, formulation 
flexibility and cost effectiveness.1 Floating 
drug delivery system provides adequate 
buoyancy to float over the gastric contents 
because of  its low density. It remains 
buoyant for an extended period without 
affecting the gastric emptying rate.2 Oral 
liquid dosage as an in situ solution can be 
the most suitable means adopted for any 
drug delivery to the systemic circulation. 

The in situ solution undergoes gelation on 
coming into contact with the digestive fluid 
in the stomach.3,4 The drug in the gel matrix 
steadily diffuses at the desired rate while it 
floats on the gastric contents. The remnant 
of  the gel is emptied from the gastric region 
after release of  the drug. Various triggers 
that induce gelation of  solution include pH, 
ions and temperature.5,6

Ropinirole Hydrochloride (RH) is a non-
ergoline dopamine drug which has an 
agonist action which enhances the level of  
chemical messenger dopamine in the brain. 
Due to its high specificity it generates full 
intrinsic activity at D2 and D3 receptor 
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subtypes and therefore is useful for the treatment of  
Parkinson’s disease.7 This drug is often used for the 
treatment of  moderate to severe Restless Leg Syndrome 
(RLS) which causes an impulsive movement of  legs 
and an uncomfortable sensation to the patient.8 RLS 
which is a common condition in patients suffering 
from Parkinson’s disease. Medications like Ropinirole 
helps in overcoming the unpleasant feeling and also 
combat the problem temporarily. The biological half-life 
of  RH is only 5 h and its bioavailability is about 55%. 
Conventionally, the drug is available as a tablet which 
is given 3 times a day with a dose of  0.25 – 5 mg for 
the therapeutic effect. The frequency of  this dosage 
promotes the formulation of  once a day in situ gel to 
overcome the problem of  multiple administrations and 
reduced patient compliance.9
Also, formulation of  a prolonged release dosage form 
using RH can enhance the bioavailability of  the drug 
up to 100% in comparison to multi dose tablets of  RH, 
which shows a low bioavailability of  50-55%. Once in a 
day can also prevent the fluctuations in the plasma drug 
concentration.The patients suffering from Parkinson’s 
are generally unable to swallow the tablets due to 
decreased muscle functions and dryness of  the mouth. 
However, it would be easier for them to partake dosage 
in liquid form. Every dose of  10 ml in situ will contain 2 
mg of  drug which will be administered to the patient, to 
overcome the problem of  patient incompliance due to 
multiple administrations.9 
RH is prepared in the form of  in situ floating gel for the 
retention of  the drug in the gastric area for a prolonged 
period of  time i.e. short transit time of  the tablet while 
in situ gel is a sustained release formulation to be taken 
once a day for effective action. As RH is a highly water 
soluble drug it is prone to the problem of  dose dumping, 
which can be overcome by preparing sustained release in 
situ gel of  the drug. Also, the fluctuations in plasma drug 
concentration can be controlled by formulating an in 

situ gel. This also helps in enhancing the local action of  
the drug to the gastric region as the drug RH is actively 
adsorbed in the stomach region.9,10

MATERIALS AND METHODS

Materials
Ropinirole Hydrochloride was a generous gift sample 
obtained from Neuland Laboratories Ltd. Hyderabad, 
India. Sodium Alginate was obtained from S D Fine-
Chem Ltd, Mumbai, India. HPMC K100M was procured 
from Otto Chemie Pvt. Ltd. and Calcium Carbonate was 
procured from Priya Research Labs, Bangalore, India. 
All the chemicals and materials were of  analytical or 
pharmaceutical grade.

Method of Preparation of in situ Polymeric  
Solutions
100 ml distilled water was stirred on the magnetic stirrer 
followed by addition of  250 mg of  tri-sodium citrate. 
Then weighed quantity of  sodium alginate was added 
slowly as the solution reached 70°C followed by the 
addition of  HPMC K100M which acts as a release retard. 
The solution is stirred till a clear solution is obtained; the 
temperature is maintained to 70°C. The clear solution 
is taken and cooled to 40°C followed by addition of  
calcium carbonate after cooling with continuous stirring 
to provide a uniform solution. To this Ropinirole 
Hydrochloride is added and finally 180 mg of  methyl 
paraben is added as a preservative in the solution. The 
solution is stirred continuously till a uniform solution 
is obtained. The quantities of  Sodium alginate and 
HPMC K100M are varied from 500-750 mg and 400-
600 mg respectively. Table 1 represents composition of  
formulations prepared and the schematic representation 
for preparation in situ polymer solution and its evaluation 
is depicted in Figure 1.11,12

Table 1: Composition of Formulation of Ropinirole HCl in situ Solutions.

Ingredients
Formulations (w/v)

F1 F2 F3 F4 F5 F6 F7 F8 F9

Ropinirole
Hydrochloride

(mg)
20 20 20 20 20 20 20 20 20

Sodium Alginate (mg) 500 500 500 750 750 750 1000 1000 1000

HPMC K100M (mg) 400 500 600 400 500 600 400 500 600

Calcium
Carbonate (mg) 1000 1000 1000 1000 1000 1000 1000 1000 1000

Tri-Sodium Citrate (mg) 250 250 250 250 250 250 250 250 250

Methyl Paraben (mg) 180 180 180 180 180 180 180 180 180

Distilled Water (upto 100 ml) 100 100 100 100 100 100 100 100 100
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Experimental Designing of the Formulations
The experimental designs of  the formulations were  
done using Design Expert 12 Software. Based on full 
factorial design 32, that is two factors having 3 levels  
each, 9 runs were obtained. Responses were taken 
accordingly, which were drug release in the 1st h, % 
drug release in 8 h and viscosity of  the formulations. 
On the basis of  the results of  the interactions and 
effects obtained in the software, the optimized gel was 
obtained.12

Evaluation methods of in situ solution

Compatibility study by FT-IR and Differential 
Scanning Calorimetry (DSC)
The FTIR Spectrum for the pure drug and the excipients 
were obtained using FT-IR Spectrophotometer 
Shimadzu Japan and the compatibility of  the drug 
and excipients was checked using DSC 60 apparatus 
Shimadzu, Japan at KLE College of  Pharmacy, Belagavi.

Physical Appearance of the in situ solution
The formulations prepared were observed physically for 
their appearance, colour and odour.

pH and Drug Content of the Formulations
The pH of  the formulations was measured using 
calibrated digital pH meter. The drug content of  the 
formulations was obtained by dissolving the required 
quantity of  the solutions equivalent to dose of  the drug 
(2mg) into 20 ml of  1.2 pH buffer. The gel formed along 
with the 20 ml of  buffer was shaken using propeller for 
15 mins, till all the gel was completely dispersed. The 
absorbance was taken using UV spectrophotometer, to 
calculate the drug content.12,13

In vitro Gelling Capacity
The gelling capacity of  the formulations was measured 
using test tube method. About 1 ml of  formulated 

Figure 1: Schematic Representation for Preparation in situ 
Polymer Solution and Its Evaluation.

gel was transferred to test tubes containing 5 ml of  
1.2 H buffer (similar to gastric fluid) with 5% Sodium 
Lauryl Sulphate (SLS) respectively. As the solution 
comes in contact with the buffer, sol to gel transition 
occurs thereby system becomes buoyant and floats. 
The floating, gelling capacity and floating duration is 
evaluated.14

Viscosity Assessment
The viscosity of  the solutions were measured using 
Brookfield viscometer (Model CAP 2000+) using 
spindle number 1, using 60 µl of  sample at 100 rpm. 
All the readings were taken in triplicate with each of  the 
sample for 30 sec each.

In vitro Buoyancy Study
The floating duration was determined by assessing the 
time taken for the 10 ml solution (equivalent to 2 mg of  
drug) to float over the gastric fluid (Floating Lag Time) 
and the duration of  time for which the gel floats.15

Density of the Gel
The densities of  the formulations were measured by 
calculating the mass and volume of  the gels formed 
for each of  the formulation. The polymeric solution 
converted to form stiff  gel when it contacts acidic 
buffer. For the gels, the mass was recorded using 
weighing balance; gel transferred to measuring cylinder 
and the volume was noted.

Water Uptake Test
Into 20 ml of  0.1N HCl, 10 ml of  in situ solution was 
transferred for sol to gel transition. The excess buffer 
was removed through sieving. Later the stiff  formed gel 
was weighed using the electronic weighing balance. The 
initial weight was noted. Further, the gel obtained was 
put in 10 ml distilled water for 1 h and weighed again.15

The continuous process of  replacing the water after 
every hour along with weighing of  the gel was continued 
till 6 h. The final weight of  the swollen gel was reported.

In vitro Drug Release
The drug release study from the in situ gel was done 
using USP Type II Dissolution Apparatus. 10 ml of  in 
situ solution was taken equivalent to 2 mg of  the dose 
of  RH. The 10 ml solution was put in the dissolution 
basket using measuring cylinder containing 900 ml of  
1.2 pH buffer (simulated gastric fluid) and 5% Sodium 
Lauryl Sulphate. The temperature was set at 37°C and 
rpm at 50. The drug release was studied upto 12 h. 5 ml 
sample was withdrawn at every hour and the content 
was determined by measuring absorption at 249 nm 
using UV spectrophotometer.16
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Study of Drug Release Kinetics
The data which was obtained after performing the in vitro 
drug release study was plotted in various mathematical 
models which predict the release kinetics for the in situ 
gel. The release kinetics for different models like First 
order, zero order model, Higuchi model, Hixon Crowel 
and Korsmeyer Peppas model were examined. The data 
for mechanism of  release was obtained using PCP Disso 
V3 Software (Version 3, Bharati Vidyapeeth Poona). 
The best fit model was selected on the basis of  the r2 
value obtained. The graphs for the release kinetics were 
prepared for the optimized formulation using Microsoft 
Excel and the linearity was observed.

Stability Study
The optimized formulation was contained in a glass 
bottle of  100 ml capacity and kept in the stability 
chamber. The stability of  the in situ solution was 
monitored at the accelerated conditions for the required 
period as per the guidelines specified by the ICH. In 
the present study the sample was kept in the Humidity 
control chamber at 25±2°C / 60% ±5% RH and was 
withdrawn on the 7th, 15th and 30th day of  the stability 
chamber.17 

RESULTS AND DISCUSSION
FT-IR Spectroscopy
The spectrum showed important functional peaks 
for Ropinirole HCl were observed for groups  
C-N 1242.16, C=O 1724.36, C-N 2881.62, N-H 
3234.20 cm-1 and similar peaks were observed for 
physical mixture indicative of  no physical and chemical 
interactions i.e., no influence of  the polymer on the 
API. Results observed can be seen in Figure 2a and 2b.

DSC Study
As per the DSC carried out, a sharp endothermic 
peak appears at a temperature of  247.01°C. In the 
physical mixture the endothermic peak for the drug  
was recorded at 244.34°C alongside a peak of  HPMC 
K100M at a temperature of  166.8°C. The peaks 
represented that there was compatibility among the 
drug and excipients as Figure 3a and 3b.

Physical Appearance
The in situ solutions prepared were white to pale 
yellow and creamy in appearance when prepared. 
The physicochemical properties of  the solution were 
not altered on autoclaving. Thus the solutions can be 
categorized under Newtonian fluids. It showed slow 
flow ability due to solutions viscous nature and a 
calcite smell obtained because of  presence of  calcium 

carbonate in the solution. On conversion of  the in situ 
solution into gel the visual appearance of  the gel was 
white in color with a good consistency.

pH and Drug Content
pH determination is considered as a very important 
parameter for the orally administered dosage form as 
it shouldn’t affect the solubility and stability of  the 
liquid and must be compatible for drinking. The pH was 
found in the range of  7.66-7.86 which was optimal for 
oral administration of  dosage form. Secondly, the drug 
content was found to be in the range of  1.741-1.862 
mg/10 ml which explained that most of  the drug was 
uniformly distributed in the entire liquid formulation 
and there was no drug loss during formulation of  in situ 
solution. The results are shown in Table 2.

In vitro Gelling Capacity
For the gelling capacity it was shown that all the 
formulations showed that the polymeric solution 
converted to a stiff  floating gel as soon as it comes 

Figure 2a: FTIR Spectrum of Pure API (Ropinirole HCl).

Figure 2b: FTIR Spectrum of Physical Mixture.
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in contact with the gastric simulated fluid (0.1 N HCl 
Buffer). Also, the gel remained floating for more than 12 
h i.e. for prolonged period of  time due to the presence 
of  calcium carbonate which is the source of  carbon 
dioxide gas which gives buoyancy to the gel as shown 
in Figure 4.

Table 2: Evaluation of Formulated in situ solutions of Ropinirole HCl.

S No. Formulation Code pH Drug Content Buoyancy Test Gel Density
 (gm/cm3)

Water Uptake 
(%)

1 F1 7.68 ±0.037 1.809 ±0.030 > 15 hr 0.671± 0.12 22.442

2 F2 7.78 ±0.020 1.851 ±0.035 > 15 hr 0.684± 0.19 26.49

3 F3 7.76 ±0.015 1.810 ±0.076 > 15 hr 0.699± 0.08 28.92

4 F4 7.83 ±0.005 1.814 ±0.064 > 15 hr 0.748± 0.05 31.48

5 F5 7.66 ±0.026 1.775 ±0.012 > 15 hr 0.754± 0.11 34.573

6 F6 7.73 ±0.010 1.744 ±0.094 > 15 hr 0.771± 0.04 36.60

7 F7 7.72 ±0.005 1.862 ±0.055 > 15 hr 0.832± 0.20 39.841

8 F8 7.81 ±0.057 1.790 ±0.022 > 15 hr 0.857± 0.15 43.388

9 F9 7.84 ±0.011 1.784±0.076 > 15 hr 0.868± 0.17 46.41

Figure 3a: DSC Spectrum of pure drug of Ropinirole HCl.

Figure 3b: DSC Spectrum of Physical Mixture of Ropinirole 
HCl along with HPMC K100M.

Figure 4: In vitro gelling capacity of formulations F1 to F9.

Figure 5: Viscosity of formulated in situ solutions of 
Ropinirole HCl.

Viscosity
The polymeric solutions showed a marked increase in 
the viscosity i.e., change in the rheological properties 
was seen with the increase in the concentration of  
HPMC K100M. The viscosity of  solution was found to 
increase with proportional increase in the concentration 
of  HPMC and sodium alginate, also the flowability was 
affected which is depicted in Figure 5.
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Buoyancy Study
The floating duration for all the formulations was found 
to be more than 15 h. All the formulations contained 
1000 mg of  CaCO3 each, which was responsible for the 
floatation of  the gel mass. It was concluded that 1 g of  
calcium carbonate was able to float the gel mass of  all 
formulations having different densities due to various 
concentrations of  polymers as indicated by the floating 
duration checked in 900 ml of  simulated gastric fluid 
with 5% SLS in the dissolution basket at 37± 0.5°C.

Gel Density
For the formulations to float in the gastric region the 
density of  the in situ gel should be less than 1.004 g/
cm3. The densities of  all prepared gel formulations were 
found to be less than 1 g/cm3. Thus, they were seen 
to be floating for a prolonged period of  time. It was 
observed that the densities of  the formulations were 
increasing gradually with the increase in the polymer 
concentration. There was increase in the weight of  the 
gel due to more water absorption. The results are given 
in Table 2.

Water Uptake
The release of  the drug from the matrix is based on 
imbibing of  water and further diffusion of  drug from 
the gel. At the end of  6 h it was found that the highest 
water uptake of  46.41% was observed for formulation 
F9 as it contains the highest concentration of  both 
the polymers i.e. 1 g sodium alginate and 0.6 g of  
HPMC K100M which expands as it absorbs water and 
vice versa in case of  F1 formulation which absorbed 
the least amount of  water i.e. 22.44 % due to lowest 
concentration of  the polymers which is tabulated in 
Table 2.

In vitro Drug Release
The effect of  polymer concentration on the in vitro drug 
release was found to be influenced to a great extent. 
The polymer concentration was variable for all the 9 
formulations, thus the response of  the independent 
factor was shown. Sodium alginate is the gel forming 
polymer in the in situ gel, through the gel matrix the drug 
gradually diffuses out as the water enters the matrix. Also 
HPMC acts as the swelling agent which retards the drug 
release to a large extent. All the formulations showed 
more than 80% drug release for the dissolution studies, 
excluding F3, F6 and F9 formulation which consisted 
of  highest concentration of  HPMC which showed high 
swelling property leading to a retarded drug release. F9 
gave the lowest drug release after 12 h due to highest 
concentration of  both sodium alginate and HPMC. 

Figure 6 (a): In vitro drug release profile for formulated in situ 
gels of Ropinirole HCl F4, F5 and F6.

Figure 6 (b): In vitro drug release profile for formulated in situ 
gels of Ropinirole HCl F7, F8 and F9.

While, F1 showed more than 90% drug release within 
8 h due to lowest concentration of  both the polymers. 
Out of  all the formulations F5, F6 showed the required 
slow drug release up to 12 h as depicted in Figure 6a 
and Figure 6b.

Release Kinetic Study Data
The results which were obtained by the in vitro drug 
release study were plotted in various mathematical 
models. The R2 values were obtained which in turn gave 
the results about the best fit model for the release of  
the drug. According to the results obtained the best 
fit model found was Korsmeyer Peppas Model. This 
model explains the slow drug release from the polymeric 
matrix. The drug slowly diffuses out of  the matrix as the 
buffer enters in the system. Based on the data obtained 
graph was plotted for the selected formula which is the 
optimized formula (F5) as tabulated in Table 3.

Statistical Analysis
The statistical analysis was carried out using Design 
Expert 12 software. The results for the various 
responses selected were put in the software. The results 
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Table 3: Release Kinetics of Formulated in situ gels of Ropinirole HCl.

Batches
Zero Order First

Order
Higuchi 
Matrix

Korsmeyer
Peppas

Hixon Crowell
Best Fit 
Model

R2 R2 R2 R2 N R2

F1 0.7528 0.9530 0.9633 0.9771 0.2821 0.9611 Peppas

F2 0.4828 0.9711 0.9455 0.9979 0.2806 0.9523 Peppas

F3 0.5079 0.9644 0.9504 0.9798 0.2840 0.9286 Peppas

F4 0.6547 0.9491 0.9681 0.9783 0.3080 0.9614 Peppas

F5 0.5361 0.9539 0.9547 0.9822 0.2896 0.9419 Peppas

F6 0.4374 0.8760 0.9425 0.9836 0.2764 0.9833 Peppas

F7 0.6272 0.9742 0.9613 0.9742 0.2900 0.9207 Peppas

F8 0.5975 0.9683 0.9623 0.9713 0.3036 0.9153 Peppas

F9 0.5318 0.8516 0.9585 0.9957 0.3073 0.9882 Peppas

were obtained, showing that HPMC K100M retards 
the release of  the drug more as compared to sodium 
alginate. Quadratic model was used to run the design, 
which gave the probable values i.e., P-value, F-value 
which explained the significance of  the results. The 
P-value for all the dependent variables should be < 0.05, 
thus there is a significant difference in the values. The 
P-value obtained explained that the terms obtained in 
the model were significant. “Adeq. Presicion” value was 
more than 4 which explained the models were desirable. 
The response surface plots obtained for the responses 
explained that the increase in the concentration of  
sodium alginate and HPMC was significantly retarding 
the release of  drug at various interval of  time i.e. 1 h 
and 8 h and the viscosity was found to increase with the 
respect to concentration of  polymers as Figure 7.

Optimization of the Formulation
A manual optimization was carried out on the basis of  
the results obtained by the evaluation parameters of  
the formulations. F5 was found to be the optimized 
formulation as the drug was found to be released up 
to 12 h as per the requirement. The optimization was 
carried out by setting constraints. The constraints 
were set according to the required limits for all the 

independent variables which are the concentration of  
sodium alginate, HPMC K100M and viscosity of  the 
formulation. An overlay plot was obtained based on the 
inputs, the optimum values of  the independent variables 
were obtained by adding flag to the center of  the plot, 
which comprised of  771.51 mg of  sodium alginate 
and 437.32 mg of  HPMC K100M. The optimized 
formulation (OP5) generated using DX software was 
evaluated for drug content, viscosity, drug release and 
pH respectively. The results obtained using software was 
compared practically obtained F5 formulation and it 
was concluded that there was no significant difference 
between both the formulations.

Stability Studies
The samples were withdrawn at 7th, 15th and 30th day and 
evaluation of  the sample was carried out. There were 
no changes observed regarding change in color and 
odour of  the solution. Negligible variation was observed 
in terms of  pH, drug content and viscosity. The drug 
release of  the F5 formulation was increased by 1%. 
Thus, we can conclude that there were no significant 
stability issues in the solution; it was edible and stable 
for administration as shown in Table 4.

Table 4: Stability Studies for optimized formulation F5 in situ solution.
Formulation

Code Colour Drug content (mg/10ml)

F5
(Optimized

Formulation)

0 day 15th day 30th day 0 day 15th day 30th day

No change No change No change 1.775 1.775 1.773

Viscosity (cps) pH

0 day 15th day 30th day 0 day 15th day 30th day

140.7 139.1 138.4 7.66 7.65 7.61
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a nutshell, the prepared gastric floating in situ gel 
gave sustained release action upto 12 h, which could 
ultimately enhance the bioavailability of  the drug and 
increase the patient compliance due to development of  
a once in a day dosage form in comparison to multidose 
of  tablets.
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CONCLUSION
In this research work it was demonstrated that, as the 
concentration of  the polymers were increased the drug 
release was decreasing with respect to their properties. 
Furthermore, F5 formulation consisting of  750 mg of  
SA and 500 mg of  HPMC was selected as the optimized 
formulation due to its highest drug release of  96.10% up 
to 12 h. The statistical analysis carried out using Design 
Expert 12 Software explained that the results obtained 
on carrying out the evaluations were significant. In 
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SUMMARY
• On getting a successful compatibility results for 

the drug and the polymers, the dosage form was 
developed using different concentration of sodium 
alginate as the gelling agent and HPMC K100M as 
the viscosity enhancing polymer which retards the 
release of the drug. 

• The best suitable combination of both the 
polymers was selected, based on the results of the 
evaluation parameters and the statistical analysis 
(optimization) using Design Expert 12 (DX12) 
software.

• F5 was found to be the optimized formulation as 
per the results of the evaluations carried out. The 
max drug release was found in case of F5 i.e. for 
12 h upto 96%. 

• All the formulations were evaluated on the basis of 
the variables set and the responses to it based on 
the DX12 software. 

• The dependent variables were the varying 
concentration of polymer sodium alginate from 
lower to higher (500 to 1000 mg) and HPMC 
K100M (400 to 600 mg). Depending upon the 
variables the responses were % drug release for 
1st hour, % drug release for 8th hour and viscosity 
of the solutions (F1 to F9).

• The stability study for the optimized formulation 
was carried out and it was found out that there 
was no colour changes seen on visual analysis of 
the gel over a time period of 0, 15 and 30 days. 
Moreover, there was little or no variation in the 
drug content, viscosity and pH of the formulated 
in situ solution after 0, 15 and 30 days of stability 
analysis.
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ABSTRACT
Background: In present work attempt has been made to develop and validate a simple and  
sensitive UV spectrophotometric method for simultaneous estimation of Telmisartan  
and Metformin Hydrochloride. Objectives: To develop simple, precise, robust, sensitive 
and accurate UV-Spectrophotometric method for the simultaneous estimation of 
Telmisartan and Metformin HCl and to formulate the combined tablet dosage formulation 
of Telmisartan and Metformin HCl respectively. Methods: The optimum condition for the 
analysis of the drug was established with Methanol as solvent. Maximum absorption 
wavelength were found to be 296nm and 237nm for Telmisartan and Metformin  
Hydrochloride. It showed linear response between the concentration ranges of 2-12µg/ml  
and 0.1-0.6 µg/ml for Telmisartan and Metformin Hydrochloide espectively. The linear 
regression coefficient was found to be 0.999. The method was validated for linearity, 
Precision, ruggedness, specificity, Sensitivity as per ICH guidelines and all the values 
of validation was found to be within the acceptance. Hence it can be concluded that 
method was new, simple, selective, specific, precise for simultaneous estimation of 
Telmisartan and Metformin Hydrochloride in bulk powder.
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INTRODUCTION
Telmisartan

Telmisartan (Figure 1) is the drug of  
angiotensin receptor blockers (ARBs). 
Telmisartan interferes with the binding of  
angiotensin II to the angiotensin II AT1-
receptor by binding reversibly and selectively 
to the vascular smooth muscle and the adrenal 
gland. Telmisartan chemically designated as 
2-[4-[[4-methyl-6-(1-methylbenzimidazol-
2-yl)-2-propylbenzimidazol-1-yl]methyl]
phenyl]benzoic acid.1

Metformin HCl

Metformin (Figure 2) is a biguanide 
derivative, it decreases the blood glucose 
levels by decreasing the hepatic glucose 

production, deceases the intestinal 
absorption of  glucose and increasing insulin 
sensitivity by increasing peripheral glucose 
uptake and utilization.2

The main advantage of  this combination is 
Telmisartan act as an adjunct to Metformin 
HCl it helps to prevent ischemic heart 
diseases in diabetes patient. It also helps in 
the activation of  peroxisome proliferator 
activated-γ receptor (PPAR- γ) which helps 
to regulate insulin and glucose metabolism. 
Metformin also HCl helps in fat metabolism 
in obese diabetes patients.3 
Many methods have been reported such as 
HPLC, HPTLC, GC, UV-Spectroscopy for 
Telmisartan and Metformin HCl in alone 
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and combination with other drugs.4,5 Till now there is 
no UV-Spectrophotometric method has been reported 
for this combination and no combined formulation is 
available in the market. Hence in the present research 
work an attempt has been made to develop and 
validate simple, rapid, sensitive, precise and accurate 
UV-Spectrophotometric method determination of  
Telmisartan and Metformin HCl.6,7,8 

MATERIALS AND METHODS
Materials

Telmisartan and Metformin hydrochloride with 99.8% 
purity was obtained as a gift sample from FDC Ltd. 
Verna-Goa. All the chemicals and reagents used for the 
experiment were pure and analytical grade and obtained 
from the store house of  KLE College of  Pharmacy, 
Belagavi. Methanol is of  Fisher scientific was used.

Instruments and apparatus

UV-Spectrophotometer of  Shimadzu make and 1800 
model having UV probe software were used for analysis. 

Method development

Samples were tested for the solubility by using different 
solvents such as Methanol, Acetonitrile, 0.1N HCl, 1N 
NaOH. By looking in to solubility condition Methanol 

were selected as a solvent. Samples were scanned in UV 
range between 200-400nm using methanol as a solvent. 
The maximum absorption for Telmisartan showed at 
296nm and Metformin Hydrochloride at 237nm.9,10,11 

Preparation of standard

10mg of  Telmisartan and Metformin Hydrochloride 
were weighed separately using analytical balance and 
transferred in to 10ml of  volumetric flask and volume 
was made up to 10ml with a solvent Methanol to give 
the concentration of  1000 µg/ml of  each analyte.1ml 
of  Telmisartan and 0.1 ml of  Metformin HCl solution 
from each flask was pipetted out and transferred in to 
10ml volumetric flask individually and volume was made 
up to 10ml with methanol to get a concentration of  100 
µg/ml for Telmisartan and 10 µg/ml for Metformin 
HCl.

Forced Degradation studies

To evaluate the stability condition of  the developed 
UV-Spectroscopic method samples were stressed in 
conditions such as acid, base, oxidation, thermal and 
photolytic degradation. In all study % degradation were 
calculated. The limit of  forced degradation study is 
5-20%.

Acid degradation study

Acid degradation were carried out by weighing 10 mg 
of  Telmisartan and Metformin Hydrochloride in different 
10ml volumetric flask. Dissolved in methanol to get the 
concentration of  1000 µg/ml. Secondary stock solution 
were prepared in the concentration i.e 100µg/ml of  
Telmisartan and 10 µg/ml Metformin Hydrochloride. 
From this 4 µg/ml of  Telmisartan and 0.4 µg/ml of  
Metformin Hydrochloride of  solution were stressed 
by using 0.1N HCl on water bath at 80°C for for 2 hr. 
Samples were scanned in UV range at 200-400nm and 
spectra were noticed.

Base degradation study

For Base degradation study 4 µg/ml of  Telmisartan and 
0.4 µg/ml of  Metformin Hydrochloride of  solution 
were prepared from primary and secondary stock solution 
and diluted by using 0.1NaOH. Both the solutions were 
stressed at 80°C for 2 hr and spectra were scanned.

Oxidation study

Oxidation degradation study 4 µg/ml of  Telmisartan 
and 0.4 µg/ml of  Metformin Hydrochloride of  solution 
were prepared from primary and secondary stock solution 
and diluted by using 30 % Hydrogen peroxide. Both the 
solutions were stressed at 80°C for 2 hr and spectra were 
scanned.

Figure 1: Telmisartan.

Figure 2: Metformin HCl.
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Photo degradation study

Photo degradation study were carried out by exposing 
10mg of  both the drugs in UV light at 254 nm for 24 hr. 
After that solutions were prepared by using methanol to 
obtain final concentration of  4 µg/ml of  Telmisartan 
and 0.4 µg/ml of  Metformin Hydrochloride and then 
scanned to get suitable spectra.

Thermal degradation

Thermal degradation were performed by exposing 
the drugs at 40°C in hot air oven for 4 hr. After that 
solutions were prepared by using methanol to obtain 
final concentration of  4 µg/ml of  Telmisartan and 0.4 
µg/ml of  Metformin Hydrochloride and then scanned 
to get suitable spectra.

Formula to calculate % degradation

−= ×(Initial degradation Final degradation)
% Degradation 100

Initial degradation

METHOD VALIDATION
The method was developed and validated according 
to the ICH guidelines in order to determine Linearity, 
Specificity and selectivity, Precision, Ruggedness, stability, 
LOD and LOQ etc. Linearity range were constructed 
for Telmisartan is 2-4 µg/ml and 0.1-0.6 µg/ml for 
Metformin Hydrochloride.Calibration curve was plotted 
by using area versus the concentration. Precision study 
was performed in System, Intraday and Interday precision 
and results were expressed in terms % RSD.
Ruggedness were performed by changing the analyst 
and instrument % RSD were noted. Stability was carried 
out in bench and freeze by keeping the solution in stable 
conditions for 72hr. LOD and LOQ were calculated 
from the linearity slope.

RESULTS AND DISCUSSION
Both the drugs were absorbed at 296nm and 237nm 
and spectra of  both the drugs in Figure 3 and 4 and 
overlain spectra of  different linearity range were showed 
in Figure 5.

Forced degradation study

The results of  forced degradation study using methanol 
as a solvent were summarised in Table 1.

Acid degradation study

Both the drugs were found extreme acid degradation. 
0.1 N HCl heating at 80°C for 2 hr showed more than 

Figure 4: Spectra of Telmisartan.

Figure 3: Spectra of Metformin HCl.

Table 1: Data of forced degradation study.

Con Telmisartan at 296nm Metformin HCL at 
237nm

 Initial Final % deg Initial Final % deg

Acid 0.282 0.248 12.05 0.548 0.487 11.13

Base 0.312 0.271 13.14 0.723 0.628 13.13

Oxidation 0.678 0.603 11.06 0.623 0.568 9.68

Thermal 0.323 0.272 15.78 0692 0.596 13.87

Photolytic 0.280 0.260 7.14 0.486 0.451 7.20

Figure 5: Combine spectra.
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10% degradation and slightly change in spectra were 
found Figure 6.

Base degradation study

In base degradation heating at 80°C by using 0.1 N 
NaOH showed 13% gegradation of  both the drugs 
Figure 7.

Oxidation Degradation study

Oxidation degradation by using 30% Hydrogen peroxide 
showed very less degradation compared to the Telmisartan 
Figure 8.

Thermal degradation study

Thermal degradation were showed both the drugs were 
undergone extreme degradation and changes in the 
spectra were observed Figure 9.

Photolytic degradation study

Photolytic degradation showed very slight changes in 
the spectra and level of  the degradation were very less 
compared to other degradations Figure 10.

Method Validation
Specificity and Selectivity

The solvent methanol and each drug solutions were 
scanned and UV spectra were obtained which indicate 
no interference of  solvent Figure 11.

Linearity range Response

Linearity and range for both the drugs was obtained by 
analysing 2-12 µg/ml for Telmisartan and 0.1-0.6 µg/ml 
for Metformin HCl solutions in triplicate. Absorbance 
was obtained and calibration curve was plotted Table 2 
and graphs were presented in Figure 12 and Figure 13.

Figure 6: Spectra of Acid.

Figure 7: Spectra of Base.

Figure 8: Spectra of Oxidation.

Figure 9: Spectra of Thermal.

Figure 10: Spectra of Photolytic.
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Stability

The stability of  solutions were checked by keeping the 
solution for 72hrs at unstable conditions and stability 
were checked after the 72hr (Table 6).

Ruggedness

Ruggedness parameter was carried out by changing in an 
analyst and changing in an instrument and % RSD was 
calculated (Table 7).

LOD and LOQ

Limit of  detection and quantification was calculated by 
using statistical calculations using formula (Table 8):

× −=

× −=

3.3 standard deviation of intercept
LOD

Slope of the calibration curve
10 standard deviation of intercept

LOQ
Slope of the calibration curve

y

y

CONCLUSION
Statistical analysis proved that the developed method 
was simple, specific, selective, linear, precise, rugged 
and reproducible for the simultaneous determination 
of  Telmisartan and Metformin HCl. The developed 

Figure 11: Spectra of solvent.

Figure 12: Calibration curve of Telmisartan.

Figure 13: Calibration curve of Metformin HCl.

Table 2: Linearity data of Telmisartan and Metformin 
Hydrochloride.
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1 2 0.1 0.128 0.136

2 4 0.2 0.238 0.246

3 6 0.3 0.361 0.383

4 8 0.4 0.485 0.496

5 10 0.5 0.623 0.648

6 12 0.6 0.744 0.772

r2 0.999 0.998

Table 3: System precision data of Telmisartan and 
Metformin HCl.

Concentration (µg/ml) Telmisartan Metformin HCl
6 0.3 0.364 0.257

6 0.3 0.367 0.254

6 0.3 0.371 0.256

6 0.3 0.374 0.253

6 0.3 0.375 0.252

6 0.3 0.377 0.255

Average 0.371333 0.2545
Std.Dev 0.005007 0.001871
%RSD 1.348293 0.7351

Precision

Precision study was carried out by performing System, 
Intraday and Interday precision. System precision 
was performed by analysing 6 replicates of  each 
drug solutions. Intraday and interday precision was 
performed by analysing the each solutions on same day at 
3 different intervals and at 3 different days. Absorbance 
was obtained and % RSD was calculated from the  
absorbance Table 3-5.
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Table 4: Intraday precision data of Telmisartan and Metformin HCl.
  Intraday 1 Intraday 2 Intraday 3

Concentration µg/ml Telmisartan Metformin HCl Telmisartan Metformin HCl Telmisartan Metformin HCl
6 0.3 0.348 0.301 0.343 0.303 0.340 0.314

6 0.3 0.342 0.305 0.342 0.306 0.336 0.310

6 0.3 0.343 0.303 0.341 0.308 0.334 0.311

6 0.3 0.341 0.302 0.347 0306 0.336 0.314

6 0.3 0.344 0.306 0.344 0.303 0.336 0.313

6 0.3 0.345 0.301 0.344 0.304 0.334 0.314

Average 0.343833 0.303 0.3435 0.305 0.336 0.312667
Std.Dev 0.002483 0.002098 0.002074 0.002 0.002191 0.001751
%RSD 0.722233 0.692283 0.603681 0.655735 0.652051 0.560082

Table 5: Interday precision data of Telmisartan and Metformin HCl.
Precision Interday 1 Interday 2  Interday 3

Concentration (µg/ml) Telmisartan Metformin HCl Telmisartan Metformin HCl Telmisartan Metformin HCl
6 0.3 0.372 0.316 0.386 0.323 0.394 0.336

6 0.3 0.378 0.318 0.385 0.321 0.392 0.332

6 0.3 0.378 0.314 0.385 0.323 0.391 0.339

6 0.3 0.376 0.316 0.384 0.322 0.393 0.332

6 0.3 0.374 0.318 0.386 0.323 0.393 0.334

6 0.3 0.375 0.315 0.387 0.320 0.391 0.332

Average  0.3755 0.316167 0.3855 0.322 0.392333 0.334167

Std. Dev  0.002345 0.001602 0.001049 0.001265 0.001211 0.002858

%RSD  0.624556 0.506721 0.272065 0.39283 0.308681 0.855182

Table 6: Solution stability data.
Stability Solutions Telmisartan Metformin HCl

Replicates Conc Fresh Old Conc Fresh Old
1 6 µg/ml 0.242 0.248 0.3 0.180 0.183

2 6 µg/ml 0.244 0.246 0.3 0.179 0.186

3 6 µg/ml 0.245 0.245 0.3 0.181 0.185

Table 7: Ruggedness data.
Ruggedness By change in analyst By change in Instrument

Concentration (µg/ml) Telmisartan Metformin HCl Telmisartan Metformin HCl
6 0.3 0.356 0.302 0.243 0.189

6 0.3 0.359 0.308 0.241 0.187

6 0.3 0.358 0.305 0.245 0.186

6 0.3 0.355 0.309 0.241 0.185

6 0.3 0.357 0.302 0.242 0.187

6 0.3 0.359 0.310 0.243 0.186

Avg 0.357333 0.306 0.2425 0.186667
Std. Dev 0.001633 0.003521 0.001517 0.001366
%RSD 0.456994 1.150772 0.625392 0.731925
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method showed better results with shorter analysis time.  
Hence it was proved that the method was simple, precise,  
rugged and reproducible for the analysis of  Telmisartan 
and Metformin HCl in bulk and can be utilised for the 
daily quality control analysis.
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PICTORIAL ABSTRACT SUMMARY

The UV-Spectrophotometric method was developed 
and validated for the simultaneous estimation of 
Telmisartan and Metformin HCl in bulk drugs. The 
method was validated according to the ICH Q2 guidelines. 
The solvent used for the detection was methanol  
and detection wavelength were found at 296nm for 
Telmisartan and 237nm for Metformin HCl. The forced 
degradation study was carried out in acidic, basic, 
oxidation, thermal and photolytic condition and all the 
values within the 5-20%. All the values of validation 
parameters were found to be within the acceptance 
limit as per the ICH guidelines. Hence the developed 
and validated UV-Spectrophotometric method can be 
used for routine quality control of Telmisartan and 
Metformin HCl.
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Introduction 
Liquorice is the common name of Glycyrrhiza 

glabra consist of dried, unpeeled, roots and stolons of 
Glycyrrhiza glabra Linn, belonging to family 
Leguminosae contains not less than 3.0 per cent of 
glycyrrhinic acid. It is a unpeeled yellowish dark brown 
external and yellowish internally while peeled liquorice 
is pale yellow in color. It is faint and characteristics in 
odour and sweet in test. Size of plant is 20-50cm in 
length and 2cm in diameter, cylindrical pieces which are 
straight may be peeled or unpeeled. Peeled liquorice is 
angular. It is fibrous in bark and splintery in wood. 
(1-3). 

Therapeutics Uses 
Traditionally liquorice has been used as an 

expectorant and demulcent it is also used as flavoring 
agent in formulation with nauseous drugs like 
ammonium chloride, alkali, iodides, quinine, and 
cascara. Drug is also in antispasmodic this is due to the 

flavonoid glycoside isoliquiritine the aglycone part of 
this glycoside has antispasmodic effect. The 
glycyrrhetinic acid employed in place of corticosteroids 
for the treatment of rheumatoid arthritis inflammation 
and addision’s disease. Liquorice is used most 
commonly as flavoring agent for chewing tobacco and 
snuff tobacco.(4) 

Phytoconstituents 
The roots of Glycyrrhiza glabra linn. contain 

glycyrrhizin which is a saponins that is 60 times sweeter 
than cane sugar, flavonoids rich fraction includes 
l i q u i r i t i n , i s o l i q u i r i t i n , l i q u i r i t i g e n i n a n d 
rhamnoliquiril in and 5 new flavonoids l ike 
glucoliquiri t in apioside prenyllicoflavone-A, 
shinflavanone, shinperocarpin and 1-methoxyphaseolin 
isolated from dried roots. Isolation and structure 
determination of licopyrano coumarin, licoaryl 
coumarin, glisoflavone and new coumarin-GU-12 also 
isolated. Four new isoprenoid-substituted phenolic 
c o n s t i t u e n t s – s e m i l i c o i s o f l a v o n e B , 1 -
methoxyficifolinol, isoangustone-A, and licoriphenone 
isolated from roots. A new prenylated isoflavan 
derivative, kanzonol-R was also isolated. (13) The 
presence of many volatile components such as pentanol, 
hexanol, linalool oxide A and B, tetramethyl pyrazine, 
terpinen-4-ol, α-terpineol, geraniol and others in the 
roots is reported. Presence of propionic acid, benzoic 
acid, ethyl linoleate, methyl ethylketine, 2,3-butanediol, 
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furfuraldehyde, furfuryl formate, 1-methyl-2-
formylpyrrole, trimethylpyrazie, maltol and any other 
compounds is also isolated from the essential oil13. The 
Indian roots show various 2-methyliso-flavones, and an 
unusual coumarin, C liquocoumarin, 6-acetyl-5, 
hydroxy-4-methylcoumarin. Asparagine is also found. 
Glycyrrhizin (glycyrrhizic acid; glycyrrhizinate) 
constitutes 10–25% of licorice root extract and is 
considered the primary active ingredient. Glycyrrhizin 
is a saponins class compound comprised of a 
triterpenoid aglycone, glycyrrhetic acid (glycyrrhetinic 
acid; enoxolone) conjugated to a disaccharide of 
glucuronic acid.(1) 

Lipinski’s rule of 5 also known as Pfizer’s rule 
of 5, is a rule of thumb to evaluate drug likeness or 
determine if a chemical compound with a certain 
pharmacological or biological activity has chemical 
properties, physical properties that would make it a 
likely orally active drug in humans. The rule of 5 
predicts that poor absorption or permeation is more 
likely when there are more than 5H bond donors, 10H 
bond acceptor, the molecular weight is greater than 500, 
and calculated logP is greater than 5. However Lipinski 
specifically state that the rule of 5 only holds for 
compounds that are not substrates for active transporter. 
The admetSAR server is used for describing the 
molecular proper t ies impor tant for a drug 
pharmacokinetics in the human body, including their 
absorption, distribution, metabolism and excretion. 

Literature search revealed that till date no 
computational studies have been reported on computer 
based screening on Liquorice to investigate its drug 
likeness properties and profile of ADME along with 
some toxicity investigations. Hence in the present 
investigation an attempt has been made to study drug 
likeness properties and ADME profile of selected 
phytoconstituents from Liquorice using computer 
applications and servers.  

Materials and Methods 
Server used  

PubChem database, Molsoft, admetSAR 

Phytoconstituents used 
Liqhiri t in, Isoliqiri t in, Shinflavanone, 

L i c o p y r a n o c o u m a r i n , M e t h o x y f i c i f o l i n o l , 
Licoriphenon, Isoliquiritigenin, Ligquritigenin, 
Prenyllicoflavone A, and Glisoflavone. 

Role of Servers used in study 
PubChem database is used for the find out the 

canonical SMILES. PubChem is the give freely 
accessible chemical information like molecular formula, 
structure, chemical and physical properties, biological 
activities, safety and toxicity information. Molsoft 
server is used for the drug likeness and molecular 
property prediction. The molecular properties like 
molecular weight, hydrogen bond acceptor, hydrogen 
bond donor, drug likeness score is found out. The 
admetSAR server used for the determination of 
pharmacokinetic profile. 

Determination of Physicochemical Properties and 
Drug Likeness Score 

In this present investigation we have identified 
and taken around 10 phytoconstituents from Liquorice 
for determining drug likeness score according to 
Lipinski’s Rule of Five. Lipinski’s rule of five was 
followed so as to find out drug likeness property of each 
phytoconstituents. The data about drug likeness was 
complied with adherence of Lipinski’s rule. The 
canonical SMILES (Simplified Molecular Line Entry 
System) were obtained from PubChem and in order to 
apply them in Molsoft server to gather data.(6) 

Determination of Absorption, Distribution, 
Metabolism and Excretion (ADME) Profile 

The pharmacokinetic property such as 
absorption, distribution, metabolism and excretion of 
phytoconstituents play important role in drug 
development process. We have used the online server 
admetSAR to predict several pharmacokinetic aspects. 
admetSAR evaluates pharmacokinetic properties such 
as plasma protein binding, skin permeability, P-
glycoprotein, Blood Brain Barrier (BBB), Human 
intestinal absorption and buffer solubility along with 
other important aspects of ADME. (7) 

Results and Discussion 
Liquorice consists of various phytoconstituents 

and found to exert many pharmacological and 
biological actions. In the present computational 
screening, we have selected Liqhiritin, Isoliqiritin, 
S h i n f l a v a n o n e , L i c o p y r a n o c o u m a r i n , 
Methoxyficifolinol, Licoriphenon, Isoliquiritigenin, 
Ligquritigenin, Prenyllicoflavone A, and Glisoflavone 
as important constituents based on Lipinskies Ro5. 
Lipinski’s rule of 5 also known as Pfizer’s rule of 5, is a 
rule of thumb to evaluate drug likeness or determine if a 
chemical compound with a certain pharmacological or 
biological activity has chemical properties, physical 
properties that would make it a likely orally active drug 
in humans. The rule of 5 predicts that poor absorption 
or permeation is more likely when there are more than 
5H bond donors, 10H bond acceptor, the molecular 
weight is greater than 500, and calculated logP is 
greater than 5. However Lipinski specifically state that 
the rule of 5 only holds for compounds that are not 
substrates for active transport. The molecular weight, 
hydrogen bond acceptor, hydrogen bond donor, log P 
value and drug likeness score of identified and selected 
phytoconstituents were presented in Table 1.  

The admetSAR server is used for describing the 
molecular proper t ies impor tant for a drug 
pharmacokinetics in the human body, including their 
absorption, distribution, metabolism and excretion. The 
pharmacokinetic property such as absorption, 
d i s t r ibu t ion , me tabo l i sm and exc re t ion o f 
phytoconstituents play important role in drug 
development process. The admetSAR evaluates 
pharmacokinetic properties such as plasma protein 
binding, skin permeability, P-glycoprotein, Blood Brain 
Barrier (BBB), Human intestinal absorption and buffer 

376

http://ijam.co.in





International Journal of Ayurvedic Medicine, Vol 12 (2), 375-378

Published online in http://ijam.co.in 
  

ISSN No: 0976-5921

solubility along with some toxicity prediction.  The 
admetSAR profile of Liqhiritin, Isoliqiritin, 
S h i n f l a v a n o n e , L i c o p y r a n o c o u m a r i n , 
Methoxyficifolinol, Licoriphenon, Isoliquiritigenin, 

Ligquritigenin, Prenyllicoflavone A, and Glisoflavone is 
presented in Table 2. The Heat map is generated from 
data obtained from AdmetSAR and presented in Figure 1.  

Table 1: Phytoconstituents and Molecular Properties Prediction by Molsoft Analysis 

Table 2: The admetSAR profile of selected phytoconstituents 

1-Liqhiriti, 2-Isoliqiritin, 3- Shinflavanone, 4-Licopyranocoumarin, 5-methoxyficifolinol, 6- Licoriphenon, 7-
Isoliquiritigenin, 8- Ligquritigenin, 9- Prenyllicoflavone A, 10- Glisoflavone. 
Human either-a-go-go inhibition: HERG, Plasma protein binding: PPB, Blood Brain Barrier: BBB, Human Intestinal 
Absorption: HIA, Human Oral Bioavailability: HOB, Acute Oral Toxicity: AOT, (i): Inhibiter, (s): Substrate.  

Sl. No. Phytoconstituents Mol. Weight HBA             
(>10)

HBD              
(>5)

Log P              
(>5)

Drug Likeness 
Score

1 Liquiritin 418.13 9 5 0.2 0.33
2 Isoliquiritin 256.07 4 2 2.4 0.79
3 Shinflavanone 390.18 4 1 5.86 0.51
4 Licopyranocoumarin 384.12 7 3 3.25 0.37
5 Methoxyficifolinol 257.11 3 1 2.68 0.29
6 Licoriphenon 372.16 6 3 4.64 0.72
7 Isoliquiritigenin 256.07 4 3 2.91 0.34
8 Ligquritigenin 256.07 4 2 2.4 0.79
9 Prenyllicoflavone A 390.18 4 2 7.5 0.51
10 Glisoflavone 368.13 6 3 3.89 0.34
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Figure 1: Heat Map of AdmetSAR profile of selected 
phytoconstituents 

 

Conclusion 
The present investigation concludes that 

computer and server based screening play important 
role for identification of drug like candidates from 
Liquorice and also data obtained from admetSAR is 
valuable for research on Liquorice. The selected 
consti tuents such as Liqhiri t in, Isoliqiri t in, 
S h i n f l a v a n o n e , L i c o p y r a n o c o u m a r i n , 
Methoxyficifolinol, Licoriphenon, Isoliquiritigenin, 
Ligquritigenin, Prenyllicoflavone A, and Glisoflavone 
are found to be good drug like candidates.  
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Introduction 
One of the most widely spreading diseases due 

to several lifestyle problems in the 21st century is 
diabetes mellitus (DM). This disease is generally 
classified by insulin-dependent or type 1 DM, which is 
mainly initiated by destruction of the insulin producing 
pancreatic β-cells, and nondependent insulin or type 2 
DM, and this is triggered by lifestyle-related obesity or 
other exogenous components involve in it. People with 
type 2 diabetes are not dependent on exogenous insulin 
and People with type 1 diabetes need to take insulin 
injection for survival. In the treatment of diabetes, the 
drug consumption is a complementary treatment besides 
from diet. Oral antidiabetic drugs may be useful for 
people who are allergic to insulin or do not use insulin 
injection. And the use of these drugs in the long term 
has lots of disadvantages, which mainly causing 
increasing the risk of heart attack and acute kidney 
toxicity. Therefore, many efforts to develop traditional 
medicine for the treatment of diabetes are mounting (1).  

Plants are natural reservoir of many medicinal 
value added components helps to overcome many 
chronic disorders. Hence herbal medicines are 
considered to be an excellent remedy for diseases like 
cancer, diabetes, liver diseases and arthritis. The 
bioactive compounds of medicinal plants like Ruellia 
tuberosa, Grewia hirsuta, Albizza Lebbeck benth, 
Phyllanthus emblica, Piper longum linn etc are used as 
anti-diabetic, chemotherapeutic, anti-inflammatory, 
anti-arthritic agents where no satisfactory cure is 
present in modern medicines. The bioactive compounds 
of medicinal plants are used as chemotherapeutic, anti-
diabetic, anti-arthritic agents, anti-inflammatory where 
no satisfactory cure is present in modern medicines.  

Screening of antidiabetic therapeutics is very 
important and essential for effective management of 
DM. Many researchers have worked on extraction, 
isolation, characterization of extracts and bioactive 
fractions from medicinal plant also they have 
established profile and data of interaction of active 
components against various targets and enzymes of DM 
using In-silico molecular docking tools.  

M o l e c u l a r d o c k i n g i s a n i m p o r t a n t 
computational tool to predict the possible interactions 
between the drug and protein in a non-covalent fashion. 
Extensive in silico docking procedures have been 
carried out to examine whether the compound is a good 
ligand with diabetic targets such as Aldose reductase, 
Peroxisome proliferatoractivated receptor-gamma, 
Glycogen synthase kinase-3, Pyruvate dehydrogenase 
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kinase isoforms 2, Glucokinase, 11β-Hydroxysteroid 
dehydrogenase, Glutamine, fructose6-phosphate, 
amidotransferase (2). Molecular docking was performed 
in the form of flexible docking for the prediction 
ofligand efficiency, binding affinityand the inhibitory 
constant. All of the ligands were docked with the target 
active site. Active compounds will only have 
positioning that avoids penalties and receives 
favourable scores for accurate hydrophobic contacts 
between the protein and ligand (3). 

Materials and Methods 
Collection of Data 

The relevant information and literature is 
reviewed, referred and collected from various databases 
and journal sites. Various databases like Pubmed, 
Scopus, Web of Science and other related plant and 
medicinal plant research sites were used for searching 
the information and articles. Published work and 
literatures mainly related to “In-Silico Molecular 
Docking in Screening of Anti-Diabetic Therapeutics 
from Medicinal Plants” were collected and downloaded 
from journal related to medicinal plants, herbal 
medicines and Ayurvedic sciences and other journal 
related to traditional systems medicine. Published 
research works on molecular docking based screening 
of anti-diabetic potentials of plant and extracts were 
selected from net resources and reviewed. In the present 
review article, we have thoroughly screened research 
articles published in various scientific, indexed, national 
and international journals on In-silico molecular 
docking based screening of Anti-Diabetic potentials and 
therapeutics from medicinal plant and extensively 
reviewed. 

Various research articles, data, and reports 
published by scientist on docking based identification 
and study of interaction of targets and ligands from 
medicinal plants were presented as follows:  

Anna Safitri et al., have reported antidiabetic 
activity by In-Silico method by using aqueous extracts 
of Ruellia tuberosa L by using molecular docking using 
phenolic compound and the interaction between betaine, 
didzein and hispidulin in docking with human 
pancreatic α-amylase shows different binding by 
hydrogen and hydrophobic bond which shows good 
interactions and which inhibits α-amylase protein and 
shows antidiabetic activity (1). 

Abirami Natarajan et al., have reported by 
methanolic extract of Grewia hirsuta by using 
molecular docking studies of ligand (4Z,12Z)-
cyclopentadeca-4,12-dienone and docking with several 
different target proteins shows that it has good 
inhibition property, which docks well with various 
targets related to antidiabetic activity (2). 

Prabhu Srinivasan et al., have reported which 
shows antidiabetic activity of quercetin by methanolic 
extract from Phyllanthus emblica L fruitbyin-silico 
molecular dockingstudies which shows better docking 
score to glucogen phosphorylase with quercetin than 
with gallic acid and different concentration of quercetin 
shows antihyperglycemic effect and potent defense 

mechanism in STZ (Streptozotocin) induces antidiabetic 
activity (3). 

Sodik Numonov et al., have reported 
antidiabetic activity and chemical composition of 
Geranium collinum root extract by molecular docking 
analysis suggests polyphenolic compounds such as 
corilagin, catechin and caffeic acid inhibit PTP-1B and 
β-sitosterol-30-β-D-gluco-pyranoside inhibits α-
glucosidase shows antidiabetic activity (4). 

Danish Ahmed et al., have reported antidiabetic 
activity by molecular docking studies of some 
flavonoids from ethanolic extract of Albizza Lebbeck 
benth bark that inhibit α-glucosidase and alpha-amylase 
enzyme targets to reduce glucose level and molecular 
docking study says binding affinity and inhibition of α-
glucosidase and α-amylase enzyme with DPPH which 
shows good binding interaction shows antidiabetic 
activity (5). 

Quy Trinch et al., have reported antidiabetic 
activity of bioactive compounds in Euphorbia hirta L 
using molecular docking shows that flavonoid and 
terpenes families including cyanidin,3,5-O-diglucose 
myricitrin, perlargonium-3-5-diglucose, quercetin, 
rectin, α-amyrine, β-amyrine and taraxerol have high 
binding affinity with a specific enzyme receptor and 
shows antidiabetic activity (6). 

Laura Guasch et al., have reported antidiabetic 
activity by PPAR-ɣ (Potential peroxisome proliferators 
activated receptor gamma) partial agonist of natural 
origin by initial set of 29,779 natural products have 
proticated PPAR-ɣ partial agonist 12 molecules from 11 
extracts known to have antidiabetic activity (7). 

Juan Jose Ramirez Espinosa et al., have 
reported antidiabetic activity by pentacyclic acid 
triterpenoid’s role of PTP-1B by In-Silicomethod and 
related triterpinic acid, anolic, moronic, morolic acid 
which shows extensive hydrogen bond network with 
carboxyl group and Vander Waals interactions stabilizes 
the protein-ligand complex which shows antidiabetic 
activity (8). 

Bikash Thakuria et al., have reported 
bioinformatics-based investigation to screen and 
analyze the bioactivity of Piper longum linn, which 
shows antidiabetic activity and the ligands of piperine, 
retrofractamide A, piper-longumine indicated great 
docking with piperine shows -8.69kcal/mol restricting 
vitality of 0.429µm hindrance which has greatest 
potential to be decent inhibitor against focused 
receptors which shows antidiabetic activity (9). 

Aristeidis Pritsas et al., have reported 
volarisation of stachysetin from cultivated Stachys ira 
Griseb which shows antidiabetic agent, in silico 
screening against 17 proteins implicated in diabetes as 
also ligand-based similarity metrics against established 
antidiabetic activity drug and stachysetin shows binding 
profile to major drug carrier plasma protein serum 
albumin was explored along with its properties shows 
antidiabetic activity (10). 

Zoy I Noor et al., have reported in-silico 
molecular docking stimulations with α-amylase and α-
lipase enzyme of polar and non-polar extracts of leaves 
and flowers Ocimum basilicum andIn-Silicostudy 
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linalool and estragole to have considerable porcine 
pancreatic α-amylase (PPA) and pocrine pancreatic 
lipase (PPL) binding potential and which further 
investigated through molecular dynamics and binding 
free energy calculations which shows best antidiabetic 
activity (11). 

Abhijit Pathak et al., have reported in silico 
molecular docking analysis of isolated compounds of 
Ocimum sanctum against antidiabetic activity and a 
wide range of docking score found during molecular 
docking by maestro v 10.1 (Schrodinger) and among 
them carvacrol had lowest docking score against α-
amylase enzymes and glucokinase which is -50521kj/
mol and -7.322kj/mol and this is concluded less docking 
score compound will be more potent and shows 
antidiabetic activity (12). 

T. Hoang Nguyen Vo et al., have reported in-
silico molecular docking analysis from Euphorbia 
thymifolia it has 7 compounds were chosen due to high 
absolute value of binding energy to all four receptors 
(˃8 kcal/mol) known as β-amyrine,toraxerol,1-O-
galloyl-β-D-glucose ,corilagin,cosmossin,quercetin-3-
galactoside and quercetin ,tannins, polyphenols and 
flavonoid family had high binding affinity to all 
receptors beside that , the binding affinity of two of 
terpenoid compounds has good prospect for treatment 
of type-2 diabetes mellitus (13). 

Jasmine R et al., have reported antidiabetic 
activity in Streptozotocin (STZ) diabetic rats by in-
silico method of molecular screening method which 
shows antidiabetic activity against target proteins like 
PPAR-ɣ which plays a role in protecting β-cells from 
damage was undertaken and docking analysis in active 
site of 2PRG was performed by Schrodinger program 
and it shows good binding interactions of ligands with 
targets at low energy level from terpenoid from 
Elephantopus scaber L, it increases insulin secretion 
from regenerated pancreatic βcells which is potent 
antidiabetic activity (14). 

G. Mahendran et al., have reported in-silico 
antidiabetic activity isolated from Swertia corymbose 
which having 1,2,8-trihydroxy-6-methoxy xanthone 
(ligand 1) and 1,2-dihydroxy-6-methoxy xanthone-8-O-
β-D-xylo pyranosyl (ligand 2) isolated from Swertia 
corymbosewhich shows antidiabetic activity by 
molecular docking studies by STZ(Streptozotocin) 
induced diabetic rats and ligand 1 and 2 and 
glibendamide with various diabetics docked with 
glucokinase , fructose-1,6-biphosphatase 1 with 
sulfonyl urea receptor shows good binding activity 
towards antidiabetic activity (15). 

Md. Nazmul Prottoy et al., have reported by 
molecular docking pharmacological property analysis of 
an antidiabetic activity of some medicinal plants of 
Bangladesh against type 2 diabetes by In-Silico 
computational approach and some of them are Aegeline 
from Aegle maemelos, gallic acid from Terminalia 
bellirica, quercetin from Psidium guajava and 
mangiferin from Mangifera indica have antidiabetic 
activity among them quercetin have greatest source of 
antidiabetic activity (16). 

Ranjit D et al., have reported In-Silico 
antidiabetic activity of bioactive compound in Ipomoea 
mauritiana jack which shows molecular interactions by 
using Argus lab docking software4.0.1 among this 
taraxerol shown maximum inhibition for 3G9E protein 
both shows antidiabetic activity (17). 

Pradeep Paudel et al. , have reported 
antidiabetic activity by In-Silico molecular docking 
study of 2.3.6-tr ibromo-4.5-dihydroxybenzyl 
derivatives from marine algae Symphyodadia latiuscula 
through PTP1B (tyrosine phosphate 1 B) down 
regulation and α-glucosidase inhibition which shows 
antidiabetic activity (18). 

Yue Chen et al., have reported by In-Silico 
molecular docking studies which shows antidiabetic 
activity from Ellagitannins isolated compound from 
unripe fruit Kubus chingii hu which shows molecular 
docking results revealed that Ching tannin A interacted 
with enzymes mainly by H-bond and was bound in 
allosteric site which shows good interaction and act as 
antidiabetic activity (19). 

Jirawat Riyaphan et al., have reported 
hypoglycemic efficacy of In-Silico molecular docking 
selected natural compounds against α-glucosidase and 
α-amylase via molecular docking and enzymatic 
measurement on CaCo-2 cell and act as antidiabetic 
agent (20). 

Rangachari Balamurugan et al., have reported 
ɣ-sitosterol isolated from Lippia nodiflora was taken as 
ligand for molecular docking and the targets like 
glucokinase, fructose-1,6-biphosphatase 1, by human 
multidrug resistance protein 1 and Cytochrome P 450 
by autodock tool v 4.2 and APT V 1.5.4 program and ɣ-
sitosterol which deals well with various targets related 
to diabetes mellitus (21). 

Priyanka Sharma et al., have reported in-silico 
screening of potential antidiabetic activity from 
Phyllanthus emblicaagainst the type-2 diabetes and 
docking score and pharmacophore studies found that 
ellagic acid, estradiol, sesamine, kaempferol, zeatin, 
quercetin and leucodelphinidin are potential antidiabetic 
activity (22). 

Hyun Ah Jung et al., have reported molecular 
docking studies of an antidiabetic complication 
inhibitor such as fecosterol from edible brown algae 
Eisenia bicyclis and Ecklonia stilonifera which shows 
evaluating ability of this compound to inhibit rat lense 
aldose reductase (RLAR), human recombinant aldose 
reductase (HRAR), protein tyrosine phosphatase 
(PTP1B) and α-glucosidase which shows binding 
energy (-8.2kcal/mol) for RLAR and (-8.5kcal/mol) for 
HRAR shows antidiabetic activity (23). 

Andreia S.P. Pereira et al., have reported 
antidiabetic activity of some common herbs and species 
by providing them by some In-Silicovirtual screening 
method by in-silico method by using antidiabetic drug 
targets such as achillin B from yarrow, asparasaponin I 
from fenugreek, bisdemothoxy curcumin from 
turmeric , carlinoside from lemon grass with major 
protein targets like dipeptidyl-peptidase-4(DPP4), 
intestinal maltase-glucoamylase liver receptor 
alpha ,protein tyrosine phosphatase non-receptor type 
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interaction which indicates antidiabetic potential of 
common herbs and species (24). 

Mingzhu Jiang et al., have reported In-Silico 
molecular docking study with α-glucosidase inhibitory 
peptides from Soybean protein hydrolysate which 
significantly reduces levels of fasting blood glucose in 
mice and this confirms that α-glucosidase inhibitory 
peptide may have hypoglycemic efficacy (25). 

Nahid Ghaedi et al., have reported antidiabetic 
activity of alcoholic extract of leaf and stem of 
Levisticum officinalae of an implication for α-amylase 
inhibitory activity of extract ingredient by molecular 
docking method that which shows antihyperglycemic 
effect of it among them lueteolin, quercetin, rosmarinic, 
caffeic and hexanoic acids have greatest α-amylase 
inhibition activity (26). 

Sarfaraz Ahmed et al., have reported In-
Silicomolecular docking studies on miquelianin isolated 
from aerial part of Euphobia schimperi c exhibited 
significant results for antidiabetic potential and 
miquelianin which significant α-amylase and α-
glucosidase inhibitory activity which shows antidiabetic 
activity (27). 

Vineet Mehta et al., have reported antidiabetic 
activity of hydroalcoholic extract from Ocimumcanctum 
which says greatly inhibited α-glucosidase enzyme but 
failed to inhibit α-amylase activity and docking studies 
predicted that rosmarinic acid, stigmasterol, linalool, 
aesculin may be responsible for antidiabetic activity 
possessed by plant through their interaction with insulin 
receptor (28). 

P. Rajkumar et al., have reported antidiabetic 
a c t i v i t y c o m p o u n d s f r o m t h e f l o w e r s o f 
Cassiaauriculata by structure based molecular docking 
studies, which says that docking results showed best 
glide energy, docking score H-bonding interactions 
compared with molecular targets and has potential to 
prevent or treat type-2 diabetesmellitus (29). 

Farhat Saghir et al., have reported In-Silico 
molecular docking screening studies from hexane 
extract of Pongamia pinnata flower which shows 
antidiabetic activity and molecular docking studies 
which indicates high binding energy scored with 
antidiabetic targets as compared to standard drug 
acarbose and results shows isolated compound 1(4-
methoxy-7-phenyl-5H-furo [3,2,9][1] benzopyran-5-
one) has antidiabetic activity (30). 

Jae Sue Choi et al., have reported antidiabetic 
activity of protein tyrosine phosphatase 1B inhibitor 
activity of alkaloids from Rhizoma Coptidis by 
molecular docking studies which conclude that 
alkaloids of Rhizoma coptidis (berberine, magnoglorine, 
coptisine, epiberberine) exhibited remarkable inhibitory 
activities against PTP1B which has good binding 
affinity and docking score against PTP1B which shows 
antidiabetic activity (31). 

Sudhanshu Kumar Bharti et al., have reported 
antidiabetic activity of fruto and isomal to 
oligosaccharides by In-Silicostudies by docking were 
p e r f o r m e d b y G L I D E p r o g r a m f o r e a c h 
F O S ( F r u t o o l i g o s a c c h a r i d e s ) a n d 
IMO’S(Isomaltooligosaccharides) for PPAR-ɣ 

activation and DPP-IV inhibition which shows 
antidiabetic activity and the FOS was produced from 
Aspergillus oryzae and IMO’S and standards for 1-
kestose,1-nystose,1-frutofuranosyl nystose and panose 
were procured (32). 

Vikas Kumar et al., have reported which shows 
hypoglycemic effect of wedeloketone isolated from 
Wedelia calendulacea by In-Silicomolecular docking 
against dipeptidyl peptidase-4(DPP4), glucose 
transporter-1(GLUT1) and peroxisome proliferator 
activated receptor-ɣ(PARA-ɣ) which shows docking 
score near -6.17, -9.43 and -7.66 respectively and 
wedelolactone treat type-2 diabetesmellitus (33). 

A b d u l S a d i q e t a l . , h a v e r e p o r t e d 
hyperglycemic activity from Eryngium caeruleum M. 
Bieb by α-glucosidase by molecular docking studies 
shows explore possible role of all identified bioactive 
compound in chloroform fraction of Eryngium 
caeruleum M. Bieb into active sites of homology model 
of α-glucosidase which shows antidiabetic activity (34). 

Chien-Hung Jhong et al., have reported byIn-
Silicomolecular dockingstudies of α-glucosidase and α-
amylase inhibitors from natural compounds by 
molecular docking in-silico and correlation analysis 
indicated that curcumin and actinodaphinine had high 
activity α-glucosidase as well as curcumin and 
berberine for α-amylase inhibitors when compared with 
acarbose which shows antidiabetic activity (35). 

Jayasree Ganugapati et al., have reported In-
Silico molecular screening studies of banana flower 
flavonoids as insulin receptor tyrosine kinase activators 
as cure for diabetes mellitus by Autodock Vina, 
Autodock 4.0.to phosphorylated tyrosines docked with 
hesperi t in tr iacetate, naringenin, naringenin 
pelargonidin and naringenin flavanone are potent 
activators of IR tyrosine kinase which shows 
antidiabetic activity (36). 

Noor Rahman et al., have reported In-Silico 
molecular docking studies of isolated alakaloids for α-
glucosidase inhibition compared with standard acarbose 
and miglitol were docked to α-glucosidase by using 
MOE-Dock applied in MOE software to predict the 
binding modes of these drug-like compounds which 
shows antidiabetic activity (37). 

Muhammad Nadeem et al., have reported 
antidiabetic byIn-Silicomolecular dockingstudies of 
potential of leaf extracts and an insight into molecular 
docking by ethanolic extract of Calotropis procera and 
which inhibit α-glucosidase and     α-amylase 
synergistically to prevent hyperglycemic activity (38). 

Yang Yang et al., have reported antidiabetic 
activity byIn-Silicomolecular dockingstudies of 
potential dipeptidyl peptidase (DPP)-IV inhibitor 
among Moringa oleifera by phytochemical virtual 
screening and molecular docking analysis was used to 
stimulated the interaction mode of candidate 
compounds with DPP-IV receptors which shows 
antidiabetic activity (39). 

Poonam Kalhotra et al., have reported 
antidiabetic activity by molecular docking of natural 
product library reveal chrysin as a novel Dipeptidyl 
peptidase-IV (DPP-IV) inhibitor by in-silico method 
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and in-vitro assay revealed that chrysin inhibits DPP-IV 
enzyme in a concentration dependent manner shows 
antidiabetic activity (40). 

Olusola Abiola ladokun et al., have reported 
potent antidiabetic activity of methanolic extract of 
Hunteria umbellata by molecular docking studies and 
i ts compound 2.2-Benzylidenebis (3-methyl 
benzofuran) have significant antidiabetic activity 
against PPAR-ɣ and molecular binding interaction 
shows potent antidiabetic activity (41). 

Ajmer Singh Grewal et al., have reported In-
Silico molecular docking studies of phenolic 
compounds from Syzygium cumini by multiple targets 
of type-2 diabetes and act as antidiabetic agent by in-
silico docking study includes α-glucosidase, dipeptidyl 
peptidase, glycogen synthtase kinase, glucagon receptor 
catechin and myricetin, quercetin was found to inhibit 
DPP-IV and develop safe and potent natural type-2 
antidiabetic activity (42). 

Usman Ghani et al., have reported antidiabetic 
activity by In-Silico molecular docking studies by 
natural flavonoid α-glucosidase inhibitors from Retama 
raetam by molecular docking interaction with enzyme 
active site and Retamasin D, G, H and Erysubin A and 
B non-competitively inhibited the enzyme whereas 
retamasin C and F exhibited competitive inhibition 
which inhibits α-glucosidase enzyme active site shows 
antidiabetic activity (43). 

Arumugam Sudha et al., have reported In-Silico 
molecular docking studies of 1,2 disubstituted 
idopyranose from Vitex negundo by its antidiabetic 
activity of type-II diabetes .it manly targets proteins 
active site (dipeptidyl peptidase-IV and glycogen 
synthtase kinase-III) which results in inhibition of 
enzyme active site, the binding energy of ligand protein 
interactions also confirmed that its inhibitory activity 
(44). 

Sudipta Ghosh et al., have reported In-Silico 
molecular docking and inhibition studies of α-amylase 
activity by Labdane diterpenes from Alpinia nigra seeds 
two labdane diterpenes (I and II) forα-amylase inhibitor 
activity by comparing with standard acarbose among I 
and II, the diterpene shows highest MolDock and re-
rank score to show antidiabetic activity (45). 

Pawan Kaushik et al . , have reported 
antidiabetic activity by In-Silico molecular docking 
studies which shows pharmacophore modeling and 
molecular docking studies on Pinus roxburghii as target 
for diabetes mellitus and 17 constituents from Pinus 
roxburghii were docked on different receptors out of 
which secoisoresinol ,pinoresinol and cedeodarin 
showed highest affinity for the aldose reductase and 
t a rg e t s a r e p r o t e i n t y r o s i n e p h o s p h a t e - 1 -
β(PTP-1β),dipeptidyl peptidase-IV (DPP-IV),aldose 
reductase (AR) and insulin receptor with help of 
docking software Molegro virtual docker(MVD) results 
of docking score which shows antidiabetic activity(46). 

Narasimhamurthy Konappa et al., have reported 
antidiabetic activity by In-Silico molecular docking 
studies of Amomum nilgiricum by molecular docking 
interactions of bioactive serverogenin acetate with 
target proteins and docking studies were carried out for 

Phyto ligands using iGEMDock program to elucidate 
the binding affinities to target proteins targets are α-
amylase and α-glucosidase and ligand is serverogenin 
acetate shows antidiabetic activity (47). 

Nausheen Nazir et al., have reported 
antidiabetic activity byIn-Silico molecular docking 
studies of Elaeagnus umbellate in Streptozotocin (STZ) 
induced diabetic rat. Chloroform, ethyalacetate extract 
of potent controlling hyperglycemia in STZ induced 
type-II diabetes in rats. Molecular docking approach 
indicated the favorable inhibitory interaction between 
docked compounds and active site of α-glucosidase and 
α-amylase and cocked compounds occupy binding site 
as occupied standard acarbose (48). 

Da Hye Kim et al., have reported In-Silico 
molecular docking studies by potential of icarrin 
metabolites from Epimedium koreanumNakai as 
antidiabetic activity, icariin, its deglycosylated icaritin 
and glycosylated flavonoids (icaeriside II, epimedinA, 
epimedinB, epimedin C) were evaluated their ability to 
inhibit protein tyrosine phosphatase 1B(PTP1B) and α-
glucosidase. Furthermore, enzyme kinetics analysis and 
molecular docking shows antidiabetic activity (49). 

Chunsheng Zhy et al. , have reported 
antidiabetic activity In-Silico molecular docking studies 
towards α-glucosidase inhibitor from Clerodendranthus 
spicatus based on HSCCC coupled by molecular 
docking method. Among five compounds like 2-
caffeoyl-L-tartaric acid, N-(E)-Caffeoyl dopamine, 
rosmarincacid, methyl rosmarinate,6,7,8,3’,4-
pentamethoxy flavone and molecular docking indicated 
that the affinity energy of identified compounds among 
them rosmarinc caid which shows antidiabetic activity 
(50). 

Dhiraj Kumar Choudhary et al., have reported 
In-Silico molecular docking interaction of methanol, 
acetone extract which gives porcine from Vicia faba 
crude seed extract and evaluate antidiabetic activity 
with α-amylase by hydrogen bonding and hydrophobic 
interaction which shows antidiabetic activity (51). 

Rina Herowati et al., have reported antidiabetic 
activity by molecular docking studies of chemical 
composition of Tinospora cordifolia on glycogen 
phosphorylase results indicated that Autodock-vina’s 
algorithms were valid and the docking result revealed 
that magnoflorin, cardifoliside A and syrimgin exhibited 
good binding interaction with active site glycogen 
phosphorylase shows better anti-diabetic activity (52). 

Yan Wang et al., have reported molecular 
docking screening for identifying hyperoside as an 
inhibitor of fatty acid binding protein 4 from a natural 
product and the report as flavanols to be ideal scoffold 
for FABP4 inhibitor development among popular 
flavanol (53). 

Sudhanshu Kumar bharti et al., have reported 
antihyperglycemic activity by in-silico molecular 
docking studies with DPP-IV inhibition of alkaloids 
from seed extract of Castanospermum austrate by 
molecular docking studies and berberine which shows 
competitive inhibition towards DPP-IV by molecular 
docking studies to normalizes hyperglycemia in type-II 
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diabetes mellitus rats with strong DPP-IV inhibitory 
potential activity (54). 

Samuel Odeyemi et al., have reported 
antidiabetic activity by in-silico molecular docking 
studies by affecting glucose uptake in HepG2 cells 
following the exposure to methanolic extract of 
Lauridia tetragona and the α-glucosidase, α-amylase, 
dipeptidyl peptidase-IV (DPP-IV), lipase inhibitory 
activities and glucose uptake in HepG2were 
investigated which shows good hypoglycemic activity 
that may be linked to inhibition of crucial enzyme 
associated with diabetes (55). 

Tae Kyung Hyun et al., have reported 
antidiabetic activity by molecular docking studies for 
discovery of plant derived α-glucosidase inhibitors 
which mainly treat type-II diabetes mellitus and α-
glucosidase docked with rectine, quercetin and 
myricetin these can be good patent of α-glucosidase 
inhibitors act as antidiabetic activity (56). 

Channabasava et al., have reported antidiabetic 
activity by using in-silico molecular dockingstudies of 
methanolic extracts of Loranthus micranthus by GEM 
Dock method and common phytochemical in all extract 
is octadecenoic acid used separated and used as 
antidiabetic activity (57). 

Pukar Khanal et al., have reported antidiabetic 
activity by using In-Silico molecular docking studies of 
Tinospora cordifolia interaction between the 
compounds, proteins and pathway was interpreted based 
on edge count. The docking study was performed using 
Autodock 4.0. and the binding affinity and inhibitory 
constant of tembetarine with β-1-adrenergic receptor 
was found to be 6.25 kcal/mol which shows antidiabetic 
activity (58). 

Kiran Kumar Angadi et al., have reported In-
Silico molecular docking studies of guggultetrol from 
Nymphaea pubescens with target glucokinase related to 
type-II diabetes which shows good bond interactions by 
In-Silico method as antidiabetic activity (59). 

Muhammad Raza Shah et al., have reported 
antidiabetic activity by using In-Silico molecular 
docking studies in which shown by protein tyrosine 
phosphatase 1B inhibitors isolated from Artemisia 
roxburghiana and antidiabetic activity of Artemisia 
roxburghiana could be activated due to PTP1B 
inhibition by its triterpene constituents like botulin, 
betulinic acid and taraxeryl acetate against tyrosine 
phosphatase 1B protein receptor which shows 
antidiabetic activity (60). 

Nur Athirah Zabidi et al., have reported 
antidiabetic activity by using In-Silico molecular 
docking of inhibitory evaluation of Curculigo latifolia 
on α-glucosidase and results phlorin binds strongly with 
enzyme receptor achieving the lowest binding energy 
value effective in lowering hyperglycemia (61). 

Sathianpong phoopa et al., have reported 
antidiabetic activity by using In-Silico molecular 
docking by chemical constituents of Litsea elliptica and 
their α-glucosidase inhibition with in-silico method by 
molecular docking studies and quercetin diglycoside 
isolated and docked with α-glucosidase enzyme 
receptor shows antidiabetic activity (62). 

Discussion 
Diabetes Mellitus is widely spreading diseases 

due to several lifestyle problems in the 21st century. 
Treatment and prevention of diabetes is very much 
essential. Plants are natural reservoir of many medicinal 
value added components helps to overcome many 
chronic disorders. Hence herbal medicines are 
considered to be an excellent remedy for treatment of 
diabetes mellitus. Molecular docking is an important 
computational tool to predict the possible interactions 
between the drug and protein in a non-covalent fashion. 
Extensive in silico docking procedures have been 
carried out to examine whether the compound is a good 
ligand with diabetic targets. Screening of antidiabetic 
therapeutics is very important and essential for effective 
management of DM. Many researchers have worked on 
extraction, isolation, characterization of extracts and 
bioactive fractions from medicinal plant also they have 
established profile and data of interaction of active 
components against various targets and enzymes of DM 
using In-silico molecular docking tools.  

The reviewed articles have extensively 
concentrated on use of different tools and methods of 
molecular docking technique. They have extracted, 
isolated and screened various plant constituents against 
various targets of DM. Screening included the 
utilization of different plants from various families and 
they have isolated constituents which are belongs to the 
different chemical classes like, alkaloids, glycosides, 
flavonoids, tannins and diterpene class.  Hence the 
reviewed methods are valuable in identification of 
important therapeutics from medicinal plants for 
effective management of DM.  

Conclusion 
The present review concludes that the 

management of diabetes mellitus is very important and 
essential and medicinal plants are natural reservoir of 
many therapeutic value added components helps to 
overcome many chronic disorders including diabetes 
mellitus. In-Silico molecular docking studies and related 
computational tools are very important and essential in 
the screening of Anti-Diabetic therapeutics from 
medicinal plants. Extensive In-Silico docking 
procedures have been carried out to examine whether 
the compound is a good ligand with diabetic targets 
which helps to identify new and important therapeutics 
for management of diabetes mellitus.  
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5. MVD-Molegro virtual docker 
6. PPL-pocrine pancreatic lipase 
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Introduction 
Androgen hormone is the one whose presence 

determines the growth of sexual hair (androgenic hair). 
Hair in androgen-sensitive follicles is vellus puberty. 
After puberty due to increase in the levels of androgen, 
vellus follicles in specific areas develop into terminal 
hairs (larger, curlier, and darker, hence more visible) 
and become sexual hair follicles (1-3). Hirsutism is a 
condition of unwanted, male-pattern terminal hair 
growth in women. Hairs appearing in Hirsutism are stiff 
and dark appearing primarily on the face, chest and 
back where women don’t commonly have hairs. Around 
5% to 10% of women suffer this condition. Women 
suffering from this condition may lead to significant 
psychological distress. Hirsutism condition results from 
interaction between the androgen level and the hair 
follicles which are sensitivity to androgen (4).  

Androgen group of hormones are activated on 
target cells by two kinds of proteins: the androgen 
receptor and the 5α-reductase enzyme. 5α-reductase 
enzyme has higher tendency of facil i tat ing 
transformation of testosterone into Dihydrotestosterone. 

It has higher affinity to bind to androgen receptor and is 
more active than testosterone. In other words, 5a-
reductase acts as an amplifier for required androgen 
action. There seem to exist two kinds of 5a-reductase 
involved in sexual differentiation: the 5a-reductase of 
genital skin which is androgen independent and the 
enzyme of pubic skin which seems to be androgen 
dependent. (5).  

Nagarmotha is nut grass and botanically known 
as Cyperus Rotundus Linn. is a noxious weed of 
vegetable and other horticultural or agricultural crops 
found throughout India. It is dark green glabrous culms, 
arising from underground tubers and is a pestiferous 
perennial weed. As an ancient medicine the rhizomes of 
nut grass are widely utilized round the world to treat 
various disorders. Studies on C. rotundus and its 
chemical constituents in the past era have proved 
analgesic, anti-pyretic, anti-arthritic, anti-allergic, anti-
histamine, anti-emetic, anti-candida, anti-cariogenic, 
anti-convulsant, anti-diarrheal, anti-helminthic, anti-
hyperglycaemic, anti-hypertensive, anti-inflammatory, 
anti-malarial, anti-obesity, antioxidant, anti-platelet, 
anti-ulcer, anti-viral, cardioprotective, cytoprotective, 
cytotoxic, gastroprotective, hepatoprotective, 
neuroprotective, ovicidal, and larvicidal, and wound 
healing activities (6-9).  

Electro epilation, laser treatment, intense pulsed 
light therapy, eflornithine cream, and oral antiandrogen 
medications are the various allopathic therapeutics have 
been employed for this purpose (10). Since 1996 Laser 
treatment have been used for hair removal which 
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resulted in 60% to 80% reductions after 6 months of 
multiple treatments (11-13). Laser treatment decreases 
the percentage of hair regrowth and increases the hair-
free period. However, a significant number of patients 
experience discomfort with the procedure which may 
fail to treat light-coloured hair. Hence there is a need for 
study of new approaches which majorly included the 
development of herbal formulations to treat and prevent 
the condition and avoid invasive and harmful side 
effects of laser treatment (14- 19).  

Literature search revealed that, selected plant 
possessed anti-androgenic activity effective against 
Hirsutism disorder. Hence there is need of screening 
and assessing the various extracts or biological fractions 
responsible for Anti- Hirsutism activity. No studies have 
been reported on molecular docking studies of selected 
phytoconstituents against selected target of 5α reductase 
enzyme. 

Molecular docking has gained a very important 
part in drug development process and it is helpful in 
determining binding affinities or interaction studies of 
different ligands from natural and synthetic source with 
that of biological targets. This promoted us to carry out 
present research work to study the selected 
phytoconstituents from the plant source of Cyperus 
Roduntus Linn against 5α reductase enzyme which may 
aid us to identify and reveal potential ligand from 
selected chemical constituents which can interact with 
the target. 

Various chemical constituents of Cyperus 
Rodundus include cyperene, humulen, β- selinene, 
z i e r o n e , c a m p h o l e n i c a l d e h y d e , α - p i n e n e , 
longiverbenone, β-vatirenene copaene, and limonene 
(20). 

Materials and Methods 
Software’s  

PyRx 0.8, Biovia Discovery Studio 2019, 
Molsoft, marvinsketch.  

Phytoconstituents  
Cyperene, humulen, β- selinene, zierone, 

campholenic aldehyde, α-pinene longiverbenone β-
vatirenene, copaene, and limonene were selected as 
ligands (21). 

Selection of Ligands based on Determination of 
Drug Likeness Properties 

In our study we have selected cyperene, 
humulen, β- selinene, zierone, campholenic aldehyde, 
α-pinene longiverbenone β-vatirenene, copaene, 
limonene as Ligands. The Lipinski’s rule of five was 
followed in order to find out drug-like properties of 
each ligand. Lipinski’s rule aided to compile and 
determine the data about drug likeness score. Canonical 
simplified molecular line-entry systems (SMILES) were 
retrieved from PubChem and used in Molsoft software 
to acquire data (21). 

Preparation of Target Enzyme 
Structure of 5α reductase enzyme was retrieved 

from PDB (https://www.rcsb.org/), website in pdb 

format. There are some water molecules and hetero-
atoms associated with retrieved protein, hence using 
Discovery studio 2019, all hetero atoms, water 
molecules and native ligand were removed to avoid 
docking interference and saved in the PDB format (21). 

Preparation of ligand 
Ligand molecule’s 3D structures were retrieved 

from PubChem (https://pubchem.ncbi.nlm.nih.gov/) in 
structural data format (SDF). Discovery studio 2019 
was used to convert to protein data bank (PDB) format. 
In current study beta selinene, campholenic Aldehyde, 
Cyperene, Humulen and Pinene were used as ligands 

Determination of Active Sites 
Determination of amino acids in the active site 

of a protein were carried out by using the Biovia 
Discovery Studio 2019. The determined of the amino 
acids in the active site of a protein were further used for 
analysing docking evaluation results (21).  

Molecular Docking 
Molecular Docking was performed using PyRx 

0.8.Autodock preferences were obtainedafter the 
completion of docking, for both ligand and target in 
PDBQT format. Biovia Discovery Studio 2019 was 
used for executing docking analysis.From selected 
ligands and target enzyme the pose for minimum 
binding energy was selected as best interaction (21).  

Results and Discussion 
For selected phytoconstituents Drug likeness 

properties were calculated. On the basis of adherence to 
Lipinski’s rule of five Ligands and drug candidate 
compounds have been previously selected. The drug 
scanning results were calculated and data were 
presented in Table 1. Molecular docking analysis results 
for several compounds against 5α reductase Enzyme 
and its binding energy/Gibbs Energy were presented in 
Table 2. We investigated Beta Selinene, Campholenic 
Aldehyde, Cyperene, Humulen and Pinene as potential 
inhibitors of 5α Reductase Enzyme. The binding 
energies obtained from docking of 5α reductase enzyme 
with Beta Selinene, Campholenic Aldehyde, Cyperene, 
Humulen and Pienene were -8.3, -6.1, -8.2, -9.6 and 
-6.2 kcal/mol respectively. 

The docking analysis in the present study 
showed the interaction of several compounds with 5α 
reductase, ranked by affinity (ΔG); Humulen 
( - 9 . 6 ) > B e t a - S e l i n e n e ( - 8 . 3 ) > C y p e r e n e 
(-8.2)>Pinene(-6.2)>Campholenic Aldehyde (-6.1) were 
the most recommended phytoconstituents found in 
medicinal plants of Cyperus Roduntus as potential 
inhibitors of 5α reductase enzyme, which should be 
explored in future research.Molecular docking analysis 
of selected Phytoconstituents, selected drugs and its 2D 
interaction with different amino acids on targets were 
presented in Table 3.  The binding between 5 α 
reductase enzyme and active ligands as potential 
inhibitor of 5 α reductase enzyme responsible for hair 
loss is shown in Figure 1. 
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Table 1: Drug likeness properties of selected drugs and ligands 

Table 2: Pub Chem ID of ligand and binding energy 

Table 3: Molecular docking analysis data of ligands and target 

Sr No. Name of Ligand Molecular weight HBD HBA Log P Drug Likeness Score(DLS)
1 Beta Selinene 204.19 0 0 5.6 -0.64
2 Campholenic Aldehyde 152.12 0 1 2.93 -0.74
3 Cyperene 204.19 0 0 5.26 0.18
4 Humulen 204.19 0 0 5.53 -1.68
5 Pienene 136.13 0 0 4.49 -1.45

Protein Ligands Pub Chem ID Binding Energy (kcal/mol)

5α reductase Enzyme 
(Pub Chem ID: 7BW1)

Beta Selinene 442393 -8.3
Campholenic Aldehyde 98497 -6.1

Cyperene 99856 -8.2
Humulen 5362885 -9.6
Pienene 6654 -6.2

Sr. No. Ligands Name Molecular structure and Interaction with  
5α reductase

Amino acids 
involved in 

the interaction

1 Beta Selinene
PHE A:118, PHE 

A:216, TRP A: 53, 
LEU A:224, PHE 

A:223, PHE A:219

2 Campholenic Aldehyde

PHE A 223, PHE A: 
219, LEU A: 224, 

PHE A:118, TYR A: 
33, TRP A: 53, TRP 

A:201

3 Cyperene
TYR A :33, TRP A: 

53, PHE A: 223, CYS 
A: 119, PHE A: 118

4 Humulen

TYR A: 33, GLU A: 
197, TYR A: 98, TRP 

A: 53, PHE A:194, 
PHE A: 216, LEU A: 

224, PHE A: 219, 
PHE A: 118, PHE A: 

223
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Figure 1: Docking analysis visualization of 5 α reductase enzyme with A] Beta Selinene B] Campholenic 

Aldehyde C] Cyperene D] Humulen E] Pinene 

Conclusion 
The present investigation concludes that the 

m o l e c u l a r d o c k i n g a n a l y s i s o f s e l e c t e d 
phytoconstituents with 5 α reductase enzyme can to 
used as potential herbal medicine for Hirsutism 
disorder. The binding affinity of Humulen is higher than 
others whereas campholenic aldehyde showed lowest 
affinity amongst all other ligands. Further studies need 
to be performed at laboratory level to support results of 
computational screening of present investigation.  
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ABSTRACT
Background: Phytosomes are newly introduced novel dosage form for improving the 
bioavailability and therapeutic effect of the herbal drug. The present study aimed to 
prepare and evaluate the alkaloid loaded phytosome from Tinospora cordifolia. Materials 
and Methods: Extracts were screened for total content of phenols, flavonoids and 
alkaloids. The prepared extract was further used for fractionation and dichloromethane 
fraction (F3) was used to prepare phytosomes. Phytosome was prepared by using thin 
film hydration method with different ratio of soya lecithin and cholesterol. The evaluation 
of phytosome was done by particle size and shape, polydispersity index, differential 
scanning calorimetry and fourier transfer infrared spectroscopy. Further, ex-vivo intestinal 
permeability study was performed for crude fraction and prepared phytosome to assess 
the intestinal permeability enhancement. Results: The all standardization parameters 
showed the results within the standard limits, thus confirming the quality and purity of 
raw material. The particle size and polydispersity index was found within the acceptable 
limits. The Differential scanning calorimetry and Fourier transfer infrared spectroscopy 
studies confirmed that there was no drug interaction with the excipients. The ex-vivo 
l permeable analysis of the intestines study was found that the phytosome shows 
enhancement in intestinal permeability than the crude alkaloid fraction. Conclusion: The 
above results indicated that the prepared alkaloid loaded phytosome shows promising 
potential in enhancement of intestinal permeability of Tinospora cordifolia.
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INTRODUCTION
In today’s world herbal medicines are 
becoming increasingly popular for their 
ability to treat a variety of  diseases with 
less harmful effects and better therapeutic 
value. A new approach to the production of  
pharmaceutical products which addresses 
the constraint of  the conventional drug 
delivery system.1 Most of  the active 
ingredient in the herbal medicinal products 
are mainly hydrophilic. Molecules have 
a minimal effectiveness and are poorly 
absorbed when taken internally and when 
used topically. Apart from that due to 
its bigger molecular size which can’t be 
absorbed via passive diffusion and due to 
their low lipid solubility limiting its capability 

to pass throughout the lipid-rich outer 
membranes of  the enterocytes (the cells 
that line the small intestine) ensuing bad 
bioavailability of  drugs. Therefore, a larger 
dose is required for dosage administration.2 
To overcome these problems the novel 
drug delivery system helps to improve the 
efficacy and reduces the adverse effects of  
herbal compounds and herbs.1 Phytosomes 
are newly introduced novel dosage form for 
improving the bioavailability and therapeutic 
effect of  the herbal drug.1 Phytosomes is a 
nano vesicular drug delivery system in which 
lipid surrounds and phosphatidylcholine of  
the lipid bounds to the phytoconstituents 
of  herb extracts. It helps to improve the 
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absorption and bioavailability via the pharmacodynamic 
and pharmacokinetic parameters of  herbal extracts.3

Tinospora cordifolia (Wild.) Miers, (Guduchi) is a perennial 
evergreen climber which belongs to the family 
Menispermaceae. In Ayurveda, it is a plant of  considerable 
medicinal value in the indigenous medicinal system 
and called Rasayana. Tinospora cordifolia is broadly used 
folk and traditional Ayurvedic medicine for its, anti-
inflammatory, antioxidant, anti-diabetic, anti-arthritic 
and a variety of  different medicinal properties. In 
the treatment of  diabetes it is used as highly potent 
Ayurvedic drug.4

The alkaloids from T. cordifolia show poor bioavailability, 
a high absorption rate and high elimination rate. Hence 
there is need to design, improve and evaluate an high 
quality pharmaceutical formulation to enhance its 
therapeutic effect.5,6 So the purpose of  this study is to 
prepare and evaluate the phytosomes from alkaloidal 
fraction of  Tinospora cordifolia to improve its permeability.

MATERIALS AND METHODS

Materials
Fresh stem of  Tinospora cordifolia was collected from local 
region of  Vengurla, Dist– Sindhudurga, Maharashtra and 
authenticated by Dr. HarshaHegade, Scientist E, ICMR, 
Belagavi, Karnataka. Soya lecithin 30% was purchased 
from Molychem, Mumbai, India. Cholesterol, BCG 
reagent, FC Phenol reagent was bought from Himedia 
laboratories, Mumbai, India. Atropine, Quercetin and 
Gallic acid was obtained from Sigma Aldrich Chemicals. 
Ethanol, methanol and dichloromethane was bought 
from Fisher Scientific, Mumbai.

Methods
The stem of  Tinospora cordifolia was cleaned with tap 
water and dried under shade. Then dried stem of  
Tinospora cordifolia was coarsely powdered and kept in the 
airtight neatly labelled jar till the further use.

Pharmacognostic Studies

Microscopic Study7,8

Powder microscopy was done by using Trinocular 
microscope. For powder microscopy dried stem powder 
was used.

Physicochemical Studies8,9

Physicochemical parameters were calculated according 
to WHO guidelines. 

Extraction of Plant material
Dried stem powder was subjected to cold maceration with 
70% v/v ethanol with occasional shaking. Extract was 
filtered and filtrate was collected in clean glass container. 
The marc was further expose to soxhlation with ethanol 
of  95% at 40°C. Filtering of  both maceration and 
soxhelation was combined and optimized at 40°C under 
reduced pressure using a rotary evaporator (IKA RV 
10). Obtained extract was dried and stored in air tight 
container.10

Preliminary Phytochemical screening9

The extract of  herbal drugs was subjected to 
phytochemical tests to assess the qualitative chemical 
composition of  the extract by standard method. A 
phytochemical test was carried out to identify the 
chemical constituents present in Tinospora cordifolia stem 
extract.

Determination of Total Alkaloid Content 
Total Alkaloid Content11 of  T. cordifolia stem extract 
was determined by spectrophotometric method. This 
method is based on the reaction between alkaloid and 
bromocresol green (BCG). 1mg of  stem extract was 
dissolved in 2N HCl and filtered. From the above 
solution 1ml of  solution was transferred in separating 
funnel and then 5ml of  BCG solution and 5ml of  
phosphate buffer (pH 7.4) were added in it. Shake 
the mixture and formed complex extracted with 1,2,3 
and 4ml chloroform respectively with vigrous shaking. 
Then extract was collected in 10ml volumetric flask 
and make up the volume with chloroform. Absorbance 
was measured at 470nm against the same mixture but 
without stem extract as a blank. 
A set of  standard atropine reference solution (20, 40, 
60, 80 and 100 mcg/ml) was prepared in same manner 
as above. The calibration curve is depicted in Figure 1. 
The total alkaloid content of  the extract was expressed 
as mg of  AE/g.

Determination of Phenolic Total Content 
Total Phenolic Content11,12 of  T. cordifolia stem extract was 
determined by Folin-Ciocalteu colorimetric assay.1ml 
of  stem extract and 9ml of  dist. water was taken in 25ml 
volumetric flask. Add 1ml FC Phenol reagent and shake 
well. Then, After 5 min, add 10ml of  7% Na2CO3 and 
make upto 25ml with dist. water and incubated for 1hr 
at room temperature. Absorbance was measured at 765 
nm against the same mixture but without stem extract as 
a blank. A set of  standard Gallic acid reference solution 
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(20, 40, 60, 80 and 100 mcg/ml) was prepared in same 
manner as above. Calibration curve for standard gallic 
acid is depicted in Figure 2. The total phenolic content 
of  the extract was expressed as mg of  GAE/g.

Determination of Total Flavonoid Content 
Total flavonoid content11,12 of  T. cordifolia stem extract 
was determined by aluminium chloride colorimetric 
assay. 1 ml stem extract and 4 ml dist. water was taken 
in 10 ml volumetric flask. Added 0.30 ml of  5% sodium 
nitrate in the above volumetric flask and incubated for 
5min at room temperature. After incubation add 0.3 
ml of  10% aluminium chloride and again incubated 
for 5min at room temperature. Then add 2 ml of  1M 
sodium hydroxide and diluted upto 10ml with distilled 
water and incubated for 15 min at room temperature. 
The absorbance was measured at 510nm against the 
same mixture but without stem extract as a blank. 
A set of  standard Quercetin reference solution (20, 40, 
60, 80 and 100 mcg/ml) was prepared in same manner 
as above. Calibration curve for standard quercetin is 
depicted in Figure 3. The total flavonoid content of  the 
extract was expressed as mg of  QE/g.

Fractionation of Tinospora cordifolia Stem Extract 
Fractionation of  Tinospora cordifolia stem extract was 
carried out as per Cos et al. method.13 The stem extract 
was dispersed in 5% w/v citric acid and washed with 
dichloromethane. Dichloromethane and aqueous layer 
were separated. Separated dichloromethane layer was 
partitioned with 90% v/v methanol and petroleum 
ether (1:1) to get fraction 1 and fraction 2. Aqueous 
layer was concentrated to half  and pH adjusted to 9.0 
with 10% ammonium hydroxide. Aqueous layer was 
washed with dichloromethane, which gives fraction 3 
and fraction 4. Fraction containing alkaloids was used 
for further studies.

Preparation of Phytosomes
Phytosomes was prepared14,15 by using thin layer 
hydration method with different molar ratio of  drug, 
30% Soya lecithin and cholesterol. Accurately weighed 
amount of  soya lecithin and cholesterol was dissolved in 
dichloromethane, while drug was dissolved in methanol. 
The above mixture was taken in round bottom flask 
and evaporated in rotary evaporator at 40°C at 180 r/
min and vacuumed until evaporate the all solvent and 
thin layer was obtained to RBF. The flask was stored 
in refrigerator upto 24 hrs. The film was hydrated with 
mixture of  ethanol and water (1:1) in rotary evaporator 
at 40°C for 1 hr. Once the phytosomal suspension was 
formed the sonication was done for 30min to reduce 
the particle size. Total four phytosomal formulations 
(Table 4) of  alkaloid content from Tinospora cordifolia 
were prepared using soya lecithin and cholesterol.

Evaluation of Phytosomes16-18

a) Determination of particle size
Vesicles particle size and polydispersity index (PDI) 
analysis was performed using Nanotrac instrument. 1 
ml phytosome suspension was diluted upto 10 ml with 

Figure 1: Calibration curve for standard atropine for 
determination of Total alkaloid content.

Figure 2: Calibration curve for standard gallic acid for 
Determination of Total phenolic content.

Figure 3: Calibration curve for standard quercetin for 
determination of Total flavonoid content.
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Millipore water and particle size was determined. Particle 
size and polydispersity index of  of  the phytosome 
formulation FS4 is depicted in Figure 4.

b) Vesicles Morphology 

Shape and Surface morphology of  phytosomes were 
studied using Trinocular microscopy and scanning 
electron microscopy (SEM) (Figure 5).

c) Differential scanning calorimetry (DSC) 

Differential scanning calorimetry (DSC) analysis was 
performed on a DSC60 detector. Approximately 2mg 
of  pure alkaloid fraction, physical mixture of  fraction 
with excipients and phytosomes was weighed in an 
aluminium pan and sealed hermetically. DSC scan was 
recordedfrom 30°C to 300°C at a heating rate of  10°C/

min under a nitrogen purge. Empty pan was considered 
as reference (Figure 6).

d) FT-IR Spectroscopy
Fourier Transform Infrared (FT-IR) technique is used 
to study the physical and chemical interaction between 
drug and excipients. FT-IR spectrum of  pure alkaloid 
fraction, physical mixture of  fraction with excipients and 
phytosomes was carried out to check the compatibility of  
drug after combining with the excipients by potassium 
bromide method (Figure 7).

Ex-vivo Intestinal Permeability Study19-21

Ex-vivo permeation study was performed by using non-
everted gut sac method using chicken ileum, collected 
from nearby slaughter house. The separated two small 
segments were washed at room temperature six times 
with Krebs Ringer’s solution together with continuous 
aeration. After washing, two segments of  the ileum were 
filled with phytosomal suspension as well as aqueous raw 
alkaloid fraction solution. Such segments were tightened 
at both ends and placed under continuous bubbled with 
atmosphere air in a beaker containing 50ml of  Krebs 
Ringer’s solution. In order tomaintain the temperature at 
37 ±0.5°C, the gut sac bath is enclosed by an outer water 
jacket. After 1 hr the all drug solution was withdrawn 
and release amount of  alkaloid from Tinospora cordifolia 
was determined by estimation of  total alkaloid content.

RESULTS AND DISCUSSION
Microscopic Study
Powder Microscopy
The powdered material of  Tinospora cordifolia stem was 
creamish brown in color, odorless and slightly bitter in 
taste. Microscopy study of  powder showed the presence 

Figure 4: Particle size and PDI of Optimized phytosome 
formulation FS4.

Figure 5: Vesicles Morphology of Phytosome formulation.
Figure 6: DSC of a) Fraction, b) Physical mixture, c) 

Phytosome.
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of  fibers which are lignified and long in shape. Tracheids 
with bordered pits and horizontal perforations. Xylem 
vessels cylindrical and bear bordered pits (Figure 8).

Physicochemical study
The physico-chemical investigation tests were performed 
to analyze the quality and purity of  Tinospora cordifolia. Ash 
value is useful in determining the authenticity and purity 
of  the plant material. The total ash, acid insoluble and 
water soluble ash value for Tinospora cordifolia was found 
in range of  10±0.6, 2±0.05 and 7± 0.25 respectively. 
The water soluble extractive value is higher than alcohol 
soluble extractive in T. cordifolia. The samples of  alcohol 
soluble and water soluble extractive values were found 
within the range of  7±0.5 and 19±0.25 respectively. The 
major factor responsible for the deterioration of  the 
samples is moisture. Low moisture is always desirable 
for greater stability of  drugs. The loss on drying in 
Tinospora cordifolia plant were found within the range of  
1.76 ± 0.04 (Table 1).

Preliminary phytochemical screening
The phytochemical screening of  extract shows the 
presence of  alkaloids, carbohydrates, terpenoids, 
tannins, steroids, flavonoids and phenols in the T. 
cordifolia extract. Saponins are absent in the extract 
(Table 2).

Table 2: Preliminary Phytochemical Screening.
Phytochemical Test Observation T. cordifolia Extract

Alkaloid

Mayer’s Test Gives ppt +

Dragendorff’s Test Orange-Brown ppt +

Wagner’s Test Reddish-Brown ppt +

Hager’s Test Yellow ppt +

Carbohydrates Molisch’s Test violet ring formation at 
intersection of two liquids +

Flavonoids
Shinoda Test Orange, Pink, Red to Purple 

colour +

NaOH + Conc. H2SO4
NaOH – Colouration H2SO4 – 

Decolouration +

Tannins Lead Acetate Test Yellow ppt +

Terpenoids Salkowski Test

Chloroform layer – Red 
colour

Acid layer – Greenish yellow 
fluorescence

+

Steroids LibbermannBurchard Test Red, Blue to Green colour +

Polyphenols 10% FeCl3 Test Blue / Green colour +

Saponins Foam Test Foam formation -

(+ = Present and - = Absent)

Table 1: Physiochemical investigation of Tinospora 
cordifolia.

Sr. 
No

Physico-
chemical 

Parameters 
(%w/w)

Results for 
Tinospora 
cordifolia
(%w/w)

Standard Value
(% w/w)

1. Total ash 10 ± 0.6 NMT 10 %

2. Acid Insoluble 
ash 2 ± 0.05 NMT 3%

3. Water soluble 
ash 7 ± 0.25 NMT 20%

4. Alcohol Soluble
Extractive value 7 ± 0.5 NLT 1.5%

5. Water Soluble
Extractive value 19 ± 0.25 NLT 9%

6. Loss on drying 1.76 ± 0.04 NMT 10%

Results are presented as the mean±SD, (n=3)

Determination of total alkaloid, phenol and 
flavonoid content

The total alkaloid, phenolic and flavonoid content was 
found to be 6.1 ± 0.001mgAE/g, 5.4 ± 0.05mgGAE/g, 
3.6 ± 0.02 mg QE/g respectively in Tinospora cordifolia 
stem extract. Table 3 summarizes the data for 
determination of  total alkaloid, phenolic and flavonoid 
content.
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Figure 7: FTIR of a) fraction, b) Physical mixture, c) 
Phytosome. Figure 8: Photographs of powder microscopy of Tinospora 

cordifolia stem.

Table 3: Data for determination of total alkaloid, 
phenolic and flavonoid content.

Sr. 
No Plant Name Parameters Results

1.

Tinospora 
cordifolia

Total alkaloid content 
(mg AE/g dry extract) 6.1 ± 0.001

2.
Total phenolic content

 (mg GAE/g dry 
extract) 

5.4 ± 0.05

3. Total flavonoids
(mg QE/g dry extract) 3.6 ± 0.02

Results are presented as the mean±SD, (n=3)

Evaluation of Phytosomes

Particle Size
The particle size and polydispersity index (PDI) of  
phytosome was measured by Nanotrac Particle Size 
Analyzer. Particle size data and polydispersity index for 
prepared phytosome formulations FS1 to FS2 was listed 
in Table 5. Smaller particle size indicates better drug 
permeation and PDI indicates uniform size distribution 
of  particles. The particle size of  formulation FS 4 is 368 
± 0.12 and PDI was 0.5. So, Formulation FS 4 shows 
smaller particle size and PDI range which is used as 
optimized formulation for further study.

Vesicles morphology
Shape and surface morphology of  phytosome formulation 
FS 4 was studied using Trinocular microscope and 
Scanning electron microscopy. Trinocular microscopy 
and SEM photographs of  formulation FS 4 was shown 
in Figure 5. The phytosome formulation FS 4 was found 
to be smooth and spherical in shape.

Differential Scanning Colorimetry (DSC)
The obtained thermograms of  pure fraction, physical 
mixture and phytosome formulation by Differential 
scanning Colorimetry (DSC) were Figure 6. The fraction 
in physical mixture showed the melting point within the 
range with no additional shift in endothermic peak which 
indicated that drug is compatible with other ingredient. 
The pure fraction exhibited sharp endothermic peak at 
99.90°C.

FT-IR Spectroscopy
FT-IR spectroscopy was performed to study the 
compatibility of  pure fraction and physical mixture of  
fraction with soya lecithin and phytosome formulation 
respectively. From the FT-IR spectra observed 
that characteristic peak of  drug was present in the 
combination also. The reported peak frequencies were 
shown in Table 6. The functional groups are lies within 
the limit and there is no interaction between drug and 
excipients.

Ex-vivo intestinal permeability study
The Ex-vivo permeation study was performed with the 
help of  everted gut sac method using chicken ileum. 
This study shows the linkage between drug absorption 
and drug permeation. Result of  the study shows that 
the phytosome formulation (FS4) was more permeated 
within 1 hr because of  incorporation of  fraction inside 
the lipid matrix while permeation of  fraction (F3) is less. 
The phytosome formulation (FS4) was found to be 1.85 
times more permeable than the pure fraction (F3) (Table 
7). The formulated phytosomes shows more potency in 
enhancement of  drug permeability as compared to pure 
fraction of  alkaloid from Tinospora cordifolia.
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Table 5: Particle size and PDI of vesicles.

Sr.No Formulation 
Code

Particle Size 
(nm) PDI

1. FS 1 628± 76 0.7

2. FS 2 587±0.85 0.9

3. FS 3 554± 0.62 0.7

4. FS 4 368± 0.12 0.5

Table 6: FTIR spectral data of pure fraction, physical 
mixture and phytosome.

Functional 
Group

Observed Frequencies

Pure 
Fraction

Fraction + 
excipients 
(Physical 
Mixture)

Phytosome 
formulation

N-H Strech 3316 3317 3227

C-O Stretch 1141 1714 1514.72

C-H Stretch 1482.95 2922 2995.68

C-C Stretch 1473 1437 1641.05

C=C Stretch 1514.22 1514 1516.12

Table 7: Data for Ex-vivo intestinal permeability 
Study.

Sr. No Parameter Result

1. Alkaloid content of pure fraction
(After permeation through ileum) 6.88 ± 0.69

2.
Alkaloid content of formulated 
phytosomes (after permeation 

through ileum)
12.77 ± 0.50

CONCLUSION
The above study conclude that alkaloid loaded 
phytosomes from stem of  Tinospora cordifolia has better 
physical characteristics than crude alkaloid fraction. 
Ex-vivo intestinal permeability study revealed that 
the phytosome formulation shows more potency in 
enhancement of  permeability of  alkaloids incorporated 
in it than the crude alkaloid fraction.
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PICTORIAL ABSTRACT SUMMARY
Phytosomes are newly introduced novel dosage form 
for improving the bioavailability and therapeutic effect 
of the herbal drug. In the present study preparation 
and evaluation of alkaloid loaded phytosome 
from Tinospora cordifolia was carried out. The 
hydroalcoholic extracts of T. cordifolia were screened 
for total content of phenols, flavonoids and alkaloids. 
A total four Phytosome formulations were prepared by 
using thin film hydration method with different ratio 
of soya lecithin and cholesterol. Further evaluation 
of phytosome was carried out. The ex-vivo intestinal 
permeability study was performed for crude fraction 
and prepared phytosome to assess the intestinal 
permeability enhancement. The all standardization 
parameters showed the results within the standard 
limits, thus confirming the quality and purity of raw 
material. The particle size and polydispersity index 
was found within the acceptable limits. In ex-vivo 
permeability analysis of the intestines study was found 
that the phytosome shows enhancement in intestinal 
permeability than the crude alkaloid fraction. The above 
results indicated that the prepared alkaloid loaded 
phytosome shows promising potential in enhancement 
of intestinal permeability of Tinospora cordifolia.
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A single robust stability-indicating RP-HPLC
analytical tool for apigenin quantification in
bulk powder and in nanoliposomes: a
novel approach
Priya Shetti1 and Sunil S. Jalalpure2*

Abstract

Background: Apigenin (4′, 5, 7-trihydroxyflavone), a flavonoid, is present usually in fruits and vegetables possessing
numerous biological properties like antioxidant, anti-viral, antibacterial, anti-inflammatory, and chemoprevention
activity. So present study was aimed to prepare and characterize nanoliposomes of apigenin and estimate its
encapsulation efficiency by stability-assisted reverse-phase (RP)-HPLC method.

Results: The stability indication of the RP-HPLC method developed for apigenin-loaded nanoliposomes was
successfully demonstrated and parameters were mainly the retention time which was 4.21 min, limit of detection
(LOD) 0.49 μg/mL, limit of quantification (LOQ) 1.48 μg/mL, and %relative standard deviation (RSD) less than 2%.
Therefore, the stability indication of the developed reverse-phase HPLC method for apigenin-loaded nanoliposomes
was demonstrated successfully and parameters like accuracy, linearity, LOD, LOQ, precision, and %RSD were within
the limit range and found to be satisfactory.

Conclusion: The developed RP-HPLC method was found to be suitable for the quantification or estimation of
apigenin with its stability in apigenin-loaded nanoliposomes, and this method will be a powerful tool in the future
for the estimation of apigenin present in any pharmaceutical preparations.

Keywords: Apigenin, Nanoliposomes, Stability-indicating method, RP-HPLC, Validation

Background
Apigenin (4,5,7-trihydroxyflavone) (Fig. 1) is one of the
most novel flavonoids in plants and formally belongs to
the flavone sub-class. Apigenin possess moderate antioxi-
dant property, anti-hyperglycemic [1], anti-inflammatory
[2], myocardial ischemia, and anti-apoptotic effects [3]. A
review by Zhou et al. summarized various biological ef-
fects of apigenin being effective against cytostatic and
cytotoxic activities of a number of cancer cells and anti-
atherogenic effects and also protective effects on hyper-
tension, cardiac hypertrophy, and autoimmune

myocarditis [4]. Novel approach has led to the develop-
ment of apigenin in the pharmaceutical era, and quantifi-
cation and estimation of apigenin in plant extracts has
need raised. Nanoliposomes are similar to nano-metric
kind of liposomes which tend to be the further most ap-
plied in encapsulation and controlled release systems [5].
These deliver more surface area, compared to liposomes,
hence enhancing the bioavailability and controlled release,
facilitating accurate target of the encapsulated material to
a larger amount [6]. Apigenin having potential to increase
the performance of the bioactive agent helps in enhancing
solubility, bioavailability, and stability reported in vitro
and in vivo. Due to prevention in unnecessary interactions
with other molecules with this support, these nanolipo-
somes have diverse applications; current study was
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commenced for the preparation, characterization, and
confirmation of apigenin-loaded nanoliposomes for its en-
capsulation stability by RP-HPLC method.

Methods
Chemicals and reagents
Apigenin was a gift sample from Aktin Chemicals Ltd.,
China. Methanol, acetonitrile, and formic acid (HPLC
grade) were purchased from Merck Limited (Mumbai,
India). Other common laboratory reagents were of ana-
lytical grade.

Instrumentation
Shimadzu HPLC (LC- 2010) (Kyoto, Japan), pump sys-
tem (LC-20 AD), degasser (DGU-20A5), a column oven
(CTO-10ASVP), an auto-injector (SIL-20ACHT), PDA
Detector (SPD-M20A), and a computer software (lab so-
lutions, version 1.25) were used.

Chromatographic conditions
The chromatographic separation was carried out by
injecting (10 μL) a sample to the HPLC system con-
nected to a C-18 analytical column (Phenomenex Luna
5 μm, 250mm × 4.6 mm) (set at 35 °C) operating at 1
ml/min flow rate, and detection was done at 269 nm.
Acetonitrile and 0.1% formic acid, 55:45 (v/v) at pH =
7.4, was used as a mobile phase.

Standard solution preparation
Stock solution was prepared (100 μg/mL) in the mobile
phase. Further dilutions were carried out to get the cali-
bration curve ranging from 0.5 to 16 μg/mL.

Preparation of stealth apigenin-nanoliposomes
Formulating the stealth apigenin-nanoliposomes, an
ethanol injection technique was used in the preparation
of nanoliposomes as described by Sudhakar et al. [7].
Briefly, apigenin (10 mg) and stearic acid (10 mg) were
dissolved in 2 ml of absolute ethanol with gentle heating
(< 50 °C) on a hot plate. Then, lipid di-stearoyl-sn-gly-
cero-phosphoethanolamine–N (polyethyleneglycol)
(DSPE-PEG) (0.003%) and cholesterol (0.0015%) were
added into the same mixture with stirring. Phosphate-
buffered saline (PBS) (pH 7.4) (10 ml) was added to
mixture dropwise with constant stirring for 90–120
min to remove ethanol. The nanoliposomes were op-
timized for various concentrations of lipid. The opti-
mized batch was homogenized at 10,000×g for 10 min
followed by sonication for 15 min, which were further
filtered through 0.45-μm and 0.2-μm sterile syringe
filters and were allowed to equilibrate for 1 day and
then stored at 4 °C. In the time, apigenin-loaded
nanoliposomes were also assessed for their average
particle size, poly dispersity index (PDI) according to
Sharma et al. [8]. Moreover, encapsulation efficiency
of nanoliposome was also assessed by centrifugation
at 10,000×g for 30 min, and supernatant solution ob-
tained after centrifugation was mixed with mobile
phase and analyzed by using HPLC [9, 10].

Method development
The chromatographic conditions were optimized and
steady baseline was obtained. Chromatogram was
assessed by injecting standard apigenin solution, and
analyses were repeated in a similar way for six times.

Fig. 1 Chemical structure of apigenin

Table 1 Results of system suitability studies of quality control
samples of apigenin

Parameter Mean ± SD % RSD

Retention time (min) 4.21 ± 0.00a 0.13

Peak area 127512 ± 273a 0.21

Theoretical plates 7010 ± 38.23a 0.54

Tailing factor 1.35 ± 0.00a 0.22

RSD relative standard deviation
an = 6
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Method validation
Linearity
Linearity studies reveal the standard calibration curve
was plotted from 0.5 to 16 μg/mL concentrations. Stand-
ard calibration curves were determined for concentra-
tions versus peak area. Sample run in triplicate of all the
sample solutions was assessed, and a chromatogram was
recorded.

Precision and accuracy
The apigenin samples were subjected to three levels of
quality control; namely low, medium, and high respect-
ive concentrations of 0.5, 4, and 16 μg/mL were prepared
and used in determining the precision and accuracy. For
intra-day precision and accuracy, triplicates of standard
solutions were injected on the same day and also for
interday; triplicates of standard solutions (50%, 100%,
and 150%) were injected over three consecutive days.

%relative standard deviation (RSD) and % RE were calcu-
lated respectively.

Limit of detection (LOD) and limit of quantification (LOQ)
The LOD was determined by a series of dilutions of api-
genin stock solutions to find a signal to noise (S/N) ratio
of at least 3.3:1 for LOD and 10:1 for LOQ. Both param-
eters obliged the quantity of analyte that can be
quantified.

System suitability
To validate the chromatographic system, suitability test
is carried out, and various factors such as tailing factor,
theoretical plates, and peak area and resolution data
were also considered.

Robustness
The robustness of the method was evaluated by deliber-
ately making a slight change in the optimized value. The
evaluated parameters were as follows: detector wave-
length (± 1 nm), flow rate (± 0.2 ml/min), and oven
temperature (± 2 °C). Apigenin peak areas and the %RSD
of robustness testing were statistically measured.

Specificity
The specificity study chance of interferences from PBS
and apigenin-loaded nanoliposomes at the retention
time of apigenin was analyzed by comparing the chro-
matograms obtained from the standard apigenin solution
and PBS.

Fig. 2 Chromatogram of standard apigenin solution (10 μg/ml)

Table 2 Results of linearity and regression analysis of apigenin

Analyte Apigenin at 269 nm

Concentration range (μg/ml) 0.5–16

Slope 34,367

Intercept 5495

R2 0.999

LOD(μg/ml) 0.49

LOQ (μg/ml) 1.48
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Force degradation studies
The stability-indicating property of the HPLC method
which was developed was carried out as per the Inter-
national Conference on Harmonization (ICH) guidelines
[11]. Forced degradation studies of apigenin were con-
ducted by exposing the working sample to oxidation,
photolytic, acidic, and alkaline and heat conditions.

Results
Optimization of sample preparation and chromatographic
conditions
Various trials were performed by changing the compos-
ition of the mobile phase. Finally, composition of ACN,
0.1 % FA (55:45 v/v, pH = 7.4), gave the better separ-
ation. During these studies, the 10 μl injected volume
and the flow rate (1 ml/min) found to be constant.

Analytical method validation suitability of system
The system suitability results are tabulated in Table 1.
The peak retention time was found to be 4.21min (Fig. 2),
the average theoretical plate was > 7000, and the tailing
factor was < 2. Presence of higher theoretical plates with a
lower tailing number indicates the efficiency of the system.
Additionally, the % RSD values for all the parameters

including retention time, peak area, and theoretical plates
and tailing number were less than 1% justifying the better
suitability of the system.

Linearity and range
The linearity and regression are tabulated in Table 2 and
Fig. 3. None of the constituents from the nanoliposomes
or the derivative products of stress treatment interfered
with apigenin peaks. A calibration curve was generated
by plotting concentration of apigenin (x) against the
peak area. A linearity (R2 = 0.9995; equation y =
34367x–5495.5) was achieved for the concentration
range of 0.5–16 μg/mL. Apigenin was detected employ-
ing C18 column with methanol to 0.2% phosphoric acid
mobile phase and had an accuracy and recovery of 93.82
and 88.35% respectively.

Limit of detection (LOD) and limit of quantification (LOQ)
The LOD and LOQ of apigenin were found to be 0.49
and 1.48 μg/ml, respectively. A higher LOD (1.94 μg/ml)
and LOQ (6.26 μg/ml) of apigenin was reported.

Accuracy and precision
The obtained results are expressed in Tables 3, 4, and 5.
The intra-day precision for apigenin was between 0.11
and 1.38%, while the accuracy ranged between 0.12 and
0.76%. The interday precision was 0.27% and 1.69%, re-
spectively. Three separate samples injected showed a
best recovery of 99.96–101.4% indicating a higher accur-
acy of the method.

Fig. 3 Calibration curve for apigenin 269 nm

Table 3 Results of accuracy study of apigenin

Sl.
No.

Conc.
(μg/ml)

Level
in (%)

Added qty
(μg/ml)

Found qty
(μg/ml)

Recovery
(%)

RSD
(%)

1 2 50 1 1.02 99.96 0.76

2 2 100 2 2.00 100.20 0.28

3 2 150 3 3.15 101.40 0.12

RSD relative standard deviation
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Robustness and ruggedness
The results of the robustness study are presented in
Table 6. Parameters including mobile phase, flow rate,
detection wavelength, column oven temperature, and the
type of column did not hinder the resolution in terms of
similar retention time and lower RSD values.

Stability-indicating study
The results of the stress degradation studies (acid, alkali,
oxidation, heat, and light) for the standard apigenin so-
lution are shown in Table 7. The chromatograms of the
stressed standard apigenin solution after 2 h under vari-
ous stress conditions are shown in Figs. 4 and 5. In the
current study, apigenin showed a degree of degradation
ranging from as low as 5.87% for alkaline hydrolysis to
20% by photolytic damage. The degradation of apigenin
was perfectly estimated by the developed method. HPLC
analysis of aqueous and ethanolic chamomile extracts
exposed to different temperature and pH showed that
apigenin-7-O-glucosidedegraded by 6% at pH 8, 9% at
pH 9, and 11–12% at pH 10–12; 48% at pH 13.0, with
no loss below pH 5.0. Long-term storage of extracts at
room temperature revealed conversion of glycoside to
aglycone as compared to storage at − 20 °C.

Preparation and characterization of stealth liposomes
The apigenin-loaded nanoliposomes were successfully
prepared by the ethanol injection technique; the nanoli-
posomes was 124 nm of the blank liposome and
apigenin-loaded liposome was 151 nm. The average
polydispersity index for blank and drug-loaded liposome
was 0.23 and 0.16, respectively (Table 8). These results
summarized that the PDI value is < 0.3 and indicated
narrow homogeneous presence of particle size distribu-
tion. Meanwhile, these apigenin-loaded liposomes were
also subjected to the encapsulation efficiency (EE) of api-
genin in the formulation. The chromatogram showed an
intense characteristic apigenin peak in nanoliposomes,
and t 80.18% of encapsulation efficiency was achieved by
this method (Fig. 6, Table 8).
The average particle size of apigenin-loaded lecithin li-

posomes was in the range of 158.9 ± 6.1 to 260.3 ± 11.1
nm. The PDI ranged from 0.205 ± 0.02 to 0.331 ± 0.063
with a remarkable encapsulation efficiency of more than
92% and possessing high potential for nutraceutical for-
mulations. In another study, apigenin-loaded distearoyl-
phophatidylcholine (DSPC) liposomes showed a particle

Table 5 Results of interday precision data of apigenin samples

Day /
time

Concentration
(μg/ml)

Peak
area

Retention
time (min)

(%)RSD of
peak area

Day 1 10:
00 am

0.5 18,728.5 4.28 0.93

4 129,084.2 4.29 0.28

16 647,448.3 4.30 1.16

Day 2 10:
00 am

0.5 19,404.17 4.31 1.38

4 129,707.2 4.29 0.27

16 673,361.8 4.28 1.05

Day 3 10:
00 am

0.5 20,680 4.30 1.69

4 130,179 4.29 0.27

16 721,931.5 4.28 1.02

RSD relative standard deviation

Table 6 Analysis of robustness and ruggedness using apigenin
solution

Parameters Variations Time (min) %RSD

Mobile phase(± 2 v/v) 55:45 4.30 0.08

53:47 4.51 0.10

57:43 4.00 0.03

Flow rate(± 0.1 ml) 1 ml/min 4.33 0.08

0.9 ml/min 4.71 0.10

1.1 ml/min 3.86 0.09

Detection wavelength (± 2 nm) 267 4.24 0.13

269 4.23 0.11

Column oven temp(±1 °C) 35 °C 4.21 0.13

34 °C 4.22 0.15

36 °C 4.20 0.17

Column Luna 5u(250X4.6) 4.33 0.08

Luna 5u(150X4.6) 3.84 0.09

RSD relative standard deviation

Table 7 Results of the stress degradation studies of apigenin
solution at 2 h

Stress
degradation
studies

Conc. used
(μg/ml)

Conc. left after
degradation (μg/ml)

%
Degradation

Acid hydrolysis 2.0 1.62 18.88

Alkaline
hydrolysis

2.0 1.88 5.87

Oxidation 2.0 1.70 14.61

Thermal 2.0 1.66 16.55

Photolytic 2.0 1.60 20.00

Table 4 Results of intra-day precision of apigenin solution

Experiment time
for day 1

Concentration
(μg/ml)

Peak
area

Retention
time (min)

(%)RSD of
peak area

9:00 am 0.5 19,404.17 4.28 1.38

4 129,483 4.29 0.39

16 673,361.8 4.30 0.78

1:00 pm 0.5 19,404.17 4.31 1.38

4 129,707.2 4.29 0.27

16 673,361.8 4.28 1.05

6:00 pm 0.5 19,497.17 4.27 0.34

4 129,882.5 4.27 0.32

16 682,828 4.28 0.11

RSD relative standard deviation
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Fig. 4 Chromatograms of stressed apigenin samples (10 μg /ml) under a acid hydrolysis (0.1 N HCl), b base hydrolysis (0.1 N NaOH), and c
oxidative degradation (3% H2O2), and d heat (80 °C)
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size of 104.3 ± 1.8 nm, PDI of 0.204, and a high EE of
89.9%. The apigenin-loaded DSPC liposomes were ef-
fective in delivering the drug within bacterial cells and
thus were antibacterial in nature.

Discussion
Presence of higher theoretical plates with a lower tailing
number indicates the efficiency of the system. Addition-
ally, the % RSD values for all the parameters including
retention time, peak area, and theoretical plates and tail-
ing number were less than 1% justifying the better suit-
ability of the system [12].
None of the constituents from the nanoliposomes

or the derivative products of stress treatment inter-
fered with apigenin peaks. A calibration curve was
generated by plotting concentration of apigenin (x)
against the peak area. A linearity of r = 0.9995 with
equation y = 34367x–5495.5 was achieved for the
concentration range of 0.5–16 μg/ml. Apigenin was

detected utilizing C18 column with methanol to 0.2%
phosphoric acid mobile [13]. A higher LOD (1.94 μg/
ml) and LOQ (6.26 μg/ml) of apigenin was reported,
which could be due to variance in the mobile phase
[13] and depending on the type of analysis and ana-
lytical conditions used [12]. Three separate samples
injected showed a best recovery of 99.96–101.4% indi-
cating a higher accuracy of the method. The RSD
values of intra- and interday precision of the method
was less than 2% [14–16].
Parameters including mobile phase, flow rate, detec-

tion wavelength, column oven temperature, and the type
of column did not hinder the resolution in terms of
similar retention time and lower RSD values. Triplicate
analysis of the samples showed the better robustness of
the developed method which was similar to those re-
ported [17].
In the current study, apigenin showed a degree of

degradation ranging from as low as 5.87% for alkaline

Fig. 5 Chromatograms of stressed apigenin samples (10 μg/ml) under e sunlight (after 1 h) and f sunlight (after 2 h)

Table 8 Results of characterization of apigenin-entrapped liposomes

Liposome formulation Particle size diameter (nm) PDI % Entrapment efficiency

Blank liposome 124 0.23 NA

Apigenin-loaded liposomes 151 0.16 80.18%

PDI polydispersity index
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hydrolysis to 20% by photolytic damage. The degrad-
ation of apigenin was perfectly estimated by the de-
veloped method [18]. Apigenin was also found to be
structurally unstable when subjected to temperatures
of 37 °C [19, 20].
A multiple emulsion solvent evaporation technique

was employed to encapsulate apigenin in poly(lactide-
co-glycoside), PLGA, which showed a drug loading effi-
cacy of 19.14% [21]. The EE of apigenin-loaded lipo-
somes was better than that reported and similar to
encapsulation of apigenin in lecithin liposomes [22]. The
average particle size of apigenin-loaded lecithin lipo-
somes was in the range of 158.9 to 260.3 nm. The PDI
ranged from 0.205 to 0.331 with a remarkable encapsula-
tion efficiency of more than 92%. In another study,
apigenin-loaded distearoylphophatidylcholine (DSPC) li-
posomes showed a particle size of 104.3 ± 1.8 nm, PDI
of 0.204, and a high EE of 89.9%. Apigenin-loaded nano-
liposome from the current study would thus function as
an efficient drug delivery system [23–25].

Conclusion
A sensitive, simple, specific, and stability-indicating RP-
HPLC tool for the quantification of apigenin bulk and
apigenin-loaded nanoliposomes were developed effect-
ively. Interferences of peaks with apigenin by the encap-
sulation substances were not detected. The method
could be used in herbal drug industries for quantifica-
tion of apigenin.
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a b s t r a c t

Objective: To identify the safe and effective natural inhibitors of spike glycoprotein and main protease
3CLpro using potential natural antiviral compounds which are studied under various animal models
and viral cell lines.
Methods: First, compounds were retrieved from the PubChem database and predicted for their druggabil-
ity using the MolSoft web server, and compounds having drug-like property were predicted for major
adverse drug reactions like cardiotoxicity, hepatotoxicity, arrhythmia, myocardial infarction, and nephro-
toxicity using ADVERpred. Docking of nontoxic antiviral compounds with spike glycoprotein and main
protease 3CLpro was performed using AutoDock vina by PyRx 0.8 version. The stability of compound-
protein interactions was checked by molecular dynamic (MD) simulation using Schrodinger Desmond
software.
Results: Based on the druggable and nontoxic profile, nine compounds were selected. Among them,
Withanone from Withania somnifera showed the highest binding affinity and best fit at active sites 1 of
spike glycoprotein (glycosylation site) and main protease 3CLpro via interacting with active site amino
acid residues before and after MD simulation at 50 ns. Withanone, which may reduce the glycosylation
of SARS-CoV-2 via interacting with Asn343 and inhibit viral replication.
Conclusion: The current study reports Withanone as a non-toxic antiviral against SARS-CoV-2 and serve
as a potential lead hit for further experimental validation.

� 2021 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In the last twenty years, numerous viral epidemics such as SARS
(Severe Acute Respiratory Syndrome Coronavirus) in 2002–2003,
H1N1 flu in 2009 (Cascella et al., 2020), MERS-CoV (Middle East
Coronavirus Respiratory Syndrome) in 2012 (Khan and Sheek-
Hussein, 2020) have emerged to cause epidemics. In late December
2019, an outbreak of new coronavirus disease (SARS-CoV2; COVID-
19; 2019-nCoV) has been reported (Xu et al., 2020). On January 30,
2020, WHO declared the outbreak of COVID-19 as a global health
emergency, and on March 11, 2020, WHO declared COVID-19 as
a pandemic (Lai et al., 2020). COVID-19 is an acute respiratory syn-
drome, primarily affects the respiratory system (Singhal, 2020).
The time from onset of COVID-19 symptoms to death ranged from
6 d to 41 d with a median of 14 d (Rothan and Byrareddy, 2020).

This period depends on the patient age and state of the immune
system. The most common symptoms in the early stages of
COVID-19 are fever, dry cough, and fatigue. The symptoms associ-
ated with the onset of severity include sputum production, head-
ache, hemoptysis, diarrhea, dyspnea and lymphopenia (Kumar
et al., 2020a).

Recognition of host receptors by the virus is the first stage of a
viral infection and is a key factor determining the tropism of host
cells and tissues (Baranowski et al., 2001). Coronavirus is an envel-
oped, positive single-stranded RNA virus belongs to the subspecies
Orthocoronavirinae, containing ‘‘crown-like” spikes on their sur-
faces (Hageman, 2020). Among the structural elements of CoVs,
Spike (S) glycoprotein cleaved by proteases into two subunits i.e.
S1 and S2 (Walls et al., 2020). S1 is further divided into SA and
SB domains. The SB domain interacts with the angiotensin-
converting enzyme 2 (ACE2) to enter cells by acting on receptor
binding domain S1 (Walls et al., 2020). Whereas the S2 subunit
containing the fusion peptide, transmembrane domain, and cyto-
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plasmic domain are highly conserved (Xia et al., 2020). S2 plays a
key role in the fusion of the SARS-CoV-2 S1-ACE2 complex forma-
tion with the cell membrane and is highly glycosylated at evolu-
tionarily conserved sites. It is well demonstrated that increased
glycosylation of SARS-CoV-2 and ACE2 increases the binding affin-
ity between SARS-CoV-2 and hACE2 which correlates with
increased virus transmission and disease severity in human
(Brufsky 2020). SARS-CoV-2 glycosylation sites have been identi-
fied to affect the host immune response and have been suggested
as a possible target for future alterations (Vetrivel et al., 2021). Tar-
geting glycosylation site aid in the early and rapid immune
response to neutralize the virion (Vetrivel et al., 2021). By decreas-
ing the level of glycosylation in the lung epithelium could reduce
the binding affinity of SARS-CoV-2 viral particles with the ACE2
in the lung (Brufsky 2020). Furthermore, researchers identified that
the SARS-CoV-2 spike protein S2 subunit has a sequence identify of
89.8% and sequence similarity of 96.9% compared to earlier SARS-
CoV (Ou et al., 2020). To date, there are no approved specific drugs
to prevent their infection due to the host receptors for penetration
of the virus into the cell, poorly conserved structural proteins, and
high rates of mutation and recombination pose became the major
challenge in the development of broad-spectrum anti-CoV drugs
and vaccines (Tse et al., 2020). Currently, a number of studies were
carried out to design lead molecules against SARS-CoV-2 spike
glycoprotein-mediated membrane fusion. Attempts are also made
to design SARS-CoV S murine polyclonal antibodies to inhibit
SARS-CoV-2 S protein mediated entry into human cells through
ACE2 receptor (Wang et al., 2020; Walls et al., 2020). Also, FDA
approved chloroquine phosphate and hydroxychloroquine sul-
phate for the management COVID-19 based on the clinical data
and significant effect on in vitro cell lines (Weston et al, 2020).
Hydroxychloroquine showed potent activity against COVID-19
but it causes drug poisoning and adverse drug events in patients
with heart disease, hypertension, and diabetes having COVID-19
infection (Singh et al., 2021) and also all trails on hydroxychloro-
quine sulphate are paused by WHO due to their lack of efficacy,
greater risk of experiencing heart arrhythmias and dying in hospi-
tal than those COVID-19 patients who did not received hydroxy-
chloroquine sulphate (Mahase, 2020; Tang et al., 2020).
Moreover, these agents showed acute respiratory distress syn-
drome (ARDS) via inhibition of pro-inflammatory cytokines and
associated with lysosomal dysfunction which leads to the psychi-
atric symptoms (Tufan et al., 2020). Retinal toxicity was seen in a
patient with acute renal impairment. Administration of hydroxy-
chloroquine with atorvastatin to the diabetic patient caused the
severe hypoglycemia (Wondafrash et al., 2020).

Currently, effective treatment against COVID-19 is limited. In
order to rapidly identify the therapeutic compounds, scientists
screened millions of lead compounds by virtual drug screening,
structure-assisted drug design, and high-throughput screening
against spike glycoprotein and main protease 3CLpro but none of
the compounds showed a significant effect. Main protease 3CLpro
plays a crucial role in viral replication and transcription and many
researchers identified it as a therapeutic target for antiviral drug
design in the management of COVID-19 infection (Jin et al., 2020).

In the current study, an attempt was made to the best use of
existing traditional knowledge as a potent resource against
COVID-19 and we identified the probable lead molecule ‘‘With-
anone” from Withania somnifera (Linn.) Dunal having a drug-like
property, nontoxic profile, best fit and highest affinity with active
site residues of the SARS-CoV-2 spike glycoprotein and main pro-
tease 3CLpro to prevent viral infection. W. somnifera (Ashwa-
gandha) is used for the treatment of asthma, bronchitis, viral
infections, colds, coughs, and so on (Verma and Kumar, 2011;
Umadevi et al., 2012). Withanolides are the main bioactive compo-
nents from the root part and are well known for therapeutic prop-

erties. Withanone is a steroidal lactone with a withanolide-type A
skeleton (Vaishnavi et al., 2012) and possess antiviral activity
against SARS-CoV-2 (Kumar et al., 2020a; Kumar et al., 2020b). This
small molecule may provide researchers an advantage in develop-
ing medications to control or treat COVID-19.

2. Materials and methods

2.1. Selection and preparation of natural antiviral compounds

Bioactive phytocompounds that are claimed to prevent and/or
treat different types of viral infections, which are previously stud-
ied under various viral cell lines, animal models to inhibit the pro-
gression of viral infection were selected from literature/scientific
records. Also, the compounds present in the herbs which are uti-
lized to treat viral infection or viral-induced conditions in the
Indian traditional medicine system were cross-verified using tradi-
tional claims reported by the traditional practitioners. List of phy-
tocompounds with their references for antiviral activity were listed
in Table S1. Furthermore, three dimensional (3D) structures of each
compound were downloaded in structure data file (.sdf) format

from the PubChem chemical database (https://pubchem.ncbi.nlm.

nih.gov/) and free binding energy were minimized using the
MMFF94 force field and saved in protein data bank (.pdb) format.

2.2. Drug-likeness characteristics and toxicity profile

For the assessment of the pharmaceutically relevant properties
of compounds, molecular weight, number of hydrogen bond
donors and acceptors, logP value data were retrieved from Pub-
Chem chemical database and the drug-likeness score was pre-
dicted based on the Lipinski rule of five (Patil et al., 2019). In the
current study, canonical SMILES of each compound were quired
into Molsoft online server to predict the druggable property based
on the structure–activity relationship and with respect to the
known approved therapeutic compounds to treat diseases. Further,
to identify the compounds having a nontoxic property, we pre-
dicted major toxic effects or adverse drug reactions such as car-
diotoxicity, hepatotoxicity, arrhythmia, myocardial infraction,
and nephrotoxicity was assessed using the ADVERpred online ser-
ver (Ivanov et al., 2018).

2.3. Identification of targets and their active sites

Three-dimensional X-ray crystallographic structure of spike-
host cell receptor or spike glycoprotein having PDB ID: 6LZG with
2.50 Å and main protease having PDB ID: 7BUY with 1.60 Å was
selected as therapeutic targets for SARS-CoV-2 viral entry and
replication and structures were retrieved from RCSB PDB

(www.rcsb.org). Also, in order to clean the binding pocket and
make calculations easier so that ligand can form satisfactory inter-
actions with the protein, we removed water molecules, and het-
eroatoms contained in protein structure using the Discovery
studio visualizer 2020 version. The distribution of backbone dihe-
dral Phi and Psi angles of amino acids were analyzed by Ramachan-
dran plot using PROCHECK and the overall quality factor of the
protein molecules was checked by the ERRAT web server. The
chain was selected based on its completeness of amino acid residue
and the presence of the active site domain. The active site amino
acid residues of spike glycoprotein and main protease responsible
for the host receptor recognition, viral entry into the host cell, and
viral replication were retrieved from the PDB structures data and
literature (Wang et al., 2020; Jin et al., 2020).
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2.4. Docking studies

Molecular docking of selected nontoxic compounds with main
protease and spike glycoprotein was performed using AutoDock
vina by PyRx 0.8 version (Dallakyan and Olson, 2015; Patil and
Khatib, 2020; Patil et al., 2020). The compounds were imported
into the tool and converted .pdb to .pdbqt AutoDock vina format.
Grid box was generated to the individual protein and compound
based on the active amino residues contained in the active site
domain of protein molecule. The exhaustiveness of 100 was kept
to run the AutoDock vina algorithm. Moreover, the compound hav-
ing the lowest binding energy (kcal/mol) was selected, and
compound-protein best fit at the active site region and pocket,
ligand–protein contact distance, hydrogen bond interactions with
the active amino acid residues and the orientation of ligand in
the binding site of spike glycoprotein and main protease and align-
ment of ligand molecules based on their states at the beginning of
docking simulation and after docking simulation were analyzed
and visualized by discovery studio visualizer 2020 academic
version.

2.5. Molecular dynamics

Molecular dynamic simulation was carried out to check stabil-
ity and molecular interactions of ligand with protein molecule
using Schrödinger Desmond software (Bowers et al., 2006). Firstly,
ligand–protein complex system was solvated, neutralized, and the
net charge was balanced using Na+ and Cl- ions. Secondly, the
energy minimization step was carried out, number of atoms, tem-
perature (310 K) were considered for the relaxation of the system.
The molecular dynamic simulation time was set to 50 ns. To calcu-
late the long-range interactions between ligand and protein, Parti-
cle mesh Ewald method was used and Lennard-Jones interactions
cut-off was set to 10 Å. Finally, the stability of the complex was
analyzed by checking the interaction between ligand with active
site residues of protein molecule and structural variations of the
complex via measuring the root-mean-square deviation (RMSD,
Å) of ligand and protein complex at 50 ns.

3. Results

3.1. Selection, drug-likeness and toxicity profile of natural antiviral
compounds

Forty-eight potent natural antiviral compounds that are
claimed to prevent and/or treat different types of viral infection,
which are previously studied under various viral cell lines, animal
models to inhibit the progression of viral infection were selected.
Among 48 phytocompounds, 23 compounds showed the drug-
like property. To identify a potent antiviral compound having a
nontoxic property, toxicity of the 23 compounds was predicted
by ADVERpred. Among them, nine compounds showed nontoxic
i.e. dammarenolic acid, deoxypodophyllotoxin, eugeniin, LPRP-Et-
97543, manassantin B, samarangenin B, silvestrol, xanthohumol,
and withanone. LPRP-Et-97543 scored the highest drug-likeness
score i.e. 0.82 and eugeniin scored the lowest i.e. 0.07. Chemical
properties such as MW, HBD, HBA, LogP value, and drug-likeness
score of nontoxic antiviral phytocompoundswere shown in Table 1.
Overall predicted drug-likeness characteristics and toxicity profile
of 48 compounds were shown at Tables S1 and S2.

3.2. Identification of targets and their active sites

Based on the available literature, SARS CoV-2 spike glycoprotein
and main protease 3CLpro were selected as therapeutic targets.

The overall quality factor of spike glycoprotein (PDB ID: 6LZG)
and main protease 3CLpro (PDB ID: 7BUY) was found to be
85.311% and 93.836% respectively. Further, one amino acid residue
i.e. Lys386 of spike glycoprotein was found in disallowed region
and about 82.1% and 17.3% amino residues were found in favoured
and additional allowed region. No amino acid residues of main pro-
tease protein were found in disallowed region and about 89.8% and
9.1% were found in favoured and additional allowed region. Fur-
ther, from literature, we identified 31 active site residues of
SARS-CoV-2 spike glycoprotein involved in the complex formation
with ACE2 i.e. Tyr28, Thr29, Asn61, Asn122, Asn125, Asn234,
Thr236, Asn280, Asn282, Asn331, Asn343, Pro579, Gln580,
Asn603, Asn616, His655, Asn657, Asn709, Asn717, Asn801,
Ser803, Gln804, Leu922, Glu1072, Asn1074, Asn1098, Gly1099,
Phe1103, Gly1131, Ile1132, Asn1134 (Ortega et al., 2020) and three
amino acid of SARS-CoV-2 spike glycoprotein were present in the
active site 1 i.e. Phe338, Phe342, and Asn343. Among these three,
one was potentially involved in glycosylation i.e. Asn343 (Sun
et al., 2020; Wang et al., 2020). Further, a total of 29 active site resi-
dues were identified in the main protease i.e. Gly2, Phe3, Met6,
Ala7, Phe8, Gly15, Met17, His41, Gly71, Lys97, Ser123, Gly127,
Lys137, Gly138, Phe140, Asn142, Gly143 Ser144 Cys145, His164,
His163, Glu166, His172, Arg188, Gly189, Thr190, Gly192, Leu282,
Arg298. The amino acid residue distribution within the favorable
and non-favorable regions and quality factors of proteins were
shown in Fig. 1. Overall characteristics features of protein mole-
cules were shown at Table 2.

3.3. Docking studies

To understand the mechanism of action of antiviral compounds
with the SARS CoV-2 spike glycoprotein and main protease 3CLpro
active site residues, a molecular docking study was executed to cal-
culate the affinity via calculating binding energy (kcal/mol).
Among nine nontoxic antiviral compounds, Withanone showed
the highest binding affinity with spike glycoprotein (�8.7 kcal/mol)
and main protease 3CLpro (�7.0 kcal/mol). Withanone formed
three hydrogen bond interactions i.e. Phe338. . .O-, Gly339. . .O-,
and Asn343. . .O- with spike glycoprotein. Among them, one amino
acid is involved in glycosylation i.e. Asn343. O group of Withanone
interacted with the Asn343 amino acid residue. Further, we ana-
lyzed theWithanone and spike glycoprotein amino acid interaction
distance, the distance between Phe338. . .O-, Gly339. . .O-, and
Asn343. . .O- was found to be 2.63, 2.17, and 2.19 Å (Supplemen-
tary Fig. S1A), which indicates the highest affinity of Withanone
towards Phe339 and Asn343. Alignment of the Withanone with
spike glycoprotein pre- and post-simulation states showed that
7.531% and 30.46% of the change in orientation of movable bonds
in steric and electrostatic effect respectively. Similarly, Withanone
formed three hydrogen bond interactions with main protease
3CLpro i.e. His163. . .=O, Glu166. . .O-, and Gln189. . .O-. Withanone
formed two Alkyl interactions (Asn142, Cys145) and one van der
Waals interactions (Pro168). A peer interpretation showed that five
amino acid residues i.e. Asn142, Cys145, His163, Glu166, and
Gln189 were identified as active site residues and potentially
involved in the function of main protease 3CLpro. Further, we ana-
lyzed the Withanone and main protease amino acid interaction
distance, the distance between His163. . .=O, Glu166. . .O-, and
Gln189. . .O- was found to be 2.20, 2.27, and 1.89 Å (Supplementary
Fig. 1b), which indicates the highest affinity of Withanone towards
Gln189. Alignment of the Withanone with main protease 3CLpro
pre- and post-simulation states showed that 5.17% and 26.16% of
the change in orientation of movable bonds in steric and electro-
static effect respectively. Binding affinity and hydrogen bond inter-
action of compounds with spike glycoprotein and main protease
3CLpro were shown in Tables 3 and 4 respectively. Interaction of
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Table 1
Natural antiviral compounds having druggable characteristics and nontoxic property.

Compounds PubChem ID MW MF HBD HBA LogP DLS Chemical structures

Dammarenolic acid 22215841 458.38 C30 H50 O3 2 3 7.21 0.54

Deoxypodophyllotoxin 345501 257.11 C15 H15 N O3 1 3 2.68 0.29

Eugeniin 442679 938.1 C41 H30 O26 10 26 2.05 0.07

LPRP-Et-97543 71585044 300.1 C17 H16 O5 3 5 3.28 0.82

Manassantin B 10439828 716.32 C41 H48 O11 2 11 5.29 0.06

Samarangenin B 85131379 760.13 C37 H28 O18 13 18 2.75 0.24

Silvestrol 11787114 654.23 C34 H38 O13 4 13 1.47 0.32
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Withanone with spike glycoprotein and main protease 3CLpro
active site and substrate-binding pocket were shown in Fig. 2
and Fig. 3 respectively. The orientation of Withanone in the bind-
ing site of spike glycoprotein and main protease 3CLpro and align-
ment of Withanone based on its states at the beginning of the
simulation and after simulation were shown in Fig. 4 and Fig. 5
respectively.

3.4. Molecular dynamics

The dynamic simulation of Withanone with spike glycoprotein
and main protease exhibited very stable root-mean-square devia-
tion (RMSD) for both C(alpha) (Protein RMSD Å) and Lig-fit (Ligand
RMSD Å) at 50 ns. Withanone and spike glycoprotein complex
showed Lig-fit RMSD fluctuation between 0 and 5 ns and found
to be stable throughout simulation from 5 to 50 ns at 9 Å, while
C(alpha) was stable throughout the simulation with slight fluctua-
tions between 2.4 and 4.2 Å. The contact between Withanone and
spike glycoprotein were found to be stable before and after MD
simulation. Withanone formed hydrogen bond interactions with
Phe338, Gly339, and Asn343 before MD simulations and formed
hydrogen bonds with Phe338, Gly339, Phe342, Asn343, Asn370,
Ser371, and Ser373 of spike glycoprotein after MD simulation to
form a stable complex. Similarly, Withanone and main protease
3CLpro complex showed C(alpha) and Lig-fit RMSD fluctuation
between 0 and 4 ns and found to be stable throughout the simula-
tion i.e. from 5 to 50 ns. Ligand RMSD was observed and the results
reflected Withanone was fit into the cavity and its Lig-fit-Prot
RMSD was found to be stable with Protein C(alpha) RMSD from 4
to 50 ns. When we analyzed contacts between Withanone with
main protease 3CLpro before and after the MD simulation, Witha-
none formed three hydrogen bond interactions with main protease
3CLpro i.e. His163, Glu166, Gln189 and formed three hydrophobic
bonds with Asn142, Cys145, Pro168 before MD simulation and
exhibited a high degree of hydrogen and hydrophobic bonds with
Asn142, Cys145 (17%), His163 (14%), Glu166 (49%), Gln189 (14%),
Thr190 (18%), Gln192 after 50 ns simulation. RMSD fluctuation,
ligand–protein contacts, and protein RMSF of Withanone with
spike glycoprotein and main protease complex are represented in
Figs. 6 and 7 respectively.

4. Discussion

To date, COVID-19 viral infection continues to increase world-
wide and no satisfactory treatment is available. Recently, the
National Health Commission of the People’s Republic of China rec-
ommended two potent anti-malarial compounds i.e. chloroquine
phosphate and hydroxychloroquine sulphate to reduce the compli-
cations associated with disease but these compounds cannot block
viral infection, associated with toxic effects (Singh et al., 2020).
Identification of new drug candidates is not only the key against
disease, but considering the potentially favorable benefit-risk bal-
ance also plays a crucial role. Identification of therapeutic com-
pounds with high benefits and low risk would be the desirable
treatment for current pandemic COVID-19 (Martinez, 2020). In
the current study, we have focused only on searching potent
anti-viral pure compounds from a plant source that can inhibit
the action of COVID-19 spike glycoprotein and main protease
3CLpro. Based on existing literature, we identified 48 natural
antiviral compounds. These compounds were already studied
under various viral cell lines and animal models. First, we screened
selected compounds for their druggable characteristics using the
MolSoft web server which predicts drug-likeness score based on
the Lipinski rule of five and already existed known drug molecules
for the treatment of various diseases. Compounds having positive
drug-like properties were further screened for cardiotoxicity, hep-
atotoxicity, arrhythmia, myocardial infraction, and nephrotoxicity
using ADVERpred web server which predicts Probable activity
(Pa) to show toxic effect in term of Pa value and Probable inactivity
for the drug to show nontoxic effect by Pi value. Among 48 com-
pounds, nine compounds showed a nontoxic effect and selected
them for docking study with spike glycoprotein and main protease
3CLpro.

In silico docking study results revealed Withanone as a potent
dual inhibitor of spike glycoprotein and main protease 3CLpro.
Withanone (Withanolide) is a main active principle from
W. somnifera (Linn.) Dunal (Ashwagandha) roots. Ashwagandha is
an Ayurvedic medicinal herb, used to treat cold and cough, bron-
chitis, asthma, viral infections, etc (Verma and Kumar, 2011;
Umadevi et al., 2012). Roots of Ashwagandha are utilized to treat
asthma, dyspepsia, hypertension, arthritis, rheumatism, and syphi-
lis. The extract of Ashwagandha roots showed potent anti-
inflammatory, antidiabetic, tumor cell proliferation inhibitory,

Table 1 (continued)

Compounds PubChem ID MW MF HBD HBA LogP DLS Chemical structures

Xanthohumol 639665 354.15 C21 H22 O5 3 5 4.87 0.58

Withanone 21679027 470.27 C28 H38 O6 2 6 3.55 0.45

MW: Molecular weight; MF: Molecular formula; HBD: Hydrogen bond donor; DLS: Druglikeness score
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Fig. 1. Amino acid distribution and quality factor of (A) Spike glycoprotein (PDB ID: 6LZG) and (B) main protease (PDB ID: 7BUY).

Table 2
Characteristics of spike glycoprotein (PDB ID: 6VYB) and main protease (PDB ID: 7BUY).

Protein Characteristics Therapeutic targets of SARS-CoV-2
Spike glycoprotein (PDB ID: 6LZG) Main protease (PDB ID: 7BUY)

Resolution 2.50 Å 1.60 Å
Residues in most favored

regions
82.1% 89.8%

Residues in additional
allowed regions

17.3% 9.1%

Residues in generously
allowed regions

0.0% 1.1%

Residues in disallowed
regions

0.6% 0%

Total number of residues 195 306
Overall quality factor 85.31% 93.83%
Active site amino acid

residues (Ortega et al.,
2020; Wang et al., 2020)

SARS-CoV-2 - ACE2 binding residues: Arg403, Gly404, Asp405,
Glu406, Arg408, Gln409, Lys417, Ile418, Tyr421, Val445, Tyr449,
Tyr453, Leu455, Phe456, Tyr473, Gln474, Ala475, Gly485, Phe486,
Asn487, Cys488, Tyr489, Phe490, Leu492, Gln493, Ser494, Tyr495,
Gly496, Pro499, Thr500, Asn501, Gly502, Val503, Gly504, Tyr 505

Gly2, Phe3, Met6, Ala7, Phe8, Gly15, Met17, His41, Gly71, Lys97,
Ser123, Gly127, Lys137, Gly138, Phe140, Asn142, Gly143 Ser144
Cys145, His164, His163, Glu166, His172, Arg188, Gly189, Thr190,
Gly192, Leu282, Arg298

Residues involved in Active site 1 and Glycosylation:
Phe338, Phe342, Asn343
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antioxidant, immunomodulatory potency, and many researchers
demonstrated that the therapeutic effect of W. somnifera roots is
due to the presence of withanolides (Subbaraju et al., 2006;
Anwer et al., 2008; Kushwaha et al., 2012). In the current study,
Withanone formed two hydrogen bond interactions with active
site 1 region amino acid of spike glycoprotein i.e. Phe338,
Asn343, and one hydrogen bond with non-active site residue i.e.
Gly339. Asn343 is potentially involved in the glycosylation of the
SARS-CoV-2 enzyme. In SARS-CoV-2 spike glycoprotein – ACE2

complex structure, spike glycoprotein contains 195 consecutive
density traceable residues spanning Tyr333 to Pro527 together
with N-linked glycosylation at Asn343 (Wang et al., 2020). It is well
described that SARS-CoV-2 utilizes an extensively glycosylated
spike glycoprotein for host-cell entry via ACE2 (Watanabe et al.,
2020). However, compounds that inhibit glycosylation may blunt
the severity of COVID-19. In the current study, the interaction dis-
tance between Withanone and Asn343 (2.19 Å) was very less than
Phe338 (2.63 Å), which indicates the highest affinity towards

Table 3
Binding affinity and hydrogen bond interactions of antiviral phytocompounds spike glycoprotein (PDB ID: 6LZG).

Compounds Compound type PubChem ID BE/ (kcal�mol�1) HBI between ligand. . .amino acid

Dammarenolic acid Triterpenoid 22215841 �7.3 Arg355. . .=O, Arg355. . .OH
Deoxypodophyllotoxin Flavolignan 345501 �8.3 Gln498. . .OH, Asn501. . .OH, Tyr505. . .OH
Eugeniin Tannin 442679 �8.7 Arg403. . .=O, Gly496. . .OH, Gly498. . .OH, Asn501. . .OH,

Gly502. . .O-, Tyr505. . .OH
LPRP-Et-97543 Polyphenol 71585044 �7.3 Asn343. . .O-, Val362. . .OH Asp364. . .OH
Manassantin B Lignan 10439828 �7.3 Gly496. . .OH, Asn501. . .OH,
Samarangenin B Terpenoid 85131379 �7 Tyr453. . .=O, Gln493. . .O-, Gly496. . .OH, Gly498. . .OH,

Tyr505. . .OH
Silvestrol Benzofuran 11787114 �6.4 Gln493. . .=O, Gly496. . .O-, Gly498. . .OH, Asn501. . .O-
Xanthohumol Chalcone 639665 �6.9 Gly401. . .O-, Gly496. . .OH
Withanone Steroid

(Anthraquinone Glycoside)
21679027 �8.7 Phe338. . .O-, Gly339. . .O-, Asn343. . .O-

BE: Binding energy; HBI: Hydrogen bond interactions

Table 4
Binding affinity and hydrogen bond interactions of antiviral phytocompounds with main protease (PDB ID: 7BUY).

Compounds Compound type PubChem ID BE/(kcal�mol�1) HBI between ligand. . .amino acid

Dammarenolic acid Triterpenoid 22215841 �5 Gln127. . .=O, Lys5. . .OH, Lys5. . .O-
Deoxypodophyllotoxin Flavolignan 345501 �4.8 Val125. . .OH, Glu288. . .OH
Eugeniin Tannin 442679 �3.5 Ser139. . .=O, Val125. . .OH, Lys5. . .OH, Gln. . .127. . .OH, Thr169. . .OH
LPRP-Et-97543 Polyphenol 71585044 �5.6 Lys5. . .OH, Lys5. . .=O, Glu290. . .OH
Manassantin B Lignan 10439828 �5.5 Gly195. . .O-
Samarangenin B Terpenoid 85131379 �5 Lys5. . .OH, Gln127. . .=O, Glu290. . .OH
Silvestrol Benzofuran 11787114 �4.8 Nil
Xanthohumol Chalcone 639665 �5.5 Nil
Withanone Steroids (Anthraquinone Glycoside) 21679027 �7.0 His163. . .=O, Glu166. . .O-, Gln189. . .O-

BE: Binding energy; HBI: Hydrogen bond interactions

Fig. 2. Interaction of Withanone with Spike glycoprotein. (A) 2D representation; (B) Withanone fit at glycosylation site; (C) 3D representation; (D) Withanone within binding
pocket and (E) active site 1 region.
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Fig. 3. Interaction of Withanone with main protease 3CLpro. (A) 2D representation; (B) Withanone fit ligand binding site; (C) 3D representation; (D) Withanone within
binding pocket and E) active site 2 region.

Fig. 4. Orientation of Withanone in glycosylation site of spike glycoprotein (A) and ligand state alignment (B) pre-simulation (violet) and post-simulation (green).

Fig. 5. Orientation of Withanone in binding site of Main protease 3CLpro (A) and ligand state alignment (B) pre-simulation (violet) and post-simulation (green).
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Asn343. Moreover, Withanone formed one hydrogen bond with
non-active site residue and one non-covalent bond interaction
with spike glycoprotein to form a stable complex. Herein, Witha-

none could reduce the amount of glycosylated viral binding sites
in the lung, and hence probably reduce the inflammation and
symptoms associated with COVID-19 viral infection.

Fig. 6. Molecular dynamic simulation of Withanone - spike glycoprotein complex at 50 ns. RMSD (A), contacts (B), RMSF with contacts (C), and hydrogen, hydrophobic, ionic
bonds, and water bridges (D).

Fig. 7. Molecular dynamic simulation of Withanone – Main protease 3CLpro complex at 50 ns. RMSD (A), contacts (B), RMSF with contacts (C), and hydrogen, hydrophobic,
ionic bonds, and water bridges (D).
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Recently in May 2020, an in silico study performed by Kumar
et al. identified Withanone as a potent inhibitor of COVID-19 main
protease 3CLpro (Kumar et al., 2020a). Furthermore, Withanone
showed down-regulation of TMPRSS2 mRNA in treated cells and
predicted to have dual action to block SARS-CoV-2 entry to the host
cells (Kumar et al., 2020a). In the current study, among nine antivi-
ral phytocompounds, Withanone showed the highest binding
affinity (�7.0 kcal/mol) with main protease 3CLpro via forming
three hydrogen bonds with active site 1 residues i.e. His163,
Glu166, and Gln189. However, it also formed three non-
conventional bonds with active site residues i.e. Asn142, Cys145,
and Pro168 to form a stable complex. Withanone showed drug-
like property (0.45), obey the rule of five (MW < 500, HBD < 5,
HBA < 10, and LogP < 5) and characterized under small molecules.

5. Conclusion

Glycosylated spike glycoprotein on the surface of SARS-CoV-2 is
a determinant for viral invasion and host immune response and
main protease 3CLpro controls the activities of the coronavirus
replication complex. In the current study, Withanone is predicted
to interfere with glycosylation residue Asn343 of the SARS-CoV-2
spike glycoprotein and main protease 3CLpro active site 1 amino
acid residues. Hence, Withanone could be a potent non-toxic lead
molecule to suppress the progression of COVID-19 infection via
inhibiting the function of spike glycoprotein and main protease
3CLpro and weigh the benefit-risk balance during therapy and ben-
eficial for the patient with diabetes and hypertension. Our findings
call for in vitro and in vivo studies for laboratory validation.
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SHORT  REPORT

IMPACT OF AN AWARENESS PROGRAM 
ON ADVERSE DRUG REACTION 
REPORTING AMONG COMMUNITY 
PHARMACIST
KAMBALIMATH PRAVEEN S, BHANDARI RAMESH, PATIL SACHIN R, 
ANGOLKAR MUBASHIR

ABSTRACT
Background: In the modern system of medicine, treatment extensively depends 

on drugs. These drugs are sometimes known to cause adverse and unexpected 

side effects along with the required intended outcomes. In the community, ad-

overworked healthcare teams, emerging as a major reason for concern towards 

Public Health.

Objective: 1) To assess the knowledge, attitude, and practice of pharmacists 

towards adverse drug reaction reporting in Belagavi. 2) To assess the impact of 

«awareness program» on knowledge, attitude, and practice of community phar-

macists-urban Belagavi.

Method: Pharmacists were selected by simple random sampling method. Data 

was collected through a questionnaire following which pharmacists were given 

one-month same questionnaire was administered to assess the impact of education 

on adverse drug reaction reporting. The data was analyzed by using summary 

statistics and paired t-test. Outcome measure was gain in the scores of knowl-

edge, attitude, and practice of adverse drug reactions reporting among community 

pharmacists.

Results: Average knowledge score, attitude score, and practice score of 

the participants in pre-test was found to be 35 ±23.87, 56.9 ±20.79, and 26.67 

±17.747 respectively which was increased to 87.86 ±13.623, 66.9 ±10.68, and 

72.5 ±23.784 respectively after effective education and providing them with the 

and post-test scores of the knowledge (p = 0.0001), attitude (p = 0.001), and prac-

pharmacist’s education level (x2 = 4.093, p = 0.0001).

Conclusion: Knowledge, attitude, and practice-based education program using 

among community pharmacists. Approximately half of the pharmacists (38.33%, 

No. = 23) reported adverse drug reactions to regional National Pharmacovigilance 

Centers followed by an awareness program on adverse drug reaction reporting.

ADR REPORTING – AWARENESS PROGRAM – COMMUNITY PHARMACISTS –  
EDUCATION – PHARMACOVIGILANCE

RESUMEN
Resumen: En el sistema actual en la medicina, el tratamiento depende en gran me-
dida de los medicamentos. A veces estos medicamentos causan efectos secundarios 
adversos e inesperados. En la comunidad, las reacciones adversas a los medicamen-
tos causan pérdidas de vidas, cargas económicas y presión sobre los equipos sanita-
rios, ya sobrecargados de trabajo, por lo que se convierte en una de las principales 
razones de preocupación para la salud pública.
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INTRODUCTION
In the modern system of medicine, treatment extensive-

ly depends on drugs. These drugs are sometimes known 

to cause adverse drug reaction(s) (ADR) and unexpected 

side effects(s) along with the required intended outcomes.1 

-

ious and unintended and occurs at doses used for proph-

ylaxis, diagnosis or therapy, excluding failure to accom-

plish the intended purpose».1, 2 Based on severity, ADR are 

divided into 4 levels —Mild, Moderate, Severe, and le-

thal.3 Depending on various factors, ADR range from mild 

to severe, which includes discomfort, leading to morbidity 

and mortality across age groups. Two major predisposing 

factors to ADR are drug (dose, dosage regimen, drug de-

livery system, and drug interaction) and patient factors 

(age, disease state, genetics, gender, nutrition, multidrug 

therapy, and herbal therapies).4

The worldwide prevalence of ADR varies from 10-

30%. ADR are voluntarily reported by the healthcare team 

(Doctor, Nurse, and Pharmacist) and MAH to the National 

Pharmacovigilance center in India, and reporting of ADR 

status is below 1% compared to the worldwide status of 

5%. However, the ADR reporting rate (per million pop-

ulation) has doubled in the last three years to 40. ADR 

reporting status in PvPI during the years 2015, 2016, and 

2017 is 50533, 67115, and 71586 cases respectively. They 

collaborate with WHO centers for Pharmacovigilance in 

the Public Health programs and regulatory services. Out 

of 250 AMC centers, 30 are in Karnataka, which is the 

highest number of AMC followed by Delhi.5, 6

The role of pharmacists traditionally was limited to 

the preparation and dispensing of drugs prescribed by the 

physicians. Pharmacists, as drug experts are expected 

to have more knowledge regarding the safety aspects of 

medicines.7 So the role has been expanded to various as-

pects of patient care which includes reporting of ADR, 

improving patient health and outcome in terms of clini-

cal, humanistic, and economic.8

Reporting of ADR by hospital pharmacists in a hospi-

tal setup is well documented. Unfortunately, this is not true 

for the community pharmacist. For this there may be many 

reasons, lack of updating their knowledge about the ADR 

Reporting System is one among those reasons. Further, 

there are no methods of ADR monitoring and reporting 

in the community setup which may lead to the following 

already overworked healthcare team, emerging as a major 

reason for concern towards Public Health.1, 2

Objetivo: 1) Evaluar los conocimientos, la actitud y la práctica de los farma-

en Belagavi. 2) Evaluar el impacto del «programa de sensibilización» sobre el 
conocimiento, la actitud y la práctica de los farmacéuticos comunitarios Belagavi.

Método: Se seleccionaron a los farmacéuticos mediante muestreo aleatorio 
simple. Se recogieron los datos a través de un cuestionario, tras el cual los far-

a los medicamentos con la ayuda de cuadernos formativos. Al cabo de un mes se 
proporcionó el mismo cuestionario para evaluar el impacto de la formación sobre 

datos mediante resumen estadístico y pruebas-t de muestras pareadas. El resulta-
do fue una mejora en las puntuaciones de conocimiento, actitud y práctica de la 

comunitarios.
Resultados: La puntuación media de los conocimientos, la actitud y la prác-

tica de los participantes en la pre-prueba fue de 35 ±23,87, 56,9 ±20,79 y 26,67 
±17,747, respectivamente, y que aumentó a 87,86 ±13,623, 66,9 ±10,68 y 72,5 

las puntuaciones de los conocimientos (p = 0,0001), la actitud (p = 0,001) y la 
-

mente diferente según el nivel formativo del farmacéutico comunitario (x2 = 4,093, 
p = 0,0001).

Conclusión: El programa formativo basado en el conocimiento, la actitud y 

adversas a los medicamentos y la farmacovigilancia entre los farmacéuticos co-
munitarios. Aproximadamente la mitad de los farmacéuticos (38,33%, n = 23) 

de Farmacovigilancia regionales, tras un programa de sensibilización sobre la 

NOTIFICACIÓN DE RAM – PROGRAMA DE SENSIBILIZACIÓN –  
FARMACÉUTICOS COMUNITARIOS – FORMACIÓN – FARMACOVIGILANCIA
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AIM OF THE STUDY
This study aims to assess the impact of an awareness pro-

gram on the ADR reporting system and pharmacovigi-

lance among community pharmacists.

ETHICS APPROVAL
The study was approved by J.N. Medical College, KLE 

Academy of Higher Education and Research (KAHER), 

Belagavi Institutional Ethics Committee (Ref No. MDC/

DOME/66). The study was conducted as per the Helsinki 

declaration guidelines.

METHOD
A pre-post interventional study was conducted on 60 

community pharmacists of age between 18 to 58 years 

for six months (from 1st August 2019 to Feb 2020) in 

the urban area of Belagavi. Pharmacists were screened 

for their eligibility based on the inclusion and exclusion 

criteria.

The 18-item questionnaire (excluding demographics) 

was developed to assess the knowledge, attitude, and prac-

tice among the community pharmacists. The questionnaire 

was validated by experts in the department of public health. 

section has eight questions related to the knowledge do-

main with only one correct answer. The second section 

contains four questions about the attitude domain with only 

one correct answer and the third section consists of six Yes/

No questions. Score 1 was given for each correct answer 

and a score of 0 was given for the wrong answer.

Sample Size Calculation
Z = 99% (2.58)

SD = 3.1

d = 1.8 

No. = (3.1/1.8)2 (2.58 + 1.682)2

No. = 54 + 10% extra of 54

No. = 54 + 5

Sample size = 59

The objective of the study was explained to all the 

freedom to enroll in the study. Registered pharmacists 

who were willing to give informed consent were enrolled 

the pharmacy council of India (PCI) and hospital at-

tached/clinic attached pharmacists were excluded from 

the study.

Intervention. Before educating them, data were collected 

through a semi-structured questionnaire. Then the phar-

macists were given education on adverse drug reaction 

reporting systems orally and provided written informa-

same questionnaire was administered to assess the im-

pact of awareness on knowledge, attitude, and practice of 

pharmacists on ADR reporting.

Data Analysis. Data were collected and entered in MS. 

Excel and further imported in SPSS version-21 for win-

dows software for analysis. Summary statistics were 

used to summarize the data.

Knowledge, Attitude, and Practice score were meas-

ured in terms of mean and standard deviation. A paired 

post-test scores among knowledge, attitude, and practice 

RESULTS
In this study, whole pharmacists who were working in the 

community pharmacy at Belagavi were screened. Among 

them, 60 pharmacists were enrolled in the study based on 

the inclusion and exclusion criteria. The average age of the 

pharmacists was found to be 32.3 ±7.73 years. The major-

ity of them were males (81.7%, 49) than females (18.3%, 

11). Maximum numbers of the pharmacists were in the 

age group between 29-38 years followed by 19-28 years. 

Most of them hold a Diploma in Pharmacy (56.7%) by 

education. The socio-demographic details of the enrolled 

pharmacist are shown in Table 1.

TABLE 1.

Socio-demographic variables  

Age (years) 19-28 17 (28.3)

 29-38 29 (48.3)

 39-48 12 (20)

 49-58 2 (3.3)

Gender Male 49 (81.7)

 Female 11 (18.3)

 B Pharm 9 (15)

 Experience 17 (28.3)

Monthly income Below Rs. 5,000 INR 2 (3.3)

 Rs. 5,000-10,000 INR 25 (41.7)

 Rs. 10,000-20,000 INR 27 (45)

 Above Rs. 20,000 INR 6 (10)
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Overall, before the intervention, 45% of the commu-

nity pharmacists were aware of what ADR is which in-

creased to 96.67% after the intervention. Only 26.67% 

of community pharmacists were aware of the National 

Pharmacovigilance Programme of India (PvPI) which 

has increased drastically to 98.36% after the interven-

tion. Only 6.67% of the community pharmacists believe 

that ADR should be reported when they are serious or 

life-threatening after the intervention. Further details on 

knowledge are shown in Table 2.

Before the intervention, 65% of the community phar-

macists think reporting ADR is the Pharmacist’s duty of 

which after intervention 93.33% think it is. After inter-

vention, 91.67% of community pharmacists believe ADR 

Reporting should be mandatory for practicing pharma-

cists. More attitude related questions responses are shown 

in Table 3.

Table 4 explains the practice of community pharma-

cists about the ADR. 38.33% of the pharmacists observed 

ADR in their practice during pre-test and after intervention 

61.67% of pharmacists observed ADR. 38.33% (No. = 23) 

reported ADR to regional National Pharmacovigilance 

Centers in India followed by an awareness program about 

the ADR reporting system which was nil before the pro-

gram as shown in Table 4. After an intervention, 81.67% 

of the community pharmacist starts keeping ADR report-

TABLE 2.

Questions Pre-test  Post-test
  

Q1 Do you know, what is adverse drug reaction? 27 (45) 33 (55) 58 (96.67) 02 (3.33)

Q2 Do you know the nearest Pharmacovigilance 9 (15) 51 (85) 59 (98.36) 01 (1.64)

  center located from your workplace?

Q3 Are you aware of National PvPI? 16 (26.67) 44 (73.33) 59 (98.36) 01 (1.64)

Q4 Are all drugs available in the market are safe? 24 (40) 36 (60) 48 (80) 12 (20)

Q5 Do herbal products have no ADR? 31 (51.67) 29 (48.33) 43 (71.67) 17 (28.33)

Q6 Which organization is responsible for collecting 48 (80) 12 (20) 56 (93.33) 04 (6.67)

  and monitoring ADR in the India?

Q7 ADR should be reported when they are Serious 27 (45) 33 (55) 56 (93.33) 04 (6.67)

  and life threatening?

Q8 Do you know about PvPI android application? 10 (16.67) 50 (83.33) 60 (100) 0 (0)

TABLE 3.

Questions Pre-test  Post-test
  

Q1 Do you think reporting ADR is a pharmacist’s duty? 39 (65) 21 (35) 56 (93.33) 4 (6.67)

Q2 Do you believe ADR reporting should be made 33 (55) 27 (45) 55 (91.67) 5 (8.33)

  mandatory for practicing pharmacists?

Q3 Are you interested in participating in the ADR 35 (58.33) 25 (41.67) 50 (83.33) 10 (16.67)

  reporting system?

Q4 Do you feel that ADR reporting is time consuming 28 (46.67) 32 (53.33) 45 (75) 15 (25)

  activity?

TABLE 4.

Questions Pre-test  Post-test
  

Q1 Do you observe any ADR cases in your practice? 23 (38.33) 37 (61.67) 37 (61.67) 23 (38.33)

Q2 Have you reported Observed ADR? 0 (0) 60 (100) 23 (38.33) 37 (61.67)

Q3 Is ADR reporting form available at your workplace? 15 (25) 45 (75) 49 (81.67) 11 (18.33)

Q4 Does your workplace provide information 16 (26.67) 44 (73.33) 41 (68.33) 19 (31.67)

  regarding the procedure of reporting ADR?

Q5 Do you feel that you are adequately trained 1 (1.67) 59 (98.33) 46 (76.67) 14 (23.33)

  in ADR reporting?

Q6 Does your workplace encourage you to report 32 (53.33) 28 (46.67) 38 (63.33) 22 (36.67)

  an ADR?
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ing form in their pharmacy and 46.67% of the community 

pharmacists feel that they are adequately trained in ADR 

reporting but only 63.33% feels encouragement to report an 

ADR in their practice setting.

Average knowledge score, attitude score, and prac-

tice score of the participants in pre-test was found to be 

35 ±23.87, 56.9 ±20.79, and 26.67 ±17.747 respectively 

which was increased to 87.86 ±13.623, 66.9 ±10.68, and 

72.5 ±23.784 respectively after effective education and pro-

-

knowledge (p = 0.0001), attitude (p = 0.001), and practice 

(p = 0.0001), as represented in Table 5.

A Chi-square test was applied to test the difference 

in knowledge level by community pharmacist’s charac-

the community pharmacist’s education level (x2 = 4.093, 

p = 0.0001) as shown in Table 6.

DISCUSSION
The intervention program on ADR reporting was effec-

tive among community pharmacists. Although all the 

healthcare professionals can report ADR in their practice 

due to lack of awareness of the ADR reporting system and 

time constraints community pharmacists are unable to re-

port ADR as compared to hospital pharmacists or clinical 

pharmacists. The participants for the study were random-

ly selected. All the enrolled participants were educated on 

ADR reporting and pharmacovigilance and distributed 

In the present study, most of the community pharmacists 

were in the age range of 18-58 years. Another cross-section-

al study conducted in Jordan also reported that most study 

pharmacists’ age was between 29 to 45 years.9 A similar 

study conducted in Davangere also revealed that the age 

group of the participating pharmacists was 31-50 years.10

In the present study, the pre-test and post-intervention 

mean score of knowledge is 35 ±23.879 and 87.86 ±13.623 

between pre-test and post-test knowledge (p = 0.0001). 

A similar study conducted showed that the median score 

with regards to pre-test knowledge was 56 with the p-value 

less than 0.01.11

In the present study, results showed that the pre-test 

means score for attitude was 56.9 ±20.79 and the post-

test intervention score for attitude was 66.9 ±10.68 and 

test attitude score (p = 0.001). A similar study conducted 

in Nepal showed that the pre-test attitude score was 72 

at a p-value of less than 0.001.11

In the present study, the pre-test average practice 

score obtained was 26.67 ±17.747 and there was a sig-

practice scores (p = 0.0001).

The gain score of Knowledge, Attitude, and Practice 

was 52.86, 10, and 45.83 respectively. This shows the ef-

fectiveness of the awareness program on ADR reporting 

and pharmacovigilance with a paired t-values of Knowl-

edge, Attitude, and Practice being –16.121, –3.673, and 

–11.740 respectively (p-value less than 0.001).

TABLE 5.

  Mean ±SD Mean ±SD

1 Knowledge 35 ±23.87 87.86 ±13.623 0.0001

2 Attitude 56.9 ±20.79 66.9 ±10.68 0.001

3 Practice 26.67 ±17.747 72.5 ±23.784 0.0001

TABLE 6.

Socio-demographic variables Average Good Poor Knowledge
     x2 (p-value)

Gender Female 4 1 6 0.046 (0.977)

 Male 19 5 25

Education B Pharm 6 3 0 4.093 (0)

 D Pharm 15 3 16

 Experience 2 0 15

Marital status Married 18 5 17 5.891 (0.129)

 Unmarried 5 1 14

Monthly income 10,000-20,000 13 4 10 5.973 (0.435)

 5,000-10,000 7 1 17

 Above 20,000 2 1 3

 Below 5,000 1 0 1
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In a similar study in Nepal, the pre-test median score 

for knowledge and attitude was 56 and 72 respectively and 

the post-test median score for the same parameters was  

72 and 75. The gain score of knowledge and attitude was 16 

and 3. Gain scores show that education intervention on 

reporting ADR and pharmacovigilance was statistically 
12

CONCLUSION
This study concludes that education on the ADR reporting 

system had a greater impact on the knowledge, attitude, 

and practices of urban community pharmacists of Belaga-

vi city. Implementation of adequate training about ADR  

reporting and pharmacovigilance can increase the ADR re-

porting rate and contribute to patient safety. Additionally,  

all of the community pharmacists’ have played a key role 

in the interventional program that helped in improving their 

KAP related to ADR and pharmacovigilance. Further, Phar-

macists should be trained in the future to use ADR-PvPI 

Android app which is available in the Google play store.  CP
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Multielemental Analysis and In Vitro
Evaluation of Free Radical Scavenging
Activity of Natural Phytopigments by
ICP-OES and HPTLC
S. M. Nandanwadkar*, P. J. Hurkadale*, C. M. Bidikar and M. M. Godbole

KLE Academy of Higher Education and Research, Belgaum, India

The phytopigments derived from ethnomedicinal plants employed as traditional medicines
appear to be the simplest alternative for artificial radical colorants. This can be because of
persistent use of synthetic dyes and their harmful impacts linked to human lives as well as
to the ecosystem. The literature evidences clearly reveal the complications from growing
demands of radical colorants from artificial origin. The planned analysis work hence
focuses on screening of the fundamental composition of phytopigments, obtained
from plant sources by subtle technique of ICP-OES, with axial plasma combined with
nebulizer motor–assisted gas flow approach, utilizing microwave digester for complete
digestion of phytopigments, thereby establishing the pigments being safe for
consumption. Additionally, the observations from free radical scavenging activity using
DPPH by HPTLC concluded that the natural pigments obtained from plant sources are rich
in flavonoids with potent antioxidant property. Thus, an effort has been made through the
developed ICP-OES methodology, to beat the distinct imprecise practice of food labeling,
once natural pigments are utilized in a variety of additives, as food colorants with amounts
of components detected as arsenic, lead, and metal, within specified limits of FSSAI,
demonstrate and establish safety of natural foodstuff agents, as compared over hazardous
synthetic azo dyes.

Keywords: phytopigments, ethnomedicinal plants, ICP-OES, complete digestion, DPPH-HPTLC

INTRODUCTION

Colors form an integral component of food and related consumer goods because of their intrinsic
indispensable fundamental property of imparting unique characteristic hues to the product to which
they are added. These food colors not only define nature of food but also are linked to human desires
for types of food consumed; for example, yellow to light green for raw fruits with citrus flavor
(acidic), whereas red and pink for ripe condition with sweet taste. Routine food colors are classified
into tetrapyrroles, tetraterpenoids, flavonoids, etc. Some class of pigments were also further
categorized into anthocyanins (from blue berries), betalains (from beetroot), and annatto (from
bixin seeds).

On the basis of their source of origin, colors may be classified as follows:

1. Natural: bixin, anthocyanins, betanins, chlorophylls, curcumin, lycopene, etc.
2. Nature identical: orange, watermelon, etc.
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3. Artificial colors: blue-1, blue-2, tartrazine, erythrosine,
citrus red-2, indigo carmine, Ponceau 4R, etc.

4. Inorganic: TiO2 (from metals) (Mortensen, 2006).

The recent advancements in technology for extraction and
assessment of biological activities like antiaging phenomena as
well as therapeutic efficacy like treating blood disorders, anemia,
beneficial effect on lungs, free radical scavenging activity, and the
newer phytopigments like anthocyanins, betanins, curcumins,
indigotin, and isatin are the preferred choice of coloring agents in
foods by public considering focal point of their safety as well as for
manufacturers in regards to expanding their extensive business
(Graham et al., 1990; Micozzi et al., 1990; Zhang et al., 1991; Sies
et al., 1992; Van Poppel, 1993). In terms of food frauds, the
establishment of accurate and rapid instrumental techniques for
natural colorings is required, especially for the phytopigments
like anthocyanins and betalains; oleo-resins like paprika and
turmeric; carotenoids; and quinoids, that are off late frequently
utilized in different foods and related consumer matrices (Fujii
et al., 2001). Frugal, fast, and concurrent analytical techniques
need to be established. Elemental estimation is another parameter
of great significance for determining beneficial and toxic effects of
plant pigments, like anthocyanin, betanin, paprika oleoresin,
annatto, and turmeric oleoresin, that contain adequate basic
components additionally for human well-being (Kohen and
Nyska, 2002). Most recent innovations in Foodomics as well
as farsighted toxicological studies have been applied for screening
potential hazardous synthetic contaminants such as heavy metals
and aflatoxins in early medication improvement/new drug lead
molecule discoveries. Hence, such novel innovations would surely
be utilized to add to the scientific evidence to plant pigments in
regards to its safety (Jordan et al., 2010). The overall expanding
enthusiasm for natural cycles just as the synthetic structure of
plants for dietary, restorative, and ecological issues has led to
advanced metal-related studies (Adriano, 2001). Recent dossiers
and newer regulations regarding stringent food norms and laws
prompt more noteworthy entry of toxic metals into the climate.
with the indication that a critical aspect of the populace is
currently routinely exposed to these toxic metals (Goyer,
1997). Plants are probable sources for micro- and macro-
essential nutrients, since there are different take-up courses for
fundamental components such as uptake of minerals, salts, and
metals from soil (Barthwal et al., 2008). These components are
utilized, for instance, keeping up osmotic balance, as basic parts in
sugars and proteins, as segments of natural atoms associated with
typical digestion (e.g., magnesium (Mg) in chlorophyll,
phosphorous (P) in ATP, iron (Fe) in photosynthesis, copper
(Cu) in root digestion, and zinc (Zn) for development), and as
chemical activators (e.g., potassium (K) in tissue cells and layers,
calcium (Ca) for stress reaction, (K) as development controller,
and nickel (Ni); Hepler, 2005; Tanhan et al., 2007; Soetan et al.,
2010; Wang et al., 2013). Adjacent to the fundamental
components, a few metals, for example, arsenic (As), cadmium
(Cd), and lead (Pb), are toxic to the creature even in exceptionally
low levels, while other do not show any positive or negative
impact. It is vital, particularly for spices, that they contain
adequate fundamental components (micro–macro nutrients)

additionally for human well-being. Besides, micro-components
in plants are associated with the arrangement cycles of dynamic
synthetic elements, which permit their utilization for treating
various disorders, for example, iron (Fe) supplement for blood-
related disorders. The detrimental impact results from the reality
that heavy metals migrate from soils, harvests, or plants, entering
the food chain (Antonijević et al., 2012), or by therapeutic
applications from medicaments (Cheng, 1955; Garcia et al.,
2000; Başgel and Erdemoğlu, 2006; Adeyolanu et al., 2016).
Considering the aforementioned points, the World Health
Organization (WHO) has specified the permissible levels in
crude plant material for the presence of heavy metals, thereby
maintaining a stringent watch of negative effects on human well-
being by plant utilization or its clinical use (WHO, 1991; Zeiner
et al., 2015).

Antioxidant assaysmight dependon the probable type of anticancer
agents (lipophilic or hydrophilic, and enzymatic or nonenzymatic)
(Huang et al., 2005). The DPPH test by HPTLC is one of the reliable
mainstreams and frequently preferred technique among diagnostic
tools for identifying the presence of radical scavenging/antioxidant
activity. The technique is basic, productive, moderately reasonable, and
fast. The shading change occurs from purple color of the reagent to
lemon yellow color components possessing free radical scavenging
property, permitting the spectrophotometric assurance of the agent
possessing possible free radical scavenging (antioxidant) activity
(Molyneux, 2004; Kedare and Singh, 2011).

In the proposed research, an effort has been made to feature
the biotherapeutic potential of phytopigments utilized in foods
and related food merchandises, by chromatographic fingerprints
via free radical activity, along with multielemental assessment
using inductive coupled plasma-optical emission spectroscopy
(ICP-OES), with a viewpoint to screen heavy metals such as lead,
arsenic, and cadmium, in addition to micro- and macro-minerals
like Mg, Fe, and Zn. Therefore, the novel strategy developed
above would surely be employed in routine quality control for
monitoring food.

EXPERIMENTAL

Reagents
Natural pigments like anthocyanins, betanins, curcumin oleoresin,
paprika oleoresin, and annatto were procured from Neelikon Food
Dyes Pvt. Ltd., Mumbai. 98% nitric acid-reagent grade (Fisher
Scientific, Fair Lawn, NJ, United States). Hydrogen peroxide
(H2O2)-30% reagent grade (J.T. Baker, Phillipsburg, NJ,
United States). Micro laboratory cleaner (International Products
Corporation, Trenton, NJ, United States. Distilled, deionized water,
18MΩ (Continental Water Systems, San Antonio, TX,
United States). For HPTLC analysis, n-butanol, glacial acetic acid,
water, and DPPH (1,1-diphenyl-2-picrylhydrazyl) were of analytical
grade and purchased from Merck and Sigma Chemical, Germany.

Apparatus
ICP AVIO 200 inductively coupled plasma optical emission
spectrometer was purchased from Perkin-Elmer, Ahmedabad,
Gujarat. Titan MPSmicrowave digestor. Teflon® PFAmicrowave
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vessels rated to 120 psi (CEM, Matthews, NC, United States).
Lined digestion vessels rated to 200 psi (CEM, Matthews, NC,
United States). Food processor was designed for home use. High-
density polyethylene bottles, Nalgene®, or equivalent were
purchased from Nalge Company, Rochester, NY,
United States. The HPTLC system purchased from Camag was
used for TLC analysis, and data interpretation was performed
using digitally optimized vision CATS Software. Camag
derivatizer was employed for derivatization to demonstrate
free radical antioxidant activity using DPPH.

Instrumentation
A Titan MPS microwave digestor 950W power with temperature
and pressure monitoring and control was utilized to digest all the
samples. The microwave was aligned after the U.S.
Environmental Protection Agency (EPA) calibration procedure
that involves heating a known volume of water at specific powers
(Hepler, 2005). Individual experience directs that the sample
weights should be kept at or below the prescribed weights to
minimize the potential for overpressuring and venting during the
microwave digestion process. Samples containing high levels of
sugars are apt to react more quickly and to generate more
pressure. If these products are substituted for the materials
analyzed in this work, using smaller sample sizes and lower
powers are strongly recommended to prevent overpressuring.

The ICP-OES analysis was performed on the Perkin-Elmer ICP
AVIO 200 inductively coupled plasma-optical emission
spectrometer equipped with an axial standard torch using cross-
flow nebulizer. Autosampler featuring a quartz sample probe to
minimize sample cross contamination was used. The working
specifications of ICP-OES Avio 200 and optimal conditions of
plasma are given in Table 1. ICP AVIO 200 was used because of
its extremely sensitive precision to detect metals at trace levels. Also,
due to the simultaneous measurement, no reduction in sample
throughput was observed from making measurements at multiple
wavelengths of an element. Therefore, multiple emission lines were
measured simultaneously for each element to verify analytical
results. The analysis of different types of the samples of
phytopigments was performed on different days and because
each sample was in a different acid matrix, optimum background
correction points (BGC) and peak windows were determined as a
function of sample before the analysis was performed. The standard
concentrations were matched to the anticipated levels in the diluted

samples (Fikarová, 2020). The CamagHPTLC systemwas employed
for chromatographic analysis.

Sample Pretreatment for Inductive Coupled
Plasma-Optical Emission Spectroscopy
Analysis Using Avio 200 Perkin Elmer
System
The phytopigments obtained from Neelikon Pvt Ltd. were
pretreated using digestion mixture of concentrated nitric acid
(HNO3) and sulfuric acid (H2SO4), utilizing the Perkin Elmer
Titan MPS microwave digestor (Liu et al., 2020).

Digestion Procedure for Inductive Coupled
Plasma-Optical Emission Spectroscopy
Analysis
Step 1: 10 gm of each selected phytopigments were accurately

weighed into the Teflon PFA digestion vessels.
Step 2: Concentrated, ultrapure HNO3 and 2 mL concentrated,

ultrapure H2SO4 were added to the sample.
Step 3: Cap the vessel in the capping station.
Step 4: Phytopigment powders were digested as per Table 2.
Step 5: Cool for approximately five minutes and vent vessels.
Step 6: Repeat Step 4 for juices containing pulp.
Step 7: Cool for five minutes, vent, and open the vessels using

the capping station.
Step 8: Add 3 mL 30% H2O2 to the samples.
Step 9: After effervescence subsides, transfer the samples into

clean, acid-washed volumetric flasks, and dilute to
100 mL with double distilled water.

Step 10: Transfer the samples to clean HDPE bottles.

Standard Preparation for HPTLC Analysis
Standard solutions of selected phytopigments (anthocyanins,
betanins, turmeric oleoresin, paprika oleoresin, and annatto)
were of 100 ppm using methanol.

Sample Preparation for HPTLC Analysis
Marketed food samples such as locally available jams, squashes,
ice cream flavors, and chili powders, containing anthocyanins,
betanins, paprika oleoresin, and annatto, were accurately weighed
as per requirement (100 ppm) and mixed with a mixture of
methanol and water (8:2 v/v). For turmeric samples, locally
available turmeric powder was obtained from the market, and
10 ppm solution was prepared and further subjected to
spectroscopic and chromatographic analyses by ICP-OES and
HPTLC techniques.

Optimized Conditions for HPTLC
Chromatography was performed on 20 × 10 cm aluminum-
coated silica gel 60 F254 HPTLC plates (C.A.S. No. 105642,
Merck, Darmstadt, Germany). Sample application was done
using Camag Linomat V with 100 µL (Hamilton syringe,
United States). Development was done using a solvent system
of n-butanol: glacial acetic acid: water (4:4:1 v/v/v) up to 70 mm
in twin-trough chamber with saturation of 10 min with 5 min

TABLE 1 | Plasma specification and optimum conditions for ICP-OES.

Optimum conditions Parameters

Plasma power 1,350–1,500 w
Gas flow 0.2 (nebulizer)/0.8 auxiliary (liters/minutes)
Coolant 15°C (55°F)
Nebulizer type Cross flow
Nebulizer flow rate 0.2–0.8 (liters/minutes)
Pump speed 6.2 RPM
Stabilization time 60 s
No. of probes for each
measuring

3

Plasma observation Axial (low concentration), radial (high
concentration)
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plate equilibrium. Spectrodensitometric scanning was performed
post-derivatization using the DPPH reagent at 540 nm.

1,1-Diphenyl-2-picrylhydrazyl Radical
Scavenging
After development, the plates were dried for 10 min using a Camag
plate heater III. Derivatization was done using 0.5 mM
arrangement of 1,1-diphenyl-2-picrylhydrazyl (DPPH) as the
reagent in ethanol for 5 s (Anuyahong et al., 2020). HPTLC
plates were dried at room temperature (23°C) for 90 s and then
warmed for 30 s at 60°C in a dark room. Densitometric scanning
was performed at 540 nm using a Camag TLC scanner four under
programming control of vision CATS, v 2.5 Muttenz, Switzerland.
Zones were recognized promptly as lemon yellow regions against
light violet/purple zones (bands). Estimations were done in
duplicate. Ascorbic acid was utilized as a positive control.

RESULTS AND DISCUSSION

For heavy metal analysis of phytopigments, nine references of
heavy metal standards, Ba, Cd, Cr, Co, Cu, Pb, Ni, As, and Se,
were calibrated for analysis of anthocyanins, betanins, and
paprika oleoresin, from which toxic heavy metals, when
subjected to ICP-OES analysis, particularly, Pb, As, and Cd,

were found to be well below the specified limits of the U.S.
FDA and FSSAI regulations. The concentrations of As, Cd, Pb,
and Hg were under the detection limit in each sample, which
means that the investigated phytopigment samples of interest
were free of toxic metals (Table 3). On a beneficial note, the
nutritive profile of frequently used phytopigments was
determined. Several studies have shown that the peel of
beetroot was characterized by the largest betalain content
(Kujala et al., 2002; Shing and Hathan, 2014; Slatnar et al.,
2015; Sawicki et al., 2016). In this study, test sample of blue
berry squashes and jams demonstrated anthocyanins with the
highest content of iron (20.52 mg/L), and beetroot juices
demonstrated betanins with the highest quantity of
magnesium (17.85 mg/L), along with considerable amounts of
iron (5.097 mg/L) and calcium (5.368 mg/L). Locally marketed
turmeric samples reported turmeric oleoresins with the highest
concentration of magnesium (19.40 mg/L) followed by the iron
content of 4.942 mg/L, whereas chili powders demonstrated
paprika oleoresin, reporting the calcium content of 5.958 mg/
L. Element composition with respect to macro- and
microelemental concentrations of different phytopigment parts
is shown in Tables 4, 5. The results in the proposed study indicate
that multielemental estimation of natural pigments was
successfully performed by the ICP-OES technique, proving it
to be a preferred and precise tool in routine quality control of
food and related merchandized goods, ensuring and assuring

TABLE 2 | Microwave digestion parameters for phytopigment analysis.

Parameter Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Power (%) 10 45 45 45 45
Power (watts) 51 366 366 366 366
Pressure (PSI) 20 40 80 120 160
Run time (min) 2 10 10 10 20
Time at parameter (min) 2 5 5 5 10
Temperature at parameter (oC) 0 75 85 100 120
Fan speed (% of maximum) 100 100 100 100 100

TABLE 3 | Quantification of heavy metals observed in selected phytopigments with prescribed limits.

Heavy metals

Sl. no Name of
the color

Arsenic (mg/kg) ≤ 1 Lead (mg/kg) ≤ 1 Cadmium (mg/kg) ≤ 1 Mercury (mg/kg) ≤ 2

1 Anthocyanins 0.11 0.103 0.043 <0.1
2 Paprika 0.014 0.120 0.042 0.013
3 Betanin 0.022 0.167 0.045 0.014
4 Turmeric – 0.061 0.049 –

5 Annatto – 2.864 0.033 –

TABLE 4 | ICP-OES results for selected phytopigments with reference values in mg/mL.

Phytopigment Annatto Anthocyanin Betanins Paprika Turmeric

Minerals in highest
quantity with observed
amounts

Iron (Fe) 6.345 ± 0.40 mg/
L, calcium (Ca) 4.868, and
magnesium (Mg) 2.478

Iron (Fe) 20.58 ±
0.40 mg/L

Magnesium (Mg) 17.85 ± 0.4 mg/
L with iron (Fe) 5.097 ± 0.40 mg/L
and calcium (Ca) 5.368 ±
0.7 mg/L

Calcium (Ca) 5.958 ±
0.7 mg/L, iron (Fe) 0.278,
and magnesium (Mg)
0.064 mg/L

Magnesium (Mg) 19.40 ±
0.40 mg/L and iron (Fe)
4.942 ± 0.40 mg/L mg/L
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safety profile of food additives and contaminants in the form of
heavy metals, if any.

The utilization of HPTLC and a sophisticated scanner with
a photodiode detector makes possible utilization of selected
phytopigments on TLC plates without prior preparation steps
(Pozharitskaya et al., 2007a; Pozharitskaya et al., 2007b). In a
similar fashion, chromatographic separation, in situ radical
scavenging activity examination of selected phytopigments
was done by online HPTLC-DAD and HPTLC-DPPH
techniques simultaneously. In this study, a simple and rapid
HPTLC densitometric method for the analysis of selected
phytopigments was developed. Different trial compositions
of the solvent systems were put to task in order to obtain high-
resolution and reproducible peaks. From preliminary
experiments, the best results were obtained using the mobile
phase of n-butanol: glacial acetic acid: water (4:4:1, v/v/v).
Selected phytopigment samples were applied directly onto the
plates without any prechromatographic separations. The
DPPH reagent has a unique absorption maximum in the
range of 510 and 520 nm, which is diminished in the

presence of a compound capable of reducing it to its
hydrazine form. The kinetic behavior of antioxidants is a
significant factor in the assessment of antiradical activity. A
reaction time of 30 s at 50°C was seen as the optimum
antioxidant-DPPH response period. After chromatographic
separation, in situ DPPH radical scavenging properties of
phytopigments were controlled by an online HPTLC-DPPH
technique. This is viewed as in Figure 1, by derivatized image
of silica plates with DPPH radicals reducing light violet/purple
bands to lemon yellow bands. These zones demonstrated
antioxidant activity. The intensity of the lemon yellow color
depended upon the amount and nature of radical scavenging
activity in the sample.

DISCUSSION

The phytopigments were subjected to elemental estimation by
the ICP-OES (AVIO-200 model) technique in accordance
with pharmacopeial dossiers USP 231 and USP 233. The
elemental characterization of selected natural pigments
utilizing the Perkin Elmer TITAN MPS digestor equipped
with nebulizer and dual axial plasma assisted fast elemental
analysis. The developed protocol was validated by performing
calibration using heavy metal reference standards of mercury
(Hg), lead (Pb), cadmium (Cd), arsenic (As), selenium (Se),
chromium (Cr), copper (Cu), cobalt (Co), and antimony (Sb).
The ICP-OES method designed for elemental analysis gave
accurate and precise nutritional profile for selected
phytopigments in regards to inherent micro–macro
essential elements like iron (Fe), calcium (Ca), zinc (Zn),
and phosphorus (P). The ICP-OES outcome determined that
heavy metals like arsenic (As), cadmium (Cd), lead (Pb), and
mercury (Hg) were reported ≤1 ppm as specified within herbal

TABLE 5 | Elemental analysis of phytopigment analysis with respective
wavelengths and observed experimental values by ICP-OES AVIO 200 with
reference values in mg/mL.

Element Wavelength Experimental Label

Ca 396.845 51.3 ± 0.7 <115
Cu 224.702 0.137 ± 0.03
Fe 238.200 0.59 ± 0.40 <2.1
K 766.515 0.681 ± 7.3
Mg 279.553 42.70 ± 0.4
Na 589.589 24.79 ± 0.02 57.5
P 177.436 139.51 ± 1.3
Zn 206.198 0.79 ± 0.2

FIGURE 1 | HPTLC fingerprint of selected phytopigments exhibiting antioxidant property post-derivatization by the DPPH reagent.
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pharmacopeia, labeling the selected phytopigments
nonhazardous and safe for human consumption. The
selected phytopigments reported essential minerals as
follows: anthocyanins pigment reported the highest iron
(Fe) content of 20.52 mg/L, and betanin pigment reported
the highest magnesium (Mg) content of 17.85 mg/L, along
with considerable amounts of iron (Fe) and calcium (Ca), of
5.097 mg/L and 5.368 mg/L, respectively; paprika oleoresin
pigment reported only calcium (Ca) content of 5.958 mg/L.
USP compliant DPPH assisted HPTLC protocol, developed
for selected phytopigments, indicated that lemon yellow
bands of phytopigments possess radical scavenging
property with inherent chemical structure proving them to
be antioxidant agents, suggesting them as future
“Nutraceuticals.”

CONCLUSION

The microwave-assisted digestion using the Perkin Elmer
Titan MPS digestor gave a contamination-free sampling
with minimal overall analysis time, providing faster,
simpler, effective, and accurate estimation of elements.
Toxic heavy metals, when subjected to the ICP-OES
analysis, were within the specified limits of U.S. FDA and
FSSAI regulations. On a beneficial note, the essential nutritive
profile of frequently used phytopigments was determined.
Annatto from butter had highest amounts of iron (Fe:
6.345 mg/L) , calcium (Ca: 5.368 mg/L), and magnesium
content (2.478 mg/L). Anthocyanins had the highest
content of iron (Fe: 20.52 mg/L) . Betanins had the highest
quantity of magnesium (Mg: 17.85 mg/L) along with
considerable amounts of iron (Fe: 5.097 mg/L) and calcium
(Ca: 5.368 mg/L), with paprika oleoresin reporting calcium
(Ca) content of 5.958 mg/L, whereas turmeric oleoresin from
locally purchased turmeric powder demonstrated the highest
content of magnesium (Mg: 19.40 mg/L), followed by the iron
(Fe) content of 4.942 mg/L. The lemon yellow florescent bands
indicated the presence of antioxidant property of the pigment.

The results in the proposed study indicate that multielemental
estimation of phytopigments was successfully performed by the
ICP-OES technique, proving it to be a preferred and precise tool
as a routine quality control method ensuring and assuring safety
profile of food additives and contaminants in the form of heavy
metals, if any. The effect directed, antioxidant activity of the

phytopigments was proven by 2,2-diphenyl-1-picrylhydrazyl
(DPPH) test, using the CAMAG HPTLC system, where DPPH
was used as a derivatizing reagent.

This work portrays the screening and identification of essential
nutrients like iron, calcium, and magnesium as well as heavy
metals in accordance with guidelines of FSSAI for foods (food
industries) may be performed simultaneously utilizing the ICP-
OES technique. The radical analysis carried out by the HPTLC-
DPPH assay demonstrated possible inherent antioxidant
properties of selected phytopigments.
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ABSTRACT 
Alzheimer's disease is a neurodegenerative condition that involves cholinergic neuronal dysfunction, oxidative stress, 
amyloid beta protein accumulation as a characteristic of neuropathology. Sida rhombifolia is traditionally known for 
the treatment of neuronal disorders. This study was designed to evaluate the effect of S. rhombifolia extract (SRE) on 
scopolamine (SCO) induced amnesia in rats. Sida rhombifolia hydroethanolic extract (SRE) was subjected to in-vitro 
tests. Furthermore, in rats amnesia was induced with SCO (1mg/kg. i.p) for 30 days and treated with 100, 200, and 
400 mg/kg of SRE for 15 days. Antioxidant activity of SRE was demonstrated by decreasing DPPH and H2O2 levels. 
Treatment group rats reversed SCO induced amnesia by improvement in spatial memory, decreased transfer latency 
and increased step through latency significantly (p < 0.001) in behavior models such as Morris water maze, elevated 
plus maze, and passive avoidance task, respectively. SRE administration decreased acetylcholinesterase enzyme, β 
amyloid1–42 levels significantly (p < 0.001), scavenges SCO induced oxidative stress by increased glutathione and 
decreasing lipid peroxidase levels. Histopathological studies revealed mild neuronal damage in treatment groups as 
compared to SCO-induced rats and is validated its implication for the treatment of cognitive impairment.

INTRODUCTION 

The most prevalent form of dementia is Alzheimer’s 
disease (AD) which expresses the features of memory loss and 
behavioral disturbance (Smith, 2017). Aging, especially people 
aged 65 years and above are at the risk of various diseases including 
AD. Every year nearly 1,275 new cases per 10,000 individuals are 
diagnosed with AD (Querfurth and LaFerla, 2010), and this has 
become challenging to nursing care facilities and financial burden 
for care givers. 

The increased acetylcholinesterase enzyme (AChE) 
activity, alteration of acetylcholine (ACh) receptors, or decreased 
production of ACh in central cholinergic system are all considered 
as significant hallmarks of AD (Anand et al., 2014). The treatment 
regimens were developed to target the pathogenesis of AD, but 
their use is restricted due to unavoidable side effects. The donepezil 
is being used as a first-line treatment drug; it has undesirable and 
unavoidable peripheral anticholinergic side effects. Hence, health 
care professionals are keen to find alternative therapies (Citron, 
2010).

Many herbal drugs including extracts are focused to 
treat AD based on potential effects such as anti-oxidants, AChE 
enzyme inhibition, secretase enzymes responsible for producing 
Aβ, chelating heavy metals, or Aβ degradation mechanisms 
(Eckert, 2010).

The plant genus Sida L. is well documented in Ayurveda, 
an ancient Indian system of medicine. Around 17 species that occur in 
India are reported traditionally in Rasayana to treat various ailments 
including degenerative and musculoskeletal disease (Trikamji, 
1984). Sida rhombifolia L. (S. rhombifolia) is a perennial plant that 
belongs to the family Malvaceae commonly known as arrowleaf 
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sida. The various extracts of S. rhombifolia have been identified as an 
anti-inflammatory, anti-arthritic, and hepatoprotective (Subramanya 
et al., 2015). It is also reported as an antidiabetic and poses anti-
oxidant property (Chaturvedi and Kwape, 2015).

Traditionally in India, the hot aqueous extracts of dried 
leaf and root of the S. rhombifolia are used as an aphrodisiac, tonic 
and is used to treat heart and nervous diseases (Girón et al., 1991).

However, there are limited scientific reports related to 
claim the effect of S. rhombifolia in the management of AD. Hence, 
this study was designed to evaluate the hydro-ethanolic extract of 
S. rhombifolia L. on scopolamine (SCO) induced amnesia in rats.

MATERIALS AND METHODS

Reagents
Quercetin, Donepezil Hydrochloride, Tris-HCl, 

2,2-diphenyl-1-picrylhydrazyl (DPPH), H2O2, 5,5'-dithiobis-(2-
nitrobenzoic acid), AChE, Acetylthiocholine iodide was procured 
by Sigma Aldrich, St. Louis, MO. Gallic acid, Ethanol (Hi-media, 
Amritsar, India), SCO hydrobromide (Vital Laboratories; Vapi, 
India), potassium dihydrogen phosphate, disodium hydrogen 
phosphate (SD fine chem. Ltd, Chennai, India), Folin-coicalteau 
phenol reagent (Fisher scientific, Vantaa, Finland).

Plant collection and authentication
The S. rhombifolia L. the whole plant was collected 

from the botanical garden, Dharwad University of Karnataka, 
India. Authenticated by botanist Dr. Harsh V. Hegde (Scientist E) 
at Indian Council of Medical Research-NITM, Belagavi, India. A 
voucher specimen (RMRC-1399) was deposited at the herbarium 
of ICMR-NITM, Belagavi, India.

Method of extraction
The whole plant was washed thoroughly using water 

and dried at room temperature for 15 days. Using a mechanical 
blender, plant parts were powdered. The hydro-alcoholic extract 
was prepared by three-time maceration using ethanol-water 
(70:30) for 7 days; further Soxhlet extraction was carried out 
using ethanol (95%) for 8–12 hours. This method allows isolating 
desirable phytoconstituents. Then extract was cooled, concentrated 
by the evaporation. Both extracts were combined and stored in a 
refrigerator until further use (Khanal and Patil, 2020).

Water and alcohol soluble extractive values and, ash 
values of crude powder were determined to assess the purity, 
quality as well as to detect adulterations present if any (Kokate, 
2017). The S. rhombifolia extract (SRE) was screened for 
phytoconstituents such as tannins, phenols, flavonoids, saponins, 
glycoside, alkaloids qualitatively (Oshadie et al., 2017).

Total flavonoid content and phenolic content
The flavonoid content of SRE was quantified and 

quercetin was used as a standard sample (McDonald et al., 2001). 
Phenolic compounds of SRE were tested by a spectrophotometric 
method using Folin–Ciocalteau Reagent (Pawar et al., 2016), and 
values were reported as mg/g Gallic Acid Equivalent (GAE).

DPPH and H2O2 scavenging activity of SRE
The anti-oxidant activity of SRE was determined by the 

DPPH scavenging assay method proposed by Teh et al. (2013), 

and the ability to eliminate hydrogen peroxide was determined by 
method Ruch et al. (1989). Ascorbic acid was used as standard 
drugs with three independent tests were carried out to assure the 
precision of results.

In-vitro estimation of AChE inhibition
Acetylcholinesterase activity of SRE by in vitro was 

measured by 96 well microplate assay using Ellman’s method. 
Donepezil was used as a standard control.

Percentage of enzyme inhibited was reported in 
triplicates to calculate IC50 values by linear regression analysis 
(Dhanasekaran et al., 2015).

In vivo experimental protocol

Ethical approval and experimental animals
Ethical consent was approved from the Institutional 

Animal Ethical Committee from KLE College of Pharmacy, 
Belagavi, an in vivo analysis was carried out (KLECOP/CPCSEA- 
Res No.221/Po/Res/2000/CPCSEA, Res.25-13/10/2018). Rats 
were procured by CPCSEA-registered vendor in vivo Biosciences; 
Bangalore, India.

The healthy Wistar rats of either sex (18 months) 
weighing 180–280 g used for this study, under standard laboratory 
conditions rats were housed in cages by grouping them into six 
in each with the maintenance of natural light and dark condition. 
Acclimatization was made before the experiment begins. CPCSEA 
guidelines were followed for experimentation. Rats were fed with 
standard rat chow pellet and water ad libitum.

Acute oral toxicity study
Organization for Economic Co-operation and 

Development guidelines, 423 (OECD, 2002) was used to determine 
the safety and adverse effects of SRE to confirm safe doses for 
future study. The SRE 2,000 mg/kg orally administered in a single 
dose to the rats later observed for the next 14 days. After 14 days, 
there were no side effects, no mortality was observed. Based on 
the acute oral toxicity study, the geometrical series doses such as 
1/10th 1/20th, and 1/40th doses were selected as testing doses.

Preparation of test samples
The SR extract was suspended in 0.5% Sodium carboxy 

methyl cellulose (CMC)  before administration.

Study design
The experimental rats were randomly selected (n=6) and 

divided them into six groups.  Group I: Normal control (administered 
with normal saline, through i.p route); SCO (1 mg/kg, i.p) was 
administered for 30 days to group II - VI to provoke cognitive 
impairment. Group III- Standard control (Donepezil 3mg/ kg, p.o); 
Group IV- SRE 100mg/kg; Group V- SRE 200mg/kg; Group VI- SRE 
400mg/kg were administered orally (test controls). The test doses of 
donepezil and SRE were given 30 min after SCO administration to 
rats from 16-30th day to intervene SCO-induced amnesia.

Screening models for amnesia

Morris water maze task
It has a circular pool filled with water (the white 

dye used to make it opaque), pool was divided into four equal 
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quadrants. Platform immersed 2 cm below the base level (10 × 
10 cm) and kept at the center of the Q4 quadrant throughout the 
testing sessions.

Training trial
Each rat was put in the pool for the 60 seconds 1 

day before the test; this free swim allowed the rat to become 
accustomed to the training setup. Suppose in the 120 seconds, the 
rat did not find the platform then it was manually guided to reach 
the platform and allowed to rest on the platform for the 30 seconds. 

Acquisition trail
During each day of the study, starting location was 

randomized but stayed the same for all rats in each experiment. 
The rat was allowed in the pool with its head pointing toward 
the sidewall at each trial and given the 90 seconds to search for a 
hidden platform.

Retention trail
On day 30, the platform was taken away from the 

position, then time spent to the search of the missing platform 
is considered as a probe trial referred to as retrieval of memory 
(Morris, 1984).

Elevated plus-maze
It has four arms (two closed; two open arms where maze 

was elevated above the floor, and arms extended from a central 
platform).

Acquisition trial
On day 1, at open arm; the rat was individually placed 

facing away from a central platform. The acquisition test was 
considered as transfer latency (TL) by the observation of time 
taken for the rat to move from open to the closed arm. 

Retention of memory of rats was recorded on day 30 
using TL and percentage time spends in the open arm (Jafarian 
et al., 2019).

Passive avoidance test
The apparatus has light and dark compartments in 

the shuttle box. To separate the compartment, guillotine door is 
adjusted either lowered or raised by the researcher. The floor has 
stainless steel rods in which the shock generator has connected 
dark compartments to transmit shock if the rat stepped into a dark 
area. Rats were habituated before trial later on day 1 they were 
placed in the light compartment; the guillotine door was opened 
for the rat to enter the dark compartment during which foot shock 
was given for 2 seconds, which is considered as step-through 
latency as acquisition test. Retention trial was recorded on day 30 
including time spent in the dark compartment (Rezvani-Kamran 
et al., 2017).

Collection of brain sample
After screening behavioral models, animals were
sacrifced with a high dose of anesthetic ether. Brain 

samples were collected. Later biochemcal parameters such as 
AChE, β amyloid1–42, Glutathione (Reduced), and lipid peroxide 
enzyme levels were evaluated. 

Acetylcholinesterase inhibition assay
The effect of SRE on AChE level can be detected by the 

inhibition of AChE level in the brain homogenate as explained by 
(Ellman et al., 1961). To quantify the rate of moles of substrate-
hydrolyzed per min/grams of the tissue, absorbance was noted for 
5 minutes at 412 nm.

Aβ1-42 content in brain tissue
The assessment of rat β amyloid1–42 level was done by 

the Enzyme linked immunosorbent assay sandwich kit manual 
(Bioassay Technology Laboratory, China). Phosphate buffer (7.4) 
was used to homogenize the rat brain later, centrifuged at 5,000 
G to collect supernatant which was used for the detection of β 
amyloid1–42. In parallel to the test samples, standard curve analysis 
was run. A multiscan spectrum spectrophotometer was utilized to 
check the absorbance at 450 nm OD (Thermo scientific, Multiscan 
GO); the readings were all carried out in triplicate (Malabade 
et al., 2015).

Estimation of reduced glutathione
Protocol (Ellman, 1959) was followed to estimate 

reduced glutathione in brain homogenate. The development 
of yellow color signifies glutathione (GSH) level which was 
expressed as nm/mg protein.

Lipid peroxidase assay
The quantity of lipid peroxidation was measured 

according to the procedure followed by (Wills, 1966). Amount of 
malondialdehyde formed due to reaction with thiobarbituric acid. 
Absorbance was measured at 532 nm and expressed as nm/mg 
protein 

Histopathological studies
Rat brain tissue was collected from groups. Neutral 

buffered formalin 10% was used as a fixation reagent. Processing 
was done to obtain 4 µm paraffin-embedded sections. Hematoxylin 
and Eosin staining reagent was used to examine under microscope 
40× (Dhalwal et al., 2007).

Statistical analysis
Graph Pad Prism (version 5.0) was used for the data 

analysis; Analysis of variance and Tukey’s post hoc test using 
were considered. Statistical difference was considered in terms 
of mean ± standard errors of the mean (SEM) and p < 0.05. To 
compute IC50 linear regression, the analysis was used.

RESULTS
The water and alcohol soluble extractive values 

of the crude powder were obtained as 3.8% and 1.5%, 
respectively; total ash and acid insoluble ash value were 
found to 5.9% and 1.5% (W/W). The percentage yield of S. 
rhombifolia hydroethanolic extract was found to be 10.5% 
W/W. Phytoconstituents such as flavonoids, saponins, phenols, 
glycosides, tannins, and steroids were present. The quantitative 
analysis such as total flavonoid content, total phenolic content 
of SRE was found to be 87.78 ug/ml quercetin equivalent and 
120.77 ug/ml GAE, respectively.
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The SRE inhibited DPPH at IC50 value of 175.74 ± 
10.51 µg/ml, p < 0.01 compared to ascorbic acid 35.73 ± 0.85 
µg/ml. The H2O2 was inhibited at IC50 of 55.84 ± 0.636 µg/ml; 
p < 0.01 when compared with ascorbic acid 47.81 ± 0.66 µg/ml.

Effect of SRE on AChE inhibition by an in-vitro method
The SRE showed to inhibit to inhibit AChE at IC50 of 

53.11 ± 2.39 µg/ml as compared to Donepezil 2.23 ± 0.141 µg/ml. 

Effect of SRE on spatial memory
Figure 1 explains escape latency in seconds using the 

Morris Water Maze task to evaluate the restoration of spatial 
memory. Figure 1a shows training trials for 7 days before 
commencing treatment to rats, which expressed significantly 
decreased escape latency on day 7 as compared to day 1 of the 
training trial. Figure 1b shows the donepezil and SRE treatment 
to respective groups intervened and showed a decrease in 
escape latency significantly compared to SCO-induced rats. 
Figure 1c shows that the SCO induction elevates escape latency 
significantly (p < 0.001) as compared to normal control, donepezil 
(3 mg/kg) and SRE at 100, 200, and 400 mg/kg treatment 
expressed decreased escape latency significantly (p < 0.001) 

when compared to rats exposed to SCO. Figure 1d represents a 
probe trial in which SCO-induced rats showed decreased time 
spent in the target quadrant as compared to normal control rats; 
while donepezil and SRE treated rats revealed increased time 
spent at the target quadrant significantly p < 0.001 compared to 
SCO-induced rats. These observations indicate improvement in 
spatial memory.

Effect of SRE on short term learning and memory
Figure 2a shows the effect of SRE on the TL and Figure 

2b expresses percentage time spent in open arms following 5 
minutes of exploration in an elevated plus-maze. The SCO-
induced rats showed increased TL as compared to normal group 
rats. The donepezil (3 mg/kg) and SRE treatment at 100, 200, and 
400 mg/kg doses have shown a marked reduction in TL in contrast 
to SCO-induced rats. 

SCO induced rats markedly (p < 0.001) reduced the 
percentage of time spent by the rats in the open arms compared 
to normal control rats. However, donepezil, SRE at 100, 200, and 
400 mg/kg showed increased time spent percentage in the open 
arms, respectively, in comparison to SCO-induced rats indicate 
retention of short term memory. 

Figure 1. (a) Escape latency (sec) of rats during training trails. (b) Escape latency expressed by rots for every 7 days of treatment, (c) probe trial (time spent to 
reach target quadrant) compared to acquisition trial, (d) time spent in target quadrant by rats on probe trial: @ as compared to normal control group, ***compared to 
scopolamine control group. p < 0.001 was considered as statistically significant. Data were represented as mean ± SEM (n = 6).
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Effect of SRE on fear aggravated related behavior
Memory Retention trial on day 30, the SCO administered 

rats showed significant (p < 0.001) decreased step-through latency 
which implies an increase in fear aggravated behavioral task. But, 
treatment groups viz, donepezil (3 mg/kg), SRE-100, 200, and 400 
mg/kg doses showed increased step-through latency indicates the 
improved non-declarative memory as shown in Figure 2c.

Effect on AChE enzyme level in brain tissue
The rats treated with SRE at 100, 200, 400 mg/kg 

significantly inhibited Acetylcholinesterase level by (15.27 ± 1.87, 
10.62 ± 0.22, 8.71 ± 0.16; p < 0.001), respectively, and Donepezil 
treated group also showed decreased AChE level (8.09 ± 0.75; p < 
0.001) as compared to amnesia induced rats (24.71 ± 0.92). While 
SCO-induced rats increased AChE enzyme activity (24.71 ± 0.92; 
p < 0.001) significantly as compared to normal rats (7.26 ± 0.45) 
as shown in Figure 3a.

β-amyloid1-42 content in brain tissue
In SCO-induced rats, amyloid β1–42 was substantially 

increased in comparison to normal control (655.7 ± 35.68 pg/ml; 

p < 0.001). Although a major significant decreased β-amyloid1–42 
content was observed in rats treated with SRE, and donepezil (p < 
0.001) relative to SCO-induced rats, as shown in Figure 3b.

Antioxidant activity of SRE

Effect of SRE on malondialdehyde content
SCO-induced rats recorded notable changes in 

malondialdehyde levels (39.53 ± 3.05; p < 0.001) relative to normal 
group rats (12.8 ± 2.86). Rats administered with SRE (14.96 ± 
3.16, 13.89 ± 3.05, 12.29 ± 2.41; p < 0.001) and Donepezil (11.75 
± 1.97; p < 0.001) significantly reduced malondialdehyde (MDA) 
level which indicates decreased lipid peroxidation in rat brain as 
compared to SCO-induced rats as shown in Table 1.

Effect of SRE on glutathione (reduced) level
The SCO administered rats showed significantly 

decreased GSH level (0.53 ± 0.05; p < 0.001) in comparison to 
normal control rats (1.39 ± 0.05). The rats treated with Donepezil 
(1.23 ± 0.11; p < 0.001), SRE significantly increased (1.07 ± 0.12, 
1.20 ± 0.07, 1.31 ± 0.05: p < 0.001) GSH levels as compared to 
SCO-induced rats as shown in Table 1.

Figure 2. (a) Transfer latency (sec) of rats on elevated to plus maze, (b) percentage time spent by rats in open arm of EPM, (c) step through latency of rats in passive 
avoidant test: ***as compared to normal control group, # compared to scopolamine control group. p < 0.001 was considered as statistically significant. Data were 
represented as mean ± SEM (n = 6).
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Histopathology of rat brain tissue
SCO-induced rats reflected extreme neurodegeneration 

with perivascular edema, neuronophagia, and pyknotic nucleus in 
cortex and hippocampus regions of rat brain at 40× magnification. 
As observed in Figures 4 and 5, groups treated with donepezil and 
SRE protected neurons and demonstrated moderate congestion 
relative to the disease group.

DISCUSSION
The current study dealt to investigate S. rhombifolia 

hydroethanolic extract on SCO-induced amnesia by evaluating 
its effect on the short term, spatial memory, and fear aggravated 
behavior followed by estimation of AChE and antioxidants such 
as glutathione (reduced) and lipid peroxidation biomarkers using 
rat brain homogenate. Rat brain histopathology experiments have 
been performed on the cerebral cortex and hippocampus portions.

The most widely used free radical scavenging activity of 
potential extracts is tested by DPPH assay (Oroian and Escriche, 
2015). The present study exhibits DPPH scavenging activity and 
this was as per Dhalwal et al. (2007) reports, who explained S. 
rhombifolia ethanolic extract free radical scavenging activity. 

The SRE showed anti-oxidant potential by scavenging 
hydrogen peroxide; which is supported by a study observed by 
Chung et al. (1998) who noticed that the phenolic compounds 

found naturally in herbs are effective to converse deleterious 
effects of reactive oxygen species. 

This research strongly directs us to assess the actions of 
S. rhombifolia in SCO-induced amnesic rats because an in vitro 
study reported that S. rhombifolia could inhibit AChE. These 
findings were correlated with previous reports (Mah et al., 2017).

Memory loss is a common characteristic of the elderly 
population; to reflect this disease, aged animals may be used 
as a natural dementia model that has been shown to develop 
neuropathology, oxidative stress accompanied by memory failure 
similarly found in patients affected with AD (Li et al., 2016).

SCO has been chosen as an amnesia-causing agent in 
current research because according to previous studies, SCO 
injection increases the function of AChE, which metabolizes a 
significant amount of ACh synapses supply, indicates cognitive 
imbalance. Repeated dose administration of SCO aggravates the 
disorder (Rahimzadegan and Soodi, 2018; Soodi et al., 2014). 

Spatial memory and learning are essential for identifying 
changes in the neuronal cholinergic system, which is well 
recognized by tasks such as the Morris water maze. Rats induced 
by SCO showed reduced time spent in the target quadrant in the 
present study, which was similarly observed in previous reports 
(Kaur and Mehan, 2015). Meanwhile rats treated with donepezil 
and SRE at 100, 200, 400 mg/kg increase time spent in target 
quadrant expressively; thus, attenuated behavioral changes caused 
by SCO.

SCO administered through the i.p. route in single 
or repeated doses can cause fear, anxiety, and depression-like 
behavior in rats and this can be prominently predicted by elevated 
plus-maze test (Aydin et al., 2016). However, rats treated with 
Donepezil, S. rhombifolia at selected therapeutic doses showed 
decreased TL and increased percentage time spent in the open arm; 
this served as improvement in exteroceptive learning and memory.

The treatment groups showed increased step-through 
latency significantly with less time spent at dark compartment 
as a compartment to SCO-induced rats. Reports were consistent 
with (Khurana et al., 2017) which explains increased step-through 
latency in passive avoidance tests and showed nootropic activity 
Sida species (S. cordifolia).

Figure 3. (a) AchE levels in rat brain homogenate, (b) Aβ1–42 concentration (pg/ml) in rat brain: @ as compared to normal control group, ***compared to scopolamine 
control group. p < 0.001 was considered as statistically significant. Data were represented as mean ± SEM (n = 6).

Table 1. Anti-oxidant activity of SRE in rat brain homogenate.

Group GSH reduced  
(mmoles /mg of protein)

LPO level (nmoles of 
MDA/mg of protein)

Normal control 1.39 ± 0.05 12.82 ± 2.86

SCO (1 mg/kg) 0.53 ± 0.05a 39.53 ± 3.05a

SCO + Donepezil (3 mg/kg) 1.23 ± 0.11b 11.75 ± 1.97b

SCO + SRE (100 mg/kg) 1.07 ± 0.12b 14.96 ± 3.16b

SCO + SRE (200 mg/kg) 1.20 ± 0.07b 13.89 ± 3.05b

SCO + SRE (400 mg/kg) 1.31 ± 0.05b 12.29 ± 2.41b

Mean ± SEM.
aAs compared to normal control.
bAs compared to SCO control group.
p < 0.001 was considered as statistically significant.
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Figure 4. Histopathology of rat brain (Cerebral Cortex section) with H&E × 400. (A) Normal control group showing normal histological finding (Black arrow-normal 
neuron). (B) SCO (1 mg/Kg) (Black arrow-severe neuronal degeneration, neuronophagia and blue arrow pyknotic nucleus). (C) SCO + Donepezil (3 mg/kg) group 
showing minimal neuronal degeneration. (Black arrow-mild congestion, blue arrow minimal neurodegeneration). (D) SCO + SRE (100 mg/kg) group showing moderate 
neuronal degeneration with neurophagia with congestion of blood vessels. (Black arrow moderate edema and blue arrow shows moderate neurodegeneration). (E) 
SCO + SRE (200 mg/kg) group showing neuronal degeneration (Black arrow-mild newonal degeneration, blue arrow shows mild neurodegeneration). (F) SCO + SRE 
(400 mg/kg) group (Black arrow shows mild congestion and blue arrow shows mild neurodegeneration). *SRE = Sida rhombifolia hydroethanolic extract; SCO = 
Scopolamine.

Figure 5. Histopathology of rat brain (Hippocampus section) with H&E ×400. (A) Normal control group showing normal healthy normochromic neurons with well-
outlined cell bodies and absence of intercellular spaces (Black arrow–normal pyramidal cell). (B) SCO (1 mg/kg) induced group showing marked and severe neuronal 
degeneration with congested blood vesseIs, perivascular edema, neuronophagia, pyknotic cells and g1iosis (Black arrow- edema and blue arrow shows pyknotic cell). 
(C) SCO+ Donepezi l (3 mg/kg) + SCO group showing mild neuronal degeneration & neuronophagia (Black arrow-mild edema and blue arrow-few cells showing 
degeneration). (D) SCO+SRE (l00 mg/kg) + SCO showing moderate neuronal degeneration with neuronophagia with congestion of blood vessels and edema (Blue 
arrow shows intercellular edema). (E) SCO + SRE (200 mg/kg) + SCO showing mild perivascular edema with mild congestion and neuronal degeneration (Black arrow 
pyramidal cell degeneration and blue arrow-edema). (F) SCO+ SRE (400 mg/kg) + SCO showing mild perivascular edema and minimal pyknosis (Black arrow shows 
minimal pyknosis, Blue arrow shows mild edema).
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SCO-induced rats illustrated cholinergic neuronal 
damage by increasing AChE level in rat brain homogenate 
sample which is a sign of cognitive imbalance. On the contrary, 
rats administered with donepezil and SRE at concomitant doses 
showed improvement with the restoration of learning and memory 
by blocking the action of AChE and modulating the availability of 
ACh for synaptic transmission.

In the brain tissue aggregation of β amyloid protein, 
especially β amyloid1–42 plaque deposition in extracellular space 
is a characteristic feature considered as a biomarker in cognitive 
dysfunction (Pattanashetti et al., 2017). The administration of SRE 
to the rats showed a marked reduction of β-amyloid1–42, which 
could interferes with aggregation process of beta-amyloid1-42 and 
protects neurons from damage.

The current study attempted to examine the influence 
of SRE on reduced GSH levels, which showed increased levels 
of reduced glutathione and the results were correlated with the 
previous study on antioxidant properties of S. rhombifolia root and 
stem extract (Narendhirakannan and Limmy, 2012). A significant 
increase in lipid peroxidation is measured by MDA levels which 
are considered as an index of oxidative stress. The activity of SRE 
resulted in decreasing the lipid peroxidation this was expressed 
by a decreased level of MDA and correlated with the study that 
expressed that S. rhombifolia root extract acts as a natural anti-
oxidant estimated in rat brain homogenate (Bihaqi et al., 2011; 
Dhalwal et al., 2007).

Sections of the hippocampus; Cornuammonis (CA 
field), dentate, subicular complex are anatomical regions of 
the medial temporal lobe and these play an important role in 
mammalian memory (Squire, 1992). Histopathological rat brain 
studies showed that neuronal damage, neural fibrillary tangles 
hippocampal edema, and pyknotic cells were shown in the SCO-
induced group, whereas groups treated with donepezil and SRE 
showed mild neuronal damage compared to SCO-induced damage.

Earlier scientific reports do confirm the presence of 
phytoconstituents of plant extract such as Phenolic compounds, 
flavonoids, alkaloids, β-phenylethylamines, chlorophyll 
derivatives, steroids phenolic compounds, and these could 
contribute to cholinesterase enzyme inhibition and improve 
cognition (Babu et al., 2013; Chaves et al., 2017).

Genus Sida L. revealed its traditional claim for prevention 
and treatment of neurological disorder in which S. rhombifolia had 
given attention due to phytoconstituents like flavonoids, alkaloids, 
other phenolics, and ecdysteroids available in extracts (Dinda 
et al., 2015). Furthermore, on these presumed reports we planned 
to explore the possibility of SRE to restore memory and improve 
learning which was confirmed through decreased AChE; in turn, 
increases ACh availability at synapse and anti-oxidants present in 
SRE to combat oxidative stress produced by free radicals. These 
mechanisms were reported from improvement in spatial, short 
term memory with a decrease in fear aggravated behavior in rats.

CONCLUSION
The present study confirms the anti-amnesic activity of 

S. rhombifolia hydro-ethanolic extract through the mechanism of 
AChE inhibition and antioxidant pathways in SCO-induced rats. 
This supports the therapeutic value of herbal medicine to enhance 
memory in AD, yet clinical applications are to be explored.
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ABSTRACT

The purpose of this study was to assess the impact of hydroalcoholic extract of Garcinia indica fruit on 
salt-induced cardiac remodeling in Sprague Dawley rats. Animals were fed with feed consisting of extra 
salt i.e. 2 %, 4 %, and 6 % w/w for 1,2,3 weeks respectively and 8 % w/w from 4th to 6th week; water was 
supplemented throughout the study with normal saline of 0.9% w/V. ECG was recorded weekly for as-
sessing modifications in the heart function. Animals were sacrificed to obtain blood samples at the end 
of the study, which were centrifuged to obtain the serum  to estimate various biochemical parameters 
including antioxidant biomarkers in the heart. G. indica treatment at a dosage of 200, 400, and 800mg/
kg showed significantly reduced dose-dependent in heart rate, QRS complex, RR-interval, and CK-MB. 
It also showed a significant increase in antioxidant biomarkers viz. compared with untreated group SOD, 
GSH, and CAT. The experimental result underscored G.indica's antioxidant and cardioprotective effects 
on cardiac remodeling. 
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INTRODUCTION
Across developed and developing countries, 

cardiovascular disease (CVD) is the leading cause of 
death, claiming 17.1 million lives a year. Left ventricular 
hypertrophy (LVH) is associated with cardiovascular 
disease (CVD); explained as a heart response associated 
with different conditions such as metabolic syndrome, 
myocardial infarction; regurgitant heart valve disorder, and 
hypertension; as well as increased myocardial capacity1-4. 
LVH can be caused by prolonged use of well prescribed 
drugs such as isoprinosine and cyclosporine or by a long-
term dietary intake high in fructose, fat, and salt5-9. While 
salt (sodium chloride) is important to maintain osmotic 
pressure in biological fluids10-11, high intake imbalances the 
Na+ and Cl– ion levels leading to cardiovascular system 
(CVS) dysfunction; it results in cardiac and vascular 
hypertrophy followed by high blood pressure (BP)12. 

Because LVH is the primary outcome of the unhealthy 
meal intake; this condition can be controlled through the 
use of folk medicines. This is because synthetic molecules 
are associated with various side effects. However, it is 
well demonstrated that herbal medicines/their constituents 
are utilized since ancient times and are known to possess 

less side effects during therapy compared to synthetic 
molecules. Also, utilization of multi-compounds present 
in herbal formulations could be more beneficial in treating 
complex diseases13.

Garcinia indica belongs to the Clusiaceae family; 
various phytoconstituents such as citric acid, malic 
acid, ascorbic acid, hydroxycitric acid, garcinol, 
polyisoprenylated benzophenones, isogarcinol and 
camboginol14 have been identified. In addition, due to 
the presence of cyanidine-3-glucoside15, it is reported 
to possess cardio protective effect. It must be noted, 
however, that the therapeutic effect of herbal medicine is 
not simply the effect of a single molecule; it is the result of 
multiple phytoconstituents interacting with multiple protein 
molecules to achieve synergistic effects. Consequently, 
the purpose of the current study was evaluate G. indica 
fruit on high salt diet-induced cardiac remodeling.

MATERIALS AND METHODS

Experimental animals
Healthy Sprague Dawley rats of both male and female 

sex were purchased from the CPCSEA registered vendor 
and were housed in a clean and transparent polypropylene 
cage in a group of six per cage, maintained under 
12h/12h of natural light-dark cycle at 25±2 0C, 45-55 % 
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relative humidity. Resolution number: Res.25/09/09/2017 
reviewed and approved the study by the Institutional 
Animal Ethics Committee (IAEC), 221/PO / Re / S/2000/
CPCSEA-IAEC KLE College of Pharmacy, Belagavi.

Authentication of plant and preparation of 
extract

G. indica fresh fruits were collected from Goa; 
Dr. Harsha Hegde, Scientist D, ICMR-NITM, Belagavi 
identified and authenticated them.

The collected fruits were dried under shade 
and macerated with 70 percent V/V ethanol at room 
temperature with intermittent 24 h shaking; filtered, 
marc was dried and subjected to Soxhlet extraction16. 

Following complete extraction, the cold maceration and 
hot maceration filtrates were combined and concentrated 
in a rotary evaporator and stored for further use in an 
airtight container at -8 0C.

Experimental model
A minor change to induce left ventricular hypertrophy 

in Sprague Dawley rats was made in the procedure of Gao 
et al17. In short, normal water was replaced with 0.9% w/V 
normal saline and extra salt in diet; 2, 4 and 6 % were 
added and fed for 1, 2, 3 weeks respectively and 8 % for 
4th to 6th week. ECG was recorded weekly up to 6th week. 
Experimental rats exhibiting changes in ECG and serum 
levels of troponin were selected for study.

Experimental design
The selected Sprague Dawley rats 180-210 g of both 

sexes were randomized into six groups with six in each. 
The literature review reports LD50 of G. indica fruits to be 
more than 2000mg/kg18. Thus, three geometric sequence 
test doses were chosen, i.e. 200, 400 & 800 mg/kg. Group 
I received a normal diet and water and served as normal 
control; Group II received 0.9 % saline and salt-fed and 
served as a negative control; Group III received 0.9 % 
saline, salt-fed and amlodipine (10mg/ kg); served as 
a standard group. Groups IV, V and VI received 0.9 %, 
saline, salt-fed and GIFHE 200, 400 and 800 mg / kg 
respectively; served as test groups. The total treatment 
duration was for 6 weeks.

Collection of heart tissue and estimation of 
antioxidant	enzymes

A heart tissue sample was collected by the method of 
Khatib et al 19  MDA, GSH, SOD, catalase and troponin-I 
were estimated by the method of Ohkawa et al 20, Ellaman21, 
Anuradha et al 22, Iwase et al 23 and Harsh Mohan24 and 
Kumar Vet al 25,  respectively.

Histopathology of the left ventricle
At the end of the experiment, the left ventricle of 

the heart was collected, washed with chilled phosphate 
buffer to avoid clots in a tissue and quickly dipped into 
ten percent formalin solution. The histopathology was 
performed as reported by Engle et al 26 (Fig. 1).

Statistical analysis
All the qualitative data were represented using the 

nominal scale of measurement. All the quantitative data 
were represented in Mean±SEM and were analyzed using 
One Way/Two-way ANOVA followed by the post-hoc test 
as required.

RESULTS

Effect of G. indica on body weight in LVH 
induced rats

The change in body weight of animals in different 
groups was compared at the end of study. There was a 
gradual decrease in BW in disease control, positive control, 
HAGIE 200, 400 and 800mg/kg with the mean value of 
124.3±18.151, 124.8±18.082, 134.3±9.647, 120.3±10.558 
and 135.0±18.504g, respectively, till 4th week when 
compared with the normal group having mean BW of 
about168.1±20.124g. The treatment of LVH rats with the 
dose of 200mg/kg and 400mg/kg showed non-significant 
increase in the BW with mean value 175.6±15.122g 
and 177.6±27.009g respectively. However, treatment of 
LVH induced rats with dose of 800mg/kg showed highly 
significant (p<0.001) increase in body weight with mean 
value 192.3±24.929***g (Table I). 

Effect of G. indica on ECG in LVH induced rats
Left ventricular hypertrophy were induced in Sprague 

Dawley rats by feeding normal diet with 2 %, 4 %, 6 % 
extra salt for 1, 2 and 3 week respectively and 8 % extra 
salt for 4th to 6th week with normal saline of 0.9 %. ECG 
was recorded and only experimental rats have shown 
increase in heart rate, QRS and RR interval prolongation 
and reduction in R-wave amplitude are included in the 
study.

Effect G. indica on heart rate
There was a significant (p<0.01) increase in heart 

rate in disease control group, when compared to that 
of normal group. Treatment of LVH induced rats with G. 
indica at 200mg/kg showed significant (p<0.01) reduction 
in heart rate. However, treatment of LVH induced rats at 
a dose of 400 and 800mg/kg showed significant (p<0.01) 
reduction in heart rate. In addition, treatment with standard 
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Fig. 1: Effect of various treatment on Histopathology of Heart. A] Normal group: Section of 

Heart showing normal architecture with mild congestion. B] Disease control: Section of heart 

showing severe congestion, oedema, myocyte swelling. C] Positive control: Section of heart 

showing severe congestion, but absence of oedema and myocyte swelling. D] G. indica 

200mg/Kg: Section of heart shows the mild congestion and oedema but absence of myocyte 

swelling.  E] G. indica 400mg/Kg: Section of heart shows the severe congestion, but absence of 

oedema and myocyte swelling. F] G. indica 800mg/Kg: Section of heart shows the severe 

congestion oedema but absence of myocyte swelling. 

 
Fig. 1: Effect of various treatments on histopathology of heart. A] Normal group: section of heart showing normal 

architecture with mild congestion. B] Disease control: section of heart showing severe congestion, oedema, myocyte 
swelling. C] Positive control: section of heart showing severe congestion, but absence of oedema and myocyte swelling. 

D] G. indica 200mg/kg: section of heart showing mild congestion and oedema but absence of myocyte swelling.   
E] G. indica 400mg/kg: section of heart showing severe congestion, but absence of oedema and myocyte swelling.  

F] G. indica 800mg/kg: section of heart showing severe congestion oedema but absence of myocyte swelling
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Table I:  Effect of G. indica on body weight in LVH induced rats

Groups
Week

Control Disease 
control

Positive 
control

GI 200mg/kg GI 400mg/kg GI 800mg/kg

Week 0 147.5±13.620 142.0±25.22 141.3±23.830 139.6±18.228 140.6±14.652 141.0±14.043

Week 1 165.6±11.994 145.0±12.26 145.0±6.899 125.16±8.612 130.1±13.920 137.3±17.985

Week 2 148.3±6.470 134.6±16.848 136.3±15.188 140.0±7.642 136.5±13.096 135.3±14.556

Week 3 158.0±8.922 132.5±16.404 134.5±15.346 137.8±3.061 127.5±17.964 135.3±14.895

Week 4 168.1±20.124 124.3±18.151 124.8±18.082 134.3±9.647 120.3±10.558 135.0±18.504

Week 5 179.5±18.971 142.3±22.616 148.8±26.496 145.1±2.463 156.3±20.206 167.1±15.842

Week 6 187.6±15.284 170.0±33.371 171.5±34.169 175.8±8.085 177.6±27.009 192.3±24.929***

Table II: Effect of G. indica on ECG in LVH induced rats

Groups Heart rate (BPM) QRS complex (sec) RR interval (sec) R wave 
amplitude (mv)

Control 352.2±1.167 0.236±0.0492 0.418±0.007 0.210±0.016

Disease control 466.2± 1.014## 0.325±0.048# 0.664±0.026### 0.091±0.011##

Positive Control 356.2±2.626*** 0.186±0.059*** 0.4267±0.012*** 0.241±0.030***

GI 200mg/Kg 410.2±1.579** 0.280±0.060 0.518±0.020* 0.165±0.036

GI 400mg/Kg 384±3.945*** 0.228±0.0426* 0.466±0.014** 0.196±0.021*

GI 800mg/Kg 395± 1.430** 0.258±0.0233 0.448±0.005*** 0.148±0.017

drug amlodipine (10mg/kg) exhibited a highly significantly 
(p<0.001) reduction in heart rate (Table II).

Effect G. indica on QRS complex 
There was a significant (p<0.01) increase in QRS 

complex in disease control group when compared to that 
of normal group. Treatment of LVH induced rats with G. 
indica at 200 and 800mg/kg showed a dose dependent 
non-significant reduction in QRS complex. However, 
treatment of LVH induced rats at a dose of 400mg/kg 
showed significant (p<0.05) reduction in QRS complex. In 
addition, treatment with standard drug amlodipine (10mg/
kg) exhibited a highly significantly (p<0.001) reduction in 
QRS complex (Table II).

Effect of G. indica on RR-interval 
There was a significant (p<0.01) decrease in R-wave 

amplitude in disease control group when compared to 
that of normal group. Treatment of LVH induced rats 
with G. indica at 200mg/kg and 800mg/kg showed a 
dose dependent non-significant increase in R-wave 
amplitude. However, treatment of LVH induced rats at a 

dose of 400mg/kg showed significant (p<0.001) increase 
in R-wave amplitude. In addition, treatment with standard 
drug amlodipine (10mg/kg) exhibited a highly significantly 
(p<0.001) increase R-wave amplitude (Table II).

Effect of G. indica on R-wave amplitude
There was a significant decline in negative control 

of the R-wave amplitude as compared to the normal 
group. Treatment of LVH mediated rats with 400 mg / 
kg G. indica showed a significant increase in R-wave 
amplitude, as well as positive group showed significant 
increase in R-wave amplitude compared to negative 
treatment (Table II). 

Effect of G. indica on CK-MB in LVH induced rats
There was a significant (p<0.01) increase in CK-MB 

in disease control group when compared to that of normal 
group. Treatment of LVH induced rats with G. indica at 
200 and 400mg/kg showed a dose dependent significant 
reduction in CK-MB. In addition, treatment with standard 
drug amlodipine (10mg/kg) exhibited a significant (p<0.01) 
reduction in CK-MB  (Table III). 



42  INDIAN DRUGS 58 (05) MAY 2021

Table V: Effect of G. indica on heart/body weight ratio in LVH induced rats

Group Body weight
 (g)

Heart Weight
(g)

Heart/body weight ratio (%)

Control 197.8±6.570 0.683±0.026 0.338±0.0074

Disease control 169.2±16.504 0.671±0.057 0.491±0.0343##

Positive Control 172±12.675 0.620±0.023 0.3433±0.030*

GI 200mg/Kg 175±6.173 0.683±0.028 0.376±0.0140

GI 400mg/Kg 196±11.601 0.800±0.062 0.366±0.0112*

GI 800mg/Kg 225±10.636 0.650±0.070 0.310±0.0136*

Table III: Effect of G. indica on CK-MB in LVH 
induced rats

Group CK-MB(IU/L)

Control 18.25±1.232

Disease control 31.09±1.512 ##

Positive Control 19.04±2.059**

GI 200mg/kg 23.86±1.353*

GI 400mg/kg 21.87±1.449*

GI 800mg/kg 22.58±2.356

Effect of G. indica on troponin I in LVH-induced 
rats 

At the end of the experiment, troponin I was only 
detected in the disease control group serum, but was 
absent in the subsequent test groups including normal 
control (Table IV). 

 Table IV: Effect of G. indica on troponin I in LVH 
induced rats

S. No Group Troponin I

1 Control      - 

2 Disease control      + 

3 Positive Control      - 

4 GI 200mg/kg      - 

5 GI 400mg/kg      - 

6 GI 800mg/kg      -

Effect G. indica on heart/body weight ratio: 
There was a significant (p<0.01) increase in heart/

body weight in disease control group. when compared 
to that of normal group. Treatment of LVH induced rats 
with G. indica at 200mg/kg showed a dose dependent 
non-significant reduction in the heart/body weight ratio. 
However, treatment of LVH induced rats at dose 400 
and 800mg/kg showed significant (p<0.05) decrease in 
the heart/body weight ratio. In addition, treatment with 
standard drug amlodipine (10mg/kg) exhibited a significant 
(p<0.01) reduction in heart/body weight ratio (Table V).

Effect of G. indica on cardiac antioxidant 
enzymes	in	LVH	induced	rats

Effect of G. indica on Superoxide dismutase  
enzyme (SOD) in LVH induced rats:

There was a significant (p<0.0001) decrease in SOD 
in disease control group (1.183±0.060 U/mg protein) 
when compared to that of normal group (2.75± 0.123 U/
mg protein), Treatment of LVH induced rats with G. indica 
at 200mg/kg showed a dose dependent non-significant 
increase in the SOD with mean value of 1.733±0.143 U/
mg of protein. However, treatment of LVH induced rats 
at dose 400 and 800mg/kg showed significant (p<0.01) 
increase in SOD with mean value of 2.250±0.164 U/
mg of protein and 2.167±0.162 U/mg, respectively. In 
addition, treatment with standard drug amlodipine (10mg/
kg) exhibited a significant (p<0.001) increase in SOD with 
mean value of 2.517±0.135 U/mg of protein (Table IV). 

Effect of G. indica on glutathione (GSH) in LVH 
induced rats:

There was a significant (p<0.01) decrease in 
GSH in disease control group (1.851±0.319 µM DTNB 
conjugated/g of tissue) when compared to that of normal 
group (5.330±0.510 µM DTNB conjugated/g of tissue). 
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Table VI: Effect of G. Indica on	cardiac	antioxidant	enzymes	in	LVH	induced	rats

Group       SOD (U/mg 
protein)

GSH 	(μM	DTNB	
conjugated/g of 

tissue)

Catalase               
(μM/g	of	tissue)

      MDA
(μM/g	of	tissue)

Control 2.75± 0.123 5.330±0.510 0.037±0.0013 19.75±1.220

Disease control 1.183±0.060### 1.851±0.319## 0.0163±0.0013### 41.66±0.845###

Positive Control 2.517±0.135*** 5.216±1.726** 0.0341±0.0014*** 28.06±0.824***

GI 200mg/Kg 1.733±0.143 2.882±0.667 0.0238±0.0013* 36.35±1.643

GI 400mg/Kg 2.250±0.164** 4.298±0.856 0.0315±0.0007** 34.39±1.823

GI 800mg/Kg 2.167±0.162** 6.605±1.398* 0.0296±0.0015** 33.41±2.117*

# p<0.05, # # p<0.01, # # # p<0.001 when compared with NORMAL GROUP.
*p<0.05, * * p<0.01, * * * p<0.001 when compared with DISEASE CONTROL.
Results are being expressed as mean ± SEM.

Treatment of LVH induced rats with G. indica at 200 and 
400mg/kg caused a non-significant increase in the GSH 
with mean value of 2.882±0.667 (µM DTNB conjugated/g 
of tissue) and 4.298±0.856 µM DTNB conjugated/g of 
tissue. However, treatment of LVH induced rats at dose and 
800mg/kg showed significant (p<0.05) increase in GSH 
with mean value of 6.605±1.398 µM DTNB conjugated/g 
of tissue. In addition, treatment with standard drug 
amlodipine (10mg/kg) exhibited a significant (p<0.001) 
increase in GSH with mean value of 5.216±1.726 µM 
DTNB conjugated / g of tissue (Table IV). 

Effect of G. Indica on Malondialdehyde (MDA) in 
LVH induced rats:

There was a significant (p<0.001) increase in MDA in 
disease control group (41.66±0.845µM/g of tissue) when 
compared to that of normal group (19.75±1.220µM/g of 
tissue), Treatment of LVH induced rats with G. indica at 
200 and 400mg/kg led to a non-significant reduction in 
the MDA with mean value of 36.35±1.643 µM/g of tissue 
and 34.39±1.823 µM/g of tissue, respectively. However, 
treatment of LVH induced rats at dose 800mg/kg showed 
significant (p<0.05) reduction in MDA with mean value of 
33.41±2.117 µM/g of tissue. In addition, treatment with 
standard drug amlodipine (10mg/kg) exhibited highly 
significant (p<0.001) decrease in MDA with mean value 
of 28.06±0.824 µM/g of tissue (Table VI).  

Effect of G. Indica on Catalase (CAT) in LVH 
induced rats:

There was a significant (p<0.001) decrease in CAT 
in disease control group (0.0163±0.0013µM/g of tissue) 
when compared to that of normal group (0.037±0.0013 

µM/g of tissue). Treatment of LVH induced rats with G. 
indica extract at 200mg/kg led to a significant (p<0.05) 
increase in the CAT with mean value of 0.0238±0.0013 
µM/g of tissue. However, treatment of LVH induced rats 
at dose 400 and 800mg/kg showed highly significant 
(p<0.01, p<0.01) increase in CAT with mean value 
of 0.0315±0.0007 µM/g of tissue and 0.0296±0.0015 
µM/g of tissue, respectively. In addition, treatment with 
standard drug amlodipine (10mg/kg) exhibited highly 
significant (p<0.001) decrease in MDA with mean value 
of 0.0341±0.0014 µM/g of tissue (Table VI). 

DISCUSSION
The current research was aimed to determine the 

impact of G. indica on cardiac remodeling induced by 
salt-diet in SD rats. The study showed the efficacy of G. 
indica fruit extracts to reduce salt-induced myocardial 
dysfunctions by elevating antioxidant biomarkers and 
dose-dependent lowering of CK-MB rates.

Electrocardiographic irregularities are the most widely 
used criterion for recognizing left ventricular dysfunctions. 
The result showed significant changes in ECG in salt-
diet fed rats, i.e. increased QRS complex, RR wave and 
decreased R wave; possibly due to increased demand 
for oxygen in the cardiac muscle indicating the release 
of oxygen-free radicals from the salt. Following treatment 
with G. indica influencing heart rate, this characteristic 
alteration of ECG in negative regulation was modulated 
to identify in normal condition.

High intake of salt leads to an increase in oxidative 
stress that can further impact the usual ECG due to 
high development of reactive oxygen species / free 
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radicals. High salt intake has been reported to increase 
the left ventricular dysfunctions by raising the preload, 
modulating the renin-angiotensin system and involving 
the sympathetic nervous system as the leading negotiator. 
The outcome of the current study showed that the amount 
of antioxidant enzymes decreased; this may be due to the 
failure of positive homeostatic control to scavenge free 
radicals; however, it has been found to be upregulated 
in the G. indica community. This could be attributed to 
the antioxidant activity of the phytoconstituents present 
in G. indica that possess the cardioprotective function 
through the significant reduction of the elevated CK-MB. 
Further, by reducing the increased QRS and RR wave 
and increasing the decreased R wave, the altered ECG 
was modulated towards the normal condition.

CONCLUSION

Results of the present study suggest that hydroalcoholic 
extract of G. indica fruit extract treatment provides 
cardioprotective and antioxidant effect against high salt 
diet induced left ventricular hypertrophy. It may be due 
to antioxidant and cardioprotective effect of polyphenols 
like anthocyanins, flavonoids and terpenes. Specifically, 
garcinol reduced intracellular ROS, blocked the activation 
of NF-kB, inhibited NF-kB-dependent transcriptional 
activity and suppressed phosphorylation of IkBa and p38 
MAPK and also inhibited lipid peroxidation. Anthocyanins 
like cyanidin-3-glucoside have cardioprotective property 
because they increase the NO production, improve 
endothelial dysfunction and harmonize the blood pressure.
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ABSTRACT
The novel coronavirus was renamed as coronavirus disease 2019 
(COVID-19) by the world health organization, began its spread in December 
2019, in the city of Wuhan, China. Global bodies and governments weren’t 
prepared to handle the impact of the virus on society. Nepal’s landlocked 
nation encountered its incident confirmed case of COVID-19 during the first 
week of January, with the primary host being a student with a travel history 
from its place of inception. The nation is deficient in its health resources. 
The country mainly focused on the stringent implementation of washing 
of hands, wearing masks, restricting general movement, and maintaining 
social distancing in public. The disease transmission reached to the third 
stage, which began within three months after the confirmation of the first 
case of COVID-19. The lack of tropical hospitals, laboratory and diagnostic 
facilities added to the challenges faced by the country. This paper is a 

comprehensive review of the overall preparation and steps taken by the 
federal system of Nepal to combat the virus’s effects till the third stage 
of transmission. It concludes with the practical limitations faced by the 
governing authorities of the nation while implementing these measures.
Key words: Nepal, COVID-19, Preparedness, Lockdown, Migrant labor.
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INTRODUCTION
Coronaviruses belong to a family named Coronaviridae having crown-
like projections that are present in their envelope and these protrusions 
are responsible for causing the disease. After a prolonged time interval 
of almost a decade, these viruses have returned to generate a worldwide 
pandemic across the globe. This family of viruses has been named 
differently at separate time points of their incidence. At each of their 
distinct points of occurrence, they have been referred to as the severe 
acute respiratory syndrome by SARS-CoV (2002), sometimes as the 
middle east respiratory syndrome by MERS-CoV (Middle Eastern 
countries-2012) and is currently known as the coronavirus disease 
whose etiology has been confirmed to be the SARS-CoV-2 (2019).1-3

The incident case was first reported as “A pneumonia of unknown 
etiology” in Wuhan, in the Hubei Province of China in late December 
2019. The world health organization (WHO) renamed the coronavirus as 
COVID-19 on 11th February 2020.1 Due to the swift spread of infection, 
the WHO declared the disease to be a public health emergency on 
30th January 2020, which was soon given the status of a pandemic by 
11th March owing to its transmission across 114 nations infecting 
118,000 people. The virus is believed to have its source of origin and 
transmission through the wild animals of the wet market in China.1 It 
has been proved that human to human transmission occurs through 

droplets while coughing or sneezing. This results in the manifestation 
of preliminary respiratory symptoms such as fever, cough, sore throat, 
dyspnea and malaise during the initial stages followed by systemic 
symptoms that may arise during the complicated stages of the disease. 
The disease is found to peak in severity in patients with co-morbid 
conditions such as cardiovascular and respiratory diseases, metabolic 
disorders and in subjects with pre-existing renal disease.2 The average 
duration of incubation needed by the pathogen to display clinical signs 
and symptoms after its entry into the host is five days and it may range 
from 2 to 14 days.1-3

Nepal, a landlocked country, shares its northern borders with Tibet, 
an autonomous region of the People’s Republic of China, while the 
other three national boundaries are shared with India wherein, no visa 
is required for travel and migration.4 The federal structure of Nepal 
comprises of one central government that governs seven provinces along 
with six metropolitan and 11 sub-metropolitan cities. The municipal 
system of the country is equipped with vocationally trained paramedic 
health service providers that coordinate with various provinces and the 
federal government.4 With a total population of 29,218,867, as of 2018, 
Nepal has a per capita income of US$ 1034 (2018/19) and a human 
development index of 0.579 (2019) which ranks the nation at the 147th 
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position in the global scenario.5 Human labor that is employed in foreign 
countries with a valid work permit are 4,365,415 (f/y 2017/18). However, 
this statistic does not include laborers that are working in India due to 
the open borders between the two nations. Nepal is a nation with the 
potential to attract a large tourist population, with the country recording 
the total number of tourist arrivals excluding Indians to be 1,173,072 in 
the year 2018.6

The Nepal Medical Council has a total registered number of 23,146 
MBBS graduates, 7,185 MD/MS and 3773 dental doctors.7 The sum of 
those registered in the Nepal health professional council for general 
medicine (paramedics) stands at 88,782, six thousand seven hundred six 
public health professionals and 3,648 healthcare staff trained in the field 
of radiology/imaging.8 The number of registered nurses in possession of 
a renewed certificate is a grand total of 24,822.9

The distribution of clinicians is unequal, although there may be a 
significant number of licensed physicians working across the country. 
Doctors are majorly centralized in the Kathmandu valley, where the 
doctor to patient population ratio stands at 1:850 and a striking ratio 
1:150,000 exists in rural areas. Hence, there is a severe deficiency of 
doctors for the national population and it is reflected in a calculated ratio 
of 1:1724.10

PREPARATIONS DURING THE FIRST STAGE OF 
DISEASE TRANSMISSION
The incident case of COVID-19 in Nepal was an individual from Wuhan, 
who was a Nepalese citizen returning home. The suspect voluntarily 
visited the Tropical and Infectious Disease hospital on 13th January. 
He was free of any other co-morbidity and presented only with the 
symptom of cough that developed while in China. After a positive report 
was confirmed, the WHO designated laboratory ordered the patient 
to be isolated for four days following which, he was discharged with 
counseling to stay confined in-home quarantine. After two successive 
negative swab reports were obtained by the end of January, he was 
announced as cured.11 Even after a period of 21 days, those who came 
in contact with the individual did not manifest any symptoms and 
hence, it was concluded that there were no transmissions from him. No 
follow up contact tracing was done for further confirmation.4,11 The sole 
international airport of Nepal was facilitated with a standby ambulance 
which was kept ready, especially for the treatment of sufferers. Thermal 
scanning and counseling were done throughout the day on a regular 
basis. The central government was in continuous communication with 
the provincial governments encouraging them to effectively implement 
measures for the management of the COVID-19 patients. All central 
and periphery hospitals were kept on standby in case of the sudden 
emergence of cases.11-13

In the second week of March, after WHO announced COVID-19 to 
be a global pandemic,1 a provincial medical emergency group was 
swiftly prepared to stay on high alert and ready for immediate action. 
All programs that were related to foreigners working for the nation 
were temporarily suspended. In order to increase public awareness 
and clear out misunderstandings related to the infection amongst the 
general public, toll-free numbers were instituted free of cost by a call 
center established by the government’s telecom company. Fever clinics 
were set up at all public health facilities and functional testing centers 
at the provincial level were instituted by early April 2020. Institutional 
Ethics Committee (IEC) materials were printed and widely distributed 
throughout the country. Copies of the detailed procedure/ protocol/ 
standard operating procedures (SOP) for efficient case management, 
rules governing quarantine, clinics, testing of suspected cases and strict 
screening procedures were instituted at the entrances of all public places 
with the inception of COVID-19. After the second week of March, 

individuals traveling from a pretentious country needed to either be 
certified free of COVID-19, or they needed to be strictly quarantined 
for14 days.12,13

Nepalese students who were previously in Wuhan were repatriated and 
restricted to quarantine that was specially established for COVID-19 
patients and were discharged within the next 14 days, accompanied 
with a negative swab test result.11-13 On 16th February 2020, a sum total 
of 175 Nepalese students studying in Wuhan were airlifted to Nepal and 
quarantined in facilities specially designed for them. All students and 
crew members were well informed about the prevention techniques to 
mitigate disease transmission. Students were instructed to maintain 
a minimum distance of 3 feet while walking and the regular use of 
masks and sanitizers was made mandatory. Ambulance and central 
laboratory were kept on standby. The screening process was done by a 
team lead by the Nepal police at both Wuhan and at the airport in Nepal. 
Quarantine and isolation was handled by the same team and the disposal 
of biomedical waste produced within the airplane and the quarantine 
facilities was handled by the team in charge of waste management.13,14

With the aim to promote tourists, a highly ambitious Campaign, “Visit 
Nepal 2020” and “Sagarmatha Sambad 2020” was organized by the 
Government of Nepal which was later suspended until further notice.14,15 
The government had planned to welcome more than 2 million tourists in 
the year 2020. The government also decided to halt all tourism promotion 
campaigns and on 13th March, it was resolved to temporarily suspend 
mountain climbing as well.19 With a rising number of migrant laborers 
returning from India, special precautionary measures were taken by the 
third week of January with the setup of health desks at the Indo-Nepal 
border. Nepalese citizens were permitted to enter only after thermal 
scanning was done at the health desks of the border. In the second week 
of March, on-arrival visas were put on hold for people of all nations. 
However, by the third week of the month, authorization was postponed 
for travelers to gain entry into Nepal from Europe, United Kingdom, 
West Asia and Middle Asia, which were much more pretentious through 
the airway route with COVID-19. By the end of the third week of March, 
all educational institutions conducting examinations were suspended 
until further notice by. In order to avoid public gatherings, the national 
assembly meeting was also suspended until the next announcement.15,16

A group of more than 25 people was prohibited from assembling in any 
community residence. When the 2nd case was confirmed on the 24th 

of March, the Government of Nepal announced a complete lockdown 
requesting its citizens to restrict themselves within their homes unless 
in case of an emergency. All borders with China and India were closed 
until further notice.17 To enhance public awareness of COVID-19, the 
national telephone company fixed a COVID-19 message of awareness as 
its caller ring back tone beginning from the second week of March.18 120 
bedded Intensive Care Unit (ICU) wards were created in the Kathmandu 
Valley for the treatment of potential COVID-19 patients. Additionally, 
the committee also declared plans to establish a 1,000-bedded facility 
of isolation wards at seven hospitals of Kathmandu, which would be 
facilitated based on the requirement in the future. A decision was made 
by the cabinet of Nepal at the end of March to accept a loan of $29 million 
from the World Bank, special drawing rights (SDR) of 87.5 million 
from the International Monetary Fund and $60 million from the Asian 
Development Bank for the nation’s fight against COVID-19. During the 
first stage of COVID preparation, the total number of samples tested 
using the PCR technique were1,521. The total number of quarantine 
bed prepared were 27,818 with almost 9,278 patients in isolation. Three 
thousand one hundred fourteen isolation beds were made available and 
54 suspected cases were confined. The most reassuring fact during the 
first stage of transmission was that Nepal, with its limited resources was 
able to restrict the number of confirmed cases to just 9.16-19
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PREPARATIONS DURING THE SECOND STAGE 
OF DISEASE TRANSMISSION UNTIL THE THIRD 
STAGE
The second stage of disease transmission started on 4th April 2020, when 
the 9th case was a relative of the 4th confirmed case and the person was 
admitted to Seti Provincial Hospital in the Sudurpaschim Province.16,17

The major activities done during the second stage 
include the following:
On 27th April, the government decided to extend the lockdown across 
the whole nation. All borders with China and India were closed and 
international flights were postponed.20 During the lockdown, no public 
transport except the ambulance, fire brigade, security and health 
personnel were allowed movement.19,20 For the validation of the samples, 
a team comprising of nine participants was formed in collaboration 
with the Epidemiology and Disease Control Division (EDCD), National 
Public Health Laboratory (NHPL) and Nepal’s Health Research Council 
(NHRC). An emergency response team at the district level was formed 
and was functional across the country. As local transmission was seen 
in the provinces of Sudurpaschim, Gandaki and Nepalgunj, the state 
equipped itself with high capacity PCR machines in order to enhance its 
testing capacity.19,20

Although the Provincial laboratory was made available with a high 
capacity RT-PCR machine, the collected samples superseded the 
available facilities. One hundred ninety-nine samples from Dadeldhura, 
425 from Baitadi, 85 from the Karnali province and more samples from 
the Sudurpaschim provinces were airlifted to the central laboratory. Due 
to an insufficient number of healthcare workers, it was decided that all 
those whose careers were funded by the government would be involved 
to mobilize the control of the COVID-19 crisis. A shift of sample 
collection was repeated in the province of Sudurpaschim as it opened its 
border to India from the north and west directions. A total number of 
460 samples were collected by the EDCD team and the Nepal army, who 
airlifted these samples to the central laboratory. By 16th April, 25 central, 
64 provincial and 22 medical colleges were functional as COVID-19 
clinics. In addition to this, the Kathmandu valley was supplemented 
with 16 private hospitals. A committee at the provincial level was formed 
and led by a person nominated by the MoHP who would facilitate 
coordination among the three levels of government. The crisis was 
expected to worsen at any time, so additional laboratory staffs in the 
Kathmandu valley were oriented regarding the testing of COVID-19 
using rapid diagnostic test kits and the molecular methods.19-22 National 
labor migrants returning back to their home town from India had a high 
potential for transmission, especially in the province of Sudurpaschim 
and hence, a team of 34 medical doctors were mobilized.21-24

AT THE SECOND STAGE OF DISEASE 
TRANSMISSION
The total number of RT-PCR laboratories throughout the country was 
expanded to 14. Although testing was done at all labs, suspected cases 
were confirmed by the central lab alone that reported 32 positive cases. 
Out of 8,818 samples that were collected, the total numbers of samples 
that were tested were 8,763. The information on province-wise quarantine 
and isolation is detailed in Figures 1 and 2. The department of health 
services made a public announcement on the 7th April that it was possible 
for medical products, including PPE kits for the COVID-19 crisis along 
with 23 medicines to be procured. NGOs were also requested for their 
aid in the supply of materials needed for the COVID-19 crisis.22,23

NEPAL’S PREPARATIONS DURING THE THIRD 
STAGE OF DISEASE TRANSMISSION
The first case appeared in the month of January, but the number of cases 
began to rise from mid-March. One month later, on 21st April, Nepal was 
declared to be in the third stage of transmission. The third stage began 
when COVID-19 positive cases were seen amongst Indian citizens in 
Udaypur, who was the main source of transmission.15,16 On 23rd April, a 
virtual meeting was arranged by the MoHP with the SAARC countries 
to discuss measures to prevent the further spread of COVID-19 and 
to share their experiences. Another meeting with the members of the 
WHO and PHEOC was held to discuss the same.23,24

The next day, a team consisting of a public health officer, laboratory 
technician, paramedics and nursing staff was formed who would aid in 
the efficient tracing of contacts. The team was deployed to work at the 
rural municipality, municipality, sub-metropolitan and metropolitan 
levels, each consisting of 1, 2, 3 and 5 teams, respectively. To tackle the 
complexity and uncertainty in  the management of medical  problems 
associated with COVID-19 and the general patient population, a clinical 
decision analysis team was formed. Laboratory services were extended 
across the nation. In order to maintain efficiency, a minimum standard 
had to be mandatorily maintained in order to give accurate test results. 
Therefore, a guideline, “Interim Guideline for the establishment and 
operationalization of molecular laboratory for COVID-19 testing 
in Nepal” was released. On the same date, SOPs for cleaning and 
decontamination of ambulances were developed in order to mitigate the 
transmission through these potential sources of spread.23-25

On 13th May, the MoHP recommended the “Pocket Book for Infection 
Prevention and Control Measures for COVID-19 in the Healthcare 
Setting” and “Guidelines for COVID-19 Case Investigation and Contact 
Tracing Team deployment” that would aid in preventing the further rise 
in COVID cases. Further, after two days, two guidelines were released, 
namely the “Guideline for the management of frontline health care service 

Figure 1: Province-wise information on quarantine.

Figure 2: Province-wise information on isolation.
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providers and other workers involved in the management of COVID-19 
cases, 2077 “and “ Interim guideline for permitting private hospitals to 
test COVID-19 using Rapid Diagnostic Kit (RDT), 2077”.25,26 On 20th 

May, MoHP developed a handbook stating the minimum standards of 
quarantine and the rules for people inside the quarantine site which 
would guide the management of the restricted isolation setting. The 
MoHP framed the “COVID19 Emergency Medical Deployment Teams 
(EMDT) Mobilization Guidelines”. This offered guidance to the staff to 
organize quarantine, duty shifts and leaves. On 28th May, a guideline to 
deploy emergency medical teams to different regions of the country was 
approved by MoHP in order to manage the shortage of human resources. 
During the first week of June, a protocol to handle deceased COVID-19 
patients and a guideline governing the isolation of COVID-19 cases and 
their management was also developed.26,27

By the 1st week of June, national testing guidelines for COVID-19 were 
developed, which facilitated testing, maintained the standard of the 
testing site and developed a rationale for testing patients and suspects. 
6,871 kg and 8,156 kg of equipment respectively was donated by UAE 
and Qatar for health workers who were front line warriors. A COVID-19 
relief fund was established and many organizations, members of 
parliament and political parties contributed to it too.27-29 The fund 
was established by the provincial government at the provincial level. 
Simultaneously, the local government was actively engaged in contact 
tracing and restricting persons to quarantine. The local government also 
involved in regular coordination with both the provincial and federal 
governments during testing. They also played a major role in spreading 
awareness regarding the transmission of the disease and were working 
on ways to prevent further spread. By the end of March, the council of 
ministers decided to procure additional medical equipment which was 
delivered at approximately after 2 months in the month of June.30-33

On 17th June, an integrated training on case management, infection 
prevention, sample collection and transportation, case investigation and 
contact tracing, RDT testing and techniques guiding the use of PPE was 
conducted for all health personnel throughout the country according to 
the guidelines provided by the MoHP. On the same day, ambulances were 
provided with a separation to prevent transmission of the disease to the 
driver and other allied health staff. Additionally, a drill display was given 
to the drivers as an orientation on how to handle COVID cases during 
transportation. Almost one month after the development of the Interim 
Guideline for laboratory establishment and testing. With the technical 
assistance provided by UNICEF, the National Health Training Center at 
Kathmandu conducted mobile-based training related to COVID-19 for 
the health workers and Female Community Health Volunteers (FCHV). 
Additionally, the training center prepared training packages on case 
investigation and contact tracing (CICT) of COVID-19 and the training 
was to be implemented at all levels (Federal, Provincial and Local level) 
beginning from 25th June 2020.33-36

In order to maintain uniformity in waste management, 2020 (Interim 
Guidance) was issued by the MoHP.37 The MoHP endorsed home 
quarantine standards, 207728 and approved the treatment of suspected 
and confirmed COVID cases at private hospitals that are not included 
in COVID designated hospitals only after mutual coordination and 
understanding was established between patients and the hospital 
administration. MoHP also fixed the price of healthcare services 
per person per day at Rs. 3,500 for mildly symptomatic, Rs 7,000 for 
moderately symptomatic and Rs. 15,000 for severe and critical cases. 
The ministry revised the “National testing guidelines for COVID-19”, 
endorsed the Public Health Standards, 2020 to be followed while 
celebrating festivals, feasts and celebrations during the pandemic and 

issued standards for the delivery of services of senior citizens in the 
context of the global pandemic.29,30

GAPS IDENTIFIED DURING THE MANAGEMENT 
OF THE COVID-19 CRISIS IN NEPAL 
Nepal has also implemented the same non-pharmaceutical measures 
for the prevention and control of COVID-19 transmission as in other 
countries. The country was able to limit the number of positive cases 
to a small number up until May 2020. However, during its preparation, 
some lacunas occurred. Nepal began to ease the nation-wide lockdown 
with only a few restrictions in place as a result of which the cases began 
to increase sharply. The preventive measures in place were inadequate 
while easing the tight restrictions of lockdown. Some of the lacunae are 
as mentioned below:

Contact tracing and screening was not done for the first 
case
The incident case was symptomatic from China for almost one week 
before traveling to Nepal and he wasn’t stopped on screening in the 
international airport. No contact tracing was done during his journey 
from the airport to his home. He visited the tropical and infectious 
disease hospital after a week of his return by himself. He was discharged 
immediately when the symptoms began to subside without documenting 
a negative swab result.9-13

Delays in procurement
There arose a global increase in the demand for medical equipment when 
the pandemic hit almost all countries. It is obviously time consuming 
to facilitate the supply of medical equipment in this scenario. In the 
midst of such circumstances, the Government of Nepal processed for 
the procurement only after 3 months of the first case. The second lot was 
delivered only after 2 months of placing the order.17,28,29

Extreme shortage of equipment 
Nepal touched the second stage of COVID spread after almost 2.5 
months but there was a scarcity of PPE kits with merely 30 cases. The 
global demand for PPE increased by 1 to 2 thousand times compared 
to the pre-COVID global situation. News posted on 28th March by “The 
Himalayan Times” stated that the medical officer and nursing staffs of 
different hospitals throughout the country complained of an inadequate 
supply of PPE.16,17

Inadequate preparations at the border
Although scanning alone is insufficient to contain the infectiousness of 
the coronavirus, a huge mob of people entered Nepal without completing 
even the basic temperature scanning. An exposed border and a free entry 
at many parts led to a difficulty in monitoring and tracing back people 
effectively. The stranded population in India was also allowed to return 
back without much difficulty when the lockdown restrictions were 
relaxed in India.28-30

Lack of sufficient provisions to facilitate COVID-19 
testing
Until 20th of June, there was only one RT-PCR machine in Sudurpaschim 
(Seti Provincial Hospital). This pathetic situation was not addressed 
despite the large population and high vulnerability due to the high 
population of migrant laborers and the open borders of India on both 
sides. The Karnali province with a comparatively less population of one 
million, had two RT-PCR laboratories. The province of Bagmati had 
made arrangements for eight RT-PCRs. Due to the availability of only a 
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single testing site, very few laboratory tests were done in Sudurpaschim. 
The number of migrant laborers in quarantine in the province was 
overwhelming. On the first day of opening the border, 800 individuals 
underwent RDT for COVID-19 but following the next day, the process 
of testing by RDT was stopped due to the mass flow of people from India 
and the existing lack of RDT kits.30-32

Inadequate provisions for treatment, quarantine and 
isolation 
Almost 0.5 to 3 million Nepali labor migrants are currently employed 
in India. A decision was taken on the date 23rd March 2020 to create 
provisions for 410,000-548,000 quarantine beds. However, this could not 
be completed. The existing capacity would not be able to bear the load for 
the huge mass of immigrant labor.41 Since many migrant laborers were 
forced to leave due to the cancellation of their contracts with companies, 
migrant laborers from the Middle East countries wanted to immediately 
return back. The headcount of such individuals amounted to a staggering 
127,000 along with 1.3 million workers in the Gulf who planned to return 
around the same time too. Once international flights are restarted, a high 
flow of migrant labor is expected to return back. Hence, they would 
require quarantine facilities managed by the government.32-37

Dearth of advanced health care facilities and well-
trained human resources
The WHO standard for a doctor to population ratio suggests that one 
doctor should be available for a 1000 population,38 but Nepal has not 
been able to meet this standard. In Kathmandu valley, the ratio stands 
at 1: 850, but the overall country is highly imbalanced with a ratio of 
1:1724. In rural areas, the situation is worse as the ratio is 1: 150,000.38 
The western hills of Nepal have been classified as a high-risk area if the 
current scenario of insufficient human resources continues. 

Insufficient equipment- Lack of ventilators and ICU 
facilities 
There were only 900 ventilators and 2600 ICU beds until 8th August. 
These facilities will not be sufficient if the total number of cases cross 
10,000, assuming that 5% confirmed cases might need ventilation. 
Additional ventilators might also be needed for non-COVID patients.39

Standards of quarantine 
Quarantine centers were established by every local government. These 
constructions did not meet the set standards of WHO. They lacked 
proper provisions for food, lodging and water. This occurred due to the 
low budget, insufficient human resources and quarantine facilities made 
in school buildings.40

Lack of coordination between three levels of the 
government
As Nepal adopted federalism recently, they were not able to efficiently 
organize the health structure and hence, lacked coordination among the 
three tiers of government.41

Mobilization of FCHV
Female community health volunteers(FCHV)working at the grass-root 
level and providing health services within the community are highly 
susceptible to contracting COVID-19 due to the lack of PPE kits. The 
government failed to make sufficient provisions for the health personnel 
posted in the isolation and quarantine centers. Additionally, these groups 
of female volunteers are also highly vulnerable due to the lack of proper 
training in the management of COVID -19.42,43

RECOMMENDATIONS FOR THE CURRENT 
CIRCUMSTANCES
Nepal is an economically poor country and the annual budget of the 
nation largely depends on tourism, remittance, foreign grants and 
loans. With its limited resources, Nepal has to resolve the national and 
economic problems posed by the pandemic. The government of Nepal 
planned well to tackle this invisible enemy but there were serveral lacunas 
in the implementation of these plans. The country has to learn the strong 
lesson from this pandemic and should strengthen the infrastructure 
of healthcare settings, increase the quality and quantity of diagnostic 
laboratories, produce the adequate and trained healthcare workers 
and robust the health care delivery system in the nation. Majority of 
population of the nation is residence of the rural and semi-urban areas, 
the focus has to be prioritized even the community setup also. The 
government should emphasize in the better community network for 
awaring the citizen of Nepal. The country has to prepare for the possible 
recurrence or the second wave of pandemic. A robust health system with 
sufficient healthworkers equipped with necessary infrastructure and 
support is the immediate need of the hour.

CONCLUSION
The novel coronavirus unexpectedly evolved into a global pandemic 
in a very short span of time. The consequent effects of COVID-19 
were handled differently by the different governing bodies of the 
respective nations. Due to a dearth of adequately trained health care 
staff accompanied with the under-developed medical facilities in 
Nepal. The country continues to strictly implement pharmacological 
and non-pharmacological measures to control the disastrous impact of 
COVID-19 at the provincial level. The poor health system of Nepal kept 
on combating with this pandemic with the limited human resource and 
shortage of health infrastructural in the nation.
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ABSTRACT 
Chrysin is a flavonoid possessing potential pharmacological activities against many diseases including cancer. Many 
studies have been reported on Chrysin showing anticancer activity against colon cancer. However, the mechanism with 
which Chrysin shows its anticancer activity is not known yet. Hence, the current study was framed to understand the 
molecular mechanism of Chrysin against colon cancer via gene set enrichment and network pharmacology analysis 
coupled with molecular docking study. Initially, Chrysin probable targets were identified by SwissTargetPrediction 
and their molecular pathway enrichment was analyzed by the STRING and KEGG pathway databases. The network 
among Chrysin, probable protein targets, and its pathways were constructed with the aid of Cytoscape 3.6.1v. 
Molecular docking was carried out with the aid of AutoDock Vina by PyRx 0.8v. Molecular dynamics was carried 
out by Schrodinger Desmond v6.1 software. Druggability, side effects, and ADMET analysis were determined using 
MolSoft, ADVERPred, and admetSAR2.0 web server, respectively. Chrysin potentially acts via metabolic pathways 
and Ras and PI3K–Akt signaling pathways associated with the progression of cancer. Among the probable targets, 
Chrysin exhibited the highest binding affinity against epidermal growth factor receptor comparable to standard 
molecule Erlotinib, and its root mean square deviation and interactions were found stable at 20 ns MD production run. 
Both Chrysin and Erlotinib shared common interactions with Asp831 active site residue and confirmed their potential 
antagonistic effect. In conclusion, Chrysin may serve as a potential anticancer small molecule in the future for the 
management and treatment of colon cancer.

INTRODUCTION
Among cancer, the third most common cancer worldwide 

is cancer of the colon with an incidence rate and mortality rate 
of 6.1% and 9.2% when combined for both sexes, respectively 
(Bray et al., 2018). Although there are several chemotherapies 
and surgeries for colon cancer patients, the rate of recurrence 
after surgery is high (Hellinger and Santiago, 2006). Thus, 

exploration of an effective clinical treatment for the treatment of 
colon cancer is essential. It is seen that herbal phytoconstituents 
have been broadly used for the treatment of various tumors such 
as colon carcinoma (Benarba and Pandiella, 2018). Chrysin is a 
herbal phytoconstituent that is found to have anti-inflammatory 
activity (Nunes et al., 2020) by effectively impairing cisplatin-
influenced expression for iNOS and COX-2 (Rehman et al., 
2014), neuroprotective activity by triggering nuclear factor-kB 
and inducing the expression of nitric oxide synthase (Zhang et 
al., 2015), and antidiabetic activity by significantly inhibiting 
advanced glycation end products-receptor for advanced glycation 
end products conciliated oxidative stress, activation of PPAR-g 
resulting into inflammation (Rani et al., 2016), and antidepressant 
activity by culmination in the uplift of nerve growth factor and 
BDNF levels (Filho et al., 2015). Reviews of previously published 
scientific literature have disclosed that the results of phytoconstituent 
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Chrysin showed improved cytotoxic effects against colorectal 
cancer on various in vitro and in vivo studies (Bahadori et al., 
2016). One study showed that in Wistar rats, Chrysin guarded 
against colon cancer which was induced by cisplatin through 
amelioration of oxidative stress and apoptosis which caused a 
significant decrease in cis-diamminedichloroplatinum-induced 
deterioration of the goblet cells in the crypts of the colon (Khan 
et al., 2012). However, Chrysin is found to be efficacious in the 
treatment of colon carcinoma (Lin et al., 2018). To date, there is 
no data available on Chrysin action on multiple protein targets 
and its pharmacological mechanisms on colon cancer. Thus, the 
drug targets and pharmacological mechanism can be predicted 
using network pharmacology analysis which provides insight for 
improving the discovery of various drugs for various diseases (Shi 
et al., 2020).

In the current study, the inherent mechanism of 
phytoconstituent Chrysin for the treatment of colon cancer was 
scrutinized with the help of a network-based systematic study. 
Briefly, the drug-target network was constructed considering 
the target sets of Chrysin and colon cancer. The genes which 
overlapped between Chrysin and colon cancer were inspected by 
comparative analysis with the aid of KEGG pathway enrichment 
analysis. Hence, the current study was designated to access 
and document the Chrysin probable protein targets and their 
mechanisms of action on colon cancer.

MATERIALS AND METHODS

Target identification
The canonical SMILE of Chrysin was retrieved from 

the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) and 
its targets were predicted using the SwissTargetPrediction online 
server (http://www.swisstargetprediction.ch/). The server predicts 
molecular protein targets based on similarity measures depending 
on 2D and 3D combinations with known ligands. Furthermore, the 
protein molecules involved in colorectal cancer were identified 
using the Open Targets Platform (https://platform.opentargets.
org/) and Therapeutic Target Database (http://db.idrblab.net/ttd/).

Gene set enrichment and network analysis
A set of gene IDs of probable protein target for Chrysin 

were submitted as input into the STRING database (https://
string-db.org/) to study protein–protein interactions. Furthermore, 
molecular pathways modulated by a set of genes were identified 
using the KEGG pathway. The network among Chrysin, probable 
protein targets, and its pathways were constructed with the aid of 
Cytoscape 3.6.1 version. The constructed network was analyzed by 
edge count topological parameter by treating it as direct. The node 
size of the network was fixed to “low values to small size” with 
color to “low values to bright colors” (Patil et al., 2020, 2021).

Docking studies

Selection, preparation, and quality of protein target
Based on the network analysis, protein targets having 

larger node sizes and highest edge counts, and based on the clinical 
success full targets, we selected epidermal growth factor receptor 
(EGFR), a major potential therapeutic target of colon cancer. 
The 3D structure with X-ray crystallographic of EGFR having 

PDB ID: 1M17 was retrieved from Research Collaboratory for 
Structural Bioinformatics Protein Data Bank (https://www.rcsb.
org). The distribution of amino acids and the quality of proteins 
were determined by PROCHECK and ERRAT (https://servicesn.
mbi.ucla.edu/ERRAT) online servers, respectively. The active site 
residues that are involved in the ligand-binding were noted from 
the selected PDB file via Discovery Studio Visualizer 2019v (DSV 
v2019) and further, the listed amino acid residues were confirmed 
from P2RANK (https://prankweb.cz/analyze?database=v2-
conservation&code=1M17) and Galaxy site web servers (http://
galaxy.seoklab.org/cgi-bin/submit.cgi?type=SITE).

Preparation of ligand
The 3D structure of Chrysin and the reference drug 

molecule, i.e., Erlotinib, was taken from the PubChem chemical 
database. To avoid interference during docking simulation, the 
initial free energy of the ligand molecules was minimized by 
Marvin Sketch using the MMFF94 force field.

Docking validation
Before initiating the docking studies, the grid box and 

docking conformation are validated via the pre-docking step. 
The structure of Erlotinib from the crystal structure of EGFR 
(PDB ID 1M17) was retrieved in .pdb format using DSV v2019. 
Docking of EGFR with both Erlotinib extracted from the 1M17 
and PubChem database was carried out using PyRx 0.8v software. 
The .pdb format protein molecule and the ligand were imported 
into the software and converted into AutoDock Vina molecules, 
i.e., .pdbqt files. The grid box was set to maximum for size and 
center [center x = 26.6909, y = 9.667, and z = 59.1236; size x = 
58.124, y = 66.546, and z = 51.512] and the system exhaustiveness 
was set to 8. Intermolecular interactions and post-docking ligand 
orientation (conformation) root mean square deviation (RMSD) 
of both Erlotinib extracted from the 1M17 and PubChem was 
analyzed by DSV v2019 software and DockRMSD online server 
(https://zhanglab.ccmb.med.umich.edu/DockRMSD/).

Chrysin–EGFR docking
The affinity between Chrysin and EGFR protein target 

was determined using AutoDock Vina by using PyRx 0.8v 
software. The .pdb format protein molecule and the ligand were 
imported into the software and converted into AutoDock Vina 
molecule (i.e., Chrysin.pdbqt) file. As mentioned above, the grid 
box was set to maximum for both size and center [center x = 
26.6909, y = 9.667, and z = 59.1236; size x = 58.124, y = 66.546, 
and z = 51.512] and the system exhaustiveness was set to eight. 
The ligand–protein interactions within the site-specific domains 
along with a transformation in the orientation of ligand after 
docking were envisioned with the aid of DSV v2019.

Molecular dynamics
Molecular dynamics of Chrysin with EGFR complex was 

carried out by Desmond software (version 6.1). The MD system 
was solvated by Simple Point Charge water model in a cubic box 
[dimension 10Å × 10Å × 10Å]. Chlorine ions (–5) were added 
to neutralize the system. Furthermore, the complex system was 
minimized for a 100ps production run. The Isothermal-Isobaric 
ensemble: moles (N), pressure (P) and temperature (T) was applied, 
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and 1.01325bar atmospheric pressure and temperature 300K were 
set. Furthermore, 2,000 frames were set for 20 ns MD production 
run at 10 ps sampling analysis time interval. Finally, the RMSD 
and residue-wise interaction fluctuations were analyzed.

Druglikeness characteristics and ADMET profile
Chrysin and Erlotinib canonical SMILES were retrieved 

to envisage the characteristics of druglikeness which includes 
the molecular weight of the drugs (MW), the total number of 
hydrogen bond donor (NHBD), the total number of hydrogen 
bond acceptor (NHBA), its lipid/water partition coefficient (Log 
P), and its druglikeness score (DLS) by employing MolSoft online 
server. With the aid of ADVERPred and ADMET SAR2.0 by 
the online server, numerous side effects along with the probable 
inactivity (Pi) and probable activity (Pa) and ADMET profile were 
anticipated, respectively.

RESULTS

Target prediction
A total of 40 protein targets were identified for the Chrysin 

from SwissTargetPrediction. Among them, 13 protein targets were 
significantly targeted by Chrysin and found to involve in colon 
cancer, namely calmodulin 1, EGFR, insulin-like growth factor 
1, insulin receptor, myosin light chain kinase, glycogen synthase 
kinase 3 beta, neurotrophic receptor tyrosine kinase 2, cyclin-
dependent kinase 6, nitric oxide synthase 2, monoamino oxidase 
A, arachidonate 15-lipoxygenase, arachidonate 12-lipoxygenase, 
and arachidonate 15-lipoxygenase.

Gene set enrichment and network analysis
The enrichment analysis identified 13 targets to play 

a major role in the 40 molecular pathways [false discovery rate 
(FDR) < 0.05]. Among them, pathways in cancer, metabolic 
pathways, Ras and PI3K–Akt signaling pathways, and nitrogen 
metabolism were significantly modulated via scoring the lowest 
FDR value. Table 1 summarizes the modulated pathways with 
their respected modulated genes by Chrysin and Figure 1 shows 
the network of interacted phytoconstituents with molecules of 
proteins and the pathways involved in colon cancer.

Active site residues of EGFR protein
The active site residues of EGFR present in the .pdb 

file 1M17 are Lys721, Val702, Ala719, Leu764, Met742, Leu694, 
Glu738, Asp831, Met769, and Asp831 (confirmed via P2RANK 
and GalaxySite web server).

Docking studies

Docking validation
The binding energy (BE) of Erlotinib extracted from the 

1M17 and PubChem was –7.1 and –7.5 kcal/mol, respectively. 
Erlotinib extracted from the 1M17 formed one hydrogen bond 
interaction, i.e., Asp831, with NH group of Erlotinib and formed 
five non-hydrogen bond interactions with Gly695, Val702, 
Leu764, Ala719, and Met742. However, Erlotinib extracted 
from PubChem formed two hydrogen bond interactions, i.e., 
Met769…O- and Asp831…NH, and formed six non-hydrogen 
bond interactions with Leu694, Val702, Lys721 (2), Met742, 

and Leu764. Among the total interactions of Erlotinib extracted 
from 1M17 and PubChem with EGFR, Asp831, Val702, Met742, 
and Leu764 were found to be the common interactive residues. 
Furthermore, the Erlotinib docked orientation (conformation) was 
analyzed by the DockRMSD server and the RMSD was found to 
be 1.657 Å. Figure 2 shows the interactions and ligand orientation 
RMSD of both Erlotinib extracted from 1M17 and PubChem.

Chrysin and EGFR docking studies
Docking was carried out for Chrysin and compared its 

affinity and interactions with the docked conformation of Erlotinib 
extracted from PubChem due to its lowest BE and maximum 
intermolecular interactions. Chrysin scored the lowest BE of –8.8 
kcal/mol with EGFR by forming two hydrogen bond interactions 
with site-specific residues that is Glu738…OH and Asp831…=O. 
However, Erlotinib scored the lowest BE of –7.5 kcal/mol with 
EGFR by forming two hydrogen bonds with active site residues, 
i.e., Met769…O- and Asp831…NH. Among these interactions, 
Asp831 amino acid residue was found to be common for Chrysin 
and Erlotinib. After docking, the BE and the swap in the orientation 
of ligand along with the hydrogen bond interactions are displayed 
in Table 2 and the interactivity of Chrysin and Erlotinib concerning 
EGFR is shown in Figure 3.

Molecular dynamics
Chrysin combined with EGFR exhibited a very stable 

RMSD (Å) at 20 ns production run. Initially, from 0 to 6 ns the 
ligand RMSD (Å) was found stable (0.3Å) and suddenly slight 
fluctuation was seen (0.3–0.4Å) at 6 ns and further from 6 to 20 
ns again RMSD was found to be very stable at 0.4Å. Furthermore, 
Chrysin formed a very stable bond throughout the 20 ns production 
run. It formed stable interactions with Asp831 (56%), Thr766 
(52%), Ala719 (17%), Glu738 (94%), Lys721 (32%), and Thr830 
(12%). Figure 4 shows the Chrysin–EGFR RMSD and residue-
wise interactions.

Druglikeness and side effects
Erlotinib, a clinically approved molecule was found to 

obey the rule of Lipinski via MW ≤500 g/mol (i.e., 393.17 g/mol), 
HBA ≤10 (i.e., 6), HBA ≤5 (i.e., 1), LogP ≤5 (i.e., 2.21), and scored 
positive DLS of 0.90. Similarly, Chrysin was also found to obey 
the rule of Lipinski via MW ≤500 g/mol (i.e., 254.06 g/mol), HBA 
≤10 (i.e., 4), HBA ≤5 (i.e., 2), LogP ≤5 (i.e., 3.61), and scored 
negative DLS of –0.21. On looking at the side effects, Erlotinib 
was predicted to exert hepatotoxicity, myocardial infarction, 
nephrotoxicity, and cardiac failure via scoring Pa values of 0.932, 
0.665, 0.594, and 0.362, respectively. Similarly, Chrysin was 
predicted to exert only hepatotoxicity via a scoring Pa value of 
0.516. The results are shown in Table 3.

DISCUSSION
The present study was carried out to recognize the 

molecular mechanism of anticancer activity of phytoconstituent 
“Chrysin” which belongs to the flavonoid category with the 
analysis of gene set enrichment, network pharmacology, and in 
silico molecular docking analysis. Network pharmacology is 
a novel innovative method to forecast the association between 
the phytoconstituent and protein targets (Chandran et al., 2017). 
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Table 1. Gene set enrichment analysis of probable protein targets of Chrysin.

S. No. KEGG ID Pathway name Observed  
gene count

False discovery  
rate

1. hsa00910 Nitrogen metabolism 6 5.15E-09

2. hsa05200 Pathways in cancer 12 1.11E-06

3. hsa04014 Ras signaling pathway 8 1.31E-05

4. hsa00590 Arachidonic acidmetabolism 5 4.26E-05

5. hsa04151 PI3K–Akt signaling pathway 8 0.00014

6. hsa04066 HIF-1 signaling pathway 5 0.00021

7. hsa04010 MAPK signalingpathway 7 0.00031

8. hsa01521 EGFR tyrosine-kinase inhibitor resistance 4 0.0011

9. hsa04022 cGMP-PKG signaling pathway 5 0.0011

10. hsa01100 Metabolic pathways 12 0.0013

11. hsa01522 Endocrine resistance 4 0.0017

12. hsa04510 Focal adhesion 5 0.0023

13. hsa04015 Rap1 signaling pathway 5 0.0024

14. hsa04726 Serotonergic synapse 4 0.0026

15. hsa04722 Neurotrophin signaling pathway 4 0.0028

16. hsa00330 Arginine and proline metabolism 3 0.0029

17. hsa04068 FoxO signaling pathway 4 0.0036

18. hsa04150 mTOR signaling pathway 4 0.005

19. hsa05226 Gastric cancer 4 0.005

20. hsa04115 p53 signaling pathway 3 0.0057

21. hsa04971 Gastric acid secretion 3 0.0062

22. hsa04020 Calcium signaling pathway 4 0.0078

23. hsa00220 Arginine biosynthesis 2 0.0081

24. hsa04964 Proximal tubule bicarbonate  
reclamation

2 0.0095

25. hsa05205 Proteoglycans in cancer 4 0.0095

26. hsa04750 Inflammatory mediator  regulation of TRP 
channels

3 0.0096

27. hsa00790 Folate biosynthesis 2 0.0109

28. hsa00591 Linoleicacid metabolism 2 0.0128

29. hsa04152 AMPK signaling pathway 3 0.016

30. hsa04270 Vascular smooth muscle contraction 3 0.016

31. hsa00350 Tyrosine metabolism 2 0.0166

32. hsa04110 Cell cycle 3 0.0166

33. hsa04960 Aldosterone-regulated sodiumreabsorption 2 0.0168

34. hsa04728 Dopaminergic synapse 3 0.0177

35. hsa04371 Apelin signaling pathway 3 0.0189

36. hsa05206 MicroRNAs in cancer 3 0.0244

37. hsa04218 Cellular senescence 3 0.0263

38. hsa04923 Regulations of lipolysis inadipocytes 2 0.0276

39. hsa04062 Chemokine signaling pathway 3 0.0358

40. hsa04662 B-cell receptor signaling pathway 2 0.041
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Figure 1. Network relationship between Chrysin (blue color node), probable protein targets, and pathways (yellow color nodes) involved in 
colon cancer.

Figure 2. Docking validation. (a) Interactions of both Erlotinib extracted from 1M17 and PubChem. 
(b) Ligand orientation RMSD.
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Primarily, taking into account, the fundamentals of “similar 
compounds target similar proteins” forecasted the Chrysin targets 
with the help of SwissTargetPrediction and the protein molecules 
involved in targeting colon cancer concerning the approved targets 
which are available in the Therapeutic Target database. Later, we 
executed enrichment analysis of the compound gene set with the 
help of KEGG to recognize the biological pathways modulated 
by the Chrysin. Consequently, for colon cancer, 40 molecular 
pathways were notably clarified. The network was built displaying 
the interactivity and interconnection among Chrysin and its 
protein molecules, the protein molecules along with its associated 
pathways, and also with the phytoconstituents–targets pathways. 
Based on the polypharmacology perspective, it is important to 
assume that one pathway which consisted of several molecules of 
protein regulated by a single compound is commendable than the 
function of a single molecule of proteins that requires numerous 
pathways regulated by a single drug molecule (Patil et al., 2019). 
The influence of a single target in several routes can be fewer 
and the influence for that single route consisting of many protein 

targets regulated by that single compound could be vast. Our study 
disclosed that phytoconstituent Chrysin revealed the excessive gene 
count for various routes or pathways which are entangled in colon 
cancer and ultimately Chrysin falls under the polypharmacology 
therapy via multiple proteins and multiple pathways’ mechanism. 
The constructed network linking phytoconstituents–proteins–
pathways discloses the role of Chrysin (flavonoid) for the 
treatment of colon cancer by targeting significant molecules of 
protein. Flavonoids are polyphenolic compounds that are found 
drastically in plant sources. It contains two aromatic rings that 
are A and B which form a C ring by attaching a 3-carbon chain 
(Kumar and Pandey, 2013). Considering various in vitro and in 
vivo research studies, it can be seen that flavonoids had potential 
activity as an anticancer agent against innumerable types of cancer 
models which is progressed through modulation of key signaling 
pathways that are responsible for the transfer and conquering of 
cancer cells and also by arresting the metastatic progression like 
regulatory molecules like MMPs, TGF-β, uPA/uPAR, and other 
contributors of the complicated process which are involved in 

Figure 3. Interaction of (1). Chrysin and (2) Erlotinib with EGFR. (a) 2D representation, (b) Ligand within binding pockets, and (c) Ligands 
within active site domains, respectively.

Table 2. Affinity and interactions of Chrysin and Erlotinib with EGFR.

Compound name BE (kcal/mol) HBI (amino acid…ligand) NHBI (No. of interactions)

Chrysin –8.8 Glu738…OH, Asp831…=O Lys721 (2), Val702 (2), Ala719 (2)

Erlotiniba –7.5 Met769…O-, Asp831…NH Ala719, Leu764, Lys721 (2), Met742, Leu694

BE = Binding energy; HBI = Hydrogen bond interactions; NHBI = Non-hydrogen bond interactions.
aStandard molecule (EGFR inhibitor); 
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metastatic spread (Liskova et al., 2020). In one study, the growth of 
epidermoid carcinoma A431 cells and upregulation of EGFR was 
inhibited significantly by tyrosine kinase inhibitors (Huang et al., 
2009). The present study recognized Chrysin to potentially target 
EGFR as a vital protein molecule, which is inherently entangled 
in colon cancer, respectively. Previous studies reported that drugs 
like Erlotinib or Gefitinib produced a strong synergistic effect with 
serine/threonine-protein kinase B-Raf (BRAF) (V600E) inhibition 
which in turn leads to the inhibition of EGFR and thus such drugs 
are recommended as an inherent anticancer compound (Prahallad 
et al., 2012). In one study, it has been found that the therapeutic 
effect of anti-EGFR therapy is overruled by activated Kirsten rat 
sarcoma viral oncogene homolog protein mutations, which further 
lead to the transduction of the activation signal from EGFR. Apart 
from these, supplementary factors may be the portion for different 
signaling routes or pathways which are triggered by EGFR which 
include EGFR itself, the phosphatase, BRAF, and phosphatase and 

tensin homolog (PTEN). These are the genes that are the major 
targets of genetic modifications for colon cancer and they have been 
related to the effectiveness of therapies regulated against EGFR or 
the members of the EGFR-activated pathways (Laurent-Puig et al., 
2009). Inhibition of EGFR is one of the restorative approaches in the 
management of colon cancer. In previous reports, it has been found 
that the subjects with KRAS wild type tumors and the administration 
of EGFR MAb drugs to standard treatment, there was progression 
of the disease which was reduced by 30%, and the rate of death was 
also shrunk by 12% and the tumor shrinkage rate was seen to be 
improved, i.e., from 31% to 46%. For subjects having both KRAS 
and neuroblastoma RAS viral oncogene homolog (extended Rat 
sarcoma) wild type, the risk of disease progression was found to 
be lowered, i.e., 40% and the risk of death was lowered by 23% 
and the rate of tumor shrinkage increased from 21% to 48% (Chan 
et al., 2017). In the present study, the phytoconstituent Chrysin is 
predicted for the inhibition of EGFR. It is suggested that Chrysin 

Table 3. Druglikeness characteristics and its probable side effects of Erlotinib and Chrysin.

Compounds MW  
(g /mol)

Molecular 
formula NHBA NHBD DLS Log P Pa Pi Side effects

Erlotinib 393.17 C22H23N3O4 6 1 0.90 2.21 0.932 0.015 Hepatotoxicity

0.665 0.017 Myocardial infarction

0.594 0.027 Nephrotoxicity

0.362 0.123 Cardiac failure

Chrysin 254.06 C15H10O4 4 2 –0.21 3.67 0.516 0.187 Hepatotoxicity

MW = Molecular weight; NHBA = Number of hydrogen bond acceptor; NHBD = Number of hydrogen bond donor; DLS = Druglikeness score; Log P = Partition 
coefficient; Pa = Probable activity; Pi = Probable inactivity.

Figure 4. Stability of intramolecular interactions of Chrysin with EGFR. (a) RMSD fluctuations, (b–d) Residue-wise Chrysin–EGFR contacts.
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reduced the proliferation of cancer cells by downregulation of the 
EGFR tyrosine kinase enzyme (Liu et al., 2019). Additionally, this 
phytoconstituent is also envisaged to interconnect with numerous 
target proteins and regulate the pathways which are entangled 
in colon cancer. In the present study, we recognized Chrysin as 
a potent EGFR tyrosine kinase inhibitor. Considering, the small 
molecules function only on the active site domain on specific 
targets, according to the theory of the “lock and key” model. The 
present study employed molecular docking simulation to delineate 
the affinity of the standard drug and phytoconstituent toward 
envisaged target molecules. For the docking study, we selected the 
phytoconstituent Chrysin, which is predicted to target one inherent 
therapeutic protein target of colon cancer, i.e., EGFR. Furthermore, 
the binding affinity of the phytoconstituent Chrysin was compared 
with the therapeutically approved drug, i.e., Erlotinib. Among 
the selected drug, Chrysin expressed the highest binding affinity 
to EGFR. The results revealed that the phytoconstituent Chrysin, 
when coupled with long-chain, can obtain a better anticancer 
effect and those compounds with 16 carbon atoms chain were 
found to show inherent anti-proliferative activity (Lv et al., 2010). 
Observing the hydrogen bond interactions, the selected standard 
drugs, i.e., Erlotinib and Chrysin, had hydrogen bond interactions 
with the predicted protein targets. The residues amino acids of 
EGFR having links with Chrysin were Lys721, Val702, and 
Ala719; and with Erlotinib are Ala719, Leu764, Lys721, Met742, 
and Leu69. The interactions of these residues were found within its 
active site domain. Likewise, Erlotinib and Chrysin shared Asp831 
as the common residue of amino acids for EGFR. Furthermore, the 
interactions of Chrysin with EGFR were confirmed via a 20 ns MD 
production run. Chrysin was found to 56% stable with Asp831 and 
also it formed stable interactions with Thr766, Ala719, Glu738, 
Lys721, and Thr830. The study revealed that Chrysin was a better 
inhibitor of EGFR when compared to Erlotinib. Considering these 
findings from in silico molecular docking and MD analysis, Chrysin 
interacts with the active site domain and possibly plays a major role 
in the inhibition of EGFR as well as numerous protein molecules 
as observed in the Chrysin network-based mechanisms. Thus, 
employing phytoconstituents formulations for the management of 
complicated diseases could be the most favorable approach.

CONCLUSION
In this study, a gene set enrichment and network analysis 

of Chrysin possible protein targets coupled with its molecular 
interactions with EGFR via molecular docking and dynamics 
study were examined. We identified the mechanisms by which 
Chrysin modulates various signaling pathways which led to the 
inhibition of tumor progression. The study provided Chrysin 
as a major lead molecule as an anticancer agent against colon 
cancer. Chrysin majorly acts via pathways in cancer, metabolic 
pathways, and Ras and PI3K–Akt signaling pathways. However, 
it has major action on an EGFR as an inhibitor compared to 
standard molecule Erlotinib via molecular docking studies. The 
results which are obtained in the currents study will therefore 
narrow down the inherent protein targets of Chrysin which will 
direct a better pathway in future experiments. The major hurdle 
to deploy Chrysin as an anticancer agent for clinical use is its 
inadequate bioavailability and its reduced chemical stability 
under physiological conditions. However, we propound that 

novel drug delivery systems like nanoparticles might be intended 
to increase the bioavailability and stability of Chrysin. Thus, 
in the drug-development process, molecular docking analysis 
provides a rapid and cost-effective method to recognize the 
inherent protein targets for different anticancer compounds 
emerging from several natural sources along with the potential 
toxic side effects which occur through the interactions with 
proteins.
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Abstract 

Background: Around 80% of human population in the world relies on herbal or phytomedicines for their primary 
health care needs. The treatment of many diseases and disorders with phytomedicines is considered and observed as 
very safe with no or minimal side effects. Many medicinal plants and their preparations are practised at home as rem-
edies for treating and preventing various diseases and disorders. For example, medicinal plants and their crude parts 
such as tulsi, neem, turmeric and ginger are used to cure or treat several common ailments, out of which Curcuma 
zedoaria Rosc commonly known as white turmeric is one of the important crude drugs belonging to Zingiberaceae 
family and genus Curcuma. Traditionally, it has been reported to possess many biological activities been used for 
many therapeutic actions due to the presence of wide range of phytoconstituents in it. The main objectives of the 
present work are to carry out extensive review on its chemical, pharmacological and biological activities of plant.

Main body: In the present review article, extensive data on its chemical, pharmacological and biological activities 
have been collected from various online sources including indexing sites such as Web of Science, Scopus, PubMed 
and Research Gate and presented. Various articles published in indexed journals and other databases have been col-
lected and reviewed systematically.

Conclusion: The present review investigation is very much helpful for researchers and readers to collectively have 
valuable information on chemistry, pharmacology and biological effects of Curcuma zedoaria Rosc. The present inves-
tigation concludes that the white turmeric is found to possess complex range of phytoconstituents such as curcumin, 
ethyl p-methoxycinnamate, β-turmerone, β-eudesmol, zingiberene, dihydrocurcumin, furanodiene, α-phellandrene, 
1–8 cineole, β-elemense and germacrone. Due to the presence of wide range of phytoconstituents, plants have been 
reported for its diverse biological activities.

Keywords: Anticancer, β-Eudesmol, Biological activities, Curcuma, Phytoconstituents, White turmeric
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Background
Around 80% of human population in the world relies on 
herbal or phytomedicines for their primary health care 
needs. The treatment of many diseases and disorders 
with phytomedicines is considered and observed as very 

safe with no or minimal side effects. Many medicinal 
plants and their preparations are practised at home as 
remedies for treating and preventing various diseases and 
disorders. For example, medicinal plants and their crude 
parts such as tulsi, neem, turmeric and ginger are used to 
cure or treat several common ailments, out of which Cur-
cuma zedoaria Rosc commonly known as white turmeric 
is one of the important crude drugs belonging to Zingib-
eraceae family and genus Curcuma. Traditionally, it has 
been reported to possess many biological activities been 
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used for many therapeutic actions due to the presence of 
wide range of phytoconstituents in it [1]. Many research-
ers have been scientifically worked on various chemical 
and biological investigations of white turmeric and they 
have published research papers in various journals and 
in scientific databases. Literature search revealed that, 
till date, no reports have been published on its extensive 
review about chemical, pharmacological and biological 
activities of white turmeric. Hence, there is solid need to 
have collective information about chemical and biological 
database of plant which will be helpful to other research-
ers and readers. With respect to this need, we have made 
an attempt to carry out the present review work.

Main text
Methodology for data collection
In the present review article, extensive data on its chemi-
cal, pharmacological and biological activities have been 
collected from various online sources including index-
ing sites such as Web of Science, Scopus, PubMed and 
Research Gate and presented. Various articles published 
in indexed journals and other databases have been col-
lected and reviewed systematically.

Chemical composition
White turmeric is found to possess different types of 
primary and secondary metabolites. The main compo-
nents of plant are starch, curcumin, essential oil and Ara-
bic gums. The rhizome of the plant is found to possess 
more than 10 sesquiterpenes which include curcumin 
(1), ethyl p-methoxycinnamate (2), β-turmerone (3 and 
4), β-eudesmol (5), zingiberene (6), dihydrocurcumin 
(7), furanodiene (8), α-phellandrene (9), 1,8 cineole (10), 
β-elemene (11) and germacrone (12). The chemistry of 
important chemical components of white turmeric is 
presented in Fig. 1 [1].

Pharmacological and biological activities
Antimicrobial activity
Sudipta et  al. have reported antimicrobial activity of 
Curcuma zedoaria Rosc against two gram-positive bac-
teria such as Staphylococcus aureus and Bacillus subtilis, 
three gram-negative bacteria such as Enterococcus faeca-
lis, Escherichia coli and Pseudomonas aeruginosa, three 
fungal strains namely Aspergillus niger, A. flavous, fusar-
ium oxysporum and one yeast called Candida albicans 
and activity is done by means of agar diffusion method 
[3]. Chachad et  al. have reported antimicrobial activity 
of Curcuma zedoaria Rosc using nutrient agar medium 
whereas antifungal activity is measured using potato dex-
trose agar against various fungal strains [4]. Philip et al. 
have reported antibacterial activity of Curcuma zedoaria 
Rosc against two gram-positive bacteria namely Bacillus 

subtilis and Staphylococcus aureus and two gram-neg-
ative bacterial strains namely Escherichia coli and Pseu-
domonas aeruginosa [5]. Islam et  al. have reported 
antibacterial activity from ethanol extract of Curcuma 
zedoaria Rosc against 8 pathogenic bacteria namely 
Bacillus cereus, Staphylococcus aureus, Sarcina lutea, 
Bacillus magaterium, Escherichia coli, Pseudomonas 
aeruginosa, salmonella typhi, Shigella boydi, and anti-
fungal activity against three species of fungi aspergillus 
niger, candida albicans, Saccharomyces cerevisiae [6]. 
Israr et  al. have reported antibacterial activity of etha-
nolic extract using Mueller–Hinton agar against gram 
bacteria’s [7]. Banisalam et  al. have reported antibacte-
rial activity from chloroform, petroleum ether, methanol 
extract by comparing in vivo and in vitro systems. In vivo 
comparison was performed and two gram-negative bac-
teria namely Escherichia coli, Pseudomonas aeruginosa, 
and against two gram-positive strains against Bacillus 
cerveu and Staphylococcus aureus using agar well diffu-
sion method [8]. Anastasia et al. have reported antibac-
terial activity from extract against Enterococcus faecal 
[9]. Batubara et  al. have reported antibacterial activity 
from essential oil extract plant against Streptococcus 
mutans by using microdilution method. The essential 
oil is diluted in DMSO to obtain a concentration stock 
of (10,000  µg/ml) and made it several concentrations 
added in well plates and also TSB medium and bacterial 
inoculant were added and this is incubated at 37  °C for 
24  h and minimum inhibitory concentration was deter-
mined [10]. Silalahi et  al. have reported antimicrobial 
activity against gram-negative bacteria namely Salmo-
nella paratyphi, Salmonella typhi, Vibrio parahaemo-
lyticus, Vibrio minicus, E coli, Shigella and gram-positive 
bacteria namely Bacillus cereus, Bacillus magaterium, 
Bacillus subtilis, staphylococcus aureus, Sarcinlutea [11]. 
Joyjamras et al. have reported antimicrobial activity from 
water and 95% ethanol extract of against staphylococcus 
aureus by agar diffusion method and minimal inhibitory 
concentration was determined by using microdilution 
method [12]. Handharyani et  al. have reported antimi-
crobial activity from nanoparticle extract of Curcuma 
zedoaria Rosc to CRD (chromic respiratory disease) in 
chicken mainly infected by Escherichia coli and mgal-
liseptiu [13]. Rmwetal et  al. have studied that methanol 
extract from leaves and petroleum ether extract of rhi-
zome for its antimicrobial activity against gram-nega-
tive, gram-positive, bacteria and fungi Staphylococcus 
aureus, Bacillus cereus, Bacillus magaterium, Sarcina 
lutea, Escherichia coli, Pseudomonas aeruginosa, salmo-
nella typhi, Shigella boydi, and fungi candida albicans, 
aspergillus niger, Saccharomyces cerevaceae were used for 
study [14]. Riyas et al. have reported active constituent of 
extract (β-Eleme) has potential antimicrobial effect and 
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also antitumor activity [15]. Cristiane et  al. have stud-
ied antifungal activity of alcohol extract of plant against 
yeast of genus oropharyngeal candidiasis [16]. Batubara 

et al. have reported teeth biofilm degradation activity test 
by checking antibacterial activity by using essential oil. It 
mainly deals with microdilution method by TSB medium 

OO
HO

O

O

OH

CH3
H3C

1

O
CH3

O CH3

O
2

CH3

R

H3C CH3

O

3 R=CH3

CH3

R

H3C CH3

O

4 R=CH2

CH2

CH3

CH3HO
H3C

5

CH3

H3C CH3

CH3

6

O O

HO

O

OH

O CH3

7

H3C

O

8

H3C

CH3

CH3

9

CH3

O

CH3

CH3

10

11
O

12
Fig. 1 Chemistry of active phytoconstituents of white turmeric [Curcumin (1), ethyl Para-methoxycinnamate (2), β-turmerone (3 and 4), 
β-eudesmol (5), zingiberene (6), dihydrocurcumin (7), furanodiene (8), α-phellandrene (9),1,8 cineole (10), β-elemene (11) and germacrone (12)]



Page 4 of 9Gharge et al. Futur J Pharm Sci           (2021) 7:166 

by synthetic saliva, 3% glucose and bacterial inoculant 
and it is incubated for 24  h at 37  °C and washed with 
phosphate buffer and absorbance is measured at 595 nm 
by using microplate reader [10].

Anti‑venom activity
Lim et  al. have reported anti-venom activity of extract 
of white turmeric. It inhibits activity effect on binding of 
anti-cobra antibody venom to antigen, cobra venom, in 
the modification of enzyme-linked immune sorbent assay 
(ELISA). Extract produces toxin activity extending con-
centration time of diaphragm muscle after envenoma-
tion and had a potency to protect cellular proteins from 
venom degradative enzymes [2]. Chaveerach et  al. have 
reported antidote activity from extract of C. zedoaria 
Rosc against cobra antidote. The plant material collected 
and kept it for DNA extraction by TAB procedure and 
appropriate DNA concentration were determined by 
using UV (160A) and DNA was extracted by PCR with 
ISSR primers [17].

Anti‑fertility activity
Nicolas Xavier Ongako et  al. have reported anti-fertil-
ity activity from ethanol extract of C. zedoaria Rosc on 
seminiferous tubule cells in rat testis. They have observed 
decreases in number of spermatogenic cell layer and 
mitosis count in administration of white turmeric rhi-
zome with p value < 0.05. Study has reported rhizome-
containing curcumin has good anti-fertility effect in rats 
[18].

Hypotensive activity
Lim et  al. have reported the hypotensive effect of C. 
zedoaria Rosc on endothelium in hypertensive rats and 
results were compared against Captopril as standard 
agent [2].

CNS depressant activity
Lim et  al. have reported CNS depressant activity from 
extract of methanol of C. zedoaria Rosc. They have iso-
lated germacrone, curzerenone and germacrone epoxide 
and investigated for its CNS depressant effect [2].

Insecticidal activity
Lim et  al. have reported insecticidal activity of C. 
Zedoaria Rosc oil for its significant larvicidal activ-
ity against the two mosquito species [2]. Phukerd et  al. 
have reported insecticidal activity of C. zedoaria Rosc 
against potential dengue vector mosquito. The results of 
investigation showed the highest larvicidal effect is due 
to the presence of essential oil [19]. Herika Line Marko 
De Oliveira et  al. have reported insecticidal activity of 
C. zedoaria Rosc oil towards two mosquito species like 

Anophelusdirus; it shows major vector in Thailand, and it 
showed highest susceptibility to zedoary oil [20]. Suttha-
nont et al. have reported larvicidal activity of C. Zedoaria 
Rosc essential oil by synthesizing silver nanoparticles 
against Culex quinquefasciatus [21].

Antihyperglycemic activity
Lim et al. have reported Antihyperglycemic activity of C. 
zedoaria Rosc methanol extract of leaf in dose-dependent 
manner in glucose-loaded mice. The methanolic extract 
of rhizome showed significantly reduced concentra-
tion of serum glucose in mice [2]. Juni Hand Ajani et al. 
have reported Antihyperglycemic activity of essential oil 
extract of C. Zedoaria Rosc in Streptozotocin-induced 
hyperglycaemic [22].

Antihyperlipidemic/antihypercholesterolemic activities
Lim et  al. have reported hydroethanolic extract of C. 
zedoaria Rosc for its antihyperlipidemic activity, in 
experimental adult male rats at dose of 200/400  mg/kg 
[2]. Silalahi et al. have reported C. zedoaria Rosc extract 
at dose of 200–400  mg/kg was found to be effective in 
reducing total cholesterol level. They also reported cho-
lesterol lowering action due to disrupting intestinal 
cholesterol absorption, increasing excretion of bile acid 
through its choleretic effect [11]. Zarashenas et  al. have 
reported antihyperlipidemic effect via decreasing the 
level of triglyceride (in vitro study) by the hydroalcoholic 
extracts of c. zedoaria rhizome [23]. Rahmawati et  al. 
have studied the extracts of C. zedoaria Rosc for its anti-
hypercholesterolemic effect [24]. Sara Tariq et  al. have 
reported extract of C. zedoaria Rosc for its antihypercho-
lesterolemic and antihyperlipidemic activities [25].

Anti‑platelet activity
Kim et  al. have studied the pharmacological effects of 
white turmeric in their investigation. They have studied 
the anti-inflammatory, antitumor, antibacterial, immu-
nological activity, cytotoxic and antifungal activity. They 
also have studied the in vitro inhibitory effect in collagen, 
platelet activation factor (PAF)-induced platelet aggrega-
tion [26].

Antiurolithiatic activity
Velu et al. have reported antiurolithiatic activity of ethyl 
extract of C. Zedoaria Rosc with the help of in vitro sin-
gle gel diffusion technique and by in vivo ethylene gly-
col-induced urolithiasis model assessed in Wister rat. 
The extract of different concentrations was added to gel 
formed and decrease in crystal size was measured for 5 
days using travelling microscope [27].
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Anti‑protozoal/antiamoebic activity
Lim et  al. have reported C. Zedoaria Rosc rhizome 
extract against protozoan babesia gibsoni with  IC50 
value 41.7  µg/ml. The alcoholic extract of C. zedoaria 
root exhibited antiamoebic activity in vitro against 
Entamoeba histolytica strain NIH:200 [2].

Anti‑ulcerogenic activity
Lim et  al. have reported extracts of C. Zedoaria Rosc 
for its anti-ulcerogenic effect in stress-induced ulcer 
in mice. The n-hexane soluble fraction was found to 
be more effective than methanol soluble fraction. The 
effect was comparable to that of standard drug Ome-
prazole [2].

Hepatoprotective activity
Lim et  al. have reported the sesquiterpenoids furan-
ogermenone isolated from C. Zedoaria Rosc for its 
hepatotoxic activity in carbon tetrachloride-induced 
liver lesion in mice [2]. Marikawa et al. have studied the 
hepatoprotective effect of 80% aqueous acetone extract 
of C. zedoaria Rosc rhizome against D-galactosamine/
lipopolysaccharide-induced acute liver injury in mice. 
They have reported potent protective effects of ses-
quiterpenes and curcumin from c. zedoaria rhizome 
in mice [29]. Dilpreet Singh has reported that essential 
oil obtained from C. zedoaria for its hepatoprotective 
activity and also they have compared bioavailability 
with that of conventional formulation [30].

Immunomodulatory effect
Faradilla et  al. have reported that polysaccharide from 
C. zedoaria Rosc rhizome has good antitumor activity 
against sarcoma 180 cells and is able to increase mac-
rophage activity in vitro at dose 300  mg/kg indicating 
its immunostimulatory effect [31].

Wound healing activity
Xu et  al. have studied polysaccharides of C. zedoaria 
Rosc for its wound healing effects on a diabetic rat 
model with platelet-rich plasma exosomes assembled 
on chitosan/silk hydrogel sponge [33].

Cardiotonic activity
Zershenas et al. have reported cardioprotective of iso-
lated compound of C. zedoaria Rosc. They have iso-
lated Zingiberene, 1,8 cineole, camphor, camphene and 
borneol and also investigated for potent cardiotonic 
effect [23].

Antiviral activity
Lakshmi Narayanan Venu et  al. have isolated Germa-
crone and Curcumin from C. zedoaria Rosc. rhizome 
and studies for antiviral activity against  H1N1, HSV-1 
which showed good antiviral potentials [36].

Anti‑diarrhoeal activity
Md. Golam Azam et al. have induced diarrhoea by cas-
tor oil in mice and they investigated that the onset of 
diarrhoea was significantly prolonged by administra-
tion of ethanol extract of leaves of C. zedoaria Rosc in 
dose-dependent manner in 3 h and amount of stool was 
also decreased by ethanolic extract as compared to con-
trol animal [37].

Antipyretic activity
Gina Batoy Barbosa et  al. have studied the ethanol 
extract of white turmeric for its antipyretic effect using 
the Brewers yeast administered fever inducing method 
and results of investigation suggested that extract 
showed good antipyretic effect [38]. Md. Golam Azam 
et al. have studied the ethanol extract of white turmeric 
decreases the yeast elevated body temperature in short 
period of time, when compared with control group. 
The plant extract at concentration of dose 500  mg/kg 
shows with P < 0.01 value at 2–3 h. The results of study 
were with Paracetamol standard in the treated animals 
[37]. Marina Silalahi et  al. have reported the antipy-
retic effect of ethanolic extract of in yeast-induced body 
temperature in rats in dose-dependent manner at dose 
750  mg/kg and it was compared with Paracetamol as 
standard [11]. Gina Batoy Barbosa et al. have reported 
the antipyretic effect of ethanolic extract in yeast 
administered fever inducing method on rats and it was 
compared with standard antipyretic agent Paracetamol 
[38]. Lim et  al. have reported the antipyretic effect of 
ethanolic extract of Rhizome in the yeast-induced body 
temperature in rats by dose-dependent manner at a 
dose 750 mg/kg and it was compared against standard 
Paracetamol as antipyretic agent [2].

Antiproliferative activity
Heshu Sulaiman Rahman et al. have studied the zerum-
bone an isolated compound from white turmeric rhi-
zome for its both in vivo and in vitro anticancer activity. 
The reported the good antiproliferative activity of stud-
ied compound [39]. Prati Bajracharya et  al. have stud-
ied the effects of chloroform soluble fraction of white 
turmeric on normal myometrial and leiomyomal cells 
proliferation. The stained, normal myometrial and 
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leiomyomal cell proliferation was inhibited by treatment 
with extracted components [40].

Analgesic activity
Marina Silalahi et al. have studied analgesic effect of eth-
anolic extract of white turmeric. The mild analgesic effect 
has been reported on the basis of writhing inhibition. 
They also have investigated ether extract of rhizome, 
leaves and stems with moderate analgesic activity based 
on writhing inhibition method [11]. Lim et al. have stud-
ied analgesic effect of methanolic extract of white tur-
meric rhizome using acetic acid-induced writhing assay. 
They have also investigated petroleum ether extracts of 
rhizome, leaves and stem for its moderate analgesic activ-
ity with writhing inhibition assay [2].

Anti‑inflammatory activity
Arif Ullah et  al. have studied anti-inflammatory effect 
of ethanolic extract of Curcuma zedoaria Rosc against 
carrageenan-induced inflammation in rat paw model. 
Diclofenac sodium was used as standard agent and com-
pared against control groups [41]. Marina Silalahi et  al. 
have studied anti-inflammatory effect of petroleum ether 
and chloroform extract of rhizomes of Curcuma zedoaria 
Rosc. The results of investigation showed that test sam-
ples showed P < 0.001 when compared to standard drugs 
with respect to its anti-inflammatory effect. The petro-
leum ether extract at 200 mg/kg and chloroform extract 
at 400 mg/kg showed maximum anti-inflammatory effect 
[11]. Angel et  al. have studied anti-inflammatory activ-
ity of extract of Curcuma zedoaria Rosc in rats. In their 
study, they have administered 0.1 ml of 1% w/v solution 
of carrageenan on right hind paw and the inflamma-
tion assessed as difference between zero-time linear cir-
cumference of injected paw, percentage of inhibition of 
oedema were calculated. The anti-inflammatory effect 
of extract was evaluated as degree of oedema inhibition 
[42]. Moshiurr Rahaman et al. have studied anti-inflam-
matory activity of methanolic extracts of white turmeric 
C. Zedoaria Rosc in albino rats. The results of investiga-
tion were compared with standard drug indomethacin 
[43].

Antioxidant activity
Sudipta et  al. have investigated antioxidant activity of 
essential oil of extracts obtained from rhizomes of white 
turmeric using DPPH, ABTS and reducing power assay 
by scavenging method [3]. Atiqur Rahman et  al. have 
investigated oil extracted from leaves of white turmeric 
for scavenging activity of DPPH radical method [45]. 
Omer Abdalla Ahmed Hamdi et  al. have reported anti-
oxidant activity of Curcuma Zedoaria Rosc by oxy-
gen radical antioxidant capacity assay method by using 

quercetin as standard agent [34]. Angel et  al. have 
reported antioxidant activity of Curcuma zedoaria Rosc 
by measuring DPPH free radical scavenging activity and 
ferric reducing power [42]. Woo-Young Cho et  al. have 
studied extract of Curcuma zedoaria Rosc for its antioxi-
dant activity by measuring free radical scavenging activi-
ties, nitric oxide (NO) levels and activity determined by 
measuring inducible nitric oxide synthase (INO’s) and 
cyclooxygenase-2(COX-2) expression in lipopolysac-
charide (LP’s) stimulated RAW 264.7 cells [46]. Lim has 
studied antioxidant activity of hydroethanolic extract of 
Curcuma zedoaria Rosc using DPPH scavenging assay 
method employing ascorbic acid as standard [2]. Sumathi 
et  al. have studied radical scavenging activity extract of 
Curcuma zedoaria Rosc using DPPH, ABTS, hydrogen 
peroxide and inhibition by nitric acid and superoxide 
generation method. The results of investigation showed 
that extract is having potent antioxidant activity [47]. 
Zeeshan et al. have investigated scavenging and reducing 
activity of isolated compound of Curcuma zedoaria Rosc 
against 2,2-diphenyl-1-picrylhydraryl (DPPH) [48].

Anticancer/antitumor activity
Lakshmi et  al. have reported anticancer activity of iso-
lated compounds from white turmeric against human 
leukaemia, lung, murine lymphoma and nasopharyn-
geal carcinoma by [49]. Wiwik Susanah Rita et  al. have 
investigated in vitro anticancer testing of essential oil 
extracted from rhizome against myeloma cells. They have 
investigated α-pinene, camphene, 1, 8-sineol, camphor, 
1-ethyl-1methyl-2,4bis (1-methyl ethylene) cyclohexane, 
furanodiene and germacrone against murine myeloma 
cells [50]. Marina Silalahi et  al. have reported antican-
cer activity of hexane and dichloromethane against four 
cancer cell lines (caski, MCF-7, PC-3&HT-29) [11]. Yujin 
Shin et al. have studied anticancer activity of rhizome of 
white turmeric on ovarian cancer by activation of mito-
chondria from cytotoxic activity. The results of their 
investigation showed that polysaccharides and protein 
bound polysaccharides of white turmeric are responsible 
for growth inhibition of sarcoma [51]. Chandrashekhar 
Singh et al. have studied the cytotoxic effects of rhizome 
of white turmeric, on human and murine cancer cell and 
evaluated its tumour reducing properties in vivo mice 
models. The investigation of study also suggested that 
Isocucrcumenol was active component from white tur-
meric responsible for inhibition of proliferation of cancer 
cell, in vivo tumour reductions at dose of 35.7 mg/kg bw 
[52]. Eun Bee Jung et al. have studied methanolic extract 
of white turmeric on cancer cells viability and protein 
expressions related to apoptosis. The results of their 
investigation suggest that extract mainly supresses the 
cell proliferation in dose-dependent manner. They have 
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also performed cell viability assay on human hepatoma 
 HePG2cells and human breast cancer cell MCF-7 [53]. 
Prosanto Pal et  al. have investigated anticancer activity 
of methanolic extract of white turmeric against Ehrlich’s 
carcinoma cell line in Swiss albino rat. They have used 
trypan blue and MIT assay method (in vitro) and in vivo 
activity was performed by using EAC cells-induced mice 
at dose 100 and 200  mg/kg bw, and dose-dependent 
cytotoxicity observed in (P < 0.05) [54]. Romen Meitei 
Lourembam et al. have investigated ethyl acetate extract 
of white turmeric on MDA-MB231 breast cancer cell line 
with help of MTT assay technique and mechanistic path-
way was established with confocal microscopy, western 
blot technique, wound healing migration assay and cell 
cycle analysis and reports of their investigation proved 
that ethyl acetate extract is effective against breast cancer 
cell line [55]. TaeKyoung Lee et al. have studied cytotoxic 
effect of methanolic extract of white turmeric against 
gastric cancer AGS cells lines. In this study, they have 
also investigated sesquiterpenes compounds (10-epoxide, 
curcumenol-9 and curcuzedoalide and 12 known sesquit-
erpenes) which are mainly isolated from extract against 
human gastric cancer cells lines [56]. Shaikh et  al. have 
studied aqueous extract of white turmeric against DMBA 
(7,12-Dimethylbenz anthracene)-induced mammary car-
cinoma in female Wister albino rats. The result of investi-
gation showed that administration of test drugs at dosage 
of 5 mg/kg bw exhibited enhanced anticancer effect when 
compared with standard drug paclitaxel at dose 1  mg/
kg bw [57]. Devi RosmySyamsir et  al. have reported 
anticancer effect of pentane extract of white turmeric 
against various human cancerous cell lines such as breast 
(MDA-MB and MCF 23.1) lung (A549 and SK-LUL1) 
and cervical (Hela S3 and Siha) [58]. Quan-Qian Mao 
has reported that Curcuzedoalide isolated from white 
turmeric showed inhibition of cell proliferation in AGS 
cells induces apoptosis [59]. Tomas Zarybnicky et al. have 
reported Germacrone a natural molecule extracted and 
isolated from white turmeric for its anticancer activity 
against breast cancer, liver cancer and glioblastoma cell 
[60].

Conclusions
The present review concludes that white turmeric is 
one of the very important traditional herbal medicines. 
Traditionally, plant and its extracts have been used 
for management of various illnesses in human beings. 
Various parts of plant have been reported for the pres-
ence of complex phytoconstituents which include 
curcumin, ethyl p-methoxycinnamate, β-turmerone, 
β-eudesmol, zingiberene, dihydrocurcumin, furanodiene, 
α-phellandrene, 1-8 cineole, β-elemene and germacrone. 
The reports on scientific validation of white turmeric on 

its biological and other pharmacological effects showed 
that plants have good number of biological activi-
ties which include antimicrobial, anticancer, analgesic, 
antipyretic, antiviral, antioxidant, wound healing, anti-
inflammatory, insecticidal activity and cardioprotective 
activities.
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by spectroscopic and chromatographic 
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Abstract 

Background: Herbal medicines and their preparations have been mostly used since from thousands of years in all 
developing and developed countries in the primary health care of society and community. Flavonoids are the class 
of polyphenolic compounds, which are mainly distributed throughout the plant kingdom. Quercetin is a flavonoid 
which shows major pharmacological activities and effectively used for the management and treatment of various 
diseases and disorders. Many herbal medicines and their formulations containing Quercetin are available in market 
and hence quality control of Quercetin in is very important and essential in manufacturing industries

Main body of the abstract: We have reviewed various scientific research published on quality control analysis and 
standardization of Quercetin in its isolated form, extract or any other herbal or polyherbal preparation. We have mainly 
focused on the spectroscopic and chromatographic methods for qualitative and quantitative analysis of Quercetin 
and they were comprehensively presented in the present review work.

Short conclusion: The present review concludes that the spectroscopic and chromatographic methods play great 
role in the quality control and standardization of Quercetin in its isolated form, extract and in its herbal and polyherbal 
preparation.

Keywords: Quality control, Standardization, Herbal medicines, Quercetin, Flavonoids
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Background
Herbal medicine and most of their preparations have 
been widely used from the thousands of years in all devel-
oping and developed countries in the primary health care 
of society and community. They have great demand due 
its safety, efficacy with minimum side or adverse effects. 
India is considered as well recorded as well practiced 
knowledge country of traditional herbal medicine. The 
Indian systems of medicine mainly composed of Ayur-
veda, Siddha and Unani system of medicines. Traditional 

herbal medicines are generally naturally occurring and 
derived from plants with very less or no requirement of 
industrial methodology in its final production and used 
to treat illness, dieses or disorders in local or regional 
healing practices [1].

Many herbal medicines and phytomedicines are 
introduced into the market for primary health care of 
communities without any mandatory safety or toxi-
cological evaluation and quality control parameters 
regarding the effect of drug. Many countries who are 
dealing with manufacturing and production of herbal 
medicines are lacking with availability of effective 
machineries, laboratories for effective quality control 
testing to regulate manufacturing practices and quality 
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standards of the herbal preparations [2]. Quality con-
trol is one of the very important and essential steps in 
the manufacturing of herbal preparations as quality of 
product affects the safety and efficacy of medicines. 
Quality control is mainly applied for both raw materials 
along with excipients used and finished product. The 
quality of the raw materials and other material used as 
excipients used in the manufacturing of phytomedi-
cines need to be tested and evaluated before production 
of its finished product. Modern analytical instruments 
play great role in the quality control and standardiza-
tion of Herbal Medicines. Especially the spectroscopic 
and chromatographic methods play essential role in 
quality control and analytical validation of herbal prep-
arations [3].

Flavonoids are the class of polyphenolic compounds, 
which are mainly distributed throughout the plant 
kingdom. There are number of flavonoids are known. 
Flavonoids, as a major active constituent, shows best 
various pharmacological activities Rutin and logical 
activities like anti-inflammatory, anti-allergic anti-oxi-
dant effects. Quercetin possesses antioxidant activity 
and reduces low density lipoproteins oxidation level. 
Quercetin and rutin are the some important flavonoids 
known for its, anti-inflammatory, anti-allergic, anti-
thrombic, anti-spasmodic anti-cancer, and hepatopro-
tective properties [4]. Main flavonoid constituents like 
quercetin (Fig.  1) quercetin is a flavonoid chemically 
known as 5.7,3′-4′ tetra hydroxy flavanol, which shows 
a major pharmacological activity like hepatoprotective 
activity, anti-spasmodic, anti-inflammatory, etc. And 
mainly belongs to polyphenolic derivatives [5].

Main text
Many herbal medicines and their formulations con-
taining Quercetin are available in market. We have 
reviewed various scientific research published on qual-
ity control analysis and standardization of Querce-
tin in its isolated form, extract or any other herbal or 
polyherbal preparation. In the present review arti-
cle, we have mainly focused on the spectroscopic and 

chromatographic methods. The details of methodology 
and interpretation of results were presented as below.

Spectroscopic techniques
V.C. Yeligar et  al., have reported the validation of UV 
spectrophotometric method for simultaneous estima-
tion of Melatonin and Quercetin in liposome formula-
tion by calibration curve method using methanol as a 
solvent. The UV spectra run in the range of 200–400 nm. 
The λmax of standard solution of melatonin (10  µg/ml) 
and Quercetin (10  µg/ml) was found to be 276  nm and 
372 nm. The absorption and absorptivity coefficient were 
found by simultaneous equation method [6].

Singh Upendra et al., have validated UV spectrometric 
methods for the simultaneous estimation of Quercetin 
and Silymarin using double beam UV–Vis spectropho-
tometer by preparing the standard solution of 0.01  g of 
each drug in methanol scanned in the range of 200–
400  nm. The maximum absorption is found at 256 and 
288 nm for quercetin and silymarin respectively [7].

Ginpreet Aneja et  al., have validated the method for 
simultaneous estimation of Piperine, Quercetin, and 
Curcumin by UV spectrometry by making standard 
stock solution of 1000 ppm of each drug in methanol and 
scanned in the range of 200–400 nm and λmax of querce-
tin, curcumin and piperine were found to be 371.31 nm, 
424.68 nm, 343.76 nm respectively [8].

A Viswanath et  al., have reported the UV spectrom-
etry method for the estimation of Quercetin from Ipo-
moea sepiaria Koenig. The two-extraction scanned for 
the absorption maxima. Quercetin standard absorbs 
at 350  nm, acetone extract at 328.2  nm and methanol 
extracts absorbs at 323.4 nm [9].

Marzanna Kurzawa et al., have determined the querce-
tin and rutin in selected herbs and pharmaceutical prepa-
rations by UV–Vis double beam spectrometer using 1 cm 
quartz cell. The standard solution of quercetin and rutin 
was prepared in methanol and ethanol. The absorbance 
at maximum absorbance of 425 nm for quercetin and 362 
for rutin [10].

The detailed summery of spectroscopic standardization 
of Quercetin is presented in Table 1.

Chromatographic techniques
Sunita Shailajan et  al., have reported the validated 
method for estimation of Quercetin content from Cus-
cuta reflexa Roxb by the HPLC using 0.025 M NaH2PO4: 
ACN as mobile phase. The analysis was performed using 
C18 column (150  mm × 4.6  mm × 5  µm) peaks were 
recorded at 378 nm [11].

Asmaˈa Ai-Rifai et  al., have describes the HPLC 
method for analysis of Quercetin and Kaempferol of 
alcoholic extraction of convolvulus pilosellifolius by 

O

O
OH

OH

OH

HO

OH
Fig. 1 Chemical structure of Quercetin
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using isocratic mixture of methanol and water contain-
ing 0.1% v/v formic acid (80:20) using BETASIL C18 col-
umn(150  mm × 4.6  mm,3  µm) and peaks were found at 
258 nm [12].

Lee Fung Ang et  al., have describes the quantita-
tive detection of quercetin and curcuminoids (dimeth-
oxycurcumin, bis-demethoxycurcumin, curcumin) in 
traditional Chinese medicines by HPLC. The analy-
sis is carried out by using thermo ersil Gold column 
(250 mm × 4.6 mm ID.:5 µm) and a C-18 cartridge guard 
column(12.5 mm × 4.6mmID.:5 mm) with a mobile phase 
system of Acetonitrile and 2%v/v acetic acid (40:60) at the 
detection wavelength 370 nm.In this method the simul-
taneous estimation of quercetin, bisdemethoxycurcumin, 
demethoxycurcumin and curcumin for the concentration 
range of 0.00488-200  µg/ml, 0.625-320  µg/ml, 0.07813-
320 µg/ml and 0.03906-320 µg/ml respectively [13].

Ujjwala supe et  al., have reported the HPLC method 
for analysis of quercetin in Momordica charanta. Merck 
C-18 Bondapack was used which is maintained at a tem-
perature of 27℃ and methanol:ACN:water (60:20:20v/v) 
were used as mobile phase. At 260 and 262  nm wave-
length the investigation carried out for flavonoid, phenols 
and Quercetin [14].

A. Srinivasa Rao et al., have accessed the HPLC method 
for the simultaneous determination of Rutin, Quercetin 
and Kaempferol in Catharanthus roseus by using Athena 
C18 column and phosphate buffer (pH = 5.8) and ACN 
as mobile phase 55:45 Ratio and maximum absorbance 
were measured at 254  nm. The retention time of Rutin, 
Quercetin, Kaempferol in the extract was found 2.403, 
6.143, 8.903 respectively [15].

Deepak Mundkinajeddu et  al., have developed a 
method for estimation of the flavonoid glycoside in 

Withenia somnifera by HPLC using Phenomenex Luna 
C18 column (5µ, 250 × 4.6  mm) and the mobile sys-
tem consist of potassium dihydrogen orthophosphate 
(0.136  g) dissolved in 900  ml of HPLC grade water to 
that 0.5 ml of orthophosphoric acid added volume made 
up to 1000 ml. the method for the estimation of 3 flavo-
noid glycosides that are quercetin-3-orobinoside-7-O-
glucoside (1), quercetin- 3-O-rutinoside-7-O-glucoside 
(2), kaempferol 3-O-robinobioside-7-O-glucoside [16].

Aline Augusti Boligon et  al., Havevalidate the HPLC 
method for the estimation of flavonoid in gel of Scutia 
buxifolia using C18 column and mixture of Acetoni-
trile: water (70:30, v/v) as a mobile phase at 356 nm of 
maximum absorbance wavelength the quercetin and 
rutin are quantified.In this method the concentration of 
quercetin and rutin were found to be 28.15 ± 0.04 and 
59.73 ± 0.13 mg/g respectively [17].

Gomathy Subramanian et  al., have reported the 
development and validation of HPLC method for the 
simultaneous estimation of quercetin and rutin in Aga-
nosma dicotoma. The separation is achieved on C18 
column (150 × 4.6  mm) and mobile phase containing 
acetonitrile: ammonium acetate (40:60v/v) at the flow 
rate 1 ml/min. The analysis monitored at 259 nm [4].

Haritha Krishna prasad et  al., havedeveloped and 
validated the RP-HPLC method for simultaneous 
estimation of Resveratrol and Quercetin in bulk and 
pharmaceutical dosage form. The estimation is per-
formed by using Sunfire C18 (150 × 3.0  nm I.D5µm 
particle size) column having Rheodyne injector using 
Methanol:Water:Formic acid: Triethylaminein the ratio 
10:70:15:5 as mobile phase at the wavelength 277  nm.
resveratrol and Quercetin eluted at retention time 1.24 
and 2.14 respectively [18].

Table 1 Spectroscopic standardization of Quercetin in herbal medicines

Sl. no Author name Title of the work Description of analysis

1 V.C. Yeligar et al. Development and Validation of UV Spectrophotometric 
Method for Simultaneous Estimation of Melatonin and 
Quercetin in Liposome Formulation

The UV spectra run in the range of 200–400 nm. The 
λmax of standard solution of melatonin (10 µg/ml) and 
Quercetin (10 µg/ml) was found to be 276 nm and 
372 nm

2 Singh Upendra et al. Simultaneous Estimation of Quercetin and Silymarin: 
Method Development and Validation

The UV spectrum run in the range of 400–200 nm. The 
maximum absorption found at 256 and 288 for querce-
tin and silymarin

3 Ginpreet Aneja et al. Simultaneous Estimation of Piperine, Quercetin, and 
Curcumin in A Mixture using UV–Visible spectropho-
tometer and Method Validation

The standard stock solution of 1000 ppm of each drug in 
methanol and scanned in the range of 200–400 nm and 
λmax of quercetin, curcumin and piperine was found to 
be 371.31 nm, 424.68 nm, 343.76 nm respectively

4 A Viswanath et al. UV spectrometry method for the estimation of Quercetin 
from Ipomoea sepiariaKoenig

The two-extraction scanned for the absorption maxima. 
Quercetin standard absorbs at 350 nm, acetone extract 
at 328.2 nm and methanol extracts absorbs at 323.4 nm

5 Marzanna Kurzawa et al. Determination of Quercetin and Rutin in Selected Herbs 
and Pharmaceutical Preparations

The standard solution of quercetin and rutin was prepared 
in methanol and ethanol respectively. The absorbance 
was found at 425 nm for quercetin and 362 for rutin
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Vishal Sharad Chaudhari et  al., have reported the 
simultaneous quantification by RP-HPLC method for 
Quercetin and Piperine in dual drug loaded nanostruc-
tured lipid carriers. The estimation was carried out by 
using Hypersil gold C-18 column (150  mm × 4.6  mm, 
5 µm particle size ODS) and mixture of acetonitrile and 
HPLC grade water (pH 2.6 adjusted with 2%v/v glacial 
acetic acid) as a mobile phase at the detection wavelength 
346  nm Quercetin and Piperine is eluted at retention 
time 2.80 min and 10.36 min respectively [19].

Ashok Kumar et  al., have investigated the HPTLC 
method for the estimation of Gallic acid, Rutin and 
Quercetin in Termenelia chebula. The investigation is 
carried out by using precoated silica gel GF254 as sta-
tionary phase and Toluene: acetone: glacial acetic acid 
(3:2:1 v/v/v/v/v) as mobile phase for of tannins, and ethyl 
acetate: dichloromethane: formic acid: glacial acetic acid: 
water (10:2.5:1:1:0.1v/v/v/v/v) the quantification is car-
ried out for Rutin and Quercetin at 366 nm and for gal-
lic acid at 254 nm densitometrically and Rf value of gallic 
acid, rutin, and quercetin are 0.30, 0.13, 0.93 respectively 
[20].

Sachin U. Rakesh et  al., have determined the HPTLC 
method for the quantitative estimation of Quercetin in 
Hydrochloric extract of dried flower of Nymphaea stel-
late willd. The detection and quantification were carried 
out by silica gel 60 F254 plates and Toluene: ethyl acetate: 
formic acid in the ratio 5:4:0.2 (v/v/v) as mobile phase. 
The densitometric scanning at absorbance wavelength 
380  nm was done and a sharp and well-defined peak 
found at Rf = 0.29 [21].

Ansul Shakya et al., have reported the method to esti-
mate Quercetin in Benincasahispida Cong fruit pulp 
by HPTLC. The estimation is carried out using alumina 
plates with silica gel 60 F254 were used with Toluene: 
ethylacetate: formic acid (5:4:0.2v/v) as mobile phase at 
absorbance wavelength 262nmthe Rf value of Quercetin 
found Rf = 0.392 [22].

Barik Laxmi Dhar et  al., have reported the HPTLC 
method for the quantitative estimation of Querce-
tin in a polyherbal compound for urolithiasis. Cra-
taeva nurvala and Bryophyllum pinnatum extracted 
with methanol and extracts are chromatogrammed 
on silica gel 60F254 aluminium plates and mixture of 
chloroform:methanol:formic acid used as mobile phase 
in the ratio 7.5:1.5:1 v/v/v. The Rf value was 0.51 analysed 
at wavelength of 254 nm [23].

Bindu A R et  al., have described the HPTLC method 
for the Quantitative determination of Quercetin in ten-
der leaves of Psidium guajava on silica gel 60F254 TLC 
plates using toluene: acetone: formic acid (30:10:5) as 
mobile phase. The detection and quantification done at 
364 nm and Rf value of acetone extract was 0.45 [24].

Vaidevi Sethuram et  al., have reported the HPTLC 
method for combinatorial analysis of quercetin and res-
veratrol in Sesbania grandiflora/Phyto based nanopar-
ticles. In this investigation separation achieved by using 
mobile phase system of toluene:chloroform: ethyl acetate: 
formic acid (3:2:4.9:0.1% v/v). The densitometric scan-
ning at 280  nm was performed and Rf value was 0.40 
(Quercetin) and 0.50(Resveratrol) [25].

Mangesh S. Kharate et  al., have reported the HPTLC 
method for estimation of quercetin from crude leaf 
extract Mimusops elengi L. The estimation of Querce-
tin carried out on precoated silica gel plates F 254 
(10  cm × 10  cm) and mixture of toluene: ethyl acetate: 
formic acid in the ratio 5:4:1 was used as mobile phase. 
The detection and quantification done at 365 nm [26].

V Patil et al., have evaluated the simultaneous estima-
tion of Rutin, Quercetin and Liquiritin in Cocculus hir-
sutus by HPTLC using silica gel 60F254 and mixture of 
n-butanol: acetic acid: water: formic acid (7:1:1:0.25) as 
mobile phase system. The Rf value for Rutin, Querce-
tin and Liquiritin was 0.047 ± 0.03, 0.063 ± 0.03 and 
0.82 ± 0.02 respectively which was scanned at the wave-
length 254 nm [27].

Omi Laila et  al., have reported the method develop-
ment and validation of HPTLC for simultaneous esti-
mation of Diosgenin and Quercetin in fenugreek seeds, 
using precoated aluminium plates with silica gel G60F254 
and mixture of toluene: ethylacetate: formic acid (5:4:1 
v/v/v) as mobile phase. The densitometric scanning of 
plates done at 275  nm and the Rf value was 0.69 ± 0.02 
(Diosgenin) and 0.57 ± 0.02(Quercetin) [28].

A. Srinivas Rao et al., have described the simultaneous 
estimation of Quercetin and Rutin in ethanolic extract 
of Melia azedarach. Linn leaves by HPTLC method. The 
analysis is carried out with precoated silica 60F254 as 
stationary phase and mixture of toluene: ethyl acetate: 
methanol (5:3:2) as mobile phase. The scanning for esti-
mation was carried out at 254  nm and the Rf values of 
Quercetin and Rutin was 0.65 and 0.15 respectively [29].

GunduSindhuChakraborty et  al., have described the 
method for determination of Quercetin by HPTLC in 
Calendula officinalis extract using precoated alumin-
ium plates with silica gel 60GF as stationary phase and 
chloroform: methanol (9.5:0.5) mixture as mobile phase 
solvent system. The Rf value was 0.43 and scanning for 
estimation was carried out at 366 nm wavelength [30].

Md. Sarfaraj Hussain et al., have validated the HPTLC 
method for simultaneous estimation of bioactive marker 
Gallic acid and Quercetin in Abutilon indicum. The 
analysis performed on aluminium foil-backed silica gel 
60F254 HPTLC plates using solvent system of toluene: 
ethyl acetate: formic acid (5:4:1 v/v) as mobile phase. 
The densitometric scanning performed at absorbance 
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wavelength 270  nm and Rf value was 0.31 (gallic acid), 
0.50 (Quercetin) [31].

Jinan Hussain et  al., have reported the qualitative and 
quantitative comparison of rutin, quercetin and gallic 
acid concentration in Syrian Capparis Spinosa L leaves 
using aluminium plates with silica gel 60F254 and mix-
ture of ethyl acetate: glacial acetic acid: formic acid: 
distilled water (100:11:11:25) as mobile phase. At the 
scanning wavelength of 366 nm the Rf value obtained are 
0.39 (Rutin), 0.79 (Quercetin) and at 254 nm the Rf value 
was 0.81 (gallic acid) [32].

Abhay Prakash Mishra et al., have developed and vali-
dated method for the Quantitative determination of 
Quercetin in Satyrium nepalense tubers by HPTLC 
with silica gel 60F254 as stationary phase using toluene: 
ethyl acetate: formic acid (7:5:1 v/v) as solvent system at 
absorbance wavelength 366 nm [33].

Shiv K Yadav et  al., have developed and validated 
method for simultaneous estimation of Quercetin, chlo-
rogenic acid and trigonelline in polyherbal antibacterial 
formulation by HPTLC with aluminium plates 60F254 
using solvent system chloroform: ethyl acetate:methanol: 
formic acid (5:3:1.5:0.5v/v/v/v) as mobile phase. The well 
separated spots were obtained with Rf values of 0.13, 
0.24, 0.62 for trigonelline, chlorogenic acid, and quercetin 
respectively [34].

Hiteksha Panchal et  al., have developed and validated 
HPTLC method for simultaneous determination of 
Quercetin and Kaempferol in Spesia populena. On alu-
minium plates precoated with silica gel 60F254 using 
toluene: ethyl acetate: formic acid (6:4:0.3 v/v/v). At the 
scanning absorbance wavelength 366  nm, the Rf value 
obtained are 0.39 for Quercetin and 0.50 for kaempferol 
[35].

Khan Dureshahwar et al., have reported method for the 
quantification of Quercetin from Allium cepa lam. Leaves 
by HPTLC. The quantification carried out with precoated 
silica gel GF254 plates and using mobile phase system 
toluene: ethyl acetate: formic acid (5:4:1) and the scan-
ning absorbance at 254 nm [36].

Supriya S. Jirge et  al., have discussed the HPTLC 
method for the simultaneous estimation of kaempferol, 
rutin, quercetin in various plant products. The analysis 
performed with precoated silica gel aluminium plates 
60F254(20 cm × 10 cm with 250 µm thickness) and mix-
ture of chloroform:methanol: formic acid (8.2:1.5:1) 
used as mobile phase and the absorbance mode kept at 
254 nm. Rf value of kaempferol-0.69, quercetin-0.53, and 
rutin-0.12 are reported [37].

Shikar Verma et  al., have reported the simultaneous 
quantification of gallic acid, vanillic acid, protocatechuic 
acid and quercetin in Limonia acidissima by HPTLC 
method using silica gel 60F254 plates. The mixture of 

solvents toluene:ethyl acetate: formic acid (5:4:1) used 
as mobile phase and the detection carried out at 254 nm 
and reported Rf values are 0.3 ± 0.00 (gallic acid), 
0.47 ± 0.005 (vanillic acid), 0.37 ± 0.00 (protocatechuic 
acid), 0.42 ± 0.005 (quercetin) [38].

Snehal B. Bhandare et al., have estimated the simultane-
ous quantification of kaempferol and Quercetin in medic-
inal plants by HPTLC method using toluene:acetone: 
formic acid in the ratio 7:3:0.25 as mobile phaseon RP-18 
F254 plates. The Rf value for Kaempferol and Quercetin 
were found 0.46 and 0.39 respectively at the detection 
wavelength 254 nm [39].

Shikar Verma et al., have reported the HPTLC method 
for analysis of methanolic fraction with simultaneous 
quantification of protocatechuic acid and quercetin in 
Carissa carandas L. fruits using precoated plates with sil-
ica gel 60F254 with solvent system toluene: ethyl acetate: 
formic acid (6:3:1, v/v). The Rf value obtained as 0.57 and 
0.61 for protocatechuic acid and quercetin respectively at 
the maximum absorbance wavelength 310 nm [40].

Nadeem A. Siddique et al., have discussed the HPTLC 
method for simultaneous Quantification of umbellifer-
one and quercetin in polyherbal formulation of Aegle 
marmelos by using precoated aluminium plates with sil-
ica gel 60F-254 as stationary phase. The solvent system 
consists of toluene: ethyl acetate: formic acid (6:4:1v/v/v) 
as mobile phase. The Rf value was reported as 0.66 and 
0.68 for umbelliferone and quercetin at the detection 
wavelength 300 nm [41].

Pushpendra kumar et al., have reported the simultane-
ous quantification of quercetin and syringic acid in meth-
anolic extract of Leucas lavandulifolia by using validated 
HPTLC densitometric method.The analysis carried out 
on Silica gel 60F254 plate using Toluene: ethylacetate: 
formic acid (7:2.5:0.5 v/v) as mobile phase. The Rf value 
for quercetin and syringic acid was found to be 0.32 and 
0.41 at the detection wavelength 275 to 370 nm [42].

Thafshila Aafrin Am et  al., have determined HPTLC 
method for quercetin in Achyranthes aspera (L) plant 
extract. The determination carried out on silica gel 
60F254 plate as stationary phase and mixture of tolu-
ene: ethyl acetate: formic acid in the ratio of 5:4:1. The Rf 
value 0.60 is detected at 254 nm [43].

Avijeet Jain et  al., have reported simultaneous for the 
estimation of Quercetin and Rutin in Tephrosia purpurea 
by HPTLC. The estimation carried out on precoated silica 
gel RP-18 F254 were used as stationary phase and the sol-
vent system methanol:water: formic acid (40:57:3v/v/v) 
as mobile phase. At the detection wavelength 254nmthe 
Rf value was 0.07(quercetin) and 0.17 (rutin) [44].

Girme AS et  al., havediscussed method development, 
optimization and validation of RP-UFLC method for bio-
active flavonoids from Cassia auriculata. The analysis is 
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carried out on acquity C18 column with stepwise gradi-
ent elution was carried out with 0.1% formic acid in water 
and methanol at a flow rate of 0.350 ml/min. The maxi-
mum absorbance at 350 nm wavelength was detected for 
quercetin QUE-3-O-rutinoside. The retention time was 
found at 3.95 and 5.37 for quercetin-3-O-rutinoside and 
quercetin respectively [45].

Shanmugam R et  al., have reported the development 
and validation of RP-UFLC method for simultane-
ous estimation of quercetin and rutin. The separation 
was done by using reverse phase System C8 column 
(25 × 4.6  mm). the mobile phase consists of mixture of 
potassium dihydrogen ortho phosphate and acetonitrile 
the ratio of 70:30. The detection was done at 230 nm and 
the retention time was 7.4 and 2.8 min for quercetin and 
rutin respectively [5].

Khaled Elgendy et al., haveanalysed the total flavonoids 
in herbal drugs expressed as quercetin by reverse phase- 
UHPLC method. The analysis done on column Phenom-
enex and methanol and 0.5% phosphoric acid (50:50v/v) 
as mobile phase with flow rate of 1.3  ml/min. Linearity 
of the method is established over the concentration range 
of 240-960 µg/ml for quercetin and retention time were 
found 7.8 min [46].

Maric santos et  al., have reported the UPLC-MS for 
identification of quercetin derivative in Cuphea gluti-
nosa by using reverse phasesystem and fast C18 col-
umn analytical column shim pack XR-ODS column 
(50 × 2 mm,2.1 µm). the mobile phase consisted of mix-
ture of acetonitrile: methanol (4:1v/v) as solvent A and 
water contains 0.1% formic acid as solvent B. the mass 
spectra was recorded by full scan mode in the range of 
m/z 200–800 [47].

The detailed summery of chromatographic standardi-
zation of Quercetin is presented in Table 2.

Conclusions
Herbal medicine and their preparations have been 
widely used from the thousands of years in develop-
ing and developed countries in the primary health care 
of society and community. Quality control is one of the 
very important and essential steps in the manufacturing 
of herbal preparations as quality of product affects the 
safety and efficacy of medicines. Quality control is mainly 
applied for both raw materials along with excipients 
used and finished product. Flavonoids are the class of 
polyphenolic compounds, which are mainly distributed 
throughout the plant kingdom. Quercetin is a flavonoid 
which shows major pharmacological activities like anti-
cancer, hepatoprotective activity, anti-spasmodic, and 
anti-inflammatory activity. Many herbal medicines and 
their formulations containing Quercetin are available in 

market. Spectroscopic and Chromatographic methods 
play great role in the quality control and standardization 
of Quercetin in its isolated form, extract or any other 
herbal or polyherbal preparation.

Abbreviations
HPLC: High performance liquid chromatography; HPTLC: High performance 
thin layer chromatography; RP-UFLC: Reverse phase ultra-fast liquid chroma-
tography; UHPLC: Ultra high pressure liquid chromatography.
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Introduction 
Arthritis is a chronic autoimmune disorder that 

causes synovial inflammation by severely affecting 
synovial joints and destroys the bone. Arthritis 
primarily attacks the joints rather than muscles and 
organs which leads to the destruction of cartilage (1). 
RA affects roughly 0.5 percent to 1.0 percent of people 
worldwide, and women are more likely than men to be 
affected. RA has also been associated with a high death 
rate (2). Immunization adjuvants essentially increase the 
immunological response. On the other hand, the right 
selection of adjuvants based on their attributes and side 
effects is crucial. Among the numerous classifications 
of adjuvants, Complete Freund's adjuvant is the most 
preferred adjuvant for testing the immunogenicity of 
mouse antigen (3). Because it closely resembles human 
physiological nature, Freund's complete adjuvant model 
is one of the most commonly rheumatoid arthritis 

animal models which causes synovial hyperplasia, 
leukocyte infiltration, and cartilage deterioration (4, 5).  

The most frequent treatments for rheumatoid 
arthritis include non-steroidal anti-inflammatory drugs 
(NSAIDs), corticosteroids, and disease-modifying anti-
rheumatic drugs (DMARDs), as well as biological. 
However, these drugs' effectiveness is impeded by 
significant side effects, encouraging arthritis patients to 
look for alternatives (6). Indian traditional medicine and 
Chinese medicine are chosen for arthritis treatment 
(7-8). Ayurveda literature, on the other hand, has 
represented polyherbal (9). Blended extracts of 
individual plants have more activity than individual 
extracts, according to studies (10).  

Ventoluft is a polyherbal formulation that 
includes sixteen herbal compounds (Pluchea 
lanceolata, Boerhaavia diffusa, Tribulus terrestris, 
Tinospora cordiofolia, Balsamodendron mukul, Ricinus 
communis, Withania somnifera, Pueraria tuberosa, 
Salmalia malabarica, Phyllanthus emblica, Terminalia 
chebula, Terminalia belerica, Zingiber officinale, 
nPiper nigrum, Piper longum and Acorus calamus 
produced by Progen Research Lab in Belagavi for the 
treatment of arthritic patients. Its safety and 
effectiveness have not been scientifically tested using 
pre-clinical study. Hence, the present study aimed to 
investigate the effect of Ventoluft formulation in FCA-
induced arthritis by evaluating paw edema, joint 
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Abstract
Background: Ventoluft Polyherbal formulation composes multiple traditional medicinal plants composed of 

various anti-inflammatory agents. Hence, the present study aimed to investigate the effect of Ventoluft Polyherbal 
formulation on Freund’s complete adjuvant-induced arthritic male Wistar rats. Materials and methods: The study 
included thirty-six rats, containing six in each. Arthritis was induced by injecting FCA (0.1ml) in joints of the right 
sub-plantar region of rats in negative control and all test groups i.e. (20, 40, and 80mg/kg p.o) for 28 days except 
normal group. A positive control, indomethacin (10mg/kg, i.p.) was also tested for 28 days. During the treatment, 
paw volume was measured weekly once. At the end of the experiment, physical, hematological, and biochemical 
effects were evaluated. Results:Administration of Ventoluft at the doses of 20, 40, and 80 mg/kg b.w. p.o exhibited 
statistically significant (p < 0.001) inhibition of the paw edema and joint swelling, along with an increase in body 
weight, decrease in rheumatoid and spleen index factors. Conclusion: The results from hematological and 
biochemical parameters have shown that Ventoluft possesses potent anti-arthritic activity, Results obtained in the 
present study indicate that Ventoluft formulation has exhibited, dose-dependent improvement in FCA induced 
rheumatoid arthritis. 
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diameter, haematological parameters, spleen index, and 
hepatic enzymes.  

Materials and methods 
Animals and experimental design 
     Male Wistar rats were procured through In-vivo 
Bioscience, Bangalore. The animals were housed at 
cages with stainless steel furnished with paddy husk, at 
suitable temperature and humidity. The rats were feed 
with food and water over 7 days. The experimental 
protocol was previous authorized by the Institutional 
Animal Ethics Committee, KLE College of 
P h a r m a c y, B e l a g a v i . R e s o l u t i o n N o .K L E C O P /
C P C S E A R e g . N o . 2 2 1 / P o / R e / S / 2 0 0 0 /
CPSEA,Re.28-12/10/2019. All the experiments were 
conducted with firm guidelines as per “Committee for 
the Purpose of Control and Supervision of Experiments 
on Animals”.  

Study design and grouping of animals. 
The animals were divided into 6 groups of six 

animals each as follows:  
• Group I: Normal (Received normal saline) 
• Group II: FCA group (Injected with 0.1ml with FCA 

into the sub-plantar region of right hind paw) 
• Group III: Drug-treated animals: received 

Ventoluft(20mg/kg, p.o). 
• Group IV: Drugs treated animals: received 

Ventoluft(40mg/kg, p.o). 
• Group V: Drug- t rea ted animals : rece ived 

Ventoluft(80mg/kg, p.o).  
• Group VI: Standard treated animals: received 

Indomethacin (10mg/kg, i.p). 

Each rat was injected with 0.1ml of Freund’s 
complete adjuvant (FCA) into the sub-plantar region of 
the right hind paw. Anti-arthritic Ventoluft was 
evaluated on physical parameters such as joint diameter, 
bodyweight, and paw edema, once a week. On the 29th 
day, the blood was withdrawn from retro-orbital 
puncture for assessing hematological (WBC, RBC, Hb, 
andESR) and biochemical (AST, ALT, RF, and CRP) 
parameters, later there were studied for joint histology.   

Physical Parameters  
Paw volume and joint diameter were performed 

using Plethysmometer and Vernier Calipers 
respectively. Further, Spleen Index was calculated using 
the following formula: 

Estimation of biochemical and hematological 
parameters  

At the end of the study, Rheumatoid Factor 
level, CRP, SGOT, and SGPT were evaluated. Further, 
Hematological parameters like RBC, WBC, Hb level, 
and ESR were also quantified.  

Histopathological studies of joints. 
At the end of the study, ankle joints were 

removed from the hind paw of the animals and were 
isolated and kept in 10% formalin. The organs were 

later stained with hematoxylin-eosin [11]. Later, the 
sections were examined using a light microscope. 

Statistical analysis 
The results were expressed as mean ±SEM. 

Statistical comparison was made between drugs treated 
groups and arthritic-control groups. Result data such as 
(Hematological, Biochemical parameters, and spleen 
index) was calculated using one-way ANOVA followed 
by Turkey’s comparison test. Data of repeated measures 
(Paw edema, Joint Diameter, Bodyweight) were 
analyzed using two-way ANOVA followed by 
“Bonferroni Post-Test” for multiple comparisons. 
Statistical analysis was done using “Graph Pad 
Prism5”. P-value P<0.05 was considered statistically 
significant. 

Results  
Effect of Ventoluft on paw edema and Joint Diameter  

On the 0th day, all groups had their paw volume 
and joint diameter measured. On the seventh day, the 
FCA-induced group had a significant increase in paw 
volume and joint diameter (P<0.001) when compared to 
the normal. On the third and fourth weeks, the treatment 
groups, as well as the STD group, demonstrated a 
reduction in paw edema and joint diameter as compared 
to the FCA group. When compared to the FCA treated 
group, treatment groups showed dose-dependent 
reductions in paw edema and joint swelling. Figures 1 
and 2 depict the data. 

Fig: 1. Effect of Ventoluft on Paw Edema in FCA 
induced arthritic rats. 

  
Values are expressed in Mean ± SEM; n=6; Analysed by 
two-way ANOVA “Bonferroni Post Test” for multiple 
comparisons tests. ###P<0.001 when compared to 
normal,***P<0.001, **P<0.01 and *P<0.05 when 
compared to FCA, FCA: Freund’s Complete Adjuvant; 
VF: Ventoluft formulation 

Fig: 2. Effect of Ventoluft on Joint Diameter in FCA 
induced arthritic rats.  
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Values are expressed in Mean ± SEM; n=6; Analysed by 
two-way ANOVA “Bonferroni Post Test” for multiple 
comparisons. ###P<0.001 when compared to 
normal,*P<0.05, **P<0.01 and ***P<0.001 when 
compared to FCA.FCA: Freund’s Complete Adjuvant; 
VF: Ventoluft formulation. 

Effect of Ventoluft on Body Weight in rats 
From the 7th day until the end of the study, the 

FCA-induced group had a lower body weight (P< 
0.001) than the control group. Since 14 days, the 
bodyweight of disease control rats has gradually 
declined. Treatment with Ventoluft (20, 40, and 80 mg/
kg p.o) in combination with the STD group resulted in a 
considerable and dose-dependent weight gain. Figure 3 
depicts the data. 

Fig: 3. Effect of Ventoluft on Body Weight in FCA 
induced arthritic rats.  

 
Values are expressed in Mean ±  SEM; n=6;  Analysed 

by two-way ANOVA “Bonferroni Post Test” for 
multiple comparisons.##P<0.01 and ###P<0.001 when 
compared to the normal group,*P<0.05, **P<0.01 and 
***P<0.001 when compared to FCA, FCA: Freund’s 

Complete Adjuvant; VF:Ventoluft formulation 

Effect of Ventoluft on non-injected left Paw Edema 
On the 14th day, the latent secondary swelling 

that emerges after a few days of joint pain in the Wistar 
rat’s left paw became visible. When compared to the 
arthritic control group, the treatment of Ventoluft(20, 40, 
and 80 mg/kg p.o) in combination with STD 
considerably (P <0.001) diminished joint secondary 
edema. Figure 4 depicts the data.  

Fig: 4. Effect of Ventoluft on non-injected left Paw 
Edema (secondary response) in FCA induced 

arthritic rats 

 

Values are expressed in Mean ± SEM; n=6; Analyzed 
by two-way ANOVA “Bonferroni Post Test” for 
multiple comparisons,###P<0.001 when compared to the 
normal group,***P<0.001 when compared to FCA, FCA: 
Freund’s Complete Adjuvant; VF: Ventoluft formulation 

Effect of Ventoluft on hematological parameters 
Table 1 shows that the FCA-induced rats had a 

lower RBC, Hb level, and a higher ESR and WBC 
count compared to normal. All of these indicate that 
anemia is a prevalent occurrence among chronic 
arthritic patients (12). In comparison to the arthritic 
control, the selective dosages of Ventoluft 80mg/kg p.o 
treated group, as well as the STD group, showed a 
significant (P< 0.001) increase in RBC and Hb, as well 
as a significant drop (P<0.001) in elevated ESR and 
WBC count levels. When Ventoluft(20mg/kg and 40mg/
kg p.o) was compared to FCA, no significant 
differences were found.  

Table 1: Effect of Ventoluft on hematological 
parameters in FCA-induced arthritic rats. 

Values are expressed in Mean ± SEM; n=6; Analysed by 
one-way ANOVA “Turkey’s multiple comparison test”, 
###P<0 .001 when compared t o t he no rma l 
group,*P<0.05, **P<0.01 and ***P<0.001 compared to 
FCA, FCA: Freund’s Complete Adjuvant;VF: Ventoluft 
formulation 

Effect of Ventoluft on biochemical parameters 
When compared to control rats, all arthritic rats 

had elevated levels of AST and ALT. In comparison to 
the STD group, the Ventoluft treated animals (at dosages 
of 40 and 80 mg/kg) demonstrated a significant (P 
<0.001) reduction in elevated liver enzymes. When 
arthritic animals were given Freund's adjuvant, there 
was a statistically significant (P< 0.001) rise in RF and 
CRP levels in the FCA-induced group compared to the 
control group. The Ventoluft formulation had a similar 
effect to the STD medication group. When compared to 
FCA, there were no significant differences in CRP 
values in the treatment groups. When compared to the 
FCA-induced group, the Ventoluft and STD group 
demonstrated a statistically significant (P <0.001) drop-
in RF. On all of the biochemical markers, no significant 

Groups
WBC  
 (1000/
mm3)

RBC 
(millions/

mm3)
Hb   

(g/dl)

ESR 
(mm/
hr)

Normal 7.373±  
0.323

5.687± 
0.3657

13.81± 
0.3284

4.207± 
0.02728

FCA 11.16± 
0.4313###

3.167± 
0.04333##

#
8.203± 

0.3353###

7.267± 
0.1875#

##
FCA+VF 
20mg/kg

11.11± 
0.3564

3.433± 
0.2639

9.64± 
0.4349

7.37± 
0.09609

FCA+VF 
40mg/kg

9.84± 
0.6857

3.833± 
0.2564

10.07± 
0.08544*

6.767± 
0.2488

FCA+VF 
80mg/kg

8.06± 
0.4609**

4.577± 
0.2307*

12.24± 
0.1715***

6.047± 
0.4258*

FCA+STD 
10mg/kg

8.1± 
0.05033**

4.627± 
0.309*

12.38± 
0.4898***

5.71± 
0.2548*

*
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changes were seen in the lower treatment group, which 
is Ventoluft(20mg/kg); Table 2. 

Table 2: Effect of Ventoluft on Biochemical 
parameters in FCA induced arthritic rats 

Values are expressed in Mean ± SEM; n=6; Analysed by 
one-way ANOVA “Turkey’s multiple comparison test”, 
###P<0 .001 when compared t o t he no rma l 
group,*P<0.05, **P<0.01 and ***P<0.001 when 
compared to FCA, FCA: Freund’s Complete Adjuvant; 
VF: Ventoluft formulation 

Effect of Ventoluft on Spleen Index  
When compared to the control group, the FCA 

group had a significant increase (P<0.001) in the spleen 
index. When compared to FCA, the Ventoluft (80mg/kg) 
and STD groups showed a significant drop in the spleen 
index. (Ventoluft 20 and 40mg/kg) showed no 
significant differences. Figure 5 depicts the data.  

Fig 5: Effect of Ventoluft on Spleen index in FCA 
induced arthritic rats.  

 
Values are expressed in Mean ± SEM; n=6; Analysed by 
one-way ANOVA “Turkey’s multiple comparison test”, 
###P<0 .001 when compared t o t he no rma l 
group,*P<0.05 and ***P<0.001 when compared to 
FCA.FCA: Freund’s Complete Adjuvant; VF: Ventoluft 
formulation 

Effect of Ventolufton histopathological changes of 
ankle joint tissues 

The right hind ankle joints were extracted for 
histological examination on the 29th day after initial 
treatment. The rats in the control group exhibited no 
signs of injury (Fig. 6A). FCA rats' right ankle joints 
showed significant structural alterations, including 
pannus development, synovial hyperplasia, bone 
erosion, and cartilage degeneration. (See Fig. 6B.) Oral 
treatment of Ventoluft(20, 40, 80 mg/kg) reduced 
histopathological alterations and joint histological 
damage scores as compared to the FCA group (Figs. 
6C,6D, and 6E). Ventoluft-treated rats had considerably 
Lowerjoint and histological damage scores, as 
demonstrated in (Fig.6E). These findings suggested that 
the Ventoluft formulation has an anti-arthritis impact; 
Figure 6. 

Figure 6: Histopathology of joints 

 

Discussion 
The purpose of this study was to see how the 

Ventoluft formulation affected FCA-induced arthritis in 
male Wistar rats. FCA-induced arthritis is associated 
with increased paw edema and joint diameter, according 
to the data provided in this study. FCA-induced arthritis 
causes paw edema and increases joint width in rats, 
which is consistent with previous studies (13-15). 
Secondary swelling on the Wistar rat’s non-injected left 
paw which was observed on the 14th day was decreased 
in Ventoluft treated rats. These observations suggest that 
Ventoluft has a synergistic effect in reducing paw 
volume due to secondary reaction. Decreased cellularity 
of synovial tissue is the major cause of decreased paw 
edema and joint diameter in Ventoluft treated rats (16). 
Furthermore, multiple experimental studies on rats, as 
well as our research, show that the arthritic group had a 

Groups AST  
(U/L)

ALT  
(U/L)

CRP  
(mg/dl)

RF  
(IU/L)

Normal 112.9± 
5.474

54.29± 
4.229

1.48± 
0.2337

5.328± 
0.2981

FCA 159.6± 
3.71###

85.76± 
5.454###

3.672± 
0.1574##

#

11.33± 
0.4347##

#
FCA+V
F 20mg/

kg
137.8± 
2.825**

79.45± 
4.18

3.282± 
0.139

9.778± 
0.7847

FCA+V
F 40mg/

kg
136.1± 
2.31**

75.82± 
3.794

3.175± 
0.1763

7.397± 
0.2697**

*
FCA+V
F 80mg/

kg
130.3± 

5.053***
67.9± 
2.562*

2.718± 
0.266*

7.372± 
0.3448**

*
FCA+S

TD 
10mg/kg

121.8± 
3.562***

63.63± 
2.479**

2.865± 
0.257

7.083± 
0.2406**

*
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lower body weight. It has previously been established 
that decreased body weight during inflammation is 
caused by inadequate nutrient absorption through the 
colon. Chronic Ventoluft therapy of arthritic mice 
promoted body weight loss (13). Hepatic involvement is 
shown in ar thr i t ic pa t ien ts wi th increased 
aminotransferases like AST and ALT, indicating the 
presence of inflammation, as shown in the present rat 
studies (17). The current study findings show that 
arthritic groups had greater levels of AST and ALT. 
However, in rats, the Ventoluft treated groups, as well as 
the STD group, showed a significant drop in AST and 
ALT levels, indicating that the illness status had 
improved. Rheumatoid factors (RF) possess a key role 
in the etiology of rheumatoid arthritis, according to 
several clinical investigations (18). 

Researchers believe that RF is important for the 
severity of RA in people who have been exposed to 
FCA (19). According to current research, FCA-induced 
groups have a lower RBC count, a lower Hb level, and a 
higher ESR. Furthermore, these characteristics point to 
anemia, which is common in RA patients (20). When 
administered with the Ventoluft formulation, anemia and 
arthritis symptoms improved, indicating that the test 
medication has anti-arthritic properties. In clinical 
investigations, the erythrocyte sedimentation rate (ESR) 
is a critical diagnostic tool for detecting the progression 
of inflammation (21). ESR levels are higher in FCA-
induced mice. Reduced levels in the Ventoluft treated 
and STD groups, on the other hand, suggest anti-
inflammatory capabilities. Several additional important 
indicators indicate the severity of inflammation. CRP is 
one of them, and it contributes to the diagnosis of 
rheumatoid arthritis disease. CRP levels are increased in 
RA patients, which is consistent with current rat 
research. Increased CRP levels cause bone injury, 
according to clinical data (22). CRP levels were 
recovered in the Ventoluft-treated groups. Arthritis 
patients, on the other hand, might develop a variety of 
problems, including Felty's syndrome, which causes an 
enlarged spleen. Furthermore, we have had to estimate 
the spleen index in the current investigations. The 
spleen index was found to be lower in the treated 
groups, indicating that it is effective in reversing 
splenomegaly (23). 

Necrosis was not present in normal rats, and 
there was no evidence of lymphocytic infiltration. 
However, FCA-induced rat necrosis was validated by a 
massive inflow of inflammatory cells, synovial 
hyperplasia, and greater levels of necrosis. The regular 
connective tissue of the tibiotarsal joint was present in 
the treatment groups, combined with decreased levels of 
edema.  

Even though the Ventoluft formulation has the 
potential to have a greater effect than individual plant 
extracts, it has a positive and constructive way, 
including a lack of knowledge about which chemical 
constituents are responsible for the rheumatic activity. 
However, the findings of this study show that the 
Ventoluft formulation improves FCA-induced 
rheumatoid arthritis in a dose-dependent manner.  

It has been demonstrated that traditional 
medicinal plants act by targeting multiple proteins and 
regulating various pathways concerned with infectious 
and non-infectious pathogenesis (24-28) based on the 
principle of the regulation of multiple proteins by a 
single compound (29,30). Hence, it would be required 
to identify the interaction of the multiple bioactives 
with their respective targets of the Ventoluft formulation 
to propose the mechanism of action for anti-arthritic 
activity. 

Conclusion  
Remarkably, Ventoluft like Indomethacin 

significantly slowed the progression of arthritic illness 
in our current investigation. The capacity of Ventoluft to 
considerably diminish arthritic edema in injured tissues 
is determined by its therapeutic activity. Even though 
Ventoluft is effective in arthritis patients, the relevance 
of the model utilized in this study reflects pathological 
changes in humans, indicating that Ventoluft might be 
classified as a novel therapeutic agent in the treatment 
of arthritis.  
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RAPIDIRON: Reducing Anaemia in
Pregnancy in India—a 3-arm, randomized-
controlled trial comparing the effectiveness
of oral iron with single-dose intravenous
iron in the treatment of iron deficiency
anaemia in pregnant women and reducing
low birth weight deliveries
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Abstract

Background: Anaemia is a worldwide problem and iron deficiency is the most common cause. In pregnancy,
anaemia increases the risk of adverse maternal, foetal and neonatal outcomes.
India’s anaemia rate is among the highest in the world with India’s National Family Health Survey indicating over
50% of pregnant women were affected by anaemia.
India’s Anaemia Mukt Bharat-Intensified National Iron Plus Initiative aims to reduce the prevalence of anaemia
among reproductive-age women, adolescents and children by 3% per year and facilitate the achievement of a
Global World Health Assembly 2025 objective to achieve a 50% reduction of anaemia among women of
reproductive age.
However, preliminary results of the NFHS-5 survey completed in 2020 indicate that anaemia rates are increasing in
some states and these targets are unlikely to be achieved. With oral iron being the first-line treatment for iron
deficiency anaemia (IDA) in pregnancy, these results are likely to be impacted by the side effects, poor adherence
to tablet ingestion and low therapeutic impact of oral iron. These reports suggest a new approach to treating IDA,
specifically the importance of single-dose intravenous iron infusions, may be the key to India effectively reaching its
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targets for anaemia reduction.

Methods: This 3-arm, randomized controlled trial is powered to report two primary outcomes. The first is to assess
whether a single dose of two different intravenous formulations administered early in the second trimester of
pregnancy to women with moderate IDA will result in a higher percentage of participants achieving a normal for
pregnancy Hb concentration at 30–34 weeks’ gestation or just prior to delivery when compared to participants
taking standard doses of oral iron. The second is a clinical outcome of low birth weight (LBW) (< 2500 g), with a
hypothesis that the risk of LBW delivery will be lower in the intravenous iron arms when compared to the oral iron
arm.

Discussion: The RAPIDIRON trial will provide evidence to determine if a single-dose intravenous iron infusion is
more effective and economically feasible in reducing IDA in pregnancy than the current standard of care.

Trial registration: Clinical Trials Registry – India CTRI/2020/09/027730. Registered on 10 September 2020, http://ctri.
nic.in/Clinicaltrials/showallp.php?mid1=46801&EncHid=&userName=anemia%20in%20pregnancy

Keywords: Anaemia, Iron deficiency anaemia, Anaemia in pregnancy, Intravenous iron, Oral iron, Low birth weight
infants
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Note: the numbers in curly brackets in this protocol
refer to SPIRIT checklist item numbers. The order of
the items has been modified to group similar items (see
http://www.equator-network.org/reporting-guidelines/
spirit-2013-statement-defining-standard-protocol-items-
for-clinical-trials/).

Title {1} RAPIDIRON: A 3-arm, randomized-
controlled trial comparing the effective-
ness of oral iron with single-dose intra-
venous iron in the treatment of iron
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The India Clinical Trials Registry does
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Author details {5a} Thomas Jefferson University (TJU), KLE
Academy of Higher Education and
Research (KAHER), Jawaharlal Nehru
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the Children’s Investment Fund
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from the study team and providing an
independent team to routinely audit
the quality and safety of study
practices. They will be provided data
and reports for review and provide
feedback but they will not have
ultimate authority over study related
activities.

Introduction
Background and rationale {6a}
Anaemia is a worldwide problem with iron deficiency
anaemia (IDA) being the most common cause [1]. When
occurring in pregnancy, anaemia increases the risk of
adverse maternal, foetal and neonatal outcomes [2, 3].
These adverse outcomes include maternal mortality,
preterm and low birth weight (LBW) deliveries, perinatal
and neonatal deaths and long-term developmental se-
quelae in the surviving offspring [4].
Anaemia rates are among the highest in South Asia,

and India’s National Family Health Survey (NFHS-4) for
2015–2016 indicated that anaemia with haemoglobin
(Hb) <11.0 g/dL affected over 50% of pregnant women
[5]. Anaemia during pregnancy is a major contributing
factor to the nearly 60% of children 6–59 months of age
classified as anaemic in the same survey with an Hb
level of <11 g/dL. Optimal foetal, neonatal and
childhood brain growth and development require
adequate iron [6, 7]. However, women with moderate to
severe anaemia during the late 2nd and early 3rd
trimesters of pregnancy are often unable to make up
their iron deficit. Thus, despite active transport via the
placenta, insufficient iron may be transmitted to the
developing foetus with consequent negative sequelae,
including long-term neurodevelopmental impairment of
the newborn [8].
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For nearly 40 years, India’s first-line treatment for IDA
in pregnancy has been oral iron; however, side effects,
poor adherence to tablet ingestion and low therapeutic
impact are among reasons for consideration of a new
standard for treatment of IDA in pregnant women [9].

The Anaemia Mukt Bharat programme
The Government of India has given high priority to
reducing the prevalence of anaemia in India, and several
initiatives have been directed towards this objective. The
latest anaemia strategy, built upon prior national
programmes and supported by the Ministry of Health
and Family Welfare, was presented in a 2018
publication, Anaemia Mukt Bharat-Intensified National
Iron Plus Initiative [10]. The same overall strategy
remains in effect, but a few changes have been made to
specific intervention guidelines which can be viewed
online [11].
The Anaemia Mukt Bharat programme encompasses

a national goal of reducing prevalence of anaemia
among children, adolescents and reproductive-age
women at the rate of 3% a year. It also aims to facilitate
the achievement of a Global World Health Assembly ob-
jective declared in 2012, to achieve a 50% reduction of
anaemia among women of reproductive age by 2025
[10].

Existing literature
A study of Chinese pregnant women found that daily
oral iron, initiated at or prior to 20 weeks’ gestation and
continued until delivery, improved maternal iron
parameters; however, 45% of the babies born to these
women were iron deficient suggesting that oral iron
supplementation may not optimally reach the
developing foetus [12]. Published evidence confirms that
iron deficiency in infancy is associated with an increase
in cognitive and behavioural abnormalities, which may
persist for decades despite later iron repletion [13, 14].
While one of the primary outcomes for this study is the
risk of LBW delivery (a leading cause of under-5 mortal-
ity and an independent risk for poorer neurodevelop-
ment), anaemia in pregnancy is associated with other
adverse pregnancy outcomes such as increased rates of
preterm birth and perinatal and neonatal mortality [15].
Among a cohort of 92,247 Indian and Pakistani

pregnant women, in a 2019 study, 87.8% were anaemic
[15]. When classified by anaemia severity, the highest
percentage of pregnant women, or 49.2%, were in the
moderate group (Hb 7–9.9 g/dL), and secondary analysis
found that these moderately anaemic women had higher
rates of poor pregnancy outcomes than those with
higher Hb concentrations. For pregnant women residing
in under-resourced countries and having mild anaemia
(Hb 10–10.9 g/dL), research findings have not shown a

consistent relationship between anaemia and poor preg-
nancy outcomes [4]. Thus, for this research, only preg-
nant women with moderate IDA will be eligible for
randomization.
The Cochrane Collaboration reported a scarcity of

quality trials that assessed clinical maternal and neonatal
effects of iron administration to anaemic, pregnant
women [16]. The Cochrane reviewers indicated the need
for large, high-quality trials that assess both clinical out-
comes and treatment effects. This need has not been ad-
equately met, especially in terms of assessing the efficacy
of newer treatment approaches, specifically the use of
single-dose intravenous (IV) iron during pregnancy.
Implementing the proposed study will address this iden-
tified but unmet need and increase the likelihood that
the guidelines and recommendations of India’s respected
health organizations will continue to undergo refine-
ment. Subsequently, criteria for establishing feasibility,
convenience and cost-effectiveness will be better met to
enable broader and more rapid implementation and
scale-up of optimal treatment approaches.

Intravenous iron and iron deficiency anaemia
IV iron has many advantages as a treatment of IDA. The
ability to give a larger dose in a single IV injection leads
to increased bioavailability of iron and more rapid
correction of IDA [17–20]. This is particularly important
in pregnancy to ensure iron sufficiency in the developing
foetus [21–23]. In a study of women treated with IV
iron, none of the newborns were diagnosed with iron
deficiency anaemia [24]. Furthermore, this method
reduces the risk of poor adherence to treatment so often
seen with oral iron. Study findings also indicate that IV
iron is safe (with no serious adverse events reported),
less toxic and more effective than oral iron in the
treatment of IDA in pregnant women [25, 26].
This study will be a 3-arm, randomized-controlled trial

comparing the effectiveness of two IV iron formulations:
ferric carboxymaltose and ferric derisomaltose (formerly
known as iron isomaltoside), with oral iron in the treat-
ment of IDA in pregnant women and in reducing low
birth weight deliveries [27–29]. Two IV iron formula-
tions, approved for marketing in India, will be used with
the aim of demonstrating that pregnant women, ran-
domly assigned to either of the formulations, will have a
higher rate of conversion to a non-anaemic state when
compared to the oral iron comparator arm.

Summary
This research aims to assess the efficacy of a single dose
of IV iron, administered early in the second trimester of
pregnancy for the treatment of moderate IDA, in
achieving a greater percentage of women with a normal
for pregnancy Hb concentration of >11 g/dL by delivery,
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when compared to a control arm provided with an oral
iron regimen that is the primary and current standard of
care in India.
Published data suggest that IV iron is a safe and more

effective treatment of IDA in pregnancy than is oral
iron. This newer approach to the treatment of IDA must
be ideally evaluated through a randomized control trial
in a population that continues to be greatly affected by
this problem and has a critical need to employ more
effective management strategies.

Objectives {7}
Study hypotheses
This trial incorporates the following study hypotheses:

Primary hypothesis #1 Singleton pregnant participants
with moderate iron deficiency anaemia who are
randomly assigned to an IV iron arm and receive, early
in the second trimester of pregnancy, a single dose of IV
iron for treatment of anaemia and the currently
recommended daily dose of folic acid will have a higher
conversion rate to non-anaemic status (or Hb >11 g/dL)
in the last trimester of pregnancy at either a 30–34 week
antenatal visit or prior to delivery than pregnant women
assigned to an oral iron arm and provided a standard
dose of iron and folic acid tablets for anaemia treatment.

Primary hypothesis #2 The pregnant participants
assigned to an IV iron treatment group will have a lower
risk of LBW deliveries (a 20% relative reduction)
compared to pregnant women in the oral iron group.

Secondary hypothesis To determine if administration of
either of the two IV iron formulations used in the study
will have a more favourable impact on other maternal
and neonatal outcomes than among women provided
daily oral iron. This will be assessed through reported
differences between study arms at specified timepoints
for the secondary outcomes listed in section {12}.

Trial design {8}
This study is a 3-arm randomized-controlled trial with
two primary outcomes of interest. The research is de-
signed to assess if a single dose of an IV iron formula-
tion (ferric carboxymaltose in intervention arm 1 or
ferric derisomaltose (formerly known as iron isomalto-
side) in intervention arm 2), provided for treatment of
moderate IDA in pregnant women, will result in a
greater percentage of pregnant participants achieving a
normal for pregnancy Hb concentration of >11 g/dL by
the third trimester, when compared to the comparator
arm (arm 3) given oral iron. Moderate IDA has been de-
fined employing the WHO definition for all cause an-
aemia severity, Hb < 7 g/dL (severe); 7–9.9 g/dL

(moderate); 10–10.9 g/dL (mild); and >11 g/dL (non-an-
aemic or normal) [30]. Those eligible to receive iron
treatment must also show laboratory values of serum
transferrin saturation (TSAT) < 20% and/or ferritin < 30
ng/mL.
The second primary outcome is that of low birth

weight (LBW) (< 2500 g), one of several adverse
pregnancy outcomes associated with IDA. The
hypothesis for reporting on this clinical outcome is that
the risk of LBW delivery for participants randomized to
the IV iron arms will be significantly lower when
compared to the risk of LBW delivery for participants
randomly assigned to the oral iron arm.
Approximately 4320 pregnant women who meet

eligibility criteria and have Hb concentrations of 7 to 9.9
g/dL with confirmed IDA will be randomized 1:1:1 to
one of two IV iron intervention arms or to the oral iron
arm.

Methods: participants, interventions and
outcomes
Study setting {9}
The study will be carried out in India with participants
recruited during an antenatal care visit made to
participating community health and primary health
centres (CHCs and PHCs) in the states of Karnataka and
Rajasthan.

Eligibility criteria {10}
Inclusion criteria for screening and consent are as
follows: (1) pregnant women between 18 and 40 years of
age and capable of giving informed consent; (2) Hb
concentration of 7–10.4 g/dL (as per the available point
of care laboratory report); (3) expressed intent and
expectations for remaining in the designated research
area during the pregnancy and delivering at a facility in
or near the research area as well as remaining in the
area to enable study participation and data collection
consistent with the research protocol; and (4) expressed
willingness that specifically includes agreement to
randomization to the standard care study arm (of oral
iron) or to one of the two arms involving treatment with
single-dose IV iron.
Additional inclusion criteria for randomization and

continued study participation include (1) presence of a
live singleton, intrauterine foetus and dating ultrasound
that indicates a pregnancy that, at randomization, would
be between the beginning of week 14 and prior to 17
weeks 0 days, and (2) iron deficiency anaemia defined
for this study as moderate anaemia with Hb
concentration level between 7 and 9.9 g/dL and serum
transferrin saturation (TSAT) < 20% and/or serum
ferritin < 30 ng/mL.
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Exclusion criteria include (1) foetal anomaly if
detectable when an initial ultrasound is done to date the
pregnancy (subsequent discovery of a foetal anomaly is
not viewed as an exclusion); (2) a history of
cardiovascular disease, hemoglobinopathy or other
disease or condition considered a contraindication for
treatment, including conditions recommended for
exclusion by the manufacturers of oral or IV iron to be
used in the study; and (3) any condition that, in the
opinion of the consenting healthcare provider, warrants
study exclusion.

Who will take informed consent? {26a}
Women will be screened for their eligibility to
participate in the study at their first antenatal visit at
participating CHCs and PHCs. If no exclusionary criteria
are known to apply, pregnant women will be educated
about the study, have all their questions answered and
be given the opportunity to consent to participate.
Consent will be obtained by a trained healthcare
provider or research staff member at the CHC or PHC.
Following review of the consent and medication

procedures, the woman will be asked to confirm and
document her willingness to participate in the study by
signing the consent form. If the participant is unable to
sign, her thumbprint will indicate written approval. Both
the staff member and the study participant will retain
signed copies of the form. If a prospective participant is
not prepared to consent she will be given the option to
take the form home to discuss participation with her
family before signing.
All staff responsible for obtaining consent will be

trained and certified in the protection of human subjects
and study-specific consent procedures. Each site will be
provided with a model informed consent form, devel-
oped by the research team.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
When obtaining informed consent, participants will be
informed of which biological specimens will need to be
collected, at what timepoint as well as the reason for
such studies. They will also be informed that their data
will be de-identified and stored in a secure database and
that any data released will not be identifiable.
The consent procedure includes a condition wherein

participants are specifically asked to consent to the use
of data collected as part of the study or information
about outcomes under study for unrestricted scientific
purpose(s) only. They are also given the option to
consent to being contacted in the future regarding
participation in other related research studies.
Participants will be told they can withdraw consent at
any time during the trial.

Interventions
Explanation for the choice of comparators {6b}
This 3-arm study will incorporate two IV iron formula-
tions, ferric carboxymaltose in arm 1 and ferric deriso-
maltose in arm 2, and a comparator arm of a standard
dose of oral iron in arm 3. Two IV iron formulations are
being compared with the aim of demonstrating effective-
ness of either in the treatment of IDA when compared
to oral iron.
Both IV iron formulations selected for use in this

study are approved and available commercially in India,
and both are proposed for the following reasons: (1)
they allow single-dose infusions of up to 1 g of iron, (2)
they have a proven track record of efficacy and availabil-
ity in many countries of the world, (3) they are associ-
ated with very low rates of adverse events, (4) high-
quality studies show no difference in severe side effects
among available IV iron formulations and (5) there is
greater probability that inclusion of more than one
single-dose formulation will be instrumental in driving
down market prices and perhaps lead to public sector
pricing and greater utilization.
Oral iron will be used as the comparator arm as this is

currently the first-line treatment for mild and moderate
IDA in pregnancy.

Intervention description {11a}
Ferric carboxymaltose (Revofer Lupin) will be sourced in
500-mg vials. Ferric derisomaltose (Jilazo Lupin) will
also be sourced in 500-mg vials.
Pregnant women randomly assigned to an IV iron arm

at the third study visit will receive their single-dose IV
infusion at a participating CHC. Prior to beginning the
infusion, the pregnant woman will be counselled about
the infusion procedure and the risks and benefits before
confirming her willingness to proceed.
If the participant weighs more than 50 kg, they will

receive the assigned single dose formulation of 1000 mg
of iron; but women under 50 kg will receive a lower
dose of iron as determined by a formula that has been
recommended by both manufacturers of 20 mg iron/kg
body weight.
Oral iron will be given to arm 3 in the form of 60mg

Ferrous Sulphate tablets given to anaemic women twice
daily.
In all three study arms, participants will receive 180

tablets of folic acid (500 mcg) once daily and one tablet
of albendazole (400 mg) after randomization in the
second trimester of pregnancy.

Criteria for discontinuing or modifying allocated
interventions {11b}
Interventions will be discontinued at any time under the
following circumstances: (1) if the participant withdraws
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consent; (2) if the investigator determines the
intervention is a threat to the participant’s health, safety
and/or wellbeing; or (3) if the participant experiences
adverse effects requiring the intervention be
discontinued.

Strategies to improve adherence to interventions {11c}
Accredited Social Health Activists (ASHAs) who live
within the communities of recruiting CHCs and PHCs
will support the study team (with authorization of the
supervising health officials) and will be available to
accompany potential participants to facilities for
screening, dating of the pregnancy (by ultrasound), for
randomization followed by treatment of anaemia,
antenatal monitoring and delivery, and the 42-day post-
delivery visit. ASHAs who have received education on
IDA can be an additional source of information about
the study.
Participants in the oral iron arm will be given clear

instructions about how to take the tablets and will be
asked at subsequent visits if they are taking their
medication and if not, the reasons for this. Answers will
be recorded on appropriate case report forms (CRF).
During the consent process, potential participants will

be informed about the randomization process and
procedures if they are found eligible for
randomization—that is, they will either be provided oral
iron and other components of standard care or be given
a single IV iron infusion. Participants will be counselled
on the risks and benefits of treatment relevant to all
study arms during the consent process.
Once randomized, and regardless of treatment arm,

participants will be encouraged to follow the treatment
plan for their study arm and attend the study visits as
instructed. Visits follow a schedule of standard antenatal
care that will also provide an opportunity to monitor
participant progress and encourage adherence to the
treatment plan.
Noncompliance with the plan for iron

supplementation may be less for women randomly
assigned to an IV iron intervention as supplementation
during pregnancy would typically be complete after
receipt of a single IV iron infusion unless referral,
assessment and additional treatment is required.

Relevant concomitant care permitted or prohibited during
the trial {11d}
Unscheduled healthcare visits may occur for an enrolled,
randomized study participant. If this occurs, information
about this visit will be collected on a specific
unscheduled healthcare visit CRF.
Oral iron should not be taken by a pregnant woman

that receives an IV iron infusion in accordance with the
manufacturer guidelines. If a participant takes oral iron

having received an IV iron infusion, a protocol deviation
would be noted.
Any use of oral iron, outside of that used by

participants in the oral iron arm of the study, is
considered an exclusion criterion.
The antenatal care provider seeing an enrolled and

randomized study participant will make decisions about
care that may be required because of other (non-
anaemic) pregnancy complications or other health-
related issues. It is expected that the provider will offer
standard of care to the pregnant woman in treating non-
anaemia issues or other non-pregnancy related health
concerns that may arise.

Provisions for post-trial care {30}
The last scheduled study visit occurs at approximately
42 days postpartum. It would be expected that
healthcare providers will deliver standard of care and
specify the need for follow-up care for both the mother
and baby as deemed necessary.

Outcomes {12}
Primary outcomes
The first of two primary outcomes is to evaluate
whether a single dose of IV iron (ferric carboxymaltose
in intervention arm 1 and ferric derisomaltose in
intervention arm 2, administered early in the second
trimester of pregnancy for treatment of moderate IDA,
will result in a greater percentage of pregnant
participants in the IV iron arms achieving a normal for
pregnancy Hb concentration of >11 g/dL in the third
trimester of pregnancy, confirmed at either a 30–34-
week antenatal visit or prior to delivery, when compared
to those in the oral iron comparator arm (arm 3).
The second primary outcome is to evaluate the

incidence of low birth weight (< 2500 g), one of several
adverse pregnancy outcomes reported to be associated
with IDA. The hypothesis for this clinical outcome is
that the risk of LBW delivery for participants
randomized to the IV iron arms will be 20% lower when
compared to the risk of LBW delivery for participants
randomly assigned to the oral iron arm.

Secondary outcomes
Among the secondary outcomes to be recorded are
changes in Hb concentration, variation in participant
iron indices at specified timepoints (TSAT and ferritin,
changes in cord blood Hb and other iron indices of cord
blood (Fe/TIBC (TSAT) and ferritin), weight gain of
participants by trimester of pregnancy, mode of delivery/
C-section, antepartum and severe postpartum
haemorrhage, hypertensive disorders, maternal or
neonatal infections including documented COVID-19,
maternal and neonatal mortality, preterm and small for
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gestational age births, pregnancy loss and stillbirths,
birth weight of live born babies, newborn length, the
need for neonatal resuscitation, neonatal admissions to
an intensive care unit, time from delivery to cord clamp-
ing, unanticipated or extended hospitalizations, breast-
feeding practices and maternal well-being (quality of
life).
In consideration of current Anaemia Mukt Bharat

interventional guidelines for anaemia treatment in
pregnant women [11], two additional secondary
outcomes will be assessed: (1) participant need for
“rescue therapy” or measures implemented for
management of severe anaemia after a drop in Hb
concentration to <7 g/dL at any time after treatment is
initiated and (2) referral of a participant, regardless of
study arm, to a higher level of care (CHC, Taluka
hospital, or District Hospital/Tertiary Care Centre) for
further investigation of the cause of anaemia due to <1
g/dL improvement in Hb based upon analysis of blood
collected at 26–30 weeks of pregnancy.

Participant timeline {13}
The projected timeline for this study is approximately 42
months and will consist of a 7-month preparatory phase,
28 months for recruitment, treatment and follow-up, as
well as a final 5-month phase for data cleaning and ana-
lysis. This is summarized in Table 1.

Sample size {14}
The sample size for RAPIDIRON is primarily driven by
the comparison of LBW risk. The true risk of LBW is
assumed to be 25% in the oral iron arm based upon the
LBW estimate of 21% found in a similar population with
a Hb level at delivery of 7–9.9 g/dL but with fewer rural
sites [15]. Parks et al. estimate used data from
geographic clusters participating in the Eunice Kennedy
Shriver National Institute of Child Health and Human

Development (NICHD) Global Network’s Maternal
Newborn Health Registry for Jawaharlal Nehru Medical
College’s (JNMC) as well as data from the same registry
for clusters located near Nagpur, India, and in Pakistan.
Assuming a true LBW risk of 25% in the oral iron

group, a final sample of 1332 per group would give 80%
power to detect a 20% relative reduction (relative risk of
0.8; 20% LBW risk in each of the IV iron groups) at the
alpha=0.0245 level. One interim analysis when 1/3 of the
information on LBW is available is planned. With p-
value boundaries of 0.000026 at the interim analysis and
0.02449 at the final analysis, based on 10,000
simulations, with evaluable data on 1332 participants per
arm (444 per arm at the interim analysis), and assuming
both IV iron arms have true risk of LBW of 20%, the
study design provides a 1.6% probability of stopping
early for efficacy, approximately 80% probability of
concluding an a priori-selected IV arm has lower LBW
risk than the oral arm, and greater than 90% probability
of concluding at least one of the IV arms is better than
the oral iron arm. Approximately 4320 pregnant women
will need to be randomized 1:1:1 to each of the three
study arms assuming that 7.5% or less of participants
have missing birth weight data (due to stillbirth and
other reasons). Each of the two research sites (based in
either Karnataka or Rajasthan) will enrol and randomize
no more than 60% of all study participants.
With 1332 study participants per group, the study

provides greater than 95% power to detect differences in
risk of non-anaemia of at least 10% at the alpha=0.0005
level; as such the study is well powered for this outcome
assuming that the true risk approaches the anticipated
difference of 30% based on similar studies.

Recruitment {15}
Approximately 16,000 pregnant women will be screened
for low Hb at their first antenatal visit at participating

Table 1 Study timeline
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CHCs and PHCs. This sample size should achieve an
adequate number of pregnant women who are
subsequently determined eligible to be randomized
equally to each of the three study arms. Recruitment and
randomization of participants will continue until study
data provide confidence that a minimum of 1332
randomized participants in each arm have evaluable
primary outcome data.

Assignment of interventions: allocation
Sequence generation {16a}
Randomization will be stratified by enrolment site, with
the two Indian research sites of Belagavi, Karnataka and
Jaipur, Rajasthan comprising the two randomization
strata. Randomization sequences will be generated for
each stratum using a computer-generated algorithm
based upon a randomly permuted block design with ran-
domly varied block sizes as specified in a detailed
randomization plan to which all study investigators,
other than the coordinating centre randomization statis-
tician, are masked.

Concealment mechanism {16b}
The block sizes will be known only to personnel
responsible for the randomization algorithm.
Randomization assignments will be placed in
sequentially numbered opaque envelopes by a
designated pharmacist, grouped by sets of 12, and stored
at the central research coordinating office of each
research site. Envelopes will be distributed monthly to
each CHC/PHC in sets of 12 (e.g. set 1 [envelopes 1–12]
to PHC 1, set 2 [envelopes 13–24] to PHC 2, sets 3 and
4 [envelopes 25–48] to PHC 3, etc.) based on projected
enrolment at the CHC/PHC for that month.

Implementation {16c}
Randomization assignments will be generated by the
statistical team at Thomas Jefferson University (TJU).
The sealed envelopes containing iron tablets/IV iron will
be available at the CHCs and PHCs. Accordingly, the
Medical Officer will randomize the participant. If the
participant is allocated to IV iron arm, then the Medical
Officer will calculate the dose and write it on the
randomization slip. The same randomization sequence
numbered envelops with iron tablets/IV iron (either
ferric derisomaltose/ferric carboxymaltose) will be
available at the CHCs. The pharmacist at the CHC will
match the randomization number on the envelope
issued at the CHC or PHC. Upon confirmation of the
number and opening of the envelope which designates
either ferric derisomaltose/ferric carboxymaltose, the
pharmacist will prepare the infusion (dose as per the
instructions written by a Medical Officer at the CHC or
PHC during randomization). The dose is double-

checked based on the patient’s weight with subsequent
dispensing and provided to a staff nurse who will admin-
ister the IV iron to the participant under the supervision
of a CHC Medical Officer.

Assignment of interventions: blinding
Who will be blinded {17a}
The investigators at JNMC in Belagavi and SMSMC in
Jaipur will identify a specifically designated pharmacist
who will be assigned to the research team in their
respective site. They will assure compliance with the
specified randomization process and receipt of the
correct iron supplementation modality for each
participant. Oral iron use will not be masked. However,
blinding will occur for the two IV iron arms since IV
iron participants will know only that they have been
randomly assigned to receive an IV iron infusion
without knowing the specific arm (formulation) that will
be provided. Further, neither the point of care provider
nor the infusion team will know which IV iron
formulation was assigned. However, each pharmacist
responsible for preparing the IV Iron infusions for the
trial will not be blinded. When a participant arrives for
an infusion, the pharmacist will collect an infusion order
provided to the participant and prepare the appropriate
IV formulation for infusion based on the randomization
ID list. The IV medication will ONLY be known to the
pharmacist, with all other clinical staff blinded as to
which of the two IV formulations is being used.

Procedure for unblinding if needed {17b}
The participant consent form clearly indicates that if
there is a requirement to release study information
regarding participant treatment associated with receive
emergency care if needed, an authorized staff person has
permission to gain access to a protected participant
record. All episodes of unblinding will be shared with
members of the Data and Safety Monitoring Board
(DSMB).

Data collection and management
Plans for assessment and collection of outcomes {18a}
A baseline survey will be conducted in at the CHCs and
PHCs in both Belagavi and Jaipur. This survey consists
of 3 questionnaires, one to be distributed to each of the
following 3 groups: (1) pregnant women between 24 and
34 weeks of gestation (thus not eligible for inclusion in
this trial), to explore the current practices about
antenatal care, compliance with anti-helminthic, iron
and folic acid, delivery details and out of pocket expend-
iture; (2) healthcare providers to better understand sup-
ply of resources to CHCs/PHCs and the management of
anaemia at these centres; and (3) administrators to gain
an understanding of the supply chain of medicines
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provided to CHCs/PHCs especially those medications
utilized in the RAPIDIRON trial.
A summary of the study procedures including

outcomes to be collected at specific study related visit
can be found in Table 2.
All personnel will undergo training to familiarize

themselves with the trial protocol. There will also be
appropriate training in research ethics and employment
of Good Clinical Practice (GCP) guidelines.
Study staff involved in administering and monitoring

the IV iron infusions will receiving procedure-specific
training and access to the study Manual of Operations
(MOO) for reference as needed.
Trained ultra-sonographers will be selected to perform

ultrasound examinations. They will undergo study-
specific training before starting to scan participants for
eligibility based upon gestational age. Detailed informa-
tion on ultrasound procedures and standardization will
be available to staff in the study MOO. The American
College of Obstetricians and Gynaecologists (ACOG)
provides guidance on due date estimation using ultra-
sonography when an accurate Last Menstrual Period
(LMP) is unavailable. This information can be utilized

by study team as needed and is described in the study
MOO.
Equipment used in the study will be standardized

throughout the study sites including weighing machines,
ultrasound equipment and laboratory equipment/assays.

Plans to promote participant retention and complete
follow-up {18b}
The role of the ASHAs (as described in the section
“Strategies to improve adherence to interventions {11c}”)
is to act as facilitators to promote participant clinic
attendance and retention of study participants.
Regardless of whether participants discontinue

treatment or deviate from the intervention protocol, all
information from participants will be collected through
the end of the trial, unless the participant withdraws
such consent.

Data management {19}
JNMC is responsible for the development of the
independent Data Management System (DMS) and
utilization of the database system for the RAPIDIRON
Trial. Data will be collected primarily through the use of

Table 2 Timing of study procedures
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paper-based forms. JNMC has successfully used the Re-
search Electronic Data Capture (REDCap) system for
numerous research projects. This system is a secure web
application for building and managing online surveys
and databases, and it offers a secure, privacy compliant
web-based electronic data capture and maintenance sys-
tem. The data are stored in a centralized system. RED-
Cap software requires each user to have their own
account, and user privileges are applied to ensure that
users have access only to data and information they need
and are authorized to have. REDCap can be accessed
from multiple sites from any computer or mobile device,
including PCs, Macs, tablets and mobile phones.
Data will be collected at the CHCs/PHCs and

transferred to regional data centres for data entry and
form storage and will be entered into computers using
the data management system developed by the research
team at JNMC. The data will then be transferred to TJU
utilizing REDCap. The DMS will involve a REDCap
server host and include project setup and form building
with validations and ranges.
Data quality validation with inbuilt quality checks will be

programmed into REDCap with external quality control.
Routine reports will be developed to include missing forms,
expected forms and participant follow-up schedules.
The data entry staff at each research site is responsible

for entering data from all completed paper forms into the
DMS. If data corrections are needed, study staff will enter
the corrections into the DMS, which will create an
automatic audit trail. The DMS retains built-in quality
checks to verify the accuracy and quality of the data
entered.

Confidentiality {27}
At the time of enrolment, each participant will be given
a unique screening ID number. All subsequent data
collection will be linked only to the ID number rather
than to a participant name.
In addition, the DMS is password-protected to ensure

that only trained, authorized personnel have access to
the data. The consent forms and locator forms linking
personal information to ID will be kept in securely
locked filing cabinets at each research site with only au-
thorized staff having access. If unauthorized use of par-
ticipant information is discovered, the onsite staff must
notify the senior research team and Principal Investiga-
tor (PI) along with plans to correct the problem and pre-
vent further violations.

Plans for collection, laboratory evaluation and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
Blood samples will be collected at study-related visits as
detailed in Table 2. Samples will be collected at the

locations detailed in Table 3. As two laboratories will be
utilized, one at each study site, each employing daily
controls, these processes will provide additional valid-
ation of results.
A mobile research team will be utilized in this trial to

ensure the necessary assessments and sample collections
are performed as planned. They will be responsible for
carrying out study related procedures including: assisting
Medical Officers in screening and enrolment, arranging
transport to a central facility for eligibility assessment,
obtaining study-specific blood draws at scheduled visits,
providing appropriate newborn weight and height as-
sessment within 72 h of delivery and maintaining study
logs. They will be contacted by a participant’s CHC/
PHC/birthing facility/ASHA/relative or the participant
whenever a delivery is anticipated or their presence is
required.
Immediately after collection, the samples will be

stored upright at 2 to 8 °C. Samples should be
transported from the CHCs/PHCs to the central lab
within 6 h of collection. Those specimens ready for
transport will be stored in an insulated chiller box
containing ice packs and a thermometer to record the
transportation temperature. Once specimens arrive at
the laboratory, the laboratory staff who receives the
samples must complete the Laboratory Requisition Form
(LRF). The specimens will then be subjected to
processing at the respective site laboratories: KLE Hi-
Tech Clinical Lab, Belagavi and SMS MC Clinical Lab
Jaipur.
The following procedures will be carried out to ensure

quality control of sample analysis throughout the trial:
(1) the Lyphochek Anaemia Control (BIORAD).
Analytes: Ferritin, Folate, Iron (TIBC/UIBC), Vitamin
B12. Such controls will be run each time study samples
are to be analysed; (2) an internal QC process has been
established for study samples; (3) both laboratories will
participate in protocol-specific EQA testing; and (4) pro-
ficiency programme provider: BioRad for Biochemical
assays and All India Institute of Medical Sciences
(AIMS)/Christian Medical College (CMC) Vellore for
haematology parameters.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
The primary analysis for anaemia will compare each IV
iron arm to the oral iron arm with respect to the
percentage of participants who achieve Hb of >11 g/dL
at either a 30–34-week antenatal visit or prior to
delivery using a Cochran-Mantel-Haenszel (CMH) chi-
square test stratified by enrolment site at the 0.0005
level. The CMH-adjusted risk ratio and associated
99.95% confidence interval will be calculated for both
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comparisons. No interim efficacy analysis is planned for
the anaemia outcome.
Each IV arm will be compared to the oral iron arm

with respect to risk of LBW using a CMH chi-square
test stratified by enrolment site at the 0.000026 level
when data are available on at least 444 participants per
group (1/3 of expected information). The study can be
stopped for efficacy if either IV arm shows significantly
lower risk of LBW at the interim analysis. Assuming that
the study is not stopped early, the final tests will be per-
formed at the 0.02449 level. Stopping boundaries were
calculated using a Lan-DeMets spending-function ap-
proach with O’Brien-Fleming bounds. The CMH-
adjusted risk ratio and associated 97.55% confidence
interval will similarly be calculated for both compari-
sons. If the study is prematurely stopped early based on
the results of LBW data, analysis of the anaemia end-
point will be performed at the 0.025 level.
The primary analysis will be performed using the

intent to treat (ITT) cohort. Missing anaemia and LBW
data will be imputed using multiple imputation. The
exact method of imputation will be specified in the
statistical analysis plan prior to analysis. Fifty data sets
will be imputed and the Wilson-Hilferty transformation
will be applied to the CMH statistics fit to each data set
[31, 32]. Results will be pooled using the method of
Rubin to calculate the overall test of significance [33].
The log (relative risk) estimates of each imputed data set
will similarly be combined.
Analysis of categorical secondary outcomes with

respect to treatment arm differences will use generalized
linear models to estimate relative risks and associated
confidence intervals. Analysis of continuous,
longitudinally measured, secondary outcomes with
respect to treatment arm differences will use mixed
effects linear regression, accounting for correlation
among repeated measurements over time and adjusting
for site as a random effect. Mean differences between
randomization groups will be estimated from the model
results at each measurement time along with
appropriate confidence intervals.

Association of Hb levels at delivery with LBW delivery
will be evaluated using logistic regression. For this
analysis, Hb levels will be categorized using the WHO
definitions for severity: < 7 g/dL (severe), 7–9.9 g/dL
(moderate), 10–10.9 g/dL (mild) and >11 g/dL (non-
anaemic or normal). If one or both of the IV iron
formulations are demonstrated to be effective in
transitioning women to non-anaemic status (Hb >11g/
dL) in the third trimester of pregnancy at either or both
of two timepoints prior to delivery, or if one or both IV
iron formulations are effective in reducing the risk of
LBW deliveries, a series of secondary exploratory ana-
lyses will be performed to identify baseline factors that
are predictive of treatment success. The objective of
these analyses will be to support future implementation
of the treatment regimen in broad populations by identi-
fying subpopulations most likely to benefit from the
treatment regimen. Separate logistic regression models
will be constructed for the anaemia and LBW outcomes,
with predictors to include Hb levels at the time of
randomization as well as TSAT and ferritin levels and
other baseline characteristics identified in the Statistical
Analysis Plan.

Interim analyses {21b}
An interim analysis for efficacy for the LBW outcome
will be performed when data are available on at least
444 participants per treatment arm (1/3 of expected
information). Using stopping boundaries from a Lan-
DeMets spending function with O’Brien-Fleming
bounds, we set α1=0.000026 so that the study could
be stopped if the comparison of either IV arm to the
oral arm had p<0.000026. Assuming the observed risk
of LBW is 25% in the oral arm, this would occur if
the observed risk of LBW in a particular iron arm
were 13.7% or less. To maintain an overall type-I
error rate of 0.0245 for each IV vs. oral comparison,
if the null hypothesis is not rejected at the interim
analysis, the final comparisons for LBW will be com-
pleted at the 0.02449 level.

Table 3 Blood sample collection sites

Visit number Collection site

Visit #2: (12–16 weeks’ gestation) Respective hospitals in Belagavi and Jaipur
Belagavi: KLES Dr. Prabhakar Kore Charitable Hospital and Medical Research Centre
Jaipur: SMS Medical College and Hospital

Visit #4: 2 weeks post-treatment CHC/PHC

Visit #5: 20–24 weeks gestation CHC/PHC

Visit #6: 26–30 weeks’ gestation CHC/CHC

Visit #7: 30–34 weeks’ gestation CHC/PHC

Visit #8: At delivery Participant’s Delivery Location

Visit #9: 42 days post-delivery CHC/PHC
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Assuming the study is not stopped for efficacy, one
formal interim analysis for futility will be completed
based on a data snapshot taken when the anaemia
outcome is available for 666 participants per group (1/2
of expected information). The interim analysis for
futility will involve the conditional power associated
with two hypothesis tests: the two-degree of freedom
CMH test of differences in prevalence of anaemia prior
to delivery across the three treatment arms and the two-
degree of freedom test of differences in risk of LBW
across the three treatment arms. If analyses for both pri-
mary efficacy outcomes show a conditional power of less
than 0.2 based on the observed data at the time of the
interim analysis and the assumed effect for the study de-
sign, the DSMB may consider recommending that the
study be stopped.
The analysis for safety will have two components.

First, point and 97.5% confidence interval estimates of
the risk of mortality and incidence of at least one SAE
will be developed for each of the three treatment arms.
If the interval estimates provide evidence that either of
the active IV iron treatment arms has significantly
higher risk of either mortality or adjudicated SAE
incidence than the active comparator arm (oral iron),
the DSMB will consider recommending stopping
enrolment for that active IV iron treatment arm. In
making the recommendation, the DSMB can consider
the overall risk profile of the treatment arms and any
evidence of efficacy that has been accumulated at the
time of the interim analysis.

Methods for additional analyses (e.g. subgroup analyses)
{20b}
IV iron arms will be descriptively compared with respect
to the proportion of LBW births and proportion of non-
anaemic patients by estimating the CMH-adjusted risk
ratio and associated 95% confidence interval. An add-
itional analysis comparing each IV iron arm to oral iron
will be performed on the per protocol cohort.
An exploratory Hb-based subgroup analysis will be

performed to estimate the effect of treatment on conver-
sion to non-anaemia status and the risk of LBW solely
by level of Hb measured prior to randomization (be-
tween the beginning of week 14 and 17 weeks 0 days of
pregnancy). Hb-based subgroups will be defined based
on clinical considerations but may be collapsed depend-
ing on the sample sizes within each group.

Methods in analysis to handle protocol non-adherence and
any statistical methods to handle missing data {20c}
The ITT cohort includes all randomized study
participants using treatment group assignments as
randomized. Missing anaemia and LBW data will be
imputed using multiple imputation as described above.

The exact method of imputation will be specified in the
statistical analysis plan prior to analysis. Secondary
outcomes will not be imputed.
The per-protocol cohort includes all study participants

randomized to IV who receive the complete, recom-
mended dosage of the randomly assigned IV iron formu-
lation between the beginning of the 14th week of
pregnancy and prior to the beginning of the 17th week
and all study participants assigned to oral iron therapy
who take equal to or greater than 80% of prescribed
pills. Use of any non-study-provided iron preparation
post-randomization will represent an exclusion for the
purpose of the per protocol analysis. Additionally, a par-
ticipant assigned to an IV iron arm that receives only a
portion of the recommended single infusion dosage for
the randomly-assigned IV iron formulation will be
excluded.

Plans to give access to the full protocol, participant-level
data and statistical code {31c}
Data sharing will be granted in accordance with the
details registered with the Clinical Trial Registry of India
(CTRI). Individual participant data that underlie the
results reported in specific publications arising out of
the trial, after de-identification (text, tables, figures and
appendices) will be shared. Additionally, the study
protocol, statistical analysis plan and informed consent
forms will be shared.
These files will be viewable by researchers whose

proposed use of the data has been approved by the Trial
Steering Committee. The data will be available for
analyses necessary to achieve aims in the approved
proposal. Data will be available via communication with
representatives of the Trial Steering Committee by
email: Dr Richard Derman (Richard.Derman@jefferson.
edu) and Dr M B Bellad (mbbellad@hotmail.com). Data
will be available beginning 3 months and ending 5 years
following article publication.

Oversight and monitoring
Composition of the coordinating centre and trial steering
committee {5d}
The Trial Steering Committee consists of the study PI,
Dr. Richard Derman; co-investigators from the Belagavi
site, Dr. Shivaprasad Goudar and Dr. Mrutyunjaya Bel-
lad; and co-investigators from the Rajasthan site, Dr.
Sudhir Mehta and Dr. Kusum Gaur. Each of the 3 col-
laborative research groups involved in this trial at Bela-
gavi, Jaipur and TJU will have established a senior
leadership team with team members meeting on a
weekly basis. This specified Steering Committee will be
responsible for overall oversight and governance of the
trial with the final responsibility remaining with the PI.
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The trial coordinating centre will reside at JNMC and
having responsibility for coordinating daily operations
for both the Belagavi and Jaipur sites. This includes
ongoing training and management of study site staff.
The study Technical Advisory Group (TAG) will

convene on a biannual basis to provide technical
assistance and oversight.

Composition of the data monitoring committee, its role and
reporting structure {21a}
An independent DSMB will be comprised of five
individuals: a chair and four supporting members. All
members of the DSMB will be free of conflicts of
interest to enable performance of their duties in an
unbiased manner.
The duties to be performed by the DSMB include

reviewing serious adverse events (SAEs), and adverse
events (AEs) and unanticipated problems posing risks to
study participants or their foetuses/offspring; assuring that
the research is conducted in a manner to minimize risk
and promote safety; assessing data quality, participant
recruitment, accrual and retention; and preparing reports
that outline DSMB recommendations and providing them
to the research team. The DSMB will meet approximately
every 6 months until all study participants have been
followed and data collected on outcomes through 42 days
post-delivery. Further information on the DSMB can be
found in the study protocol and MOO.
A designated Chief Quality and Safety Officer will also

serve as the senior biostatistical consultant for the
RAPIDIRON Trial. This individual will work with the
Data Management System (DMS) at JNMC and the
senior statistician at TJU to monitor the ongoing quality
of study operations and safety of study participants. He
will also serve as the primary interface between the
study investigators and the DSMB.
Given the importance of distinguishing serious adverse

drug reactions specifically related to intravenous iron
infusions from non-serious reactions that commonly
occur with the use of any intravenous medication, two
experts familiar with the use of IV iron have been desig-
nated as adjudicators.
The study teams from both Belagavi and Jaipur will

report possible SAEs in a timely manner to the
adjudicators. Two adjudicators will conduct rapid
reviews and provide case by case validation of all SAEs
and comment on the clinical management of each of
these cases. These reports will be submitted to the study
PI and site PIs, who will share the information with the
DSMB in a timely manner.

Adverse event reporting and harms {22}
An adverse event (AE) is defined as any untoward
medical occurrence in a study participant. Any AE that

occurs during the course of the trial and requires
treatment should be reported and the AE CRF
completed.
The RAPIDIRON trial is recruiting pregnant women

as participants. It is expected that these women will
experience a range of obstetric-related symptoms during
pregnancy, labour and the postpartum period. These
should not be recorded as AEs unless the event is of un-
usual severity, intensity, duration or frequency.
When uncertainty exists as to whether a condition is

to be reported as an AE or SAE such cases should be
reported to and monitored by the adjudicators.
A serious adverse event (SAE) involves a randomized

participant that initiated treatment OR the foetus or
newborn of such a participant. To qualify as an SAE, at
least one of the following criteria must apply to the
event: (1) results in a maternal or neonatal death, or a
foetal death greater than 20 weeks’ gestation; (2) is life-
threatening; (3) requires an unanticipated hospitalization
or prolongs an existing hospitalization; (4) results in per-
sistent or significant disability or incapacity; or (5) repre-
sents other serious or unexpected adverse events that a
study investigator feels should be reported, including
need for resuscitation.
Study drug reactions will be reported as an SAE if they

meet an SAE criterion (above) and will be documented
as an SAE that is related to the use of the study drug
only when confirmed by adjudication.
SAEs will be reported to, and monitored by, the

DSMB.
At each scheduled DSMB meeting after study

recruitment, SAE/AE data and a report summarizing
recruitment and participant status will be prepared for
review and discussion. Following its deliberations, the
DSMB will issue any recommendations it may have and
specify that the study should continue based upon
absence of significance safety concerns.

Frequency and plans for auditing trial conduct {23}
The study PI and statisticians will meet monthly to
review the data and evaluate its quality and safety. They
will provide a monitoring report with deidentified data
for the study funder on a quarterly basis. The data will
also be reviewed by an independent DSMB who will
meet every 6 months throughout the trial.
The study funder (CIFF) will employ an independent

clinical research organization (CRO) to routinely audit the
study and monitor the quality and safety of study practices.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}
The senior research team will meet weekly to review all
concerning issues. Any protocol amendments will be
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reviewed by all relevant parties including all site IRBs as
necessary. Changes to the protocol that would alter the
consent process will be communicated to study
participants in an appropriate manor. The means for
communicating any necessary changes to study
participants will be determined by the research team
taking into consideration the level of safety concern
involved and with advice from the DSMB.

Dissemination plans {31a}
Results of the study will be disseminated through
meetings and publications. In disseminating results to
study participants the research team will be consistent
with the guidelines of the CTRI.

Discussion
This study will assess the effectiveness of two
formulations of single-dose IV iron in the treatment of
IDA in pregnant women and reducing low birth weight
deliveries when compared with oral iron, the current
standard of care.
Though current research has demonstrated IV iron to

be a safe and effective treatment of IDA in pregnant
women, there remains a scarcity of large, quality trials
that assess the effect on maternal and neonatal
outcomes of iron administration in anaemic, pregnant
women. The Cochrane Review indicates the need for
assessing efficiency of iron treatment in pregnancy,
specifically newer approaches such as single-dose IV
iron. This study is unique in that it will address general-
isability of this intervention through a more rigorous as-
sessment on a large scale in a lower-middle income
country. It also has the potential to influence the refine-
ment of India’s health organizations current guidance on
IDA treatment and lead to better long-term outcomes.
Another important aspect of this study is the

independent economic analysis to be performed by
experts in the field of health economics and cost-
effectiveness of healthcare interventions. The study will
report the cost-effectiveness when employing each
single-dose IV iron formulation compared to oral ther-
apy in the treatment of IDA in pregnant women. One
aim is to demonstrate the economic feasibility of scale-
up of this treatment approach and its subsequent useful-
ness as a treatment for IDA in pregnant women in other
low- and middle-income countries with constrained re-
sources. There is also an opportunity to analyse the eco-
nomic impact of reducing low-birthweight and iron
deficiency in the offspring on the cost of interventional
programmes needed to modify the neurobehavioral ef-
fects of these two outcomes.
A potential challenge to consider is the impact that

COVID-19 cases in India might have on recruitment
and increased costs for personal protective equipment

(PPE); however, every effort is being made to minimize
the effects of these challenges.
While we have complete data for India’s National

Family Health Survey (NFHS-4) for 2015–2016, new
data for India’s NFHS-5 is currently being collected. The
new data for Rajasthan is not yet available, however, the
figures for Karnataka show an increase in the number of
both children and pregnant women who are anaemic
when compared to the 2015–2016 data [34]. This further
underscores the need for a new, easily accessible and
cost-effective approach for treating anaemia and timely
importance of this study.

Trial status
Protocol Version 1.2, March 8, 2021. Recruitment began
on March 15, 2021. The projected completion date for
recruitment is February 28, 2023.
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ABSTRACT 
Objectives: The objective of present work is to develop and standardize UV-Spectrophotometric method for 

estimation of Azadirachtin inmarketed formulation. 

Materials and Methods: UV-Spectrophotometric method was developed using Methanol as solvent. The 

developed method was standardized in terms of validation parameters such as specificity, selectivity, linear 

range, precision, robustness, ruggedness and reproducibility as per ICH guidelines. Newly developed and 

standardized method was successfully applied for estimation of Azadirachtin in marketed formulation. 

Results: Azadirachtin exhibits λmax at 206nm and beer’s law was obeyed in the concentration range of 5-

25g/ml. The limit of detection found to be 1.20g/ml and limit of quantification is found to be 3.63g/ml. 

Recovery of Azadirachtin in marketed formulation was observed in the range of 100-111%. All the precision 

and repeatability results were within acceptance range less than 2%. Assay of Azadirachtin was found to be 

93.96%.  

Conclusion: The method was found to be simple, accurate, environment friendly, reproducible and can be 

used for routine estimation analysis of Azadirachtin in marketed formulation. 

Keywords: Azadirachtin, Beer’s law, Methanol, UV- Spectrophotometer, Validation. 

 
INTRODUCTION 

Azadirachtin (Figure 1) is highly oxidized 
tetranortriterpenoid which belongs to the limonoid 
group. Azadirachtin is the active constituent 
present in the neemi.e.Azadirachtaindicabelongs 
to the family Meliaceae.1-2 Azadirachtin is the 
main compound of neem which is mainly used as 
insecticide and also it is useful in blood 
purification and detoxification.3-4 
 Many formulations containing Neem are 
available in the market for example Geo-Fresh 
Organic Neem tablet, Himalaya Neem Skin 
wellness tablet, Vestige Neem capsules, Organic 
Aura Neem Leaf capsules, BAPS AmrutNeem 
capsules and etc. 
In order to estimate Azadirachtin in marketed 
formulation few UV – Spectrophotometric 
methods have been reported by other 
researchers. The reported methods have their 
own limitation such as use of costly and 
hazardous solvent and also reported method 
have not fully validated the results. 

Hence there is need to develop and standardize 
UV – Spectrophotometric method for estimation of 
Azadirachtin in marketed formulation. 
 

 

Fig.1: Structure of Azadirachtin. 

Dimethyl(1S,4S,5R,6S,7S,8R,11S,12R,14S,15R)-
12-acetyloxy-4,7-dihydroxy-{6-
[(1S,2S,6S,8S,9R,11S)-2-hydroxy-11-methyl-
5,7,10-trioxatetracyclo[6.3.1.02,6.09,11]dodec-
3-en-9-yl]}-6-methyl-14-[(E)-2-methylbut-2-
enoyl]oxy-3,9-
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dioxatetracyclo[6.6.1.01,5.011.15]pentdecane-
4,11-dicarboxylate 
 
MATERIALS AND METHODS 
Instrumentation: UV-Spectrophotometer of 
Shimadzu UV-1900 with Lab Solutions software 
and  Shimadzu UV-1800 with UV Probe software 
were used for quality control of Azadirachtin. 
Calibrated weighing balance was used for 
weighing.  
Drug Sample: Azadirachtin (API) was obtained 
from KaizenBiochem, Amravati, Maharashtra and 
marketed formulation is purchased from market. 
Reagents and Chemicals: Methanol and other 
chemicals used for the experiment were obtained 
from the store house of KLE College of Pharmacy, 
Belagavi. 
Selection of Wavelength: Methanol was selected 
throughout the study because azadirachtin is 

soluble in methanol. Azadirachtin 20g/ml of 
working standard solution was scanned in 
between 400nm to 200nm and exhibited 
maximum absorption at 206nm in UV-
Spectrophotometer. 
Preparation of stock solution: An accurately 
weighed 10mg of Azadirachtin was taken in clean 
and dried 10ml volumetric flask and dissolved in 
methanol then volume is made using the same. 
This was considered as standard stock solution 

having concentration of 1000g/ml. This 
Standard stock solution was used for making 
further dilutions. 
Preparation of calibration curve: From the 
standard stock solution, serial dilutions containing 

concentrations of 5-25g/ml were prepared. The 
solutions were analyzed for 3 sets and the 
absorbances were measured at 206nm. Linearity 
curve was plotted as Concentration on x-axis and 
Absorbance on y-axis and linear regression 
equation was calculated. 
Method development and validation: 

Azadirachtin was found to be soluble in 
methanol. Therefore, this solvent was used for the 
determination of detection wavelength and 
working concentration of standard. International 
Conference on Harmonization(ICH) has provided 
guidelines i.e. Q2(R1) for validation of analytical 
method which defines this process as 
characteristic performance that is established by 
laboratory studies. Developed method was 
validated according to the ICH guidelines for the 
validation of analytical procedures in order to 
prove the suitability of method using method 
parameters. 
Specificity and selectivity: Azadirachtin selectively 
showed maximum absorbance at 206nm hence 
the method is found to be selective. And spectrum 
of solvent showed no absorbance at wavelength 

of Azadirachtin i.e. 206nm hence this method is 
found to be specific. 
Linearity: Linearity was examined in the range of 

5-25g/ml. Accurately weighed 10mg of 
Azadirachtin is transferred into a clean and dried 
10ml of volumetric flask and then the volume is 
made upto the mark using Methanol as solvent. 
From the above standard solution 1ml is pipetted 
out and transferred into the 10ml of volumetric 
flask and the volume is made using methanol. 
From this solution further dilutions are made to 
examine the linearity. 
LOD and LOQ: Limit of detection is concentration 
at which analyte in the test sample is detected. 
Limit of quantification is the concentration at 
which analyte in the test sample is quantified. By 
using the following formula LOD and LOQ are 
calculated. 
LOD = 3.3 x standard deviation of regression 
                                        Slope 
LOQ = 10 x standard deviation of regression 
                                        Slope 
 

Precision: In order to determine system precision 

three replicates of solution containing 5g/ml, 
15g/ml and 25g/ml of Azadirachtin were 
prepared and absorbance of each solution was 
measured at 206nm and %RSD (Relative 
Standard Deviation) was calculated. 
Method Precision was determined by performing 
assay of sample under the tests of 
1) Intraday Precision  
2) Interday Precision. 
For Intraday Precision three replicates of solution 
containing concentration 

5g/ml,15g/ml,25g/ml of 
Azadirachtinanalyzed and %RSD was calculated 
at different time intervals on the same day. 
For Interday Precision three replicates of solution 
containing concentration 

5g/ml,15g/ml,25g/mlofAzadirachtinanalyzed 
and %RSD was calculated on three consecutive 
days. 
Ruggedness: Ruggedness was determined by 
performing the same proposed method on 
different instrument and which was carried out by 
different analyst to check the reproducibility. 
Robustness: Methanol is used as solvent because 
Azadirachtin is soluble in methanol. Maximum 
absorbance of Azadirachtin is found at 206nm. 
Robustness is done by doing the sonication for 
1min and by changing the wavelength.  
Accuracy: Accuracy was determined by 
performing recovery experiments in which 
determination of % mean recovery of sample by 
standardization method at three different levels 
50%, 100% and 150% of the sample solutions 
were prepared.  
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10mg of accurately weighed Azadirachtin is 
transferred into the clean 10ml of volumetric flask 
and the volume is made upto the mark using 
methanol as solvent because Azadirachtin is 
soluble in methanol. From this above solution 
further dilutions are made. At each level three 
replicates of concentration solution was prepared 
and recovery study was carried out. 
Analysis of marketed formulation: The validated 
method was applied for the determination of 
Azadirachtin in marketed formulation. Twenty 
tablets were weighed and triturated to calculate 

the average weight of tablet. The amount of drug 
in sample was in good agreement with the label 
claim of the formulation. Percent assay was found 
to be 93.96%. 
 

RESULTS AND DISCUSSION 

Method development: UV-spectrophotometric 
method was developed by using UV-1800 
instrument using methanol as solvent. Maximum 
absorbance of Azadirachtin was found at 206nm 
and details of method developed were presented 
in Table 1.  

Table 1: Developed method parameters. 

Sr. No. Parameters Specifications 

1 Method Spectrometric 

2 Instrument UV 

3 Model 1800 

4 Make Shimadzu 

5 Software UV Probe 

6 Drug Azadirachtin 

7 λ max 206nm 

8 Solvent Methanol 

 

Method validation: 

Developed method was standardized in terms of 
validation parameters such as specificity, 
selectivity, linear range, precision, robustness, 
ruggedness and reproducibility as per ICH 
guidelines. 

Specificity and Selectivity 

Azadirachtin showed maximum absorbance at 
206nm and solvent i.e. methanol showed no 
absorbance at 206nm. Hence this results that the 
method is found to be specific and selective 
(Figure 2 and 3). 

 

Fig.2: UV-Spectrum of Solvent 

 

Fig.3: UV-Spectrum of Azadirachtin 
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Linearity: As mentioned in the above method 
dilutions are made for the linearity range i.e. 5-

25g/ml. The linearity graph is given in Figure 4, 

the linearity and range is given in Table 2 and the 
calibration curve is given in Figure 5. 

 

 

Fig.4: Linearity graphofAzadirachtin 

Table 2: Linearity and range data of Azadirachtin. 

Sr. No. Concentration (g/mL) Absorbance 

1 5 0.186 

2 10 0.357 

3 15 0.522 

4 20 0.663 

5 25 0.812 

r2 = 0.9984 

Slope = 0.032 

RSed = 0.011 

LOD = 1.20 

LOQ = 3.63 

 

 

Fig.5:  Linearity curve of Azadirachtin. 

Precision: 

System precision: As mentioned in the method in 
order to determine system precision three 

replicates of solution containing 5g/ml, 15g/ml 

and 25g/ml of Azadirachtin were prepared and 
absorbance of each solution was measured at 
206nm. The %RSD was calculated and it found to 
be less than 2% (Table 3). 

Table 3: System precision data of Azadirachtin 

Concentration (g/ml) Absorbance* Standard Deviation % Relative Standard Deviation 

5 0.19 0.0015 0.79 

15 0.49 0.0006 0.12 

25 0.82 0.0006 0.07 

* = Average absorbance of three replicates 
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Intraday precision:For intraday precision three 
replicates of solution containing concentration 

5g/ml,15g/ml,25g/ml of 

Azadirachtinanalyzed and %RSD was calculated 
at different time intervals on same day and %RSD 
was found to be less than 2% (Table 4). 

Table 4: Intraday precision data of Azadirachtin 

Concentration (g/ml) Absorbance* Standard Deviation % Relative Standard Deviation 

5 Abs 1Hr 0.20 0.0006 0.29 

Abs 4Hr  0.18 0.0017 0.94 

Abs 8Hr 0.21 0.0030 1.45 

15 Abs 1Hr 0.41 0.0006 0.14 

Abs 4Hr 0.49 0.0015 0.31 

Abs 8Hr 0.47 0.0012 0.25 

25 Abs 1Hr 0.74 0.0040 0.55 

Abs 4Hr 0.79 0.0035 0.45 

Abs 8Hr 0.76 0.0046 0.61 

*=Averageabsorbanceofthreereplicates 
Interdayprecision: For Interday precision three 
replicates of solution containing concentration 

5g/ml,15g/ml,25g/mlofAzadirachtinanalyzed 

and %RSD was calculated on three consecutive 
days. And the calculated %RSD was found to be 
less than 2% (Table 5). 

Table 5: Interday precision data of Azadirachtin 

Concentration (g/ml) Absorbance* Standard Deviation % Relative Standard Deviation 

5 Day 1 0.20 0.0026 1.33 

Day 2 0.19 0.0012 0.61 

Day3 0.19 0.0006 0.31 

15 Day 1 0.49 0.0006 0.12 

Day 2 0.50 0.0021 0.41 

Day 3 0.45 0.0025 0.55 

25 Day 1 0.82 0.0035 0.42 

Day 2 0.83 0.0044 0.53 

Day 3 0.77 0.0035 0.45 

* = Average absorbance of three replicates 

Ruggedness: Ruggedness was determined by 
performing the same proposed method on 
different instrument i.e. UV-1800 and UV-
1900and it is carried out by different analyst to 

check the reproducibility which showed %RSD less 
than 2% and indicates that the method developed 
is rugged (Table 6).  

Table 6: Ruggedness data of Azadirachtin. 

Concentration (g/ml) Absorbance* Standard Deviation % Relative Standard Deviation 

5 Analyst 1 
UV-1800 

0.18 0.0006 0.32 

Analyst 2 
UV-1900 

0.19 0.0021 1.08 

15 Analyst 1 
UV-1800 

0.51 0.0032 0.63 

Analyst 2 
UV-1900 

0.47 0.0046 0.98 

25 Analyst 1 
UV-1800 

0.79 0.0021 0.27 

Analyst 2 
UV-1900 

0.77 0.0031 0.40 

* = Average absorbance of three replicates 

Robustness: Methanol is used as solvent because 
Azadirachtin is soluble in methanol. Maximum 
absorbance of Azadirachtin is found at 206nm. 

Robustness is done by doing the sonication for 
1min and by changing the wavelength i.e. 
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205nm and 207nm.. The %RSD was found to be less than 2% (Table 7). 

Table 7: Robustness data of Azadirachtin 

Concentration 

(g/ml) 

Absorbance* Standard 

Deviation 

% Relative Standard 

Deviation 

5 Change in 
wavelength 

205nm 0.19 0.0025 1.32 

207nm 0.19 0.0006 0.30 

Sonication 1min 206nm 0.21 0.0015 0.71 

15 Change in 
wavelength 

205nm 0.49 0.0030 0.61 

207nm 0.50 0.0010 0.20 

Sonication 1min 206nm 0.50 0.0026 0.53 

25 Change in 
wavelength 

205nm 0.79 0.0049 0.62 

207nm 0.79 0.0040 0.51 

Sonication 1min 206nm 0.83 0.0010 0.12 

* = Average absorbance of three replicates 

Accuracy: Accuracy was determined by 
performing recovery experiments in which 
determination of % mean recovery of sample by 
standardization method at three different levels 

50%, 100% and 150% of the sample solutions 
were prepared. And the percent recovery is found 
in the range of 100-112% (Table 8). 

Table 8: Recovery data of Azadirachtin. 

Total 

concentrati

on 

(g/ml) 

Standard 

concentrati

on 

(g/ml) 

Sample 

concentrati

on 

(g/ml) 

Absorbance 

(206nm) 

Concentrat

ion 

(g/ml) 

Sample 

concentratio

n difference 

(g/ml) 

% 

Recove

ry Standar

d 

Sampl

e 

10 
(50%) 
 

9 1 0.357 0.360 10.08 1.08 108.40 

9 1 0.357 0.361 10.11 1.11 111.20 

9 1 0.357 0.359 10.05 1.05 105.60 

20 
(100%) 

9 11 0.663 0.670 20.11 11.21 101.91 

9 11 0.663 0.674 20.33 11.33 103.01 

9 11 0.663 0.674 20.33 11.33 103.01 

30 
(150%) 

9 21 0.983 0.981 29.93 20.93 104.69 

9 21 0.983 0.989 30.183 21.183 100.87 

9 21 0.983 0.984 30.03 21.03 100.14 

 

CONCLUSION 

It can be concluded that the developed method 
for estimation of Azadirachtin in marketed 
formulations simple, sensitive, accurate, precise, 
reproducible. The excipients of the commercial 
sample analyzed did not interfere in the analysis, 
which proved the specificity of the methods for 
this formulation.  
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ABSTRACT

Objectives: Lovastatin is an antilipidemic drug that belongs to the class of statins that has poor oral bioavailability due to its low solubility and variable 
dissolution rate. The main aim of this study was to enhance the solubility and dissolution rate of the drug and understand its oral bioavailability.
Materials and Methods: Lovastatin nanosuspension was formulated using a solventanti-solvent method using a probe sonication technique. A 
nanosuspension was prepared, using hydroxypropyl methylcellulose (HPMC) K15M and pluronic F68 as stabilizers. The formulated nanosuspensions 
were characterized for particle size, polydispersity index (PDI) zeta potential, surface morphology, and in vitro release rate. Further, an in vivo 
bioavailability study and stability studies were also performed. 
Results: Optimized formulation showed a particle size of 127±0.01 nm, a PDI of 0.492±0.001, and a zeta potential of -37.9 mV, which indicates good 
stability. Morphological study showed that the particles were in the nano range. The drug content was found to be in the range of 73-87%. In vitro 
release revealed much faster release of the drug in one hour compared to the pure drug and its marketed formulation. In vivo bioavailability study 
was carried out in Wistar rats, which showed improvement in bioavailability by approximately 2.5 folds compared with the marketed formulation. 
Stability studies indicated that the optimized formulation F2 was more stable at 4°C±2°C. 
Conclusion: The prepared lovastatin nanosuspension showed improvement in solubility, dissolution rate, and oral bioavailability compared to the 
pure drug and its marketed formulation. Hence, lovastatin nanosuspension may be a potentially valuable tool for improving the oral bioavailability 
of lovastatin.
Key words: Lovastatin, oral bioavailability, solubility, nanosuspension

ÖZ

Amaç: Lovastatin, düşük çözünürlüğü ve değişken çözünme hızı nedeniyle oral biyoyararlanımı zayıf olan statinler sınıfına ait antilipidemik bir ilaçtır. 
Bu çalışmanın temel amacı, ilacın çözünürlüğünü ve çözünme hızını artırmak ve oral biyoyararlanımını belirlemektir.
Gereçler ve Yöntemler: Lovastatin içeren nanosüspansiyon, bir prob sonikasyon tekniği kullanılarak solvent-anti-solvent yöntemi kullanılarak 
formüle edildi. Stabilizatör olarak hidroksipropil metilselüloz (HPMC) K15M ve pluronic F68 kullanılarak bir nanosüspansiyon hazırlandı. Formüle 
edilen nanosüspansiyonlar, partikül boyutu, polidispersite indeksi (PDI), zeta potansiyeli, yüzey morfolojisi ve in vitro salım profilleri belirlenerek 
karakterize edildi. Ayrıca, in vivo biyoyararlanım çalışması ve stabilite çalışmaları da gerçekleştirilmiştir.
Bulgular: Optimize edilmiş formülasyonun, partikül boyutu 127±0,01 nm, PDI değeri 0,492±0,001 ve zeta potansiyeli -37,9 mV olarak belirlendi, bu 
da formülasyonun iyi bir stabiliteye sahip olduğunu gösterdi. Morfolojik çalışma, partiküllerin nano aralıkta olduğunu gösterdi. İlaç içeriği %73-
87 aralığında bulundu. İn vitro salım, saf ilaca ve ticari formülasyona kıyasla ilacın bir saat içinde çok daha hızlı salım profili gösterdiğini ortaya 
çıkardı. İn vivo biyoyararlanım çalışması Wistar sıçanlarında gerçekleştirildi ve nanosüspansiyon formülasyonunda ticari formülasyona kıyasla 
biyoyararlanımda yaklaşık 2,5 kat iyileşme olduğunu gösterdi. Stabilite çalışmaları, optimize edilmiş F2 formülasyonunun 4°C±2°C’de daha stabil 
olduğunu gösterdi.

Department of Pharmaceutics, KLE College of Pharmacy Belagavi, KLE Academy of Higher Education and Research Belagavi, Karnataka, India

 Archana S. PATIL*,  Riya HEGDE,  Anand P. GADAD,  Panchaxari M. DANDAGI,  Rajashree MASAREDDY,  Uday BOLMAL

PATIL et al. Lovastatin Nanoparticles for Enhancing its Oral Bioavailability

Lovastatinin Gelişmiş Oral Biyoyararlanımı İçin Solvent-Anti-solvent 
Yöntemi ile Hazırlanan Nanosüspansiyon Formülasyonunun Araştırılması

Exploring the Solvent-Anti-solvent Method of 
Nanosuspension for Enhanced Oral Bioavailability 
of Lovastatin

Turk J Pharm Sci 2021;18(5):541-549
DOI: 10.4274/tjps.galenos.2020.65047

https://orcid.org/0000-0002-7458-8842
https://orcid.org/0000-0001-7951-9857
https://orcid.org/0000-0001-5263-3529
https://orcid.org/0000-0001-6933-2298
https://orcid.org/0000-0002-9624-4514
https://orcid.org/0000-0001-6487-6018


542     PATIL et al. Lovastatin Nanoparticles for Enhancing its Oral Bioavailability

INTRODUCTION
Oral route is the highly preferred route for administration of 
drugs as it provides high patient compliance.1 A large number 
of drugs that are available in the market exhibit low oral 
bioavailability because of their low aqueous solubility and 
intrinsic dissolution rate. According to the Biopharmaceutical 
Classification System, drugs with poor aqueous solubility are 
classified either as class II or class IV drugs.2 Poor aqueous 
solubility of the drugs results in low oral bioavailability, varying 
absorption rate, and inter/intrasubject proportionality.3 Oral 
bioavailability of various drugs is also affected by another 
factor (i.e., poor gastrointestinal permeability). According to the 
literature, various techniques like solubilization, salt formation, 
micronization, change in physical form, use of prodrug and 
drug derivatives, addition of surfactants, and pH alteration have 
been utilized for improving the dissolution and bioavailability of 
the drugs having poor aqueous solubility.4

Nanotechnology has reshaped the field of drug delivery and 
research. Pharmaceutical nanoparticles are solid submicron 
sized (<100 nm in diameter) drug carriers that may or may not be 
biodegradable.5 Types of nanoparticles that are applied in drug 
delivery include nanosuspensions, polymeric nanoparticles, 
and lipid nanoparticles. Nanosuspension is the colloidal 
dispersion of solid drug particles in a liquid phase having a 
particle size of <1 μm with an average particle size of 200-
600 nm.6 It consists of pure drug and stabilizers (surfactants 
or polymers). Their small particle size facilitates effective 
transportation of drug molecules to cells with an optimum 
therapeutic effect and reduced adverse effects.7 The potential 
benefits of nanosuspension technology for poorly soluble drug 
delivery are increased drug dissolution rate, increased rate, 
and extent of absorption, and hence the bioavailability of drugs. 
The selection of a suitable stabilizer or surfactant as well as 
the manufacturing method may offer nanosuspension with 
highest stability for long-term storage. Nanosuspension may be 
formulated by a bottom-up or top-down approach.

Cardiovascular disease remains the leading cause of morbidity 
and mortality worldwide, and hyperlipidemia is a major factor 
contributing to its development.8 Lovastatin is a cholesterol-
lowering agent that has been isolated from a strain of 
Aspergillus ferreus. It is very effective and well tolerated by 
patients with moderate hypercholesterolemia. Lovastatin also 
manifests pharmacological activities of bone formation and 
chemoprevention. Due to its rapid metabolism in the gut and 
liver, lovastatin exhibits poor oral bioavailability of <5% and a 
shorter half-life of 2-5 h.9 According to the literature, various 
attempts have been made to improve the aqueous solubility 
and bioavailability of lovastatin by preparing self-emulsifying 

drug delivery systems, nanostructured lipid carriers (NLC), 
and extended-release formulation by one-step melt granulation 
method. For instance, Sunil et al.10, Jun and Daxin11 and Gande et 
al.12 prepared stabilized self-emulsifying drug delivery systems 
in the form of hydrogel, NLC, and solid lipid nanoparticles 
(SLN) of lovastatin, respectively, with an objective to enhance 
the solubility and bioavailability of lovastatin, but there are no 
comparative data of their formulation with the already existing 
marketed product to justify the enhancement in bioavailability 
of the drug.

Hence, attempts were made to improve solubility and 
oral bioavailability of lovastatin by formulating lovastatin 
nanosuspension via the solvent-anti-solvent method using probe 
sonication technique in this study. Further, nanosuspensions 
were evaluated for particle size, polydispersity index (PDI), 
zeta potential, drug content,  an in vitro release study, in vivo 
bioavailability study, and stability study.

MATERIALS AND METHODS 
Materials
Lovastatin was procured as a gift sample from Lupin 
Pharmaceuticals, Goa. Hydroxypropyl methylcellulose (HPMC) 
K15M was purchased from Yarrow Chem Products, Mumbai. 
Pluronic F68 was purchased from Ozone Pharmaceuticals, 
Mumbai. Acetone, Chloroform, Methanol, and Ethanol were 
purchased from Molychem, Mumbai. Dialysis membrane having 
a cutoff molecular weight between 12,000 and 14,000 Dalton 
was purchased from Hi Media.

Methods

Optimization of process parameters

Selection of a suitable solvent-anti-solvent ratio
Before proceeding toward formulation of the lovastatin 
nanosuspension, a solvent and anti-solvent were selected 
based on the solubility studies of drugs in different solvents. 
In the solvent-anti-solvent method, the selected solvent should 
be a water-miscible solvent and capable enough to dissolve the 
drug to a greater extent so that a clear solution is obtained. 
Conversely, the solvent in which the drug was least soluble 
or was completely insoluble was selected as an anti-solvent. 
As the drug exhibits maximum solubility in methanol, it was 
selected as a solvent, and water was selected as an anti-
solvent since the drug was least soluble in water. Different 
ratios like 1:1, 1:2, 1:3, 1:4, and 1:5 were tried for formulating a 
nanosuspension. The ratio of solvent:anti-solvent that resulted 
in a production of  nanosuspension with the best reproducible 
particle size, and PDI was selected as an optimized ratio.

Sonuç: Hazırlanan lovastatin nanosüspansiyonu, saf ilaca ve ticari formülasyonuna kıyasla çözünürlük, çözünme hızı ve oral biyoyararlanım 
açısından gelişme göstermiştir. Bu nedenle, lovastatin nanosüspansiyonunun, lovastatinin oral biyoyararlanımını geliştirmek için potansiyele sahip 
olduğu sonucuna ulaşıldı.
Anahtar kelimeler: Lovastatin, oral biyoyararlanım, çözünürlük, nanosüspansiyon
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Optimization of sonication time
Optimization of sonication time was done by sonicating the 
formulation for 2, 5, 10, 15, and 20 mins. Based on the best 
and reproducible results of particle size and PDI, an optimized 
sonication time was selected.

Selection of polymer and surfactant
A suitable polymer was selected by screening various polymers 
like HPMC K15M, HPMC K100M, and PVPK30. Based on the best 
and reproducible results of particle size, PDI, and the ability to 
inhibit crystal growth, a suitable polymer was selected. Various 
surfactants like pluronic F68, pluronic F127, and polyethylene 
glycol 6000 were tested to determine the surfactant effective 
in reducing the particle size of the drug. 

Effect of flow rate
Particle size of the obtained nanosuspension was measured at 
varied flow rates of drug solution into polymer solution at 2-8 
mL/min to select the optimum flow rate during the formulation 
of nanosuspension. All the process optimization parameters 
are depicted in Table 1.

Formulation of nanosuspension by solvent-anti solvent 
technique
Six formulations of (F1-F6) lovastatin nanosuspensions 
were prepared by the solvent-anti-solvent method using a 

probe sonication technique. Briefly, a specified amount of 
drug was completely dissolved in the water-miscible solvent 
(methanol). In another beaker, polymer/surfactant was added 
to the water (anti-solvent) and further sonicated till a clear 
polymeric solution was formed. The prepared drug solution 
was then added to the polymeric solution at a rate of 2 mL/min 
and maintained in an ice bath to prevent particle collision till 
precipitation occurred.13-16 The quantities of ingredients used in 
the formulation are mentioned in Table 2, and the solvent-anti-
solvent technique is depicted in Figure 1.

Evaluation of lovastatin-loaded nanosuspensions 

Particle size analysis
The particle size of the prepared nanosuspension was 
determined using a dynamic light scattering (DLS) particle size 
analyzer. For analysis, the nanosuspension was diluted with 
Millipore water at a ratio of 1:5 and further sonicated for 2 min. 
Samples were analyzed in triplicate.17

Polydispersity index
PDI is also measured using a DLS particle size analyzer. 
The obtained PDI values give an idea about the particle size 
distribution of nanoparticles. Their values range from 0.000 to 
1.000, which demonstrate that the lower the value, the narrower 
the size distribution of nanoparticles and vice versa.18

Table 1. Optimization of process parameters and their evaluation

Optimization of the solvent:anti-solvent ratio and sonication time

Solvent (methanol):anti-solvent (water) ratio 1:1 1:2 1:3 1:4

Sonication time (min) 05 10 15 20

Particle size (nm) 1595 623 407 379

PDI 1.6 1.5 0.04 0.4

Effect of polymer on particle size and PDI

Polymer Particle size (nm) PDI

HPMC K15M 483 0.5

HPMC K100M 1054 0.5

PVP K30 1064 0.5

Effect of a surfactant on particle size and PDI

Surfactant Particle size (nm) PDI

PEG 6000 1205 1.9

Pluronic F127 926 0.4

Pluronic F68 442 0.6

Effect of flow rate on particle size and PDI

Flow rate Particle size (nm) PDI

2 mL/min 487 0.4

4 mL/min 604 0.5

6 mL/min 798 0.5

8 mL/min 1023 0.6

PDI: Polydispersity index, HPMC: Hydroxypropyl methylcellulose, PVP: Polyvinylpyrrolidone, PEG: Polyethylene glycol
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Drug content
Lovastatin nanosuspension was equivalent to 1 mg and was 
added to 10 mL of methanol; it was further diluted with a 
phosphate buffer up to 100 mL and stirred continuously for 
2 h. It was subjected to ultracentrifugation at 15,000 rpm for 
20 min. The supernatant was collected, suitably diluted, and 
analyzed spectrophotometrically at 238 nm.19

Zeta potential
A physical property exhibited by particles in suspension is 
zeta potential. It is used for the optimization of emulsions and 
suspensions as its knowledge reduces the number of trial 
formulations. It is also an important parameter to predict long-
term stability.20

Transmission electron microscopy (TEM)
The external morphology of lovastatin nanosuspension was 
studied using TEM, and it was performed at SAIF, Cochin. 

Samples for TEM were prepared by initially diluting with Millipore 
water. Then, a drop of nanosuspension was kept on a copper 
grid (carbon coated) and stained with phosphotungstic acid. 
The grid was air dried and observed at different magnifications 
under TEM.21

In vitro drug release study
The in vitro drug release of lovastatin was performed using 
the dialysis bag diffusion technique. An accurately weighed 
quantity of nanosuspension (equivalent to 10 mg of the drug) 
was placed in a dialysis bag, and the bag was sealed. Then, 
the bag was suspended initially for 1 h in a basket containing 
900 mL of pH 6.8 phosphate buffer. Aliquots of 5 mL of the 
sample were withdrawn at pre-determined intervals from the 
compartment, and the same amount was replaced by the fresh 
buffer. The sample was analyzed spectrophotometrically after 
suitable dilution by determining the absorbance at 238 nm.22

Figure 1. Formulation of nanosuspension by the solvent-anti-solvent technique

Table 2. Formulation design of lovastatin nanosuspension using the solvent-anti-solvent method

Formulation number Lovastatin (mg) HPMC K15M (mg/mL) Pluronic F68 (mg/mL) Methanol (mL) Water (mL)

F1 10 1.0 - 10 50

F2 10 1.5 - 10 50

F3 10 - 1.0 10 50

F4 10 - 1.5 10 50

F5 10 1.0 1.5 10 50

F6 10 1.5 1.0 10 50

HPMC: Hydroxypropyl methylcellulose
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In vivo bioavailability study
Healthy Wistar rats weighing 180-200 g were housed in 
polypropylene cages and maintained at room temperature for 12 
h dark/light cycles. They were fed with standard pelleted diet 
and water. The animals were acclimatized for one week under 
laboratory conditions before experiments were done on the 
animals. Ethical clearance was obtained from the Institutional 
Animal Ethics Committee (resolution no: KLECOP/CPCSEA/
Re.no.221/ PO/RE/S/2000/CPCSEA Res.27-24/12/2018) prior 
to the beginning of the research. The in vivo study was aimed 
to mainly estimate the amount of drug in the blood withdrawn 
from rats at various time intervals.23

Twelve healthy male Wistar rats weighing 180-200 gms were 
selected and divided into two groups, each containing six rats. 
Group 1 received the marketed product of lovastatin, and group 
2 received lovastatin nanosuspension equivalent to 0.108 mg 
in normal saline through the oral route. After 0.5, 2, 4, 6, 8, 10, 
and 24 h, 0.5-1 mL blood was collected from the tail vein into an 
Eppendorf tube containing 10-μL EDTA and centrifuged at 5000 
rpm for 20 min. Supernatant plasma was collected, filtered 
through a 0.45 μm membrane into clean vials and analyzed 
spectrophotometrically to determine the concentration.

Short term stability studies
The optimized formulation was subjected to stability studies as 
per International Council on Harmonisation (ICH) guidelines. The 
formulation was exposed to varying conditions of temperature 
and relative humidity, i.e., 25°C/65% RH and 4°C/65% RH, for a 
period of three months in a humidity control oven. The samples 
were collected and evaluated for particle size and percent 
cumulative drug release at intervals of 0, 1, 2, and 3 months, 
respectively.

RESULTS AND DISCUSSION
Optimization of process parameters
For the drug lovastatin, maximum solubility was observed in 
methanol, and least solubility was observed in water. Hence, 
methanol was selected as a solvent and water as an anti-
solvent. Based on the effect of the solvent: anti-solvent volume 
ratio on particle size, a 1:4 ratio was considered optimum as 
the particle size was obtained in the nano range. Based on the 
best and reproducible results, the optimized sonication time 
was found to be 20 mins, which produced particles in the nano 
range.

Polymer screening was performed using various polymers 
like HPMC K15M, HPMC K100M, and PVPK30. Particle size 
was measured immediately after precipitation. HPMC K15M 
was found to be more effective in inhibiting crystal growth as 
compared to particles prepared without the use of a polymer. 
Hence, HPMC K15M was selected as the stabilizer for the 
experiment. Pluronic F68 surfactant was found to have more 
potential as the obtained particle size of nanosuspension was 
observed in the nano range.

It was observed that an increase in flow rate (2-8 mL/min) 
increased the particle size from 487 nm to 1023 nm because of 

large crystal formations. Hence, a flow rate of 2 mL/min was 
found to be optimum to get the particle size in the nano range. 
The process optimization parameters and their evaluation 
results are depicted in Table 1.

Formulation of nanosuspension by the solvent-anti-solvent 
technique
Lovastatin nanosuspension was successfully prepared by the 
solvent-anti-solvent method using a probe sonication technique. 
A total of six formulations were prepared using HPMC K15M and 
pluronic F68 as stabilizers. In the technique, the addition of the 
drug solution to the anti-solvent leads to higher supersaturation. 
This produces many nuclei because of a high nucleation rate, 
which in turn reduces the mass of the solute for subsequent 
growth. Submicron particles are thus produced, provided that 
the nucleating crystals’ growth is arrested by the stabilizer 
via stearic or electrostatic mechanism. Because lovastatin is 
a hydrophobic drug, the most generally used anti-solvent is 
water. With respect to the solvent, it has more potential if it 
solubilizes a higher amount of drug and possesses a greater 
diffusion rate to the anti-solvent, whereas the stabilizer should 
possess good affinity toward the drug particles and result in 
a fast diffusion rate as well as sufficient adsorption onto the 
surface of the drug particles in the solvent-water mixture. 
Hence, a pair of solvent-stabilizer is crucial to achieve the 
submicron particles.24

Evaluation of lovastatin-loaded nanosuspension

Particle size analysis
Particle size of the prepared formulation was determined to 
confirm the production of the particles in the nano range. All 
formulations were found to be in the range of 127-401 nm (Table 
3). It was observed that the particle size was decreased from 
284 nm to 127 nm, as the HPMC concentration increased from 
1.0 mg/mL to 1.5 mg/mL. This is attributed to the good affinity 
of the hydrophobic portion of HPMC for drug particles, which 
leads to an effective stearic barrier against growth. Similarly, 
when the concentration of pluronic F68 increased from 1.0 mg/
mL to 1.5 mg/mL, the particle size decreased from 401 nm to 
239 nm. This result may be due to the high affinity of lovastatin 
particles toward this stabilizer, which provided an effective 
stearic barrier against crystal growth. Additionally, particle size 
of the formulations containing the combination of both HPMC 
K15M and pluronic F68 (F5 and F6) were in the nano range.

Polydispersity index
PDI determines particle size distribution, which ranges from 0 
to 1. The sample is said to be monodisperse when the PDI value 
is close to zero. When the PDI value is <0.2, it is regarded as a 
narrow size distribution. PDI of all the formulations are shown in 
Table 3. However, when the PDI value is >0.2, it is considered as 
polydisperse distribution. Among the prepared nanosuspension 
formulation, F1 and F3 showed monodisperse size distribution 
with PDI values of 0.28 and 0.048, respectively. F2, F4, F5, and 
F6 exhibited polydisperse-sizes distributions with PDI values 
of 0.492, 0.81, 0.61, and 0.30, respectively.
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Zeta potential
The zeta potential was analyzed to determine the stability of 
the optimized formulation. The zeta potential of the optimized 
formulation was found to be -37.9 mV, which indicates good 
stability.

Transmission electron spectroscopy
TEM images of the optimized formulation F2 revealed that 
the particles were spherical in shape, evenly distributed, and 
were in the range of 64.62-157.82 nm, which is close to the 
value obtained from the particle size analyzer (Nanotrac). TEM 
images are shown in Figure 2.

Drug content
Drug content was calculated for the formulations F1-F6, and it 
was found to be in the range of 73-86.29%. Drug content was 
found to be maximum for the formulation F2 and least for the 
formulation F3.

In vitro drug release study
An in vitro drug release study performed in phosphate buffer 
(pH 6.8) for 1 h to check the release of drug is depicted in 
Figure 3. The results indicated that the formulation F2 with 
the least particle size showed a maximum release rate. Based 
on the drug content, particle size, and drug release profile, the 
formulation F2 was selected as an optimized formulation. The 
release profile of the optimized formulation was then compared 
to the release profile of the pure drug and its marketed 
formulation, as shown in Figure 4. The percent cumulative 
drug release obtained at the end of 1 h for optimized, marketed, 

and pure drug formulations were 92.83%, 60.47%, and 39.73%, 
respectively. This is because smaller the particle size, larger 
the surface area. Hence, the drug that is at or near the surface 
is easily released. 

In vivo bioavailability study
The study was performed in Wistar rats to compare the plasma 
concentration of the optimized formulation F2 with that of the 
marketed product given orally in a normal saline. The average 
concentration was obtained at regular intervals for both the 
formulations. A comparative graph of plasma concentration vs. 
time of the optimized formulation F2 and the marketed product 
is shown in Figure 5. This graph revealed that the formulation 
F2 showed a greater bioavailability than that of the marketed 
product. Area under the concentration (AUC) of 29.34 μg h/mL, 
Cmax of 4.9 μg/mL, and Tmax of 4 h was observed for the marketed 
product when given orally. However, the optimized formulation 
showed AUC of 63.05 μg h/mL, Cmax of 6.5 μg/mL, and Tmax of 
1 h, which was calculated by the trapezoidal method (Table 4). 
Thus, the lovastatin nanosuspension was able to improve the 
bioavailability by approximately 2.5 folds when compared to the 
marketed product.

Few more studies have been conducted with respect to the 
bioavailability enhancement of lovastatin. For instance, Roshan 

Figure 3. In vitro drug release profile for all the formulationsFigure 2. Transmission electron microscopy images of the optimized 
formulation F2

Table 3. Particle size, polydispersity index, percent drug content, and percent CDR of the nanosuspension formulations F1-F6

Formulation code Particle size (nm) PDI (Mv) Drug content % CDR %

F1 284±0.04 0.28±0.022 76.90±08 87.44±06

F2 127±0.01 0.492±0.001 86.33±07 92.83±08

F3 401±0.06 0.048±0.004 73.25±06 78.19±07

F4 239±0.002 0.81±0.003 78.02±06 89.53±05

F5 224±0.02 0.61±0.005 82.51±08 90.33±06

F6 319±0.03 0.30±0.02 74.00±05 80.25±05

Data are expressed as the mean ± SD (n=3). CDR: Constant default rate, PDI: Polydispersity index, SD: Standard deviation
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et al.25 performed comparative in vivo pharmacokinetic studies 
among solid lipid nanoparticle SLN carrier and NLC and 
concluded that the lovastatin-encapsulated NLC presented 
increased bioavailability (10.56%) compared to SLN (7.5%). 
Keerthi and Bhikshapath26 developed a self-nanoemulsifying 
drug delivery system (SNEDDS) of lovastatin to increase its 
solubility and bioavailability. This study concluded that the 
optimized formulation of SNEDDS significantly improved the 
oral bioavailability of lovastatin as compared with the pure drug 
(no comparison with the marketed product).26 Recently, Gaber27 

prepared and optimized nanoparticles by an ultrasonication-
assisted precipitation method. In vivo studies confirmed 
that there was a 1.45-fold enhancement in Cmax of lovastatin 
nanoparticles as compared to a marketed tablet.27 These 
studies have also led to enhanced bioavailability of the drug, 
but not to the extent of a 2.5-fold increment compared with 
the marketed product. Thus, a developed nanosuspension by 
the solvent-anti-solvent method may be a potential technique 
to produce submicron particles of poorly water-soluble drugs, 
thereby enhancing oral bioavailability.

Short-term stability studies
Stability studies were conducted for the optimized formulation 
F2 as per ICH guidelines for a period of 3 months. Physical 
appearance of F2 changed slightly when samples were stored 
at room temperature 25°C±2°C/RH 65%±5% for 3 months. A 
sediment of thin layer was observed. However, it disappeared 
immediately with slight shaking. No change in the physical 
appearance was observed when nanoparticles were stored 
in the refrigerator at 4°C±2°C/RH 65%±5% for 3 months. On 
comparing the stability study data with the initial data, it was 
observed that there was not much change in the particle size 
and the in vitro drug release for the formulation stored at 
4°C±2°C/RH 65%±5% to that stored at room temperature. Thus, 
the formulation stored at 4°C±2°C/RH 65%±5% showed better 
stability as compared to the formulation stored at 25°C±2°C/RH 
65%±5%.

CONCLUSION
In the present study, the solvent-anti-solvent method was 
employed to formulate nanosuspension of lovastatin for 
enhancing the solubility, dissolution rate, and thereby its oral 
bioavailability. Lovastatin nanosuspension was formulated 
using methanol as a solvent, water as an anti-solvent, and HPMC 
K15M and Pluronic F68 as stabilizers. Fourier transform infrared 
spectroscopy and differential scanning calorimetry studies 
showed no interaction between the drug and the excipients 
that were used in the formulation (results not shown). On the 
basis of drug content, particle size, and drug release profile, 
formulation F2 was selected as an optimized formulation. TEM 
images suggest that the particle size of all the formulations 
were in the nano range. Zeta potential of optimized formulation 
F2 was found to be -37.9 mV, which showed a good stability. 
The dissolution rate depends upon the particle size. The smaller 
the particle size, the faster will be the dissolution. Formulation 
F2 showed a maximum dissolution rate of 92.83% in 1 h when 
compared with the pure drug and the marketed formulation, 
which showed 39.73% and 60.47% dissolution in the same 
time. A pharmacokinetic analysis of in vivo bioavailability data 

Figure 4. Comparison of in vitro drug release profile of the optimized 
formulation (F2) with that of a pure drug and marketed formulation

Figure 5. In vivo plasma drug concentration time curve of the optimized 
formulation (F2) and marketed formulation

Table 4. Pharmacokinetic parameters of marketed formulation and optimized formulation F2

Formulation Cmax (µg/mL) Tmax (h) AUC0-t (µg/mL/h)

F2 6.5 01 63.05

Marketed product 4.9 04 29.34

Cmax: Maximum plasma concentration, Tmax: Time of maximum plasma concentration, AUC0-t: Area under the concentration-time curve from dosing (time 0) to time t
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indicated a 2.5-fold increase in comparison with the marketed 
formulation. Stability studies were conducted according to ICH 
guidelines for optimized formulation F2, and it was more stable 
at 4°C±2°C. Thus, it may be concluded that the solvent-anti-
solvent method is a simple and potential technique to produce 
submicron particles of poorly water-soluble drugs, thereby 
enhancing oral bioavailability for commercial production.
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A B S T R A C T   

In Search of new microtubule-targeting compounds and to identify a promising Eg5 inhibitory agents, a series of 
2-((7-chloroquinolin-4-yl) amino) benzohydrazide Schiff bases molecules (6 a-r) were synthesized using 
appropriate synthetic method. The synthesized compounds were characterized by using FTIR, Proton NMR, 
Carbon NMR and mass spectral analysis. All eighteen compounds were evaluated for their Eg5 inhibitory activity. 
Among the evaluated compounds, only seven compounds are shown inhibitory activity. The results of Steady 
state ATPase reveled that compounds 6b, 6l and 6p exhibited promising inhibitory activity with IC50 Values of 
2.720 ± 0.69, 2.676 ± 0.53 and 2.408 ± 0.46 respectively. Malachite Green Assay results reveled that 6q 
compound showed better inhibitory activity with IC50 Value of 0.095 ± 0.27. In vitro antioxidant capacity of the 
synthesized compounds was investigated. A molecular docking studies were performed to evaluate interaction in 
to binding site of kinesin spindle protein, these interaction influencing may support Eg5 inhibitory activity. The 
drug like parameters of the eighteen synthesized compounds were also computed using Qikprop software. In 
conclusion, some of 2-((7-chloroquinolin-4-yl) amino) benzohydrazide Schiff base compounds represent prom-
ising drug like agents for discovery of effective anticancer molecules.   

1. Introduction 

Cancer is the second leading cause of death throughout the world 
and accounts for more than 18 million new cases and 9.6 million deaths 
in 2018. Among them lung, prostate, colorectal, stomach and liver 
cancer are the most common types of cancer in men. Whereas Brest, 
cervical and thyroid cancers are most common among women [1]. 

Among the current management approaches like immunotherapy, 
hormonal therapy, targeted therapy, radiotherapy and surgery for 

cancer prevention and treatment, chemotherapy stands as the most 
common therapeutic approach, which involves application of active 
pharmaceutical ingredients [2]. Toxicity to healthy cells, adverse effect 
and resistance are most common for existing therapeutic agents [3]. 
Thus, there is need for new therapeutic compounds for better manage-
ment of cancer treatment. 

Quinoline heterocyclic systems are recognized as a promising 
molecule under alkaloid class of natural products and exist in many 
pharmacological active plants, [4] the quinoline is a well-known moiety 
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present in a various active pharmaceutical compounds with relevant 
broad spectrum of pharmacological properties. Presently, quinoline 
scaffolds are available as antitubercular and antibacterial (bedaquiline, 
ciprofloxacin, ofloxacin, gatifloxacin, sparfloxacin), antiplasmodial and 
antimalarial (chloroquine, piperaquin, amodiaquine, meflaquin), anti-
cancer (pelitinib, dactolisib) in addition, recently approved cabozanti-
nib (4,6,7-trisubstited quinoline analogue) for the management for 
advanced kidney, liver, and progressive metastatic medullary thyroid 
cancer, and RXDX-106, TAS-115, AMG-458, Feretinib and Ningetinib 
are in developing in various phases of clinical trials [5–7]. Hybridization 
of quinoline and hetero aromatic compounds shows excellent manage-
ment therapy for the management of cancer biology. During the litera-
ture review we observed that7-chloro-4-aminoquinoline ring bearing 
compounds display broad range of pharmacological activity. Shobeiri 
et al. have reported that, 2-aryl-trimethoxyquinoline hybrids and tested 
for cytotoxic activity out of which (5,6,7-trimethoxy-2-(3,4,5-trime-
thoxyphenyl)quinolin-4-yl) methanol has demonstrated promising ac-
tivity [8]. Lee et al have reported that 2-(Phenylsulfonyl)quinoline N- 
hydroxyacrylamides posess promising activity on A549 cell lines with 
IC-50 value of 0.27 mM [9]. Elbadawi et al, have synthesized 4-alkoxy-2- 
aryl-6,7-dimethoxyquinolines as a new class of topoisomerase I in-
hibitors and reported that the compound 6,7-Dimethoxy-4-(3-(pyrroli-
din-1-yl)propoxy)-2-(4-(trifluoromethyl) phenyl)quinoline showed 
promising anticancer activity [10]. 

Apart from these, quinolines were promising Pim-1 kinase, potential 
epidermal growth factor receptor (EGFR), Vascular endothelial growth 
factor receptor (VEGFR), c-Mat kinase and c-Kit inhibitors [11] (Fig. 1). 

Spindle-Targeting agents play important role in management of 
various types of cancer by affecting proteins such as Eg5 (Kinesin spindle 
protein). According literature [12] Kinesin spindle protein is a prom-
ising biological target for potential antitumor efficacy, when compared 
to other microtubule targets, furthermore, some of the Kinesin spindle 
protein inhibitors exhibited promising efficacy in tumor cell resistant to 
paclitaxel [13,14]. On the other hand, quinoline-benzohydrazide schiff 
bases compounds showed potent anti-proliferative activity against he-
patocellular carcinoma cell lines; In addition, benzohydrazide schiff 
bases showed significant biological activities like Enoyl ACP-reductase 
inhibitors, Anti-Tubercular, Anticancer, acetylcholinesterase and 
butyrylcholinesterase inhibitors, antimicrobial, anti-inflammatory and 

anticonvulsant activities [15–25]. 
On the bases of above facts, Kinesin spindle protein is an significant 

target and previously published data on quinoline analogues like tetra-
hydroquinoline, 1,4-dihydroquinolin-4-ones showed promising in-
hibitors of Kinesin spindle protein [26–28] Herein we presented design 
and synthesis of 2-((7-chloroquinolin-4-yl) amino) benzohydrazide 
Schiff bases molecules as a potent Kinesin spindle protein inhibitors. 

2. Results and discussion 

2.1. Chemistry 

7-chloro-N-phenylquinolin-4-amine based Schiff bases (6a-r) were 
prepared according to the reaction order presented in Scheme 1. The 
4,7-disubstituted intermediate quinolin (3) was synthesized by reaction 
between methyl anthranilate and 4, 7-dichloroquinoline in presence of 
Hydrochloric acid (HCl). Quinoline substituted benzo hydrazide com-
pound (4) was obtained reaction between methyl ester compound (3) 
and hydrazine hydrate in presence of methanol. The target N’-benzyli-
dene-2-((7-chloroquinolin-4-yl) amino) benzo hydrazide analogues (6 a 
- r) were synthesized in promising yield by reaction occurred between 
compound (4) and appropriate aromatic and hetero aromatic aldehydes 
(5 a - r). 

The newly chemical structures were characterized by FTIR, 1H NMR, 
13C NMR and mass spectral analysis. The FTIR spectrum of intermediate 
methyl 2-((7-chloroquinolin-4-yl) amino) benzoate (3), showed ab-
sorption peaks around 1670 and 3250, 3280 cm− 1 due to carbonyl 
(C––O) and amino (NH) stretching respectively, and proton spectra of 
compound (3) indicated characteristic signal corresponding to amino 
protons at δ value 9.98 ppm and singlet for methoxy group (–OCH3) at δ 
3.81 ppm. Compound quinolin substituted benzo hydrazide (4) showed 
absorption peaks at 1620 and 3203, 3242 cm− 1 due to carbonyl (C––O) 
and amino (NH2) stretching respectively, and 1H spectrum showed 
specific exchangeable peaks corresponding to amino (NH2, NH) protons 
at δ value 4.59, 10.05 and 10.82 ppm. The N’-benzylidene-2-((7-chlor-
oquinolin-4-yl) amino) benzo hydrazide analogues (6 a - r) were 
exhibited absorption band around 3200 cm− 1 characteristic for NH 
stretching and their proton NMR spectroscopic investigation showed 
indicative singlet signal at δ 10 and 12 ppm attributed to amino (NH) 

Fig. 1. Promising anticancer agents.  
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proton. In conclusion of formation of these compounds was also 
confirmed by mass spectral data. 

2.2. Steady state ATPase assay 

Steady-state ATPase assay [29] was performed to determine the IC50 
values of 7-chloro-N-phenylquinolin-4-amine based inhibitors. All 
eighteen ligands (6a-r) were subjected to Eg5 inhibitory evaluation; 
amongst, only seven compounds were shown inhibitory (Figs. 2 and 3 
activity with IC50 value ranges 2.4 to 6.74 and results are presented in 
Table 1. The Eg5 inhibitory results revealed that both electron with-
drawing and electron releasing groups attached to 2-((7-chloroquinolin- 
4-yl) amino) benzohydrazide schiff bases are exhibited Eg5 inhibitory. 
The ligands like 6h, 6j, 6q, and 6r exhibited Eg5 inhibitory activity at 
IC50 value of 3.02, 5.83, 3.26 and 6.74 respectively which is lesser than 

standard STLC. Whereas, compound 6b, 6l, and 6p showed promising 
inhibitory activity at IC50 value of 2.72, 2.67, and 2.4 respectively. 

2.3. Malachite green assay 

Malachite green assay [29,28] was performed to all synthesized of 7- 
chloro-N-phenylquinolin-4-amine based inhibitors. We observed that 
out of (6a-r) eighteen compounds were evaluated, the similar 07 com-
pounds showed inhibitory activity against Eg5 (Fig. 4. The assay results 
that (E)-2-((7-chloroquinolin-4-yl) amino) -N’-(4-formylbenzylidene) 
benzo hydrazide (6q) exhibited promising activity (IC50 values of 0.09 
µM) as compared to other compounds, and more than thirty folds higher 
than S-trityl-L-cysteine (STLC) (IC50 values of 2.95 µM). Compounds like 
6h, 6p (IC50 values of 0.2 µM), 6b (IC50 values of 0.8 µM), 6l (IC50 values 
of 0.6 µM) exhibited better inhibitor activity than compound 6j (IC50 

Scheme 1. Reagents and conditions:(a) HCl, reflux,3h;(b) Hydrazine hydrate (80%), MeOH, reflux, 24h; (c) EtOH, reflux, 24h.  

Fig. 2. Concentration-response plots for the inhibition of the basal Eg5 ATPase activity by steady state ATPase assay.  
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values of 2.6 µM), and 6r (IC50 values of 1.7 µM) and results are 
accessible in Table 1. 

2.4. In vitro antioxidant activity 

Prolonged activation of oxidative stress via the transition metal ions 
and ROS system leads to modify the functioning of regulatory proteins in 
homeostasis [30] which plays a prime role in the development and 
progression of complex diseases like cancer. During this process, free 
radicals like H•, OH• are released via the breakage of covalent bond and 
precedes for chain reaction via redox reaction in which a free radical 
promotes for the production of another free radical [31]. In the pro-
gression of cancer pathogenesis mainly due towards oxidative stress 
myeloperoxidase and NAD(P)H play an important role in the generation 
of free radicals. During cancer pathogenesis, inflammation of the tissue 
is common pathogenesis [32] which is also majorly contributed via the 
myeloperoxidase from circulating neutrophils; however also affects 
damages to host tissue too [33]. Further, inflammation, apoptosis, hy-
pertrophy and angiogenesis are the most commonly observed in cancer 
pathogenesis and is primarily contributed by NAD(P)H oxidase [34]. 
Hence, elevated levels of these enzymes are the major contributor in the 
progression of cancer progression via the elevated level of free radical 
oxygen species and hindering the homeostatic task of multiple proteins. 
Thus, cytotoxic molecule possessing anti-oxidant property could benefit 
in scavenging free radical and would add the beneficial effect in cancer 
pharmacotherapy. Thus, we had an attempt to screen the series of 2-((7- 
chloroquinolin-4-yl) amino) benzohydrazide Schiff bases molecules for 
free radical scavenging assay. In vitro DPPH free radical scavenging 
assay is well established protocol to assess the free radical scavenging 
capacity of lead molecules/phytoconstituents/synthetic molecules 
based on hydrogen bond donating capacity [35]. Theoretically, a 

molecule possessing the higher hydrogen bond donating capacity could 
possess the maximum DPPH scavenging capacity. In the present study, 
we identified (E)-2-((7-chloroquinolin-4-yl)amino)-N’-(4-hydrox-
ybenzylidene) benzo hydrazide (6b) to possess highest free radical 
scavenging capacity which could be due to the presence of two hydrogen 
donors. The details of IC50 is summarized in (Fig. 5. 

2.5. Toxicity activity 

Toxicity study of the selected synthesized 2-((7-chloroquinolin-4-yl) 
amino) benzohydrazide Schiff base compounds was estimated against 
Normal Mouse Fibroblast-L929 cell lines by the MTT (3-(4, 5-dime-
thylthiazo-2-yl)-2,5-diphenyl-tetrazolium bromide) cell proliferation 
assay [36]. The inhibition of the cell proliferation was determined 24 h 
after cells were exposed to the tested compounds. The results of cyto-
toxicity study were summarized in Table 2. The data showed that 
selected ligands having a quite low toxicity towards against Normal 
Mouse Fibroblast-L929 cell lines. 

2.6. In silico study 

2.6.1. Molecular docking 
Molecular docking studies were performed using Schrödinger suite 

2020–1 in HP 280 G4 MT and visualized using Maestro interface 
(Maestro, Schrödinger 2020-1, LLC, NY). Protein preparation wizard, 
ligand preparation tool, glide modules are included in maestro interface. 
The compounds 6c, 6g, 6j, 6l and 6r show acceptable binding energies 
at both binding site 1 and 2. But, the interactions are much less prom-
inent in the first allosteric pocket, perhaps explaining the random 
binding orientation and lower affinity of the inhibitor at this site. The 
position of ligands that are bound in site 2 is consistent and they have 

Fig. 3. Concentration-response plots for the inhibition of the basal Eg5 ATPase activity by steady state ATPase assay.  
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Table 1 
Binding energies and IC50 values of (6 a-r) 2-((7-chloroquinolin-4-yl) amino) benzohydrazide Schiff bases.  

Code Product IC50 values (μM)a Glide Score (kcal/mol) 

Steady state ATPase assay Malachite Green Assay Site-1 Site-2 

6a NI NI – ¡7.48 

6b 2.720 ± 0.69 0.814 ± 0.16 ¡ 5.24 ¡ 8.93 

6c NI NI ¡ 6.51 ¡ 8.49 

6d NI NI ¡ 5.95 ¡ 8.02 

6e NI NI ¡ 5.70 ¡ 7.76 

6f NI NI ¡ 6.80 ¡ 8.18 

6g NI NI ¡ 7.22 ¡ 8.97 

6h 3.021 ± 0.49 0.279 ± 0.07 ¡ 7.55 ¡ 8.33 

6i NI NI ¡ 4.51 ¡ 8.07 

6j 5.837 ± 1.26 2.658 ± 0.39 ¡ 6.67 ¡ 8.89 

6k NI NI ¡ 5.11 ¡ 8.61 

6l 2.676 ± 0.53 0.639 ± 0.09 ¡ 6.97 ¡ 8.58 

(continued on next page) 
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significantly higher binding energy when compared to the site 1 binding 
energies (Table 1. The residues Tyr352, Tyr104 are most predominant 
and important residues at S2 of Eg5. 

At site 2, the compounds 6r, 6g, 6b, 6j, 6k, 6l and 6c show better 
binding affinity. The compounds 6c, 6f, 6d, 6i, 6k form moderate 
hydrogen bond with Tyr352 and compound 6g forms two moderate 
hydrogen bonds with Tyr104, 6h forms 2 moderate hydrogen bonds 
with Tyr104 and Thr300 and 6j forms 2 moderate hydrogen bonds with 
Tyr104 (Figs. 6 and 7). The compound 6r forms two fairly good 
hydrogen bonds with Asn289 and Tyr104 (Fig. 8). 

Most of the mono substituted ligands don’t have inhibitory activity 
whereas some compounds exhibit up to moderate activity. Most of the 
Eg5 inhibitors only form hydrophobic interactions and only lesser 
hydrogen bonds or salt bridges were formed. 

2.6.2. Mutational studies 
In the examples that we have presented here, we have mainly been 

focused on visualizing the persistence/variation of the binding energies 
on mutating the important residues in the protein’s binding site. On 
comparing the residues at the binding site, the residues Tyr352, Tyr104, 
Asn289 were found to be the most predominant, important residues at 
S2 of Eg5. On mutating these residues in the wild type Eg5, the binding 
energies at site 2 for the top compounds were found to be lowered 
(Table 3). In the triple mutant Y104A_N289A_Y352A, compounds 6r, 6j, 
6b, 6l, 6h, and 6i shows substantial reduction in binding energy when 
compared to the wild type. The double mutant Y352A_Y104A, shows 
significant reduction in binding energies in compounds 6k, 6b, 6r, 6l, 6j, 
and 6g. There is insignificant reduction in binding energies of com-
pounds in double mutant N289A_Y104A. The compounds 6l, 6n, 6r, 6b, 
6f, and 6c shows notable decrease in the binding energies in double 
mutant N289A_Y352A compared to the wild Eg5. There is no notable 

Table 1 (continued ) 

Code Product IC50 values (μM)a Glide Score (kcal/mol) 

Steady state ATPase assay Malachite Green Assay Site-1 Site-2 

6m NI NI ¡ 6.10 ¡ 7.93 

6n NI NI ¡ 5.93 ¡ 8.05 

6o NI NI ¡ 5.49 ¡ 7.38 

6p 2.408 ± 0.46 0.2848 ± 0.070 ¡ 6.67 ¡ 7.90 

6q 3.264 ± 2.32 0.0955 ± 0.277 ¡ 6.96 ¡ 8.71 

6r 6.742 ± 1.70 1.723 ± 0.13 ¡ 7.11 ¡ 9.61 

STLCb – 2.50 ± 0.86 2.958 ± 0.55 ¡ 11.22 – 

NI: No Inhibition. 
a IC50 values are the mean ± S.D. of three separate experiments. 
b STLC: S-trityl-L-cysteine. 
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reduction in binding energies of compounds in single mutant Y104A and 
N289A. The compounds 6b, 6k, 6o, 6f, 6r, and 6l shows considerable 
decline in the binding energy in the single mutant Y352A compared to 
the wild type. Compounds like 6b, 6l, and 6r shows significant change in 
the binding energy in all the mutant forms. This mutation study shows 
that there is reduction in the binding energy of the compounds 6b, 6l, 
and 6r even though they do not form any hydrogen bond with the res-
idues Y352, Y104 or N389. This shows that the hydrophobic interaction 
of these significant residues makes for the binding energy than hydrogen 

bonds. 

2.6.3. ADME prediction 
Hydrogen bond donors, hydrogen bond acceptors, Polar surface area, 

Molecular weight, Hydrophilicity, permeability, Human Oral Absorp-
tion and prediction of binding to human serum albumin parameters are 
very important for synthesized ligands to be considered as drug candi-
date. In this regard, drug likeliness and Absorption, Distribution, 
Metabolism, and Excretion (ADME) related properties were investigated 
(Table 4). Results of Lipinski’s rule of five as well as Jorgensen’s rule of 
three showed that 2-((7-chloroquinolin-4-yl) amino) benzohydrazide 
Schiff base hybrids were conformed to both rule. 

3. Conclusions 

In conclusions, a series of 2-((7-chloroquinolin-4-yl) amino) benzo-
hydrazide Schiff bases molecules were designed, synthesized, charac-
terized and evaluated as a mitotic kinesin spindle protein inhibitors. 
Compounds like 6b, 6h, 6j, 6l, 6p, 6q and 6r were exhibited compa-
rable Eg5 inhibitory activity. Compound 6b was the most influenced 
ligand compared to standard radical scavenger ascorbic acid. Further-
more, selected scaffold caused low cytotoxicity in Normal Mouse 
Fibroblast-L929 cells. The molecular docking studies are revealed that 
the some of these compounds are forms hydrogen bond with Tyr352 and 
Tyr104 residues, which are most predominant and important amino acid 
residues at site-2 of Eg5. Further investigations are needed to confirm 
their therapeutic potency as well as their safety. 

4. Experimental 

4.1. Chemistry 

4.1.1. Synthesis of methyl 2-((7-chloroquinolin-4-yl) amino) benzoate (3) 
Methyl 2-((7-chloroquinolin-4-yl) amino) benzoate was prepared by 

using modified procedure of previous literatures [40–43], equimolar 
quantity of 4, 7 dichloro quinoline and methyl anthranilate (0.01 mol) in 
2 N HCl solution. Reaction mixture is refluxed for 6–7 h. The reaction 
was monitored by thin-layer chromatography (TLC) for completion. 
Reaction mixture was cooled, neutralized with base to form crude 

Fig. 4. Concentration − response plots for the inhibition of the basal Eg5 ATPase activity by malachite green assay.  

Fig. 5. The results of antioxidant (DPPH) assays of the title compounds (AA: 
Ascorbic Acid). 

Table 2 
In vitro cytotoxicity of 6b, 6g, 6j, 6l and 6r against Normal Mouse Fibroblast- 
L929 cell line.  

Selected Compounds Percent Survival 

62.5 μg/ml 125 μg/ml 

6b  85.50  83.63 
6g  87.88  79.67 
6j  78.48  78.31 
6l  94.33  91.22 
6r  99.77  92.75  
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Fig. 6. Ligand interaction plots of 6c, 6f, 6d and 6i in complex with Eg5 at site 2.  

Fig. 7. Ligand interaction plots of 6k, 6g, 6h and 6j in complex with Eg5 at site 2.  
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product, followed by recrystallization using ethanol to get off-white 
solid. Yield: 86%; mp: 130 ◦C; FTIR (KBr, cm− 1): 3265 (N–H), 1678 
(C––O), 1581 (C––C), 1321 (–OCH3); 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6): 3.81 (s, 3H, –OCH3), 7.21–7.20 (d, 1H, J = 2.0 Hz, Ar-H), 
7.23–7.21 (m, 1H, Ar-H), 7.68–7.63(m,3H,Ar-H), 8.00–7.99 (d, 1H, J 
= 6.8 Hz, Ar-H), 8.02 (s, 1H, Ar-H), 8.26 (s, 1H, Ar- H), 8.61 (s, 1H, Ar- 
H), 9.98 (s, 1H , Ar-NH-Ar). 

4.1.2. Synthesis of 2-((7-chloroquinolin-4-yl) amino) benzohydrazide (4) 
A mixture of (3) (3 g, 0.01 mol) and hydrazine hydrate (15 mL, 

excess amount) in methanol (30 mL) was refluxed for 24 h. The reaction 
was monitored by TLC for completion. Then reaction mixture was 
cooled to room temperature. The formed precipitate was filtered and 
washed with water and diethyl ether to obtained fluffy solid. Yield: 83%; 
mp: 278 ◦C; FTIR (KBr, cm− 1): 3342 & 3288 (–NH2), 3103 (Ar-CH), 
3203 (N–H), 1620 (C––O), 1531 (C––C); 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6): 4.57 (S, 2H, NH2), 7.15–7.12 (m, 1H, Ar-H), 7.20–7.19 (d, 
1H, J = 4.0 Hz, Ar-H), 7.53–7.50 (m, 1H, Ar-H), 7.67–7.64 (m ,2H, Ar- 
H), 7.72–7.70 (d, 1H, J = 5.6 Hz, Ar-H), 7.95 (s, 1H, Ar-H), 8.14–8.12 (d, 
1H, J = 7.2 Hz, Ar-H), 8.57–8.56 (d, 1H, J = 4.0 Hz, Ar-H), 10.03 (s, 1H, 
Ar-NH-Ar), 10.80 (s, 1H, –CONH); D2O Exchange:1H NMR (400 MHz, 
δ, ppm, DMSO‑d6): 7.16–7.13 (m, 2H, Ar-H), 7.52–7.50 (m, 1H, Ar-H), 
7.64–7.62 (m, 2H, Ar-H), 7.69–7.67 (d, 1H, J = 6.4 Hz, Ar-H), 7.93 (s, 
1H, Ar-H), 8.13–8.12 (d, 1H, J = 7.2 Hz, Ar-H), 8.52 (s, 1H, Ar-H). 

4.1.3. General procedure for synthesis of 2-((7-chloroquinolin-4-yl) 
amino)-N’-(4-substituted benzylidene) benzohydrazide Schiff’s bases (6a- 
6r) 

A mixture of 2-((7-chloroquinolin-4-yl) amino) benzohydrazide (4) 
(0.01 mol), appropriate aryl or heteroaryl aldehydes (5 a-r) (0.01 mol) 
and catalytic amount of glacial acetic acid (0.001 mol) in absolute 
ethanol (30 mL) was refluxed for 24 h. The reaction was monitored by 
TLC for completion. The precipitate formed was filtered, washed with 
alcohol, solvent ether and dried to obtain Schiff’s bases. 

4.1.3.1. (E)-N’-benzylidene-2-((7-chloroquinolin-4-yl)amino)benzohy-
drazide (6a). This compound was prepared according to general pro-
cedure and it was obtained as off-white colour powder. Yield: 73%; mp: 
218 ◦C; FTIR (KBr, cm− 1): 3309 (N–H), 3061 (Ar-CH), 1629(C––O), 
1508 (C––N), 1527 (C––C). 1H NMR (400 MHz, δ, ppm, DMSO‑d6): 6.68 
(s, 1H, Ar-H), 7.07 (s, 1H, Ar-H),7.42–7.08(m,4H,Ar-H), 7.67–7.58 (m, 
3H, Ar-H), 7.92–7.84 (m, 3H, Ar-H), 8.35–8.22(m, 2H, Ar-H), 8.54 (s, 
1H, Ar-H), 10.21 (s, 1H, Ar-NH- Ar), 11.99 (s, 1H, –CONH). 13C NMR 
(100 MHz, δ, ppm, DMSO‑d6):101.78, 104.08, 122.28, 124.65, 127.68, 
128.44, 129.38, 132.95, 134.51, 143.97, 148.99, 152.57, 156.98, 
158.45, 161.64, 165.04, 166.17, 169.23. Molecular mass; calculated: 
C23H17ClN4O; 435.31. 

4.1.3.2. 2-((7-chloroquinolin-4-yl) amino)-N’-(4 hydroxybenzylidene) 
benzohydrazide (6b). This compound was prepared according to general 
procedure and it was obtained as cream colour powder. Yield: 56%; mp: 
315 ◦C; FTIR (KBr, cm− 1): 3269 (N–H), 3072 (N–H), 3028 (Ar-CH), 
1629 (C––O), 1537 (C––C), 1504 (C––N); 1H NMR (400 MHz, δ, ppm, 

Fig. 8. Ligand interaction plots of 6r and STLC in complex with Eg5 at site 2.  

Table 3 
Binding energy after mutation.   

Glide Score at site 2 (kcal/mol) 

Comp Wild type N289A Y352A Y104A N289A_Y352A N289A_Y104A Y352A_Y104A Y104A_N289A_Y352A 

6b − 8.938 − 8.533 − 5.227 − 7.288 − 5.998 − 6.820 − 5.163 − 5.432 
6c − 8.496 − 8.558 − 6.247 − 7.366 − 5.653 − 7.770 − 5.484 − 5.875 
6d − 8.023 − 8.916 − 5.938 − 6.894 − 6.239 − 6.879 − 5.774 − 5.246 
6e − 7.760 − 8.386 − 7.869 − 7.388 − 6.118 − 7.111 − 5.531 − 5.388 
6f − 8.183 − 7.191 − 5.668 − 7.314 − 5.308 − 6.538 − 5.237 − 5.677 
6g − 8.973 − 7.239 − 8.043 − 7.294 − 7.415 − 7.604 − 5.731 − 6.458 
6 h − 8.338 − 8.075 − 6.112 − 7.428 − 6.132 − 7.308 − 5.309 − 5.268 
6i − 8.078 − 7.596 − 6.581 − 7.431 − 6.876 − 7.413 − 6.247 − 5.011 
6j − 8.896 − 9.515 − 9.035 − 7.544 − 7.504 − 7.251 − 5.426 − 5.326 
6k − 8.614 − 7.732 − 5.384 − 6.878 − 6.573 − 6.893 − 4.871 − 6.021 
6l − 8.585 − 6.990 − 6.120 − 6.750 − 5.000 − 7.338 − 5.102 − 5.371 
6m − 7.939 − 8.471 − 7.248 − 8.188 − 6.344 − 7.065 − 5.606 − 5.987 
6n − 8.059 − 8.961 − 5.618 − 8.325 − 4.864 − 7.361 − 5.834 − 5.483 
6o − 7.381 − 7.735 − 4.837 − 6.100 − 5.238 − 6.765 − 4.754 − 5.316 
6r − 9.610 − 8.750 − 7.115 − 7.653 − 6.508 − 7.790 − 6.095 − 5.216  
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DMSO‑d6): 6.81–6.80 (m, 2H, Ar-H), 7.09 (d, 1H, J = 4.0 Hz, Ar-H) , 
7.23–7.09 (m, 2H, Ar-H), 7.52–7.47 (m, 2H, Ar-H), 7.66–7.60 (m, 2H, 
Ar-H) 7.83–7.79 (m, 1H, Ar-H), 7.93 (s, 1H, –CH), 8.20 (d, 1H, J = 7.2 
Hz, Ar-H), 8.24 (s, 1H, Ar-H), 8.54 (d, 1H, J = 4.0, Ar-H), 9.94 (s, 1H, 
–OH), 10.30 (s, 1H, –CONH), 11.82 (s, 1H, Ar-NH-Ar). D2O Exchange: 
1H NMR (400 MHz, δ, ppm, DMSO‑d6): 6.81–6.79 (m, 2H, Ar-H), 7.05 (s, 
1H, Ar-H), 7.28–7.24 (m, 1H, Ar-H), 7.51–7.49 (m, 2H, Ar-H), 7.62–7.56 
(m, 3H, Ar-H), 7.81–7.78 (m, 1H, Ar-H), 7.91 (s, 1H, –CH), 8.21 (s, 2H, 
Ar-H) , 8.50 (s, 1H, Ar-H). 13C NMR (100 MHz, δ, ppm, 
DMSO‑d6):103.50, 121.96, 123.36, 123.88, 124.50, 125.53, 126.39, 
128.49, 129.50, 129.86, 132.50, 140.85, 149.92, 152.62, 160.13, 
164.79, 176.09. Molecular mass; calculated: C23H17ClN4O2:416.86; 
found LCMS; m/z 417 (M), 418 (M + 1), 419 (M + 2). 

4.1.3.3. N’-(4-chlorobenzylidene)-2-((7-chloroquinolin-4-yl) amino) ben-
zohydrazide (6c). This compound was prepared according to general 

procedure and it was obtained as lemon yellow colour powder. Yield: 
98%; mp: 238 ◦C; FTIR (KBr, cm− 1): 3084 (N–H), 3061 (Ar-CH), 1658 
(C––O), 1556 (C––N), 1537 (C––C). 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6): 7.08 (s, 1H, Ar-H), 7.29 (s, 1H, Ar-H), 7.45 (s, 1H, Ar-H), 
7.50 (d, 2H, J = 8.4 Hz, Ar-H), 7.73–7.62 (m, 4H, Ar-H), 7.86 (s, 1H, 
Ar-H), 7.94 (s, 1H, CH), 8.25 (s, 1H, Ar-H), 8.35 (s, 1H, Ar-H), 8.56 (s, 
1H, Ar-H), 10.28 (s, 1H, Ar-NH- Ar), 12.08 (s, 1H, –CONH). 13C NMR 
(100 MHz, δ, ppm, DMSO‑d6): 105.26, 123.77, 124.95, 126.39, 128.92, 
129.30, 129.49, 132.98, 133.54, 134.92, 135.22, 162.00, 178.70, 
179.84.; Molecular mass; calculated: C23H16Cl2N4O; 435.31; found; 
LCMS; m/z: 435 (M), 436 (M + 1), 437 (M + 2). 

4.1.3.4. N’-(4-bromobenzylidene)-2-((7-chloroquinolin-4-yl) amino) ben-
zohydrazide (6d). This compound was prepared according to general 
procedure and it was obtained as Lemon yellow powder. Yield: 91%; mp: 
230 ◦C; FTIR (KBr, cm− 1): 3292 (N–H), 3086 (Ar-CH), 1656 (C––O), 

Table 4 
Computed ADME properties of (6a-r) 2-((7-chloroquinolin-4-yl) amino) benzohydrazide Schiff base by using QikProp module of Schrodinger software.  

Com. MW DHB AHB QPlog 
Po/w 

QP 
logS 

PSA QPlog 
HERG 

QPP 
Caco 

6a 400.86 1 3 6.234 − 7.614 67.79 − 7.744 1787.28 
6b 416.86 2 3.7 5.505 − 7.203 90.45 − 7.607 539.29 
6c 435.31 1 3 6.812 − 8.363 67.77 − 7.635 1788.73 
6d 479.76 1 3 6.821 − 8.478 67.76 − 7.657 1790.05 
6e 418.85 1 3 6.889 − 7.978 67.77 − 7.608 1788.90 
6f 445.86 1 3 6.898 − 7.737 112.13 − 7.627 217.35 
6g 435.31 1 3 6.542 − 8.215 67.83 − 7.639 1784.16 
6h 469.75 1 3 6.55 − 9.008 67.80 − 7.545 1787.01 
6i 469.75 1 4 5.606 − 8.975 67.81 − 7.535 1786.80 
6j 469.75 1 4 5.61 − 8.851 67.77 − 7.547 1789.34 
6k 430.89 1 3 6.753 − 7.746 76.26 − 7.57 1787.28 
6l 414.89 1 3 6.763 − 8.192 67.79 − 7.627 1787.28 
6m 460.91 1 3 7.246 − 7.879 84.41 − 7.412 1787.28 
6n 490.94 1 3 7.254 − 8.134 91.77 − 7.296 1787.28 
6o 443.93 1 4.5 5.555 − 8.593 70.85 − 7.745 1787.20 
6p 424.88 1.5 3 7.187 − 8.244 67.79 − 8.096 1787.28 
6q 428.87 1 3 7.197 − 7.324 104.95 − 7.618 330.73 
6r 390.82 1 3.5 5.517 − 6.738 77.80 − 7.309 1662.03 
Com. QPP 

MDCK 
QPlog 
Khsa 

QPlog 
BB 

%HOA CNS #rotor RoF RoT 

6a 2281.54 1.17 − 0.48 91.42 − 2 2 1 1 
6b 624.85 0.95 − 1.16 95.66 − 2 2 1 1 
6c 5628.22 1.29 − 0.32 100 0 3 1 1 
6d 6051.67 1.32 − 0.31 100 0 3 1 1 
6e 4120.96 1.22 − 0.37 100 0 2 1 1 
6f 233.98 1.12 − 1.65 100 0 2 1 1 
6g 4942.00 1.28 − 0.34 100 0 3 1 1 
6h 10,000 1.41 − 0.19 100 0 4 1 1 
6i 10,000 1.40 − 0.18 88.81 − 2 4 1 1 
6j 10,000 1.39 − 0.21 89.00 − 2 4 1 1 
6k 2281.54 1.16 − 0.55 100 0 2 1 1 
6l 2281.54 1.34 − 0.50 100 0 3 1 1 
6m 2281.54 1.14 − 0.63 100 0 1 1 1 
6n 2281.54 1.19 − 0.70 100 0 2 1 1 
6o 2281.43 1.37 − 0.59 93.03 − 2 3 1 1 
6p 2281.54 1.30 − 0.58 100 0 3 1 1 
6q 368.338 0.90 − 1.43 100 0 2 1 1 
6r 2109.21 0.89 − 0.49 100 − 2 2 1 1 

MW: Molecular weight (〈500). 
DHB: Number of hydrogen bond donors (<5). 
AHB: Number of hydrogen bond acceptors (<10). 
QPlogPw: Water/gas partition coefficient. 
QPlogPo/w: Octanol/water partition coefficient (<5). 
QPlogS: Aqueous solubility (− 6.5 to 0.5). 
PSA: Polar surface area (7 to 200) 
QPlog HERG: IC50 value for blockage of HERG K+ channels (<-5). 
QPP Caco: apparent Caco-2 permeability (nm/sec) (<25 poor, > 500 great). 
QPP MDCK: apparent MDCK permeability (nm/sec) (<25 poor, > 500 great). 
QPlog Khsa: Prediction of binding to human serum albumin (− 1.5 to 1.5). 
QPlogBB: Predicted brain/blood partition coefficient (− 3.0 – 1.2). 
%HOA: Percent Human Oral Absorption (>80% is high < 25% is poor). 
CNS: Predicted central nervous system activity (− 2.0 to +2.0). 
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1591 (C––N), 1531(C––C). 1H NMR (400 MHz, δ, ppm, DMSO‑d6): 7.06 
(s, 1H, Ar-H), 7.28–7.52 (m, 1H, Ar-H), 7.65–7.43 (m, 6H, Ar-H), 
7.84–7.82 (d, 1H, J = 7.2 Hz, Ar-H), 7.93 (s, 1H, Ar-H), 8.24–8.21 (d, 
2H, J = 9.2 Hz, Ar-H), 8.32 (s, 1H, –CH), 8.53 (s, 1H, Ar-H), 10.17 (s, 1H, 
Ar-NH-Ar), 12.06 (s, 1H, –CONH). 13C NMR (100 MHz, δ, ppm, 
DMSO‑d6): 103.53, 113.48, 119.20, 124.57, 126.30, 128.45, 129.52, 
132.40, 134.66, 146.60, 147.64, 152.63, 154.39, 158.50, 159.06, 
161.00, 165.11; Molecular mass; calculated: C23H16BrClN4O: 479.76; 
found; LCMS; m/z 479 (M), 480 (M + 1), 481 (M + 2). 

4.1.3.5. 2-((7-chloroquinolin-4-yl) amino)-N’-(4-fluorobenzylidene) ben-
zohydrazide (6e). This compound was prepared according to general 
procedure and it was obtained as White shiny powder. Yield: 68%; mp: 
235 ◦C; FTIR (KBr, cm− 1): 3348 (N–H), 3064 (Ar-CH), 1637 (C––O), 
1579 (C––N), 1531 (C––C). 1H NMR (400 MHz, δ, ppm, DMSO‑d6): 7.06 
(s, 1H, Ar-H), 7.41–7.20 (m, 3H, Ar-H), 7.67–7.58 (m, 4H, Ar-H), 
7.84–7.82 (d, 1H, J = 8.0 Hz), 7.93 (s, 1H, Ar-H), 8.23–8.21 (d, 2H, J 
= 8.8 Hz, Ar-H), 8.35 (s, 1H, –CH), 8.53 (s, 1H, Ar-H), 10.20 (s, 1H, Ar- 
NH-Ar), 12.00 (s, 1H, –CONH). 13C NMR (100 MHz, δ, ppm, DMSO‑d6): 
103.0, 115.8, 116.0, 118.7, 121.6, 122.9, 123.3, 123.9, 125.8, 127.9, 
129.2, 129.3, 130.6, 132.3, 134.0, 140.3, 146.2, 147.2, 149.3, 152.0, 
161.9, 164.4; Molecular mass; calculated: C23H16ClFN4O: 418.85; 
found; LCMS; m/z 419 (M), 420 (M + 1), 421 (M + 2). 

4.1.3.6. 2-((7-chloroquinolin-4-yl) amino)-N’-(4-nitrobenzylidene) ben-
zohydrazide (6f). This compound was prepared according to general 
procedure and it was obtained as yellowish orange powder. Yield: 95%; 
mp: 258 ◦C; FTIR (KBr, cm− 1): 3172 (N–H), 3066 (Ar-CH), 1614 
(C––O), 1585 (–NO2), 1517 (C––N), 1487 (C––C). 1H NMR (400 MHz, δ, 
ppm, DMSO‑d6):7.05 (s, 1H, Ar-H), 7.28 (s, 1H, Ar-H), 7.63 (d, 2H, J =
8.4 Hz, Ar-H), 7.94–7.85 (m, 4H, Ar-H), 8.28–8.23 (m, 2H, Ar-H), 8.44 
(s, 1H, –CH), 8.53 (s, 1H, Ar-H), 10.11 (s, 1H, Ar-NH-Ar), 12.27 (s, 1H, - 
CONH), 8.53 (s, 1H, Ar-H), 10.11 (s, 1H, Ar-NH-Ar), 12.27 (s, 1H, 
–CONH). 13C NMR (100 MHz, δ, ppm, DMSO‑d6): 103.67, 113.30, 
116.81, 122.39, 124.60, 126.42, 128.47, 129.98, 133.17, 134.78, 
140.87, 146.16, 148.19, 148.46, 152.73, 157.80, 165.39, 166.65; Mo-
lecular mass; calculated: C23H16ClN5O3 445.86; found: LCMS; m/z 446 
(M), 447 (M + 1), 448 (M + 2). 

4.1.3.7. N’-(2-chlorobenzylidene)-2-((7-chloroquinolin-4-yl) amino) ben-
zohydrazide (6g). This compound was prepared according to general 
procedure and it was obtained as Lemon yellow powder. Yield: 85%; mp: 
288 ◦C; FTIR (KBr, cm− 1): 3230 (N–H), 3059 (Ar-CH), 1656 (C––O), 
1531 (C––N), 1519 (C––C). 1H NMR (400 MHz, δ, ppm, DMSO‑d6): 7.26 
(s, 1H, Ar-H), 7.33–7.29 (m, 1H, Ar-H), 7.51–7.38 (m, 2H, Ar-H), 
7.67–7.61 (m, 4H, Ar-H), 7.96–7.93 (m, 2H, Ar-H), 8.25–8.23 (d, 2H, 
J = 8.8 Hz, Ar-H), 8.54 (s, 1H, –CH), 8.75 (s, 1H, Ar-H), 10.17 (s, 1H, Ar- 
NH-Ar), 12.19 (s, 1H, –CONH). 13C NMR (100 MHz, δ, ppm, DMSO‑d6): 
98.04, 103.63, 110.08, 114.15, 117.88, 124.04, 127.41, 129.17, 130.47, 
133.09, 135.67, 142.99, 145.79, 152.70, 156.64, 167.32, 167.32, 
167.88, 173.10, 176.48; Molecular mass; calculated: C23H16Cl2N4O: 
435.31; found; LCMS; m/z 435 (M), 436 (M + 1), 437 (M + 2). 

4.1.3.8. 2-((7-chloroquinolin-4-yl) amino)-N’-(3, 4-dichlorobenzylidene) 
benzohydrazide (6h). This compound was prepared according to gen-
eral procedure and it was obtained as off white flake powder. Yield: 
59%; mp: 270 ◦C; FTIR (KBr, cm− 1): 3275 (N–H), 3145 (Ar-CH), 1660 
(C––O), 1606 (C––N), 1585 (C––C). 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6): 7.04 (s, 1H, Ar-H), 7.28–7.25 (m, 1H, Ar-H), 7.68–7.62 (m, 
5H, Ar-H), 7.85–7.83 (d, 1H, J = 8.8 Hz, Ar-H), 7.90 (s, 1H, Ar-H), 
8.25–8.24 (d, 2H, J = 6.4 Hz, Ar-H), 8.30 (s, 1H, –CH), 8.53 (s, 1H, 
Ar-H), 10.13 (s, 1H, Ar-NH-Ar), 12.19 (s, 1H, –CONH). 13C NMR (100 
MHz, δ, ppm, DMSO‑d6): 102.67, 110.86, 119.17, 123.15, 124.72, 
127.71, 129.05, 131.65, 133.02, 138.12, 140.75, 141.51, 146.07, 
146.84, 175.57, 177.30, 178.61; Molecular mass; calculated: 

C23H15Cl3N4O: 469.75 found; LCMS; m/z 469(M), 470 (M + 1), 471 (M 
+ 2). 

4.1.3.9. 2-((7-chloroquinolin-4-yl) amino)-N’-(2, 4-dichlorobenzylidene) 
benzohydrazide (6i). This compound was prepared according to gen-
eral procedure and it was obtained as yellow powder. Yield: 99%; mp: 
272 ◦C; FTIR (KBr, cm− 1): 3325 (N–H), 3061 (Ar-CH), 1642 (C––O), 
1614 (C––N), 1587 (C––C). 1H NMR (400 MHz, δ, ppm, DMSO‑d6): 7.04 
(s, 1H, Ar-H), 7.33–7.27 (m, 1H, Ar-H), 7.69–7.44 (m, 4H, Ar-H), 
7.87–7.85 (d, 1H, J = 7.2 Hz, Ar-H), 7.93–7.87 (m, 2H, Ar-H), 
8.24–8.22 (d, 2H, J = 8.4 Hz, Ar-H), 8.53 (s, 1H, –CH), 8.69 (s, 1H, 
Ar-H), 10.14 (s, 1H, Ar-NH-Ar), 12.23 (s, 1H, –CONH). 13C NMR (100 
MHz, δ, ppm, DMSO‑d6): 101.60, 104.79, 106.51, 125.25, 126.37, 
128.97, 129.92, 133.14, 143.65, 152.67, 154.35, 162.97, 170.15, 
173.15, 173.88, 176.31; Molecular mass; calculated: C23H15Cl3N4O: 
469.75 found; LCMS; m/z 469 (M), 470 (M + 1), 471 (M + 2). 

4.1.3.10. 2-((7-chloroquinolin-4-yl) amino)-N’-(2, 3-dichlorobenzylidene) 
benzohydrazide (6j). This compound was prepared according to general 
procedure and it was obtained as light yellow powder. Yield: 88%; mp: 
290 ◦C; FTIR (KBr, cm− 1): 3361 (N–H), 3055 (Ar-CH), 1664 (C––O), 
1620 (C––N), 1606 (C––C). 1H NMR (400 MHz, δ, ppm, DMSO‑d6):7.04 
(s, 1H, Ar-H), 7.44–7.40 (m, 3H, Ar-H), 7.70–7.62 (m, 4H, Ar-H), 
7.91–7.89 (d, 2H, J = 7.6 Hz, Ar-H), 8.24 (s, 1H, Ar-H), 8.53(s, 1H, 
–CH), 8.57 (s, 1H, Ar-H), 10.12 (s, 1H, Ar-NH-Ar), 12.26 (s, 1H, 
–CONH). 13C NMR (100 MHz, δ, ppm, DMSO‑d6): 97.60, 98.86, 112.49, 
114.55, 119.87, 121.60, 124.14, 125.91, 128.97, 131.69, 133.27, 
139.35, 142.87, 143.93, 151.73, 154.01, 182.56; Molecular mass; 
calculated: C23H15Cl3N4O; 469.75 found; LCMS; m/z 469 (M), 470 (M +
1), 471 (M + 2). 

4.1.3.11. 2-((7-chloroquinolin-4-yl) amino)-N’-(4-methylbenzylidene) 
benzohydrazide (6k). This compound was prepared according to general 
procedure and it was obtained as greenish yellow powder. Yield: 84%; 
mp: 298 ◦C; FTIR (KBr, cm− 1): 327 7(N–H), 3128 (Ar-CH), 1651 
(C––O), 1608 (C––N), 1552 (C––C). 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6): 2.49 (s, 3H, –CH3), 7.07 (s, 1H, Ar H), 7.34–7.17 (m, 4H, Ar- 
H), 7.68–7.56 (m, 3H, Ar-H), 7.84–7.82 (d, 1H, J = 7.6 Hz, Ar-H), 7.93 
(s, 1H, Ar-H), 8.23–8.21 (d, 2H, J = 7.2 Hz, Ar-H), 8.31 (s, 1H, –CH), 
8.57 (s, 1H, Ar-H), 10.23 (s, 1H, Ar-NH-Ar), 11.93 (s, 1H, –CONH). 13C 
NMR (100 MHz, δ, ppm, DMSO‑d6): 21.49, 118.08, 118.84, 127.67, 
130.00, 131.89, 132.87, 138.57, 139.38, 140.80, 148.51, 148.84, 
152.21, 153.69, 154.78, 159.57, 160.57, 163.78, 169.63, 175.25; Mo-
lecular mass; calculated: C24H19ClN4O: 414.89 found; LCMS; m/z 415 
(M), 416 (M + 1), 417 (M + 2). 

4.1.3.12. 2-((7-chloroquinolin-4-yl) amino)-N’-(4-methoxybenzylidene) 
benzohydrazide (6l). This compound was prepared according to general 
procedure and it was obtained as Lemon yellow powder. Yield: 96%; mp: 
265 ◦C; FTIR (KBr, cm− 1): 3269 (N–H), 3061 (Ar-CH), 1606 (C––O), 
1552 (C––N), 1504 (C––C), 1344 (–OCH3). 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6): 3.79 (s, 3H, –OCH3), 7.08–6.92 (m, 2H, Ar-H), 7.09–7.08 (d, 
1H, J = 5.2 Hz, Ar-H), 7.27–7.23 (m, 2H, Ar-H), 7.68–7.57 (m, 4H, Ar- 
H), 7.84–7.82 (d, 1H, J = 7.0 Hz, Ar-H), 7.93 (s, 1H, –CH), 8.23–8.20 (d, 
2H, J = 10.8 Hz, Ar-H), 8.29 (s, 1H, Ar-H), 8.54 (s, 1H, Ar-H), 10.27 (s, 
1H, Ar-NH-Ar), 11.87 (s, 1H, –CONH). 13C NMR (100 MHz, δ, ppm, 
DMSO‑d6): 55.2, 103.0, 114.3, 118.7, 121.4, 122.8, 123.3, 123.9, 125.8, 
126.5, 127.9, 128.3, 128.7, 129.3, 132.2, 134.0, 140.3, 146.2, 148.4, 
149.4, 152.0, 160.9, 164.3; Molecular mass; calculated: C24H19ClN4O2; 
430.89;found; LCMS; m/z 429 (M), 430 (M + 1), 431 (M + 2). 

4.1.3.13. 2-((7-chloroquinolin-4-yl) amino)-N’-(3, 4-dimethoxybenzyli-
dene) benzohydrazide (6m). This compound was prepared according to 
general procedure and it was obtained as white shiny powder. Yield: 
83%; mp: 224 ◦C; FTIR (KBr, cm− 1): 3354 (N–H), 3182 (Ar-CH), 1652 
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(C––O), 1600 (C––N), 1566 (C––C), 1330 (–OCH3). 1H NMR (400 MHz, 
δ, ppm, DMSO‑d6): 3.78 (s, 6H, –OCH3), 7.06–6.96 (m, 1H, Ar-H), 7.07 
(s, 1H, Ar-H), 7.16–7.14 (d, 1H, J = 8.0 Hz, Ar-H), 7.28–7.26 (m, 2H, Ar- 
H), 7.67–7.59 (m, 3H, Ar-H), 7.83–7.81 (d, 1H, J = 7.2 Hz, Ar-H), 7.93 
(s, 1H, –CH), 8.23–8.21 (d, 1H, J = 9.2 Hz, Ar-H), 8.26 (s, 1H, Ar-H), 
8.53 (s, 1H, Ar-H), 10.20 (s, 1H, Ar-NH-Ar), 11.87 (s, 1H, –CONH). 
13C NMR (100 MHz, δ, ppm, DMSO‑d6): 55.4, 55.5, 103.0, 108.2, 111.4, 
118.7, 121.6, 122.0, 122.9, 123.4, 124.2, 125.8, 126.7, 127.9, 129.3, 
132.2, 134.0, 140.2, 146.3, 148.6, 149.0, 149.4, 150.9, 152.0, 164.2; 
Molecular mass; calculated: C25H21ClN4O3: 460.91; found: LCMS; m/z 
461 (M), 462 (M + 1), 463 (M + 2). 

4.1.3.14. 2-((7-chloroquinolin-4-yl) amino)-N’-(3, 4, 5-trimethoxybenzy-
lidene) benzohydrazide (6n). This compound was prepared according 
to general procedure and it was obtained as white shiny powder. Yield: 
90%; mp: 266 ◦C; FTIR (KBr, cm− 1): 3371 (N–H), 3172 (Ar-CH), 1614 
(C––O), 1566 (C––N), 1531 (C––C), 1323 (–OCH3). 1H NMR (400 MHz, 
δ, ppm, DMSO‑d6): 3.68 (s, 3H, –OCH3), 3.81 (s, 6H, –OCH3), 6.96 (s, 
1H, Ar-H), 7.04–7.03 (d, 1H, J = 4.8 Hz, Ar-H), 7.29–7.26 (m, 1H, Ar-H), 
7.64–7.58 (m, 4H, Ar-H), 7.83–7.81 (d, 1H, J = 7.6 Hz, Ar-H), 7.93 (s, 
1H, –CH), 8.25–8.22 (d, 2H, J = 10.4, Ar-H), 8.53 (s, 1H, Ar-H), 10.10 (s, 
1H, Ar-NH-Ar), 11.96 (s, 1H, –CONH). 13C NMR (100 MHz, δ, ppm, 
DMSO‑d6): 55.9, 60.0, 103.0, 104.3, 118.7, 121.9, 123.0, 123.4, 124.4, 
125.7, 127.9, 129.4, 132.2, 134.0, 139.3, 140.2, 146.4, 148.3, 149.4, 
152.0, 153.1, 164.3; Molecular mass; calculated: C26H23ClN4O4: 490.94; 
found: LCMS; m/z 489 (M), 490 (M + 1), 491 (M + 2). 

4.1.3.15. 2-((7-chloroquinolin-4-yl) amino)-N’-(4-(dimethyl amino) ben-
zylidene) benzohydrazide (6o). This compound was prepared according 
to general procedure and it was obtained as light yellow powder. Yield: 
81%; mp: 250 ◦C; FTIR (KBr, cm− 1):3336(N–H), 3180(Ar-CH), 1633 
(C––O), 1566(C––N), 1519(C––C). 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6): 2.95 (s, 6H, -N(CH3)2), 6.73–6.66 (m, 2H, Ar-H), 7.10 (s, 1H, 
Ar-H), 7.33–7.23 (m, 1H, Ar-H), 7.56–7.50 (m, 4H, Ar-H), 7.68–7.64 (m, 
2H, Ar-H), 7.83 (s, 1H, Ar-H), 8.19 (m, 2H, Ar-H), 8.25 (s, 1H, Ar-H), 
10.37 (s, 1H, Ar-NH-Ar), 11.72 (s, 1H, –CONH). 13C NMR (100 MHz, 
δ, ppm, DMSO‑d6): 102.9, 111.7, 118.7, 121.2, 122.7, 123.2, 123.8, 
125.8, 127.9, 128.5, 129.2, 132.0, 134.0, 140.3, 146.0, 149.4, 151.6, 
152.1, 164.0; Molecular mass; calculated: C25H22ClN5O: 443.93; found; 
LCMS; m/z 443 (M), 444 (M + 1), 445 (M + 2). 

4.1.3.16. 2-((7-chloroquinolin-4-yl)amino)-N’-(4-cyanobenzylidene) 
benzo hydrazide (6p). This compound was prepared according to gen-
eral procedure and it was obtained as yellow powder. Yield: 84%; mp: 
210 ◦C; FTIR (KBr, cm− 1): 3215(N–H), 2891(Ar-CH), 2225 (–CN) 1664 
(C––O), 1535(C––N), 1548(C––C). 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6):7.07(s, 1H, Ar-H), 7.13(s, 1H, Ar-H), 7.65–7.13 (m, 5H, Ar- 
H), 7.92–7.74 (m, 6H, Ar-H),8.54 (s, 1H, Ar-H), 10.11 (s, 1H, Ar-NH- 
Ar), 12.22 (s, 1H, –CONH). 13C NMR (100 MHz, δ, ppm, 
DMSO‑d6):103.39, 112.56, 119.12, 122.52, 123.60, 125.29, 126.30, 
127.80, 128.19, 130.11, 134.77, 139.04, 146.75, 165.14, 170.30; Mo-
lecular mass; calculated: C24H16ClN5O: 425.87; found; LCMS; m/z 425 
(M), 426 (M + 1), 427 (M + 2). 

4.1.3.17. 2-((7-chloroquinolin-4-yl)amino)-N’-(4-formylbenzylidene) 
benzo hydrazide (6q). This compound was prepared according to gen-
eral procedure and it was obtained as off white powder. Yield: 78%; mp: 
282 ◦C; FTIR (KBr, cm− 1): 3246(N–H), 3051(Ar-CH), 1658(C––O), 
1535(C––N), 1571(C––C). 1H NMR (400 MHz, δ, ppm, DMSO‑d6):7.07(s, 
1H, Ar-H), 7.65–7.13 (m, 6H, Ar-H), 7.74 (s, 1H, Ar-H),8.54–7.78 (m, 
6H, Ar-H), 10.21 (s, 1H, Ar-H), 11.64 (s, 1H, Ar-NH-Ar), 12.19 (s, 1H, 
–CONH). 13C NMR (100 MHz, δ, ppm, DMSO‑d6):47.15, 71.04, 103.23, 
103.42, 119.16, 122.39, 124.06, 128.21, 129.02, 135.09, 136.79, 
144.17, 147.42, 150.79, 151.76, 157.83, 159.74, 162.75, 167.66, 
168.63, 169.57; Molecular mass; calculated: C24H17ClN4O2: 428.87; 

found; LCMS; m/z 429 (M), 430 (M + 1), 431 (M + 2). 

4.1.3.18. 2-((7-chloroquinolin-4-yl) amino)-N’-(furan-2-ylmethylene) 
benzo hydrazide (6r). This compound was prepared according to general 
procedure and it was obtained as Dark yellow shiny powder. Yield: 90%; 
mp: 258 ◦C; FTIR (KBr, cm− 1): 3196 (N–H), 3076 (Ar-CH), 1652 
(C––O), 1614 (C––N), 1487(C––C). 1H NMR (400 MHz, δ, ppm, 
DMSO‑d6): 6.66–6.53 (m, 2H, Ar-H), 6.90 (s, 1H, Ar-H), 7.27–7.24 (m, 
1H, Ar-H), 7.65–7.57 (m, 4H, Ar-H), 7.93–7.65 (m, 3H, furan), 8.22 (s, 
1H, –CH), 8.53 (s, 1H, Ar-H), 10.21 (s, 1H, Ar-NH-Ar), 11.94 (s, 1H, 
–CONH). 13C NMR (100 MHz, δ, ppm, DMSO‑d6): 102.9, 112.2, 113.8, 
118.7, 121.6, 122.8, 123.3, 123.9, 124.7, 125.7, 127.9, 129.3, 130.0, 
130.8, 132.3, 134.0, 138.0, 140.3, 144.9, 145.3, 146.2, 149.2, 152.0, 
164.3; Molecular mass; calculated: C21H15ClN4O2: 390.09; found; LCMS; 
m/z 391 (M), 392 (M + 1), 393 (M + 2). 

4.2. Biology 

4.2.1. Steady state ATPase assay 
To determine the IC50 values of inhibitors, steady-state ATPase assay 

was performed. The activity of mitotic kinesin Eg5 was measured using 
the pyruvate kinase/lactate dehydrogenase-linked assay [29]. Activity 
assay was carried out in F-bottom (chimney well), µclear®, white, non- 
binding 96 well plates at 37 ◦C. A series of ATP or inhibitor concen-
trations were used for each measurement. For the basal activity, 80–100 
nM amount of Eg5 was used for each measurement. The inhibitors are 
added to each well in gradient increasing concentration along with the 
ATPase buffer. For all the measurements, 1 mM concentrated Mg2+ATP 
was used. Just before the starting of the experiment enzyme was added 
to each well separately using multichannel pipettes. The activity of Eg5/ 
Inhibitor/ATPase was measured in an absorbance microplate reader 
(TECAN Sunrise™) at 340 nm for 30 mins. All the reactions were per-
formed in triplicates and ± standard deviation was considered. 

4.2.2. Malachite green assay 
The Malachite Green Phosphate Assay is a direct colorimetric assay, 

that is based on the quantification of free phosphate that is released 
during the reaction by the formation of green complex between Mala-
chite Green and molybdate with the phosphate. If the reaction is 
quenched at discrete times, the rapid colour formation from the reaction 
can be conveniently measured on a spectrophotometer (600–660 nm). 

In the oxidized state, the phosphomolybdate complex absorbs in the 
near ultraviolet (UV) to give a pale-yellow colour, but it can be readily 
converted to a reduced complex with a strong blue colour. The oxidized 
phosphate complex has a hydrophobic surface and hydrophobic surface 
of the phosphomolybdate complex can also bind dye molecules. The 
malachite green method utilizes the shift in the wavelength for the 
maximum absorbance of this dye upon binding to the oxidized phos-
phomolybdate complex [30]. 1267.5 μL of A25 buffer and 6.5 μL of 200 
mM Mg-ATP was equilibrated in a micro centrifuge tube at 25 ◦C. 2 μL of 
inhibitor was added to 98 μL of equilibrated A25 buffer and Mg-ATP 
mix. 10 μM Eg5 was added to initiate the reaction. The reaction was 
stopped at 3 min intervals by adding 25 μL reaction mix to 600 μL ice 
cold 0.8 M perchloric acid, incubated on ice for 1–5 min and centrifuged 
for 1 min at 13,000g at 4 ◦C to remove any protein that is precipitated. 
500 μL supernatant was added to 500 μL molybdate reagent, mixed, and 
50 μL of malachite green stock was added, mixed and read A650 after 1 
min against a reagent blank [29]. All the reactions were performed in 
triplicates and ± standard deviation was considered. The raw data was 
analysed with the Michaelis-Menten equation to evaluate the enzyme 
kinetics. 

4.2.3. DPPH assay 
Development of DPPH method of antioxidant assay was performed 

according to previously reported procedure [35]. 
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4.2.4. Cytotoxic activity assay 
The MTT [3-(4, 5-dimethylthiazo-2-yl)-2,5-diphenyl-tetrazolium 

bromide] cell proliferation assay [36], was used to evaluate totoxicity 
activity of selected compounds against Normal Mouse Fibroblast-L929 
cell lines. 

4.3. In silico study 

4.3.1. Protein preparation 
Co-ordinates of high-resolution crystal structure (1.69 Å) of the 

motor domain of Human Eg5 (PDB id: 3zcw), were retrieved from PDB 
database (http://www.rcsb.org/pdb) for the in-silico studies. The crys-
tal structure has 1–368 amino acid residues, ADP, Mg ion and inhibitor 
(BI8 bound at S1 and S2) [37]. The protein preparation wizard of 
maestro (Schrödinger, 2020–1) was used to prepare and minimize the 
structure to transform the biological data suitable for grid-based ligand 
docking with energetics (GLIDE). The water molecules and ligands were 
removed from the pdb file, leaving Mg ion and ADP intact. The missing 
side chains, hydrogen atoms were included and appropriate bond orders 
were also generated. The hydrogen bonding network in the protein was 
optimized at pH 7 ± 2. Energy minimization was carried with OPLS_3e 
force field to obtain a stable structure to perform molecular docking 
[38]. 

4.3.2. Ligand preparation 
The structures of the synthesized ligands were drawn using maestro 

(Schrödinger, 2020–1). The ligands were grouped into different classes 
based on their side chain modification. The ligand preparation tool in 
Schrödinger suite was used to energy minimize atoms using OPLS3e 
(Optimized Potential for Liquid Simulations) force field. The OPLS3e 
forcefield has more precise description of the potential energy surface 
and was used to systematically generate torsional parameters. This re-
sults in not only enhanced conformational analyses, but also improved 
docking poses [38]. 

4.3.3. Binding site analysis and receptor grid: 
Eg5 has a nucleotide binding pocket where ATP is hydrolysed into 

ADP. Until now, three allosteric sites of Eg5 have been identified, 
including the monastrol binding site, the site 1 (S1) and site 2 (S2). The 
monastrol-site, is Eg5-specific due to a unique long loop-5 that forms 
part of the site. S1 is formed by loop L5, helix α2 and helix α3, where 
most of the existing drug candidates bind and S2 formed by helix α4 and 
helix α6, has not been explored well [37,39] Both S1 and S2 sites locate 
at the structurally conserved regions of kinesins, thus may be ubiquitous 
for the kinesin family. To evaluate the activity of the synthesized in-
hibitors, molecular docking studies were performed at both allosteric 
binding sites S1 and S2. 

Receptor grid for S1 was selected with the amino acid residues: 
Thr112, Glu116, Gly117, Glu118, Arg119, Trp127, Asp130, Ala133, 
Ile136, Pro137, Pro131, Gly134, Ile135, Leu160, Glu162, Leu171, 
Leu172, Val210, Tyr211, Gln212, Ile213, Leu214, Glu215, Lys216, 
Gly217, Ala 218, Ala219, Lys220, Arg221, Thr222, Thr223, Ala224, 
Ala225, Met228, Asn229, Tyr231, Ser232 and Phe239. 

Receptor grid for S2 was selected with the amino acid residues: 
Tyr104, Leu266, Ser269, Glu270, Asn271, Asn287, Ile288, Asn289, 
Leu292, Leu293, Thr239, Leu295, Gly296, Arg297, Ile298, Thr299, 
Ala301, Ile332, Ala334, Thr349, Tyr352, Ala353 and Ala356. 

4.3.4. Molecular docking studies 
To evaluate the protein–ligand interaction, the molecular docking 

simulation was performed on selected ligands with the motor domain of 
mitotic kinesin Eg5 crystal structure using maestro (Schrödinger suite 
2020–1). The extra precision (XP) method where false positives will be 
eliminated by wide-range sampling and cutting-edge scoring, algorithm 
resulted in accurate enhancement. The allosteric active sites of the 
protein were coved with grid parameters. Glide was used to perform 

docking where it searches for favorable interactions between given in-
hibitors and a target protein. Glide examines the conformational, posi-
tional space and orientation of the docked inhibitor. The OPLS-3e was 
used for grid-based force-field evaluation. Then the best compounds 
were classified based on binding energies and top 10% inhibitors were 
again screened using Glide extra precision (XP) mode function. Evalu-
ation of best compounds was carried out with Glide function on the 
energy-minimized conformations and best conformation was consid-
ered. The binding energy was estimated based on molecular interactions 
between the Eg5 target protein and a ligand such as hydrogen bonds, 
hydrophobic interaction and π-π interactions. Molecules that are 
currently in clinical trials were used as reference. 
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A B S T R A C T   

Ethnopharmacological relevance: Bark of Ficus benghalensis L. (family: Moraceae), commonly known as Banyan is 
recorded as Nyagrodha in Ayurvedic Pharmacopeia of India to manage burning sensation, obesity, diabetes, 
bleeding disorders, thirst, skin diseases, wounds, and dysmenorrhoea. However, the effect of F. benghalensis bark 
over glycolysis, gluconeogenesis, and appetite regulation in insulin-resistant pathogenesis has not been reported 
yet. 
Aim of the study: The present study aimed to investigate the effect of hydroalcoholic extract of F. benghalensis bark 
in gluconeogenesis, glycolysis, and appetite regulation in fructose-induced insulin resistance in experimental 
rats. 
Materials and methods: Male Wister rats were supplemented with fructose in drinking water (10% w/v for 42 days 
and 20% w/v for next 12 days; a total of 54 days); insulin resistance was confirmed via the elevated area under 
the curve of the glucose during oral glucose tolerance test after 54 days and was subjected with extract treatment 
for next 30 days. After 30 days of treatment, animals were fasted to perform oral glucose and insulin tolerance 
test to estimate glucose and insulin levels. The blood sample was collected for biochemical estimation and the 
liver homogenate was prepared to estimate hepatic enzymes and enzymatic and non-enzymatic anti-oxidant 
biomarkers followed by histopathological evaluation. Also, glycogen content was quantified in gastrocnemius 
muscle and liver homogenates. Further, reported bioactives from the F. benghalensis were retrieved from the 
ChEBI database and docked against hexokinase, phosphofructokinase, glucose-6-phosphatase, lactate dehydro-
genase, and fructose-1,6-biphosphatase to identify the probable lead hits against the enzymes involved in 
gluconeogenesis. 
Results: Treatment with the F. benghalensis bark extract significantly increased the body weight and food intake 
and significantly decreased fructose supplemented water intake. Further, treatment with extract significantly 
increased the exogenous glucose clearance and well responded to the exogenous insulin. Further, extract 
treatment improved lipid metabolism, ameliorated plasma leptin, and multiple enzymatic and non-enzymatic 
antioxidant biomarkers. Likewise, it also improved gluconeogenesis mediated pathogenesis of non-alcoholic 
fatty liver injury. Additionally, molecular docking also identified mucusisoflavone A and B as lead hits in 
downregulating gluconeogenesis. 
Conclusion: Hydroalcoholic extract of F. benghalensis bark may prevent insulin resistance by downregulating 
gluconeogenesis and improving the appetite in fructose-induced insulin-resistant rats.   

1. Introduction 

Prodrome hepatic insulin resistance is now increasing rapidly and 
the scrooge behind it is categorically linked to the rise in fructose-rich 
food products intake such as soda, beverages, cakes, pastries, break-
fast cereal (Stanhope et al., 2013); mere extension of this condition is 

observed in at adulthood leading to the progression in type 2 diabetes 
mellitus (T2DM) (Di Bonito et al., 2017; Temple et al., 2016). Multiple 
pharmacotherapeutic approaches and lifestyle modifications have been 
recommended in the early management of insulin resistance (Brown 
et al., 2010). In this regard utilization of traditional medicines has been 
recommended for 1000 years in the Indian system of medicine and is 
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being practiced by various traditional healers. Additionally, the majority 
of underdeveloped countries and developing countries are still depen-
dent upon folk medicines against multiple infectious/non-infectious 
pathogenesis. It means the identification of the lead molecules or uti-
lizing the raw folk agents may help in treating the diseases which may be 
further implemented in modern drug therapy. 

Ficus benghalensis L. (family: Moraceae), commonly known as 
banyan, banyan fig, and Indian banyan has its importance in the Ay-
urvedic system of medicine against “Madhumey” (Ayurvedic term for 
diabetes) and “Prameha” (metabolic disorder) also recorded as an offi-
cial drug as “Nyagrodha” by the Ayurvedic Pharmacopeia of India 
(Government of India, Ministry of Health and Family Welfare, Depart-
ment of AYUSH, The Ayurvedic Pharmacopeia of India); composes 
multiple secondary bioactives like polyphenols, flavonoids, tannins, 
sterols and organic compounds (Khaliq, 2017). Previously, we reported 
the anti-oxidant potential, multiple biological spectra (Khanal and Patil, 
2020a), the inhibitory activity of α-amylase/α-glucosidase (Khanal and 
Patil, 2020b), and the anti-diabetic effect (Khanal & Patil 2021) of 
hydroalcoholic extract of F. benghalensis bark (FBE). In this regard, we 
observed the efficacy of FBE to act as insulin secretagogues and also 
contributed to glucose uptake efficacy (Khanal & Patil 2021) which is 
one of the compromised effects in insulin resistance. This observation 
kindled us to investigate whether FBE can attenuate insulin sensitivity in 
insulin-resistant conditions or not. 

To investigate above hypothesis, we evaluated the efficacy of FBE in 
fructose-induced hyperinsulinemia to assess its insulin sensitivity effect. 
Additionally, the effect of FBE on enzymes involved in gluconeogenesis 
and glycolysis was also quantified in liver homogenate. Further, the 
probable lead bioactives from F. benghalensis involved in attenuating the 
glycolysis and gluconeogenesis were also identified using in silico mo-
lecular docking. 

2. Materials and methods 

2.1. Experimental pharmacology 

2.1.1. Plant collection, authentication, and extract preparation 
Before the collection of barks of F. benghalensis, the aerial part of the 

wild-grown plant was collected from local areas of Belagavi 
(16◦08′37.1′′ N 74◦38′51.4′′E); authenticated at Indian Council of 
Medical Research- National Institute of Traditional Medicine, Belagavi 
by botanist and the herbarium was deposited for the same (RMRC-1405) 
for future reference. After the authentication of the plant, the bark(s) 
were collected, thoroughly cleaned under the running water, and shade 
dried; precautions were carried to avoid the decay and microbial growth 
during the shade drying; crushed to turn into a coarse powder. Extrac-
tion was carried as explained by Cos et al., (2006) with minor modifi-
cations as we explained previously (Khanal and Patil, 2021b). Briefly, 
the coarse powder was macerated with 70% ethanol in a closed 
container, shaken occasionally for 7 days, filtered and the marc was 
again shade-dried; loaded in soxhlet for hot percolation; both filtrates 
and percolates were combined; concentrated under reduced pressure 
using a rotary evaporator (MPC 105T, IKA Version, ILMVAC GmbH, 
Germany); the extract was then stored at freezing temperature in an 
opaque container for further use. 

2.1.2. Fourier transform infrared spectroscopy (FTIR) analysis of FBE 
An FTIR spectrum was obtained to trace the functional groups of 

bioactives present in FBE using a DRS 8000 spectrometer (Shimadzu IR 
Affinity-1). In this, the potassium bromide solid filling method was used 
as a sampling technique in which one part of solid dried powder of FBE 
was triturated with IR grade potassium bromide; the background was 
scanned 45 times and the transmission was measured per cm− 1. 

2.1.3. Ethical clearance and animal procurement 
The study protocol was reviewed by the institutional animal ethical 

committee of KLE College of Pharmacy Belagavi (resolution No. 
KLECOP/CPCSEA-Reg,No.221/Po/Re/S/2000/CPCSEA,Res.28-12/10/ 
2019). The animals were obtained from the committee for control and 
supervision of experiments on animals registered vendor and were 
acclimatized for a week at 12-h dark/light cycle before beginning the 
study. The male Wister rats with a weight of 169.32 ± 6.00 g were 
included in the study. 

2.1.4. Induction of insulin resistance and animals grouping 
Insulin resistance was induced by supplementing the fructose in 

drinking water as explained by Mamikutty et al., (2014) with minor 
modifications. Briefly, insulin resistance was induced in male Wister rats 
by administrating the fructose 10% w/v for 42 days followed by an in-
crease to 20% w/v for the next 12 days. After a total of 54 days; insulin 
resistance was confirmed by performing the oral glucose tolerance test 
(OGTT) by loading 4 g/kg glucose of fasting body weight and calculating 
the total area under the curve (AUC) of glucose for 120 min at 30 min 
intervals. If the total AUC 0-120 min of glucose in fructose supplemented 
animals was significantly higher (CI 95%, df 5%, p < 0.05), compared to 
the normal group, then the animals were considered as insulin resistant 
and included in the study. Before the beginning of treatment, the 
fructose-supplemented animals were again randomized into 5 different 
groups using computer-generated random numbers; each group 
comprised of 3 cages containing 2 animals in each. 

A total of 36 rats were grouped into 6 of which 30 were insulin 
resistant (IR) and 6 served as a normal/healthy control. FBE and met-
formin were suspended in a vehicle (water for injection) and 3 test doses 
of the FBE were administered p.o. within 1 mL of vehicle for the next 30 
days as (1) normal: vehicle-treated; (2) IR: vehicle-treated; (3) MET45; 
IR, treated with metformin 45 mg/kg (Nugroho et al., 2012); (4) FB100: 
IR, treated with 100 mg/kg FBE; (5) FB200: IR, treated with 200 mg/kg 
FBE; (6) FB400: IR, treated with 400 mg/kg FBE. Since one of our pre-
vious studies reported the anti-diabetic effect of FBE at 100 mg/kg, 200 
mg/kg, and 400 mg/kg p.o. (Khanal and Patil, 2021a); the 
above-mentioned test doses were selected to evaluate its insulin sensi-
tivity effect in fructose-induced insulin-resistant rats. 

2.1.5. Measurements and methods 
Three physical parameters i.e. food intake, water intake, and body 

weight were recorded during the induction period and treatment period 
at 3 days intervals. After 30 days of treatment OGTT was performed to 
evaluate the efficacy of FBE in exogenous glucose clearance by 
measuring the glucose (glucometer; Janaushadi, India) and insulin level 
(Ray Biotech, USA; using enzyme-linked immunosorbent assay plate 
reader-Thermo Scientific Multiskan Go Version 1.00.40) from 0 to 120 
min at a 30-min interval. After a day of performance of OGTT, animals 
were subjected to insulin tolerance test (ITT) as explained by Nair et al., 
(2018) by injecting the insulin (regular insulin, 0.75 U/kg) s.c. and 
measuring the glucose level in 30 min intervals for 120 min. Further, the 
Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) index 
was calculated using the following formula  

HOMA-IR= (glucose (mg/dL) X insulin (μIU/mL))/405                              

After the performance of OGTT and ITT, the animals were anes-
thetized using anesthetic ether, and the blood was collected via cardiac 
puncture. Plasma was separated to measure glucagon-like peptide-1 
(GLP-1) and leptin levels using commercially available kits. Further, 
serum was separated to estimate urea, creatinine, uric acid, high-density 
lipoprotein (HDL), triglycerides (TG), and total cholesterol (TC), using 
spectrophotometric methods with commercially available kits (ERBA 
Diagnostics Lab, India) in auto-analyzer (Star 21 Plus, No. E117610, 
Rapid Diagnostic Pvt. Ltd.). The low-density lipoprotein (LDL) and very- 
low-density lipoprotein (VLDL) levels were calculated using the 
following formula under the common units.  

VLDL = TG/5                                                                                      
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LDL = TC − (HDL + VLDL)                                                                

After the collection of blood, animals were euthanized with an 
overdose of anesthetic ether, and the vital organs were collected, 
washed immediately using phosphate buffer to avoid any clots, and 
weighted to calculate the organ: fasting body weight ratio using the 
following formula  

Organ: bodyweight ratio = organ weight/body weight                                 

The liver was sectioned into two equal parts; 1 part was subjected for 
homogenization in chilled phosphate buffer and another part was 
immersed into 10 %v/v formalin for histopathological examination. 

Further, rat hemidiaphragm was isolated from individual animals to 
evaluate the glucose uptake efficacy as explained by Kumar et al., 
(2012). Briefly, 100 mm2 of the isolated rat-hemidiaphragm was incu-
bated in glucose solution (30 mM, 15 mL, premixed with 0.25 U insulin), 
under aeration for 15 min. After 15 min of incubation, the percentage 
change in glucose concentration in incubating mixture was quantified 
(Khanal & Patil 2021) via the difference in initial and final glucose 
concentration using the following formula  

% change in glucose concentration = (Ac − At)/Ac X 100                            

where Ac and At are the absorbances of glucose concentration before and 
after incubation of rat hemidiaphragm respectively in incubating 
mixture. 

Similarly, glycogen content per g of the liver and gastrocnemius 
muscle was quantified using the anthrone method (Seifter and Dayton, 
1950) with minor modifications. Briefly, the homogenate (1 mL) liver 
and gastrocnemius muscle was incubated for 20 min in KOH (30% w/v, 
2 mL) in a boiling water bath, cooled and centrifuged (15 min) and the 
volume was maintained up to 25 mL with 30% w/v KOH followed by the 
addition of 10 mL of 95% v/v ethanol; the whole content was allowed to 
stand overnight at room temperature to precipitate glycogen and the 
whole mixture was centrifuged at 3000 rpm for 15 min, the pellet was 
dissolved in type 1 water (1 mL), followed by the addition of anthrone 
reagent (4 mL), placed in boiling water for 10 min, contents were cooled 
and the absorbance was recorded at 620 nm using ultraviolet (UV) 
spectrophotometer (Shimadzu, UVProbe 2.4.3). Further, the glycogen 
content in gastrocnemius muscle and liver were extrapolated using the 
standard linear calibration curve i.e. y = 0.09x − 0.117, R2 0.998 for and 
y = 0.017x + 0.918, R2 0.992 respectively. 

Additionally, multiple hepatic enzymes lactate dehydrogenase (King, 
1959), hexokinase (Brandstrup et al., 1957), phosphofructokinase (PFK, 
KinesisDx, USA), glucose-6-phosphatase, fructose-1,6-biphosphatase 
(Pari and Srinivasan, 2010), serum glutamic pyruvic transaminase 
(SGPT, Erba Lab, India) and serum glutamicoxaloacetic transaminase 
(SGOT, Erba Lab, India) were also quantified in liver homogenate. 

The various enzymatic and non-enzymatic anti-oxidant biomarkers 
were performed using well-established protocols; catalase (Claiborne, 
1985), malondialdehyde and glutathione (Sedlak and Lindsay, 1968), 
and thiobarbituric acid reactive substance (Hiroshi et al., 1979). Further 
hepatic superoxide dismutase (SOD) was also quantified as explained by 
Nandi and Chatterjee (1987). 

For the histopathological examination, a trained pathologist was 
blinded to fix liver samples with 10% formalin, sectioned the tissue (4 
μM), and stained it with hematoxylin and eosin (H & E). 

2.2. In silico pharmacology 

In the present in silico study, 5 different hepatic enzymes involved 
glucose catabolism and anabolism i.e. hexokinase, glucose-6- 
phosphatase, fructose-1,6-biphosphatase, lactate dehydrogenase, and 
phosphofructokinase were targeted. Briefly, hexokinase (query 
sequence accession number sp|P19367.3 and template PDB: 2NZT 
(Nawaz et al., 2018), fructose-1,6-biphosphatase (query sequence: 

GenBank: AAC50207.1 and template PDB: 7CVN), and glucose 6-phos-
phatase (Accession: P35575.2, GI: 206729864) were modeled using 
SWISS-MODEL (Waterhouse et al., 2018; https://swissmodel.expasy. 
org/). Further, x-ray crystallographic structure of phosphofructokinase 
(PDB: 4OMT; Kloos et al., 2014) and lactate dehydrogenase (PDB: 4L4S; 
Dempster et al., 2014) were retrieved from the RCSB (https://www.rcsb. 
org/) protein data bank; targets (modeled or retrieved) were made free 
from pre-complexed ligands (wherever applicable) using Discovery 
studio 2019 (Systèmes Dassault. BIOVIA, 2019) and saved in.pdb 
format. 

The reported bioactives from F. benghalensis were retrieved from the 
Chemical Entities of Biological Interest (ChEBI; https://www.ebi.ac. 
uk/chebi/; 16. March.2021) database and their 3D structures were 
retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov/) data-
base in.sdf; converted into.pdb using Discovery studio 2019. The energy 
of each ligand was minimized using mmff94 forcefield (Halgren, 1996) 
and conjugates gradients as optimization algorithm; converted into 
autodock ligand in.pdbqt format. 

Finally, each ligand was docked against the individual modeled/ 
retrieved enzymes using autodock vina at the 8 exhaustiveness to obtain 
10 different ligand poses. The ligand pose with minimum binding energy 
was chosen to visualize ligand-protein interaction using Discovery stu-
dio 2019. 

2.3. Statistical analysis 

All data were expressed in mean ± standard error of the mean (SEM). 
Data were analyzed using one-way or two-way ANOVA, followed by 
posthoc Tukey’s test or Bonferroni test and Kruskal-Wallis test followed 
by Dunn’s test where applicable using GraphPad Prism (Version 5; 
GraphPad Software Corporation, San Diego California, USA). All p- 
values < 0.05 were considered statistically significant. Docking data 
were analyzed based on the binding affinity, number of hydrogen, and π 
interactions. 

3. Results 

3.1. FTIR spectroscopy of FBE 

Before the FTIR analysis, initially, we investigated the reported 
bioactives from F. benghalensis using the ChEBI database. The 2D sketch 
of each bioactives with its molecular weight and formula is presented in 
Fig. S1. The majority of the bioactives were allocated with the traceable 
functional groups like –OH, –C––O, –COOH, –C–O–C–, –OCH3, and 
–C––C–. Based on this, we identified the probable peaks in the spectra; 
–C––C– (~1531cm− 1), –C–O–C (~1080 cm− 1), –C––O; ester or –COOH 
(~1726 cm− 1), –OH (3444-2569cm− 1); Fig. S2 presents the FTIR spectra 
of FBE. 

3.2. Effect of FBE on body weight, food intake, and water intake 

There was a significant decrease (p < 0.001) in body weight in the IR 
group compared to the normal after feeding 20% w/v fructose in 
drinking water after 54 days. In contrast, the loss in body weight was 
significantly increased by treating with metformin (p < 0.05–0.001; 21st 
to 30th day), FB100 (p < 0.05–0.001; 21st to 30th day), FB200 (P <
0.05–0.001; 18th to 30th day) and FB400 (p < 0.01–0.001; 18th to 30th 
day); Table S1. Further, fructose supplementation (10–20) %w/v in 
drinking water for 54 days significantly decreased (p < 0.05) the food 
intake in the IR group which further continued to the next 30 days (p <
0.001); was increased after the 15th day (p < 0.05–0.001; 15th to 30th 
day) of metformin administration. Similarly, treatment with the FBE 
significantly increased (FB100, p < 0.05–0.001, 15th-30th day; FB200, 
p < 0.05–0.001, 12th to 30th day; p < 0.01 & 0.001, 18th to 30th day) 
the food intake compared to IR in corresponding days (Table S2). 
Additionally, there was a significant increase (p < 0.001) in water intake 
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in the IR group compared to normal which was further maintained for 
the next 30 days of treatment. This increase in water intake was 
significantly reversed (p < 0.05–0.001) from the 12th to 30th day of 
metformin treatment. Likewise, treatment with the FBE significantly 
decreased (p < 0.05 & 0.001) the water intake from the 24th to the 30th 
day at the dose of 100 mg/kg. Likewise, the water intake was also 
significantly decreased at 200 mg/kg (p < 0.01–0.001; 3rd to 30th day) 
and 400 mg/kg (p < 0.01–0.001; 3rd to 30th day) of FBE treatment 
(Table S3). 

3.3. Effect of FBE on (a) heart, (b) liver, and (c) kidney weight and their 
ratio to body weight 

There was a significant increase (p < 0.001) in the heart, liver, and 
kidney weight in the IR group compared to normal. After 30 days of 
metformin and FBE treatment, the weight of the heart, liver, and kidney 
was significantly decreased (p < 0.05–0.001) compared to IR (Fig. S3). 
Further, there was a significant increase (p < 0.001) in heart, liver, and 
kidney to body weight ratio in the IR group compared to normal. In 
contrast, treatment with the metformin and FBE significant decrease (p 
< 0.05–0.01) in organ to body weight ratio was observed compared to IR 

Fig. 1. Effect of the FBE on glucose level in the oral glucose tolerance test. Data were analyzed using (a, c) one-way ANOVA followed by Post-hoc Tukey’s test 
and (b) two-way ANOVA followed by Bonferroni’s post hoc test. Data are presented in mean ± SEM (n = 6). Normal and IR were treated with vehicle only; the MET 
group was treated with metformin 45 mg/kg; the FB100, FB200, and FB400 groups were treated with 100, 200, and 400 mg/kg FBE respectively. ap<0.001 compared 
to normal, bp < 0.01, cp < 0.001 compared to IR. 

Fig. 2. Effect of the FBE on insulin level in the oral glucose tolerance test. Data were analyzed using (a, c) one-way ANOVA followed by Post-hoc Tukey’s test 
and (b) two-way ANOVA followed by Bonferroni’s post hoc test. Data are presented in mean ± SEM (n = 6). Normal and IR were treated with vehicle only; the MET 
group was treated with metformin 45 mg/kg; the FB100, FB200, and FB400 groups were treated with 100, 200, and 400 mg/kg FBE respectively. ap<0.001 compared 
to normal, bp < 0.05, cp < 0.01, dp < 0.001 compared to IR. 

Fig. 3. Effect of FBE on insulin tolerance test. Data were analyzed using (a) two-way ANOVA followed by Bonferroni’s post hoc test and (b) one-way ANOVA 
followed by Post-hoc Tukey’s test. Data are presented in mean ± SEM (n = 6). Normal and IR were treated with vehicle only; the MET group was treated with 
metformin 45 mg/kg; the FB100, FB200, and FB400 groups were treated with 100, 200, and 400 mg/kg FBE respectively. ap<0.001 compared to control, bp < 0.05, 
cp < 0.001 compared to IR. 
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(Fig. S4). 

3.4. Effect of FBE on glucose and insulin in OGTT 

There was a significant increase (p < 0.001) in fasting blood glucose 
level in the IR group compared to normal which was significantly 
decreased (p < 0.01) with metformin treatment. Although there was no 
significant decrease in fasting blood glucose level in FBE-treated groups, 
significant clearance (p < 0.05–0.001) of the exogenous glucose sup-
plementation was observed at all the doses at the 30 min interval for 
120 min. Likewise, there was a significant increase (p < 0.001) in total 
AUC of glucose in the IR group compared to normal which significantly 
decreased (p < 0.001) with metformin and FBE treatment (Fig. 1). 

Likewise, there was a significant increase (p < 0.001) in insulin level 
in the IR group compared to normal which was significantly decreased 
(p < 0.01–0.001) with metformin and FBE (200 and 400 mg/kg) treat-
ment; the variation of the insulin level was also observed in clearing the 
exogenous glucose (p < 0.05–0.001) during 120 min of OGTT. Further, 
there was no significant difference in the means of the total AUC of the 
insulin within MET, FB200, and FB400 (Fig. 2). 

3.5. Effect of FBE on insulin tolerance test 

Administration of the exogenous insulin significantly decreased (p <
0.05, 0.001) the basal glucose level in FBE treated groups compared to 
IR. Similarly, the total AUC of glucose in IR was significantly higher (p <
0.001) compared to normal. Likewise, treatment with the FBE (except 
FB100) reflected a significant decrease (p < 0.001) in the total AUC of 
glucose compared to the IR (Fig. 3). 

3.6. Effect of FBE on HOMA-IR 

There was a significant increase (p < 0.001) in HOMA-IR in the IR 
group compared to the normal which was significantly reversed (p <
0.001) in MET, FB100, FB200, and FB400 groups. However, no dose- 
dependent effect was observed among the response of FB100, FB200, 
and FB400 mg/kg for HOMA-IR (Fig. S5). 

3.7. Effect of FBE on lipid profile 

There was a significant increase (p < 0.001) in TG, VLDL, and LDL 
levels in the IR group compared to normal; in contrast, a significant 
decrease (p < 0.001) in TC and HDL was observed in the corresponding 
group. Likewise, metformin and FBE treatment significantly decreased 
the TG (p < 0.001), VLDL (p < 0.001), and LDL (p < 0.05, 0.001) levels 
compared to IR. In contrast, metformin and FBE treatment significantly 

increased the TC (p < 0.001) and HDL (p < 0.05 & 0.001) level 
compared to the IR group (Table S4). 

3.8. Effect of FBE on glucose uptake in rat hemidiaphragm 

In rat hemidiaphragm, there was a significant decrease (p < 0.001) in 
the glucose uptake in the presence of insulin in IR group’s animals 
compared to normal. In contrast, metformin and FBE treatment signif-
icantly increased (p < 0.001) the glucose uptake in rat hemidiaphragm. 
Further, there was no significant difference in glucose uptake within 
MET and FB400 (Fig. S6). 

3.9. Effect of FBE on urea, uric acid, and creatinine level 

There was a significant increase (p < 0.001) in urea, uric acid, and 
creatinine level in the IR group compared to normal. Metformin and FBE 
treatment significantly decreased urea (p < 0.01 &0.001), uric acid (p <
0.001), and creatinine (p < 0.001) levels compared to IR. The response 
to urea and the uric acid level, the effect was dose-dependent (p <
0.05–0.001) within FB100, FB200, and FB400. Likewise, the dose- 
dependent effect (p < 0.05) was observed in creatinine level within 
FB100 vs FB400 (Table S5). 

3.10. Effect of FBE on glycogen content per gram tissue of (a) 
gastrocnemius muscle and (b) liver 

There was a significant decrease (p < 0.001) in glycogen content in 
gastrocnemius muscle and liver in the IR group compared to normal. 
Similarly, treatment with the metformin and FBE significantly increased 
(p < 0.001) the glycogen content in the liver and gastrocnemius muscle 
(Fig. 4). 

3.11. Effect of FBE on hepatic hexokinase, glucose-6-phosphatase, 
fructose-1,6-biphosphatase, phosphofructokinase, lactate dehydrogenase, 
SGOT, and SGPT level, and SGOT: SGPT ratio 

There was a significant decrease (p < 0.001) in hepatic hexokinase 
level in the IR group compared to normal which was significantly 
reversed (p < 0.05 & 0.001) with metformin and FBE treatment. Simi-
larly, there was a significant increase (p < 0.001) in glucose-6- 
phosphatase, fructose-1,6-biphosphatase, phosphofructokinase, lactate 
dehydrogenase, SGOT, SGPT, and SGOT: SGPT ratio in the IR group 
compared to normal. Additionally, there was a significant decrease (p <
0.001) in glucose-6-phosphatase, fructose-1,6-biphosphatase, phospho-
fructokinase, lactate dehydrogenase, SGOT, SGPT, and SGOT: SGPT 
ratio in all treated groups except FB100 for SGPT level (Table S6). 

Fig. 4. Effect of FBE on glycogen content per gram tissue of (a) gastrocnemius muscle and (b) liver. Data were analyzed using one-way ANOVA followed by the 
Post-hoc Tukey test. Data are presented in mean ± SEM (n = 6). Normal and IR were treated with vehicle only; the MET group was treated with metformin 45 mg/kg; 
the FB100, FB200, and FB400 groups were treated with 100, 200, and 400 mg/kg FBE respectively. ap<0.001 compared to normal, bp < 0.001 compared to IR. 
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Fig. 5. Effect of FBE on hepatocytes (40X) in fructose-induced insulin-resistant rats. Data were analyzed using the Kruskal-Wallis test followed by Dunn’s test. Data are presented in mean ± SEM. sinusoidal 
congestion, venous congestion, ballooning degeneration, inflammation, apoptosis, spotty necrosis, portal triditis, cholestasis, kuffer cell hyperplasiaap<0.05, bp < 0.01 compared to 
normal, cp < 0.05 compared to IR. Normal (a) and IR (b) were treated with vehicle only; the MET (c) group was treated with metformin 45 mg/kg; the FB100 (d), FB200 (e) and FB400 (f) groups were treated with 100, 
200 and 400 mg/kg FBE respectively. 
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3.12. Effect of FBE on plasma leptin and GLP-1 level 

There was a significant decrease (p < 0.001) in plasma leptin level in 
the IR group compared to normal which was significantly reversed (p <
0.001) with metformin and FBE treatment. Further, the effect was dose- 
dependent within FB100 vs FB200 vs FB400 at p < 0.001 (Fig. S7). 
Additionally, there was a significant decrease (p < 0.001) in the GLP-1 
level in the IR group compared to normal which was significantly 
reversed (p < 0.001) only with the metformin treatment. Additionally, a 

significant difference (p < 0.001) in the GLP-1 level was observed 
among the groups of MET vs FB100, FB200, and FB400 (Fig. S8). 

3.13. Effect of FBE on MDA, GSH, THABS, catalase, and SOD level in 
liver homogenate 

There was a significant decrease (p < 0.001) in GSH, catalase, and 
SOD level in the IR group compared to normal which was significantly 
reversed (p < 0.01 & 0.001) with metformin and FBE treatment except 

Fig. 6. 2D structure of (a) Mucusisoflavone A and (b) Mucusisoflavone B, A-G presents the rings of the bioactives.  

Fig. 7. Heat map presents the binding energy, H- and π-bond interactions of each bioactives from F. benghalensis with (a) fructose-1,6-biphosphatase, (b) glucose-6- 
phosphatase, (c) hexokinase, (d) lactate dehydrogenase, and (e) phosphofructokinase. 
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FB100 in liver homogenate. In contrast, there was a significant increase 
(p < 0.001) in MDA and THABS levels in liver homogenate in the IR 
group compared to normal which was significantly reversed (p < 0.01 & 
0.001) with metformin and FBE treatment compared to IR except FB100 
(Table S7). 

3.14. Hepatic histology 

The effect of FBE on various parameters i.e. venous congestion, si-
nusoidal congestion, inflammation, apoptosis, spotty necrosis, portal 
triaditis, cholestasis, and kupffer cell hyperplasia) were examined. There 
was significant increase in venous congestion (p < 0.05), sinusoidal 
congestion (p < 0.05), inflammation (p < 0.05), apoptosis (p < 0.01), 
spotty necrosis (p < 0.05), portal triaditis (p < 0.05), cholestasis (p <
0.05) and kupffer cell hyperplasia (p < 0.05) in IR group compared to 
normal. Metformin and FBE (400 mg/kg) treatment significantly 
reversed (p < 0.05) the above effects in hepatocytes. Further, no sig-
nificant dose-dependent effect was observed within the groups of FBE 
treatment i.e. FB100 vs FB200 vs FB400 for the above variables (Fig. 5). 

3.15. In silico molecular docking 

The overall analysis of in silico molecular docking identified the 
Mucusisoflavone A and B (Fig. 6) to be the potential lead hits from 
F. benghalensis as a regulator(s) of fructose-1,6-biphosphate, phospho-
fructokinase, glucose-6-phosphatase, lactate dehydrogenase, and hexo-
kinase which was interpreted based on the binding energy, the number 
of hydrogen and π-interactions (Fig. 7). Among all the bioactives, 
Mucusisoflavone B was predicted to possess the highest binding affinity 
with fructose-1,6-biphosphatase with the binding affinity of − 10 kcal/ 
mol and 2 hydrogen bond interactions with Val49 and Tyr168, and 12 
π-interactions with Pro189, Ala52, Leu130, Arg50, and Lys51. During 
the interaction, Tyr168 and Val49 formed 2 conventional hydrogen 
bonds with the –OH group with the benzene (ring G). Additionally, 
amino acid residues Pro189, Arg50, Ala52, Leu130, and Lys51 possessed 
alkyl and π-alkyl interaction with the aromatic rings (ring A-G). Like-
wise, Pro189, Arg50, and Leu130 possessed alkyl and π-alkyl interaction 
with 2H-pyran (ring B & F). Further, Arg50 showed an aromatic inter-
action with pyran and –CH3 of –C––C(CH3)2 (ring D) of Mucusisoflavone 
B via alkyl or π-alkyl. The interaction of the Mucusisoflavone B with 
fructose-1,6-biphosphatase is presented in Fig. 8a. 

Fig. 8. Interaction of Mucusisoflavone B with (a) fructose-1,6-biphosphatase, (b) glucose-6-phosphatase, (c) hexokinase, (d) lactate dehydrogenase and (e) 
phosphofructokinase. 
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Further, Mucusisoflavone B was predicted to possess the highest 
binding affinity i.e. − 9.7 kcal/mol with glucose-6-phosphatase via 1 
hydrogen bond interaction with Pro84 and 7 π-alkyl interactions with 
His9, Leu8, Phe177, His179, and Ala183. The -OH group attached to the 
benzene (ring G) interacted with Pro84 via 1 hydrogen bond. Similarly, 
Ala183 interacted with the aromatic ring of benzene and 2H-pyran (ring 
F). Further, His179 interacted with tetrahydropyran attached to the 
benzene ring. Likewise, His9 interacted with 2H-pyran (ring B) attached 
to benzene (ring A) and –CH3 attached to tetrahydropyran (ring D); also 
contributed by Phe177. Also, Leu8 interacted with –CH3 moiety of 
–C––C(CH3)2 originated from tetrahydropyran ring (ring D) of Mucusi-
soflavone B. The interaction of Mucusisoflavone B with glucose-6- 
phosphatase is presented in Fig. 8b. 

Additionally, Mucusisoflavone B was predicted to interact with he-
patic hexokinase at the binding affinity of − 10.4 kcal/mol via 2 
hydrogen bond interactions with His467, and Phe766, and 16 π-alkyl 
interactions with Leu463, Ala464, Lys162, Leu818, Ile817, His467, and 
Asp164. It was observed that His467 and Phe766 interacted with the =
O group of 2H-pyran (ring F) attached to the benzene (ring G) of whose 
–OH interacted with Phe766 via conventional hydrogen bond. Similarly, 
His467 also contributed on the π-anion/cation interaction with benzene 
(ring C & D) along with Asp164 that contributed to interact with ben-
zene (ring A) and 2H-pyran (ring C) attached to benzene moiety (ring A). 
Further, Ala464 interacted with aromaticity of benzene (ring A) and 2H- 
pyran (ring B) of the Mucusisoflavone B and Leu463 interacted with two 
–CH3 groups of –C––C(CH3)2 originated from the tetrahydropyran (ring 
D) attached to benzene (ring C) in which Asp164 and His467 majorly 
contributed in π-anion/cation interaction. Further, Lys162 interacted 
with the benzene (ring C) along its pyran (ring D) fused to it, and –CH3 
moiety originated from pyran (ring D). Similarly, Leu818 and Ile817 had 
alkyl and π-alkyl interactions with 2H-pyran (ring F) and benzene (ring 
G) fused to it. The detailed interaction of Mucusisoflavone B with 
hexokinase is presented in Fig. 8c. 

Mucusisoflavone A was predicted to possess the highest binding af-
finity i.e. − 10.7 kcal/mol with lactate dehydrogenase via 5 hydrogen 
bond interactions with Glu191, Asp194, Val234, Arg168, and Thr247, 
and 7 π interactions with Ile251, His192, Gly193, Ala237, and Ile241. It 
was observed that Asp194, Glu191, Thr247, and Val234 were predicted 
to interact with the –OH of the benzene rings (ring A-C & G) of Mucu-
sisoflavone A via a conventional hydrogen bond. Further Arg168 was 
also predicted to possess hydrogen bond interaction with = O of 2H- 
pyran (ring B) fused with the benzene ring. Similarly, Ala237 contrib-
uted to π alkyl/alkyl interaction with the 2H-pyran (ring B) along with 
the benzene (ring A) fused to it. Similarly, Ile241 was predicted for 
π-alkyl/alkyl interaction with –CH3 of the cyclohexene (ring D). Addi-
tionally, Ile251 was predicted to contribute to π-alkyl/alkyl with the 
benzene (ring C) of Mucusisoflavone A. The interaction of Mucusiso-
flavone A with lactate dehydrogenase is presented in Fig. 8d. 

Mucusisoflavone A was predicted to possess the highest binding af-
finity i.e. − 11.8 kcal/mol with phosphofructokinase via 4 hydrogen 
bond interactions with Asp236, Tyr385, Asp226, and Arg246, and 16 π 
interactions with His242, His390, Val391, Arg392, Ala389, Lys386, 
Trp227, Trp382, Pro235, and Cys233. It was observed that Asp236, 
Tyr385, Asp226, and Arg246 interact with –OH groups of the benzene 
(ring A, C, & G) of the Mucusisoflavone A. Further, Cys233, Pro235, 
Ala389, Arg392, Val391, His390, Trp227, and Lys386 were predicted 
for π cation/donor hydrogen bond/σ/alkyl and π-π stacked/T-shaped 
with the benzene (ring A-C & G). Further, Trp382, Trp227, and 
His242 were predicted for π interactions with 2H-pyran (rings B, F) 
fused to benzene. Also, His242 interacted with one of the –CH3 moieties 
of cyclohexene (ring E). The detailed interaction of Mucusisoflavone A 
with phosphofructokinase is presented in Fig. 8e. The binding affinity of 
each bioactive with the number of hydrogen/π bond interactions and 
residues with individual targets is provided in the supplementary ma-
terial. The binding affinity, number of hydrogen/π-bond interactions 
along the residues of each bioactives with individual targets are 

summarized in Tables S8–S12. 

4. Discussion 

Fructose-induced hyperinsulinemia is one of the established animal 
models to evaluate the insulin sensitivity effect of the suspected insulin 
sensitizer (Baena et al., 2016; Basciano et al., 2005). Previously, mul-
tiple reports are made where the fructose-induced hyper-
insulinemia/insulin resistance is closely linked to weight gain (Ng et al., 
2018; Ramos et al., 2017; Zemanciková & Torok, 2016). However, in 
some experimental animal studies an insignificant increase (Catena 
et al., 2003; D’Angelo et al., 2005; Galipeau et al., 2001) or a decrease 
(Iyer and Katovich, 1996) in body weight have been reported with 
fructose supplementation. Similarly, in the present study fructose sup-
plementation in drinking water significantly decreased the body weight 
which could be due to the compromised food intake. Additionally, in-
sulin resistance in rats is characterized by elevated insulin levels to 
maintain mild hyperglycemia and a higher value of HOMA-IR (Atabek 
and Pirgon, 2007). Consistently, in the present study, a significant in-
crease in total AUC of glucose during OGTT and HOMA-IR was observed 
with mild hyperglycemia; maintained by elevated insulin level. These 
changes were ameliorated with 200 and 400 mg/kg of FBE treatment 
which was demonstrated with decreased HOMA-IR to reflect the 
improved insulin-sensitizing effect of FBE. 

Compromised glycolysis and glycogenesis followed by high hepatic 
glucose efflux are major contributing factors in insulin resistance 
(Simoneau and Kelley, 1997; Hatting et al., 2018; Solini et al., 2001) 
which was also demonstrated in fructose-induced insulin-resistant ani-
mals (Nair et al., 2018). In glucose catabolism, hexokinase converts 
glucose into glucose-6-phosphate and is the first step for glycolysis (Li 
et al., 2015). Additionally, decreased hepatic hexokinase level has been 
reported in fructose-induced insulin-resistant rats (Bellamkonda et al., 
2017). Similarly, in the present study, it was observed that fructose 
supplementation significantly contributed to hyperinsulinemia pro-
gression which was ameliorated with FBE treatment. Further, in 
glycolysis, fructose-1,6-biphosphatase catalyzes fructose-1, 
6-bisphosphate to fructose-6-phosphate which is reverse catalyzed 
with phosphofructokinase (Cole 1988). Additionally, its contribution is 
also reported in the hepatic glucose output to promote gluconeogenesis 
by converting fructose-1,6-biphosphate to fructose-6-phosphate; further 
converted to glucose-6-phosphate in the presence of phosphohexose 
isomerize; concurrently converted into hepatic glucose by 
glucose-6-phosphatase; deficiency of this enzyme improves insulin 
resistance (Ham et al., 2016). Additionally, a significant increase in the 
hepatic glucose-6-phosphatase, phosphofructokinase, and fructose-1, 
6-biphosphatase has been reported in fructose-induced insulin resis-
tance in experimental animals (Bellamkonda et al. 2017; Nair et al., 
2018). Supporting the previous reports, fructose supplementation 
significantly increased the hepatic fructose-1,6-biphosphatase, phos-
phofructokinase, and glucose-6-phosphatase which was observed to be 
significantly decreased within 30 days of FBE treatment. 

Previously, an elevated level of plasma lactate has been reported in 
hyperinsulinemic conditions (Berhane et al., 2015) considering it as a 
prime factor in diabetes interaction (Wu et al., 2016). Also, under 
anaerobic conditions, pyruvate is converted to lactate by lactate dehy-
drogenase via the conversion of NADH into NAD (Farhana and Lappin, 
2020) which may be accentuated in insulin resistance as enhanced 
glycolysis is noticed in hyperinsulinemia (Wu et al., 2016). Further, 
elevated hepatic lactate dehydrogenase has been reported in the 
fructose-induced hyperinsulinemia (Basciano et al., 2005); supports the 
involvement of lactate dehydrogenase in progressing the 
insulin-resistant which was also observed in the present study. In 
contrast, FBE treatment significantly decreased the hepatic lactate de-
hydrogenase which reflects its involvement to inhibit this enzyme in 
attenuating the progression of insulin-resistant pathogenesis. 

Further, elevated SGOT and SGPT level their ratio (>2) are the 
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outcome of the liver injury; also reflects the progression of fatty liver 
disease (Cohen and Kaplan, 1979) which is also observed in 
fructose-induced hyperinsulinemia (Salomone et al., 2015). Similarly, 
FBE treatment significantly decreased the SGOT and SGPT level and 
their ratio to act over the progression of fatty liver pathogenesis. These 
observations also indicate that FBE treatment ameliorated the hepatic 
glucose efflux and promote glucose catabolism. 

Glucose utilization can be explained via the upregulation of glyco-
genesis in which the glucose is effluxed into gastrocnemius muscle and 
liver where it is stored in the form of glycogen (Adeva-Andany et al., 
2016). Also, inadequate glucose catabolism and compromised glucose 
utilization are the risk factors to develop insulin resistance followed by 
T2DM progression (Ormazabal et al., 2018). In our study, it was 
observed that chronic fructose supplementation, significantly decreased 
the glycogen content in the liver and gastrocnemius muscle which is 
supported by the previously demonstrated experiments (Sundaresan and 
Radhiga, 2015) where an approach was made to investigate whether the 
glycogenesis is affected by fructose supplementation or not. Further, one 
of the approaches to investigate the glucose utilization efficacy of the 
test agent can be investigated via the ex vivo glucose uptake efficacy in 
the rat-hemidiaphragm model (Kumar et al., 2012). Within this, chronic 
FBE treatment enhanced the glucose transport from the incubating 
medium to the hemidiaphragm; increased glycogen content and pro-
moted glucose uptake in rat hemidiaphragm are the two “proof of 
concept” to support FBE efficacy to possess the insulin-sensitizing effect 
and promote glucose utilization. 

It has been reported that elevated TG level is concerned with the 
progression of inulin resistance pathogenesis (Unger et al., 2014; Nair 
et al. 2018). Also, in the present study, a significant increase in the TG 
level was observed which also confirms the insulin resistance develop-
ment with fructose supplementation and was supported with signifi-
cantly higher HOMA-IR value and total AUC 0–120 min of glucose in 
insulin-resistant animals compared to normal. Further, elevated TG and 
VLDL levels interfere with the homeostatic catabolism of free fatty acids 
contributing to compromised glucose utilization (Zheng et al., 2019; 
Stanhope and Havel, 2008) and also promotes gluconeogenesis 
(Sugiyama et al., 2015) which was also observed in the insulin-resistant 
group. In the present study, FBE treatment significantly decreased the 
TG and VLDL level which suggests its efficacy in improving insulin 
resistance by reversing the hepatic insulin resistance; also improves the 
response to an exogenous glucose load. 

DPP4 downregulates the insulin signal and its’ function contributing 
to the insulin-resistant progression (Deacon, 2019). Additionally, DPP4 
metabolizes GLP-1 (Ahrén and Schmitz, 2004) and deregulates glycemic 
control, decreases glucose-dependent insulin secretion, and inhibits 
proinsulin gene expression (Röhrborn et al., 2015). Further, GLP-1 im-
proves insulin sensitivity (Jiang et al., 2018) and ameliorates the insulin 
resistance. Additionally, metformin is reported to improve the GLP-1 
level in an insulin-resistant state (Mannucci et al., 2001) which was 
also observed in the present findings. However, FBE treatment showed 
no specific role in improving the GLP-1 level compared to the IR group. 
It means FBE may not compose the secondary bioactives to inhibit DPP4. 
Over this hypothesis, we were interested to predict if the reported bio-
actives from F. benghalensis could target DPP4 or not using PASS ONLINE 
(Filimonov et al., 2014). Interestingly, none of the reported bioactives 
targeted DPP4 which could be a reason for an insignificant effect over 
GLP-1 level with FBE treatment. Additionally, a decrease in plasma 
leptin level has been reported in the fructose-induced hyperinsulinaemic 
rats (Nair et al., 2018). Thus, aiding to the previous report, our study 
also pointed to the decreased plasma leptin level after chronic fructose 
supplementation. Further, decreased plasma leptin level has been re-
ported for inadequate glucose catabolism/utilization leading to insulin 
resistance (Denroche et al., 2012; Paz-Filho et al., 2012) which was 
traced via the assessment of total AUC of glucose during OGTT, 
HOMA-IR, and TG level. As explained earlier, FBE treatment improved 
all these 3 variables which could be in association with ameliorated 

leptin levels. 
An increase in oxidative stress has been contemplated as one of the 

prime factors contributing to the progression of insulin resistance 
(Hurrle and Hsu, 2017; Tangvarasittichai, 2015). In fructose-induced 
hyperinsulinemia deregulation of multiple enzymatic and 
non-enzymatic anti-oxidant biomarkers is observed due to abnormal 
fructose metabolism (Kelley et al., 2004) which is also demonstrated in 
fructose-induced hyperinsulinemia in experimental animals (Reddy 
et al., 2009). Also, one of our previous studies reports the interaction of 
various secondary bioactives from F. benghalensis with multiple 
free-radical generators (Khanal and Patil, 2020a) meaning the compo-
sition of FBE with free radical neutralizers to attenuate the oxidative 
stress as demonstrated in our present findings. 

Urea, uric acid, and creatinine are the outputs of the nitrogen 
metabolism pathway like the urea cycle (Blackstock, 1989; Wyss and 
Kaddurah-Daouk, 2000) and are reported to be elevated in the 
pre-diabetic state (Ambad et al., 2020) including fructose-induced 
hyperinsulinemia. Supporting the previous report, in the present 
study, chronic fructose supplementation significantly increased the ni-
trogen metabolites in the IR group which were observed to be signifi-
cantly decreased with FBE treatment. Additionally, glucose may directly 
reduce into hepatic amino acid expression independent of hormonal 
response (Hamberg and Vilstrup, 1994) which could be the reason for 
elevated nitrogen metabolites in both insulin-deficient (Khanal & Patil 
2021) and insulin-resistant animal models; the elevated urea level could 
be due to upregulation of glucose-alanine cycle correspondingly 
enhancing the creatinine level as promoted urea level upregulates the 
guanidinoacetate in the presence of glycine via the manipulation of 
arginine and ornithine. 

The sinusoidal alteration of hepatocytes is contributed by hyper-
insulinemia and hepatic insulin resistance (Leclercq et al., 2007); asso-
ciates with hepatocyte apoptosis (Ferreira et al., 2011), necrosis, and 
inflammation (Chatterjee, 2010); may trigger or get triggered via he-
patic load on endogenous glucose synthesis. Further, ballooning 
degeneration (Doycheva and Loomba, 2014) and venous congestion 
(Rask-Madsen and King, 2013) are also observed in prediabetic states or 
insulin resistance. Additionally, portal chronic inflammation (Brunt 
et al., 2009), cholestasis (Shipovskaya and Dudanova, 2018), and 
kupffer cell hyperplasia (Chen et al., 2020) are also observed in nonal-
coholic fatty liver disease (NAFLD) which could be the outcome of 
fructose-induced insulin resistance (Jensen et al., 2018). In the present 
study, chronic fructose supplementation significantly increased hepatic 
apoptosis, inflammation, and necrosis; also promoted sinusoidal 
congestion, ballooning degeneration, and venous congestion. In 
contrast, all these variables were observed to be significantly decreased 
with FBE (400 mg/kg) treatment which reflects the FBE’s efficacy to 
prevent the NAFLD progression associated with high fructose intake. 

In the present study, the efficacy of FBE to manipulate glycolysis and 
gluconeogenesis has been demonstrated via the quantification of the 
enzymes involved in it in the liver homogenate. In this regard, we 
evaluated the binding affinity of bioactives from F. benghalensis to 
contribute to these processes. Hence, we retrieved the reported bio-
actives from ChEBI database and were docked against fructose-1,6- 
biphosphatase, glucose-6-phosphatase, hexokinase, lactate dehydroge-
nase, and phosphofructokinase. In this approach, we observed mucusi-
soflavone A and B (flavones) to possess the highest binding affinity 
towards the above-mentioned targets meaning that these bioactives 
could be the promising molecules in minimizing the hepatic glucose 
efflux in the systemic circulation. Further, the beneficial effect of the 
flavones derivatives in glucose metabolism has been reported via the 
gluconeogenesis inhibition (Chen et al., 2020). After docking, the the 
ligand and protein interaction was visualized which reflected mucusi-
soflavone A was embedded within the active site of phosphofructokinase 
and lactate dehydrogenase; may compete with a substrate leading to 
competitive inhibition. Further, mucusisoflavone B also interacted with 
amino acids from the active site of target fructose-1,6-biphosphate, and 
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hexokinase; may act as a competitive inhibitor. Further, no specific 
interaction of the mucusisoflavone B with the glucose-6-phosphatase 
active site was observed reflecting the interaction could be uncompeti-
tive. However, the in silico molecular docking of these interactions needs 
to be further validated to reflect whether the reaction is competitive or 
uncompetitive via Michaelis–Menten kinetics evaluation and double 
reciprocal plot analysis. 

Additionally, since FBE was reflected to improve insulin functions; 
demonstrated via the OGTT and ITT; bioactives of FBE could affect the 
insulin signaling pathway. Hence, we identified the probable check-
points that could be manipulated within the insulin signaling pathway 
(KEGG: hsa04910) i.e. glucose transporter type 4 (GLUT4), protein- 
tyrosine phosphatase 1B (PTP1B), phosphoinositide 3-kinases (PI3K), 
protein kinase B, glycogen synthase kinase 3-β (GSK-3β), glucose-6- 
phosphatase, and fructose-1,6-bisphosphatase. These checkpoints 
could affect the GLUT4-mediated glucose uptake in rat hemidiaphragm, 
glucose-6-phosphatase, and fructose-1,6-bisphosphatase-mediated 
glycolysis and gluconeogenesis, Akt-mediated lipolysis and anti- 
apoptosis of hepatocytes, PTP1B- mediated glucose-uptake and PI3K- 
Akt, and GSK-3β-mediated glycogenesis (Fig. 9). Our previous report 
also suggested the probable interaction of secondary bioactives from 
F. benghalensis to target PTP1B (Khanal & Patil 2021) which acts as a 
major negative regulator of insulin and leptin sensitivity (Zabolotny 
et al., 2008) and its expression is promoted by fructose (Softic et al., 
2020) and regulates glucose catabolism (Paudel et al., 2018). Since the 
majority of the present findings are reflected towards the enhanced in-
sulin sensitivity with FBE treatment and is supported by the previous 
findings of PTP1B regulation, the FBE could have promoted the 
insulin-sensitizing effect via the glycogenesis and glycolysis and down-
regulating the gluconeogenesis followed by ameliorated appetite as 
evidenced with the improved plasma leptin level. 

5. Conclusion 

The present study reported the efficacy of FBE in improving insulin 
sensitivity in fructose-induced insulin-resistant rats. The FBE was 
demonstrated with an efficacy to clear the exogenous glucose load, 
improved HOMA-IR, and attenuated the feeding efficacy. Further, FBE 
improved hepatic glucose efflux and regulated gluconeogenesis and 
glycolysis. Additionally, FBE ameliorated nitrogen metabolism and 
reduced oxidative stress. In support, two reported bioactives i.e. mucu-
sisoflavone A and B were predicted as major contributors in amelio-
rating the gluconeogenesis. Additionally, the study also suggests 
performing the bioactivity-guided pharmacological evaluation of the 
FBE; primarily isolated flavonoids over the glycolysis and gluconeo-
genesis and also confirm the mucusisoflavone A and B’s role over 
gluconeogenesis and glycolysis via experimental studies. 
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Abstract: The aim of this study is to investigate the Antidiabetic activity of leaves extract of 

Gliricidia sepium (EEGSL) in Alloxan-induced diabetic rats. The animals were grouped as 

control (distilled water and Glibenclamide) and experimental (250, 333, and 500 mg/kg body 

weight). Type 2 DM was induced by a single intraperitoneal injection of alloxan at 120 mg/kg 

body weight. The blood sugar levels were estimated by employing the glucose kit from Aspen 

diagnostics and measured in Semi auto analyzer. The lipid profile and histopathological studies 

of experimental animal were studied. The results of three dose levels and Standard treatment 

showed downstream levels from hyperglycemic condition on blood glucose level (P<0.01) and 

restored the normal functioning of the various organ functions and brought the lipid levels from 

hyperlipidemia due to diabetes. The extract has shown notable therapeutic effects which can be 

seen clearly in regeneration capacities histopathological changes of the pancreas in alloxan-

induced diabetes. 
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INTRODUCTION:  

A study of reports indicates that diabetes in India was fairly known and well-conceived as an 

entity in India as the term “Madumeha”. It' is a disease in which a patient experiences high blood 

sugar levels so that it can be excreted in urine and sweat also and then the patient is considered 

hyperglycemic. In daily life consuming the raw fruits and juice of plants as folklore medicines 

have shown a reduction in the level of blood glucose.  The elevated blood sugar level was later 

termed diabetes mellitus (DM). It is one of the most common metabolic disorders in India. As 

per the existing survey data, 1.3% of the population living and suffering from this disease 

globally and it affects annually by 6%. It is estimated that the mortality is about 300,000 each 

year are attributed to diabetes. The management of diabetes is a major challenge in recent years 

in this regard the insulin and other oral hypoglycemic agents still play a major role as there are so 

many limitations are there for existing antidiabetic drugs, hence there is a scope for the 

development of more efficacious anti-diabetic drugs. [1] The incidence of type-2 DM is more 

than that of type-1 DM. There are lot many side effects related to the therapy by insulin and the 

existing medicines from the synthetic origin, research for efficacious and attentive 

antihyperglycemic plant drugs is going worldwide. [2] Many Scientific reports reveal that the use 

of medicinal plants to treat various ailments is common in developed and developing countries. 

As per World Health Organization reports, 80% of the world population believes mainly in 

herbal medicinal therapies which make use of plant extracts as bioactive substances. [3] The 

selected plant possessed many activities some of which include sedative effects, as an 

insecticide, rodenticide, etc. There are some studies already to determine the antibacterial 

property of Gliricidia root bark extracts. The antidiabetic activity of this particular part of the leaf 

has not been done or documented in any scientific reports. Hence, based on the literature and 

phytochemical data of the plant the present investigation has been planned to rule out the 

possibilities of the anti-diabetic property.[4] Diabetes mellitus is a metabolic disorder 

accompanied with the multifactorial etiology which is characterized by chronic hyperglycemia 

[5], abnormalities in lipoproteins[6], elevated basal metabolic rate[7], low antioxidant property 

and high oxidative stress[8] damage to pancreatic beta cells due to oxidative stress.[9] Given the 

above scientific data, the present project task was undertaken to evaluate the anti-diabetic 

property of Gliricidia sepium leaf extract on Alloxan-induced diabetic rats. 
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MATERIALS AND METHODS:  

Plant  

The Gliricidia Sepium leaves were collected in the midsummer season from the farm areas of 

Harapanahalli town. Professor K. Prabhu, Department of Pharmacognosy, S.C.S College of 

Pharmacy, Harapanahalli authenticated and certified the plant and leaves. 

 

Preparation of extract 

The plant leaves were collected and shade dried at room temperature. The dried plant leaves 

were coarsely powdered and then the coarse powder is packed in the column and subjected for 

successive extraction with various solvents based on polarity and also with distilled water.  The 

products after soxhlet extraction were taken out and kept in a rota flash evaporator to remove the 

moisture content under pressure. 

 

Experimental animals 

Wistar rats (180-200 g) of both sexes, female swiss albino mice (20-25 g) were used in the 

experiments.  The animals were supplied by Sri Venkateshwara enterprises Bangalore (CPCSEA 

Reg. no:-157/1999/CPCSEA). Soon after procurement, the animals were kept for 7 days for 

acclimatization. The standard conditions as per CPCSEA such as temperature (26 + 20C), 

relative humidity (45-55%), and 12 h dark/light cycle were maintained.  All the animals were fed 

with a standard pellet diet and water was allowed ad libitum under strict hygienic conditions. 

Ethical clearance for this experiment was obtained before the initiation of the work from the 

Institutional Animal Ethics Committee (IAEC). SCSCP/583/4/2011-12 before the beginning of 

the project work. 

 

Acute toxicity studies [10] 

The acute toxicity for ethanolic extract of Gliricidia sepium was established in female Swiss 

albino mice. The mice were left for fasting allnight prior to the experiment, the method for fixed-

dose was approved as per OECD Guideline No. 423 of CPCSEA.  For each test dose group of 

three mice were taken. 

The doses for extract were selected as per OECD guidelines No. 423 and the methods for fixed-

dose are mentioned below. 
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70% Ethanolic extract       250 mg/kg (1/10th dose from cutoff value) 

       333 mg/kg (1/7.5th dose from cutoff value) 

                                           500 mg/kg (1/5th dose from cutoff value) 

 

Experimental protocol [11-13] 

Blood glucose levels were evaluated after depriving food for about 18h with free access to 

drinking water. Diabetes was induced or produced by a single i.p. injection of alloxan 

monohydrate at a dose of 120mg/kg and is obtained from (s.d. fine-chem. Ltd., Mumbai, India) 

which is prepared sterile saline.  The rats with glucose levels> 250 mg/dl were separated after 5 

days of injection and segregated into different groups of 6 rats in each for the anti-hyperglycemic 

study.  The treatment (p.o.) was started from the same day of selection and separation of 

hyperglycaemic rats except for normal control and diabetic control groups for 10 days.  

Bodyweight and blood glucose levels are the two parameters that are taken into consideration 

and were estimated on three different time schedules i.e 5th, 10th, and 15th day of the treatment.  

On the last day of completion of the experiment i.e 15th day, the blood samples were collected 

by tail vein under light anesthetic conditions and serum is separated and biochemical parameters 

were estimated. 

 

Histopathology [14] 

The isolated pancreatic tissue from the animal was separated after sacrificing the animal thus the 

tissue was washed in ice-cold saline without any delay. The desired section of pancreatic tissue 

was subjected to a 10% neutral formalin fixative solution for histopathological examination. 

After the above procedure tissues were embedded in paraffin, sections were cut at the diameter 

of 5µm and were stained with hematoxylin and eosin. 

A. Photomicrograph of normal rat pancreas showing normal acinar cells and normal Islet of  

Langerhans cell groups (White arrow) and varying sized capillaries (thin black arrow). 

B. Sections studied showed predominantly acinar cells with occasional very small-sized 

clusters of Islet of Langerhans cells. Photomicrograph of this rat pancreas showing areas 

of necrosis (white arrow), degenerative changes in the form of karyolysis, karyorrhexis, 

and pyknosis (thin black arrow), and sparse capillaries. 
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C. Photomicrograph of pancreas showing a regenerative cluster of Islet of Langerhans cell 

groups (white arrow) and capillaries with normal surrounding acinar cell (thin black 

arrow). 

D. Section studied shows intact acinar cells with their intralobular ducts. The number of 

islets in each lobule appears adequate. The selected part of islet cells consists of some 

degenerated beta-cells (Long-Arrow) and normal Beta-cells (Short-Arrow), while the 

region is with alpha-cells (Short-Arrow).  

E. The selected section observations shows fibrovascular septa separating the pancreatic 

lobules. The center of islet cells consists of a few degenerated beta-cells  (Long-Arrow) 

and normal beta-cells (Short-Arrow), while the periphery comprises Alpha-cells (Short-

Arrow).  

F. Section studied shows intact acinar cells with their intralobular ducts. The center of islet 

cells consists of a quantitative increase in Beta-cells (Long-Arrow), while the periphery 

comprises Alpha-cells (short Arrow). There are seen some congested blood vessels 

(Short-Arrow) between the islet cells.   

 

Statistical analysis 

The parameters selected like body weight, glucose levels, and biochemical markers were 

expressed as mean ± standard error of the mean (S.E.M.) and they are analyzed by applying the 

ANOVA methods followed by Dunnet’s multiple comparison test.  
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RESULTS 

Table1.  Effect of 70% EEGSL on body weight 

Treatment 
Body weight of the animal (gm) 

Initial 5th day 10th day 15th day 

Normal 234.2±8.207 230.0±7.638 225.8±6.50 217.5±5.737 

Alloxan (120 mg/kg) 240.0±6.191 179.2±5.833 185.0±5.000 153.3±4.014 

Glibenclamide (10 mg/kg) 231.7±5.270 188.3±4.773 206.7±6.667 200.8±4.167*** 

Low dose(250 mg/kg) EEGSL 217.5±8.539 186.7±8.131 191.7±3.575 165.0±3.416 

Median Dose(333 mg/kg)  

EEGSL 
230.8±4.729 180.8±3.962 195.0±3.416 179.2±2.386** 

High dose(500 mg/kg EEGSL) 222.5±7.042 205.0±7.188 201.7±3.073 185.0±3.651*** 

Values are Mean ± S.E.M. (n=6); Significance values are ***P< 0.001; **P < 0.01 and *P 

<0.05. positive  Control group vs all groups. 

 

 

Figure 1.Influenceof 70% EEGSL on body weight 
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Table.2 Effect of 70% EEGSL on Fasting Serum Glucose (mg/dl) in alloxan induced diabetic 

rats 

Treatment 
Fasting Serum Glucose (mg/dl) Mean ± S.E.M) 

Initial 5th day 10th day 15th day 

 Normal rats 164.7±7.375 384.1±9.555 167.4±4.845 93.35±8.796 

Vehicle 252.8±24.17 241.9±41.61* 313.1±17.99 175.1±6.349 

Glibenclamide (10 

mg/kg) 
258.7±33.50 221.2±37.42* 167.4±24.53*** 78.54±9.077*** 

Low dose(250 mg/kg ) 

EEGSL 
214.4±25.48 204.7±18.53** 181.7±4.288** 111.1±3.381*** 

Median dose (333 

mg/kg) EEGSL 
198.7±18.63 180.8±3.962 203.6±20.15** 100.6±10.87*** 

High dose(500 mg/kg) 

EEGSL 
348.3±48.94 205.0±7.188 240.1±31.11* 91.09±3.006*** 

Values are Mean ± S.E.M. (n=6); Significance values are ***P< 0.001; **P<0.01 and *P < 0.05. 

Diabetic Control group vs all groups 

 

 

Figure 2. Influence of 70% EEGSL on Fasting Serum Glucose (mg/dl) in alloxan induced 
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                     Table 3.  Effect of 70% EEGSL on biochemical parameters in alloxan induced diabetic rats 

Groups  Dose  

(mg/kg) 

Serum 

protein 

(gm/dl) 

Serum 

urea 

(mg/dl) 

Serum 

creatinine 

(mg/dl) 

Serum 

cholesterol 

(mg/dl) 

Pancreas 

weight 

gm 

Hepatic 

glycogen 

test 

(mg/dl) 

Tri 

Glycerides 

(gm/dl) 

     LDL  

     

(mg/dl) 

 HDL 

 (mg/dl) 

VLDL 

(mg/dl) 

NC Normal rats 9.337± 

0.309 

27.04± 

8.559 

0.3680± 

0.023 

36.23± 

2.900 

0.1982± 

0.017 

2.411± 

0.405 

0.1982± 

0.017 

2.411± 

0.405 

48.73± 

1.940 

0.0561± 

0.004 

PC Allaxon 

(120mg/kg) 

4.918± 

0.155 

164.0± 

13.94 

0.8155± 

0.065 

84.78± 

3.090 

0.7230± 

0.057 

7.450± 

0.419 

0.7230± 

0.057 

7.450± 

0.419 

52.62± 

2.523 

0.4107± 

0.066 

STD Glibenclamide 

(10mg/kg) 

12.18± 

0.690*** 

54.92± 

9.773*** 

0.3503± 

0.027*** 

56.28± 

3.736*** 

0.2757± 

0.015*** 

2.867± 

0.241*** 

0.2757± 

0.015*** 

2.867± 

0.241*** 

72.77± 

5.774*** 

0.2422± 

0.06*** 

LD 250mg/kg 

EEGSL 

9.687± 

0.387*** 

93.63± 

2.238*** 

0.5402± 

0.030* 

66.81± 

2.949** 

0.4462± 

0.042*** 

4.850± 

0.201*** 

0.4462± 

0.042*** 

4.850± 

0.201*** 

39.50± 

6.99 

0.3219± 

0.045* 

MD 333mg/kg 

EEGSL 

8.672± 

0.162** 

109.4± 

7.609* 

0.5183± 

0.070* 

63.34± 

1.395*** 

0.4802± 

0.031** 

4.837± 

0.084*** 

0.4802± 

0.031** 

4.837± 

0.084*** 

50.74± 

1.479** 

0.3155± 

0.032* 

HD 500mg/kg 

EEGSL 

3.730± 

0.251 

89.85± 

6.321** 

0.4852± 

0.038** 

62.17± 

0.678*** 

0.5090± 

0.019* 

4.800± 

0.364*** 

0.5090± 

0.019* 

4.800± 

0.364*** 

50.93± 

2.085*** 

0.3842± 

0.057* 

Values are Mean ± S.E.M. (n=6); Significance values are ***P< 0.001; **P<0.01 and *P < 0.05. Diabetic Control group vs all groups 
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A. Normal Control 

 

B. Positive control 

 

C. Standard 

 

D. Lower Dose 

 

E. Median Dose 

 

F. High Dose 

                                                       

Figure 3. Histopathology Photographs 
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A. Photomicrograph of normal rat pancreas showing normal acinar cells and normal Islet 

of Langerhans cell groups (White arrow) and varying sized capillaries (Thin black 

arrow). 

B. Sections studied showed predominantly acinar cells with occasional very small sized 

clusters of Islet of Langerhans cells. Photomicrograph of this rat pancreas showing 

areas of necrosis (White arrow), degenerative changes in the form of karyolysis, 

karyorrhexis, and pyknosis (Thin black arrow) and sparse capillaries  

C. Photomicrograph of pancreas showing regenerative cluster of Islet of Langerhans cell 

groups (White arrow) and capillaries with normal surrounding acinar cells (Thin black 

arrow). 

D. Section studied shows intact acinar cells with their intralobular ducts. The number of 

islets in each lobule appears adequate. The selected part of islet cells contain of some 

degenerated beta-cells (Long-Arrow) and normal Beta-cells (Short-Arrow), while the 

region is with alpha-cells (Short-Arrow).  

E. The selected section observations show fibrovascular septa separating the pancreatic 

lobules. The center of islet cells consists of few degenerated beta-cells (Long-Arrow) 

and normal beta-cells (Short-Arrow), while the periphery comprises of Alpha-cells 

(Short-Arrow).  

F. Section studied shows intact acinar cells with their intralobular ducts. The center of 

islet   cells consists of quantitative increase in Beta-cells (Long-Arrow), while the 

periphery comprises of Alpha-cells (short Arrow). There are seen some congested 

blood vessels (Short-Arrow) between the islet cells.   
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DISCUSSION: 

The scientific reports clearly explain how alloxan causes diabetes through its destructive 

capacity on insulin-producing pancreatic beta-cells [15-16]. The data generated through this 

study is preliminarydata and an initial assessment of the anti-diabetic property of the extract 

of Gliricidia sepium. The extracts exhibited a significant fall in elevated blood glucose levels 

compared with their respective control groups. Induction of necrosis to the pancreatic beta 

cells is due to the cytotoxic action of alloxan and this pathway is mediated by reactive oxygen 

species (ROS) generated in the body and responsible for oxidative stress, with a tremendous 

increase in cytosolic calcium concentration [17]. The traditional knowledge obtained through 

herbal medicines employed in therapeutic strategies to cure different illnesses is known as 

herbal medicine, or phytotherapy including the facets of herbal medicine[18]. Experimental 

studies reported in some literature reveals that the petroleum ether extracts from Gliricidia 

sepium (250, 333and 500 mg/kg) exhibited a remarkable reduction in the blood glucose level 

in alloxan-induced diabetes in rats. As per the spectroscopic determination of total phenolic, 

flavonoid, and tannin contents in the plant, it was found the 70% EEGSL possesses 3.682 

mg/G, 14.51 mg/G, and 186 mg/G of the respective constituents from 70% EEGSL. The 

changes in body weight of the different groups of animals during the period of study are 

given in Table no.01 and represented in the graph in Fig No.01 which shows and indicates an 

increase in the mean body weight (± SEM) of normal rats. This shows that the group of 

normal rats obtained body weight during the treatment period of 15 days. A marked increase 

in fasting blood glucose level was observed in diabetic control compare to normal control 

rats. Hydro-alcoholic extract of Gliricidia sepium leaves shows a major anti-hyperglycemic 

activity on 5th, 10th, and 15th days post-treatment in alloxan-induced diabetic rats. The result 

is shown in Table No.02, and the graph in Fig No. 02. The mean glucose levels (± SEM) in 

the diabetic control group of rats was found to be 252.8±24.17, 384.1±9.555, 313.1±17.99, 

and 175.1±6.349 mg/dl on 0, 5th, 10th, and  15th day respectively, which was found to be 

significantly (p ≤ 0.05) higher when compared with the normal rats. The biochemical 

parameters like serum urea, serum creatinine, serum protein, serum triglycerides, HDL, LDL, 

VLDL, serum cholesterol, and pancreas weight are normal in the negative control group 

during the treatment period. The same parameters are significantly increased in the positive 

control group (p≤ 0.05) compared to the negative control group. These parameters in other 

groups (Standard, lower dose, medium dose, and high dose) show significant control in 

comparison to a positive control group with the mean (± SEM) is shown in Table No 03. This 

70% EEGSL contains a higher concentration of total polyphenolic, flavonoids, tannins and 

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition  ISSN : 1673-064X 

http://xisdxjxsu.asia             VOLUME 17 ISSUE 10                October 2021  306-319 

hence this is selected for further studies like antioxidant and antidiabetic activity. In the 

present study, it has been observed that the plant possesses tannins and flavonoids and 

because of the presence of these constituents, it was reported to have anti-diabetic properties. 

Hence the anti-diabetic properties may be assigned to these constituents that are present in 

70% EEGSL. In our study, the major finding observed with 70% EEGSL treated diabetic rats 

indicates the predominant exocrine pancreatic tissue comprises of acini with draining 

ductules. Within the substance of the exocrine pancreas, the endocrine component was found 

as scattered nodules. Compared to diabetic controlled rats no insulitis was observed. 

 

CONCLUSION: 

The present data generated in this work states that it may be concluded that, the plant 

possesses an appropriate quantity of the tannin content and reducing sugars with very good 

hypoglycemic activity. The 70% EEGSL successfully shown Antidiabetic activity, we 

credited its Tannin and Reducing sugars that are present in the study plant. 
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ABSTRACT 

Popular cancer therapies face extreme disadvantages, including multimedicament tolerance and non-target impact. These issues will lead to poorer 
patient conformity and poor levels of survival. Successful medical therapies for cancer patients are desperately required. Nano-particulate 
structures with a pluronic base represent revolutionary platforms for anti-cancer agent provision. These structures provide great potential for the 
advancement of cancer therapy due to their pharmacological properties and sufficient physicochemical characteristics. This review aims to offer a 
more detailed description of the pluronic drug delivery mechani sms that are currently available and explains pluronic as a medicinal polymer. 
Hydrophobic payload formulations and updated, targeted distribution mechanisms are explained based on pluronic formulations. This analysis 
offers a rundown of the current situation art related to the theranostic application of polymer micelles targeting the microenvironment of cancer 
cells. Some guidelines for the future scope and possible opportunities are also been addressed. 

Search criteria: Primary sources such as Medline a principal component of PubMed, an online, searchable, and biomedical and life science research 
literature database has been used. It brings readers to almost any area of interest with research and journal articles. One of the internet resources of 
importance to get scientific publications is specialized scientific search engines known as Google Scholar a database of research material that can be 
searched for. I have used the online electronic access portal of Elsevier, such as Science Direct to its publications. Scopus is the biggest abstract and 
peer-reviewed literature database for scientific journals, books, and conference work. Keywords like Cancer, Pluronic, Nanoparticles, 
Chemotherapy, Cancer, Theranostic, Targeted, Micelles, and Core-shell are crucial as they notify search engines of the content of the site. 

Range of years: 1992-2020. 
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INTRODUCTION 

Every year, cancer causes millions of deaths globally and while there 
have been significant strides in treatment, several problems need to 
be solved to strengthen cancer therapy. Therefore, oncological 
science strives extremely hard to discover alternative and 
innovative drugs that can mitigate the important side effects that are 
induced by traditional therapies. Various innovations are being 
tested or have already been implemented into clinical use in clinical 
trials. Although nanomedicine helps create biocompatible materials 
for both diagnostic and therapeutic purposes, the bioengineering of 
extracellular vesicles and patient cells allowed ad hoc systems and 
univocal targeting strategies to be designed [1]. Employing 
nanotechnology in the field of drug delivery has led to the advent of 
Nano pharmaceuticals. Nano pharmaceuticals are bound to 
surmount various obstacles that the field of pharmacy is currently 
facing by offering various advantages thereby, promising potential 
to formulate advanced medicines with fewer adverse effects [2]. In 
this study, we will discuss in detail the latest developments in basic 
and applied nanotechnology, theranostic approach that have led to 
the development of developed nanoscale materials as ground 
breaking prototypes for biomedical applications and tailored 
targeted treatment for cancer [3]. 

Existing cancer prevention strategies 

Cancer is one of the most frequent illnesses globally, killing about 
seven million a year. For the past two decades, the outlook for 
cancer therapy has shifted significantly. New developments in the 
treatment of cancer, which are based largely on tumor molecular 
characteristics, are emerging. Treatment of cancer has been made 
more tumor-specific and less toxic by using modern cancer-centric 
therapy based on medicinal antibodies or small molecules [4]. 
However, chemotherapy, surgeries, radiation, or a mixture of these 
drugs are used in the procedures used for cancer. The foregoing are 
the various advanced cancer treatments. 

Chemotherapy 

The application of chemotherapy to cure cancer started to decrease 
the chemical list by improving ways to diagnose it using 
transplantable tumors in mice at the turn of the 20th century. Since 
the late 1940s, chemotherapy has been used to cure many different 
forms of cancer successfully and to increase survival rates [5]. 
However, it is not very precise in general and thus endangers normal 
tissue and organs [6]. Nausea, fatigue, hair loss, anemia, diarrhea, 
constipation, low blood count, fertility, and more are the major 
harmful effects of chemotherapy. Often chemotherapeutic agents 
affect the activity of the brain by direct/indirect pathways, but there 
are assurances for systemic blood-brain barrier therapy of the brain. 
Chemotherapy has an intensive and chronic effect on cognitive 
function, but the cause remains unclear [7]. Several medications, such 
as Gemcitabine, Azacitidine, Pemetrexed, Paclitaxel, Docetaxel, and 
many others, are used in chemotherapy. Tablets, capsules, and 
parenteral (intramuscular, intravenous) are the different routes from 
which anticancer medications are taken [8]. 

Radiation therapy 

The bulk of people who undergo radiation therapy after their course 
of the disease continue to receive cancer care as a central factor, 
leading to a 40% cure of cancer. The treatment with radiation takes 
away the ability of cancer cells to replicate [9]. High-energy 
radiation in radiation therapy is used to reduce cancers and destroy 
cancer cells. X-rays, gamma rays, and charged particles are different 
sources of radiation used for the treatment of cancer. It destroys 
cancer cells by destroying the molecules known as Deoxyribonucleic 
Acid (DNA) in cells and conveys genetic information for the killing of 
cancer cells from generation to generation [10]. 

Surgical therapy 

The turn of the 20th century marked the beginning of the 
advancement of cancer operating methods, and in 1908 Miles 
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conducted the first abdominoperineal resection and the first 
lobectomy in 1912 [11]. The current operation improved 
dramatically, with non-invasive procedures like laparoscopic 
colectomy (for colon cancer removal) and thoracic video techniques 
replacing Halstedian procedures [12]. Sentinel node removal has 
been used to boost esthetic outcomes and to prevent lymphedema 
[13]. The use of laryngoscopic laser procedures on early laryngeal 
cancer is another example of traditional surgery [14]. The most 
recent breakthrough is Da Vinci®, which is a robot device for the 
treatment of prostate and renal cancer [15]. 

Proton therapy 

It has wonderful promise as a therapy for multiple tumors. Public 
interest in proton therapy has risen to a large degree since the Food 
and Drug Administration (FDA) approved it in 2001. In children 
with multiple cancers, Proton Therapy is most effective in people 
with organs with tumors such as kidney, bladder, brain, spine, lungs, 
back, and leg. Proton therapy is more common. Proton Therapy 
centers continue to assess their use for more cancers in science [16]. 
Nevertheless, we do not neglect the value of proper patient 
preparation, precise science analysis, including contrasts with other 
technologies, ethical challenges, and economic performance [17]. 

Thermotherapy 

Thermotherapy has been used for at least 4000 y to treat tumors 
and even before that point, to destruct the tumor masses. Extreme 
temperature (hyperthermia) can cause tumors to break down by 
destroying tumor cells and damaging proteins and structures within 
cancer cells [18]. In many clinical trials, hyperthermia has been used 
in conjunction with radiation therapy and varicose vein treatment 
chemotherapy. Thermotherapy is a treatment of body tissue with 
high-temperature penetration up to 113 degrees F [19, 20]. 

Photodynamic therapy (PDT) 

In 1903, the first scientific use of photodynamic therapy in cancer 
therapies was discovered for eosin to be aimed at basal cell 
carcinomas (BCC). For photodynamic therapy, a medicament known 
as a photosensitizing agent or photosensitive agent with a particular 
wavelength of light is used. Photosensitizing agent emits a kind of 
oxygen that destroys surrounding cells on exposure to a certain 
wavelength of light [21, 22]. PDT can be combined with other 
medications, for example, chemotherapy, radiation, or surgery. 
Many clinical experiments are ongoing to test the use of PDT for 
different forms of cancer [23]. The only way to be able to use 
nanoparticles as a photo-sensitizing carrier is to meet al. l of the 
needs of an optimal PDT agent [24]. 

Laser therapy 

Lasers are most widely used for cancers and precancerous 
development to shrink or kill. The most prevalent application with 
laser therapy is peripheral disorders, including cancer of the skin of 
basal cells in the very early stages of multiple cancers, such as non-
small cell lung cancer, vulvar, ovarian, penile, and cervical cancer. 
Laser therapy can also mitigate various signs of cancer, such as 
bleeding or obstruction. In combination with various other 
therapies, including surgery, chemotherapy, or radiation therapy, 
laser therapy can be used. Furthermore, laser treatment can be used 
to scan the lymph vessels to reduce swelling and minimize the 
metastasis for tumor cells [25]. Three types of laser are used more 
commonly in different tumor types, including the neodymium of 
yttrium-aluminum-garnet (Nd: YAG), argon lasers, and carbon 
dioxide (CO2). Laser therapy may also evaluate nerve endings to 
relieve pain after treatment [26]. 

Immunotherapy 

Recent advances and clinical tests have shown that adoptive 
antitumor-infiltering tumor therapy in about 50–75% of Multiple 
Myeloma (MM) patients will effectively cause tumor regression [27, 
28]. Antitumor Tumor-Infiltrating Lymphocyte (TIL) may also be 
used to expand adoptive cell transplant therapy to treat patients 
with other types of cancer, including brain, renal, and lung. However, 
combination therapies such as Dendritic Cell-Cytokine-Induced 
killer (DC-CIK) in combination therapy in patients with metastatic 

breast cancer may enhance their longevity free of relapse and 
overall survival [29]. Tumor regressions in 72 % of patients with 
metastatic melanoma can result in adoptive cell therapy in tandem 
with non-myeloablative chemical therapy and complete body 
irradiation, whereas TIL adoptive immunotherapy with non-
myeloablative chemotherapy in only 52 % of treated patients can 
cause tumor regression [27]. 

Gene therapy 

To regain lost functionality and eliminate viruses, gene therapies 
seek to cure diseases through the insertion of DNA and Ribonucleic 
Acid (RNA), minor interfering RNA, and antisense oligonucleotides 
into special target cells or tissues. The therapeutic genes are 
supplied to certain target cells with effective vectors aimed at 
retaining stable, regulated gene expression without causing 
undesirable side effects [30]. Transforming viruses into genetic 
shuttles to provide the cell gene of interest is one of the fundamental 
concepts of gene therapy [31]. Gene transfer is a modern cancer 
therapy approach that incorporates new genes into a tumor cell or 
the tissue around to induce apoptosis or delay tumor growth. 

Nanotherapeutics 

Latest efforts have centered on designing functionalized therapeutic 
nanoparticles that are over-expressed to various cancer cells for 
particular molecular purposes. Possible benefits of engineered 
nanoparticles in terms of therapeutic therapies include the potential 
to transform undesirable physical and chemical properties of the 
bioactive molecules into desired biopharmacology patterns; 
increase therapeutic distribution through biologic boundary areas; 
monitor bioactive agent release; increase therapeutic effectiveness, 
through administering therapeutics to biological targets selectively; 
and, by integrating multimodal imaging and simultaneous testing 
and treatment, execute theranostic functions on multifunctional 
platforms. The multifunctional framework focused on pluronic 
nanoparticles with the potential of integrating imaging with therapy 
as well as incorporating multiple receptor targeting has been 
providing new insights using novel nanomaterial’s for cancer care 
(fig. 1). Moreover, a photothermal approach to the removal of cancer 
cells or tumor tissue, which may have significant promise in the 
therapeutic environment, has been included in most research on 
pluronic nanoparticular cancer therapy [32, 33]. 

 

 

Fig. 1: Biomedical applications of nanotherapeutics 

 

Polymeric nanoparticles 

The development of nanoparticle-based clinical treatment methods 
has resulted in significant pharmacological advancements that have 
decreased adverse effects and improved the safety, resolvability, 
Pharmacokinetics, and biodistribution of cytotoxic drugs. Polymeric 
nanoparticles remain popular in cancer therapy because they are a 
good platform for the study of hydrophilic as well as hydrophobic 
drugs [3, 34-35]. But most medicines are released into the 
extracellular matrix; their efficacy relies on tissue diffusion and their 
use is limited by their poor in vivo specificity. Therefore, promising 
progress in cancer science is the latest site-specific targeting of 
nanoparticles. Table 1 lists several examples of polymeric 
nanoformulation [36]. To improve the biodistribution of antitumor 
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agents, NPs have been designed for optimal size and surface 
characteristics to increase their circulation time in the bloodstream. 
They are able to carry and deliver their active drug payloads to 
cancer cells, by passive targeting mechanisms, such as the EPR effect 
as well as by active targeting mechanisms using ligands directed 
against selected determinants differentially over expressed on the 
surface of tumor cells [37]. One promising solution is the BIND-014 

technology, made from docetaxel loading polymeric nanoparticles able 
to detect prostate cancer by targeting Prostate-specific membrane 
antigen (PSMA), prostate cell prostate cancer tumor antigen, and non-
prostate solid tumor vasculature. In Phase II clinical trials, BIND-014 
has shown greater antitumor efficacy in the lower doses of advanced 
or metastatic non-small-cell lung cancer than normal documentation 
for the use of non-small-cell lung cancer [3, 38]. 

  

Table 1: Drug-loaded polymer nanoparticles in clinical trials or clinical use 

Product Drug Applications Status Reference 
Abraxane Paclitaxel Breast cancer, non-small cell lung 

cancer, pancreatic cancer 
Approved 36 

BA-003 Doxorubicin Hepatocellular carcinoma Phase III 
Mitoxantrone-loaded 
Polybutylcyanacrylate (DHAD-PBCA-NPs) 

Mitoxantrone Hepatocellular carcinoma Phase II 

ProLindac Dichloro(1,2-
diaminocyclohexane)platinum(II) 
DACHPt 

Advanced ovarian cancer Phase III 

ABI-008 Docetaxel Metastatic breast cancer, prostate 
cancer 

Phase II 

ABI-009 Rapamycin Solid tumors Phase II 
ABI-011 Thiocolchicine dimer Solid tumors, lymphoma Phase II 
BIND-014 Docetaxel Non-small cell lung cancer Phase II 
Cyclosert Camptothecin Solid tumors, rectal cancer, renal cell 

carcinoma, non-small cell lung cancer 
Phase II 

CALAA-01 siRNA targeting Solid tumors Phase I 
Docetaxel-PNP Docetaxel Solid tumors Phase I 
Nanotax Paclitaxel Peritoneal neoplasms Phase I 

 

NP targeting strategies 

Ideally, the target applies rather than indiscriminate delivery across 
the entire body, to the precise localization of NPs to the desired site. 

These target NPs need to resolve external obstacles, path barriers, 
and cellular barriers before the site being accumulated [39]. There 
have been two main techniques for targeting tumors–passive and 
active targeting, shown in fig. 2. 

  

 

Fig. 2: Schematic representation of passive and active targeting approaches. EPR, enhanced permeability and retention; np, nanopar ticle [39] 

 

Passive targeting 

It benefits from diseased tissues, usually tumor, pathophysiological 
properties, while active targeting by the drug carrier initially uses 
passive targeting to gather in the tumor zone and then bind to the 
target cells using ligands to internalize the NPs to the cells [40, 41]. 
The passive targeting of therapeutics from nanocarrier depends on the 
tumor microenvironment, the enhanced permeability and retention 
(EPR) effect, and the tumor pH. Tumor cells expand and proliferate 
more quickly than normal cells are well established. This cell 
proliferation has a metabolic rate that requires more nutrients and a 
larger amount of oxygen. The architecture of normal cells is disturbed 
and replaced by tumor cells to compensate for nutrients [42]. Passive 
targeting helps NPs to build up in the tissue through EPR [43]. Ground 

Shift in PEG NPs. Enhanced NP hydrophobicity associated with higher 
particle-partisan aggregation and blood opsonization steric deficiency 
was found [44, 45]. Poloxamins, poloxamins, Polyethylene Glycol 
(PEG), Poly-Caprolactone (PCL), Poly D, L-lactic-co-Glycolic Acid 
(PLGA) are the polymers widely used in the manufacture of sterically 
stable stealth nodes and to improve hydrophillicity [46]. 

Active targeting 

The therapeutic medication can be obtained with or without the use 
of coupling agents by mixing medicine or nanocarrier with a cellular 
targeting motive known as ligands. These target moieties have a 
special affinity with cell surface antigens (for example, receptors) 
and can be differentiated among normal and tumor cells based on 
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levels of receptor or antigen expression [43]. The use of targeted 
Herceptin NPs helped distinguish positive and negative cell breast 
cancer epidermal growth factor 2 (HER2) in humans. The successful 
targeting of HER2 receptors with NPs has been verified in over-
expressed cells [47]. In designing a targeted delivery system, the 
specific properties of cancer cells may be used. For example, cancer 
cells frequently overexpress tumor antigens, structures similar to 

carbohydrates, or receptors of the growth factor (e. g., epidermal 
growth factor receptor). Different ligands may be used as active 
targeted molecules such as antibodies, polysaccharides, aptamers, 
peptides, transfers, folate, and other small molecules, based on this 
definition [48]. Table 2 offers some examples of target ligands 
connected to NPs and their respective targets. Ligand selection 
depends on the targeted cells [49]. 

 

Table 2: An overview of different targeting ligand decorated PLGA NPs 

Nanoparticles type Targeting ligand Loaded drug Cell line/Animal model Reference 
PEG-PCL Angiopep-2 Paclitaxel U87 MG, Brain Capillary 

Endothelial Cells (BCECs) 
50 

PLGA g7 Peptide Loperamide, Rhodamine-123 Tail vein in rats 51 
PLGA Trastuzumab Paclitaxel Caco-2, SK-BR-3 52 
PLGA Humanized anti-DC-SIGN (hD1) 

 
Fluorescein Isothiocyanate Titanus 
Toxoid (FITC-TT) Peptide, Dye 
Quenched-Bovine Serum Albumin 
(DQ-BSA) 

Granulocytes, Peripheral 
Blood Mononuclear Cells 
(PBMCs) 

53 

PLGA-PEG A10 Prostate-Specific Membrane 
Antigen (PSMA) aptamer 

Cisplatin LNCaP, PC3 54 
 

PLGA-PEG Pep TGN Coumarin-6 bEnd.3 55 
PLGA-PEG c-Arginyl Glycylaspartic Acid 

(RGD) peptide A-10 
Doxorubicin MDA-MB-231,B16F10 

MCF-7 
56 

PLGA-PEG 2-fluoropyrimidine RNA aptamers Docetaxel LNCaP 57 
PLGA-PEG Folate binding protein Docetaxel SKOV3 58 
PLGA-TPGS Tocopheryl Polyethylene Glycol 

Succinate (TPGS) 
Docetaxel Caco-2, MCF-7 59 

PLGA-TPGS Vitamin E TPGS-folate Doxorubicin MCF-7, C6 glioma 60 

 

Table 3: Structural features and CMC of some poloxamers (Pluronic®) commercially available 

Copolymer Molecular 
weight (Da) 

Total average 
polyethylene oxide 
units 

Total average 
polypropylene oxide 
units 

Hydrophilic–
lipophilic 
balance 

Critical micelle 
concentration 
(mm) 

Reference 

L10 3200 7.3 49.7 12–18 --- 71 
L35 1900 21.6 16.4 18–23 5.3 
F38 4600 83.6 15.9 >24 --- 
L42 1630 7.4 22.5 7–12 --- 
L43 1850 12.6 22.4 7–12 2.2 
L44 2200 20.0 22.8 12–18 3.6 
L61 2000 4.55 31.0 1–7 0.11 
L62 2500 11.4 34.5 1–7 0.40 
L64 2900 26.4 30.0 12–18 0.48 
P65 3400 38.6 29.3 12–18 --- 
F68 8400 152.7 29.0 >24 0.48 
F77 6600 105.0 34.1 >24 --- 
L81 2750 6.3 42.7 1–7 0.023 
P84 4200 38.2 43.5 12–18 0.071 
P85 4600 52.3 39.7 12–18 0.065 
F87 7700 122.5 39.8 >24 0.091 
F88 11400 207.3 39.3 >24 0.25 
L92 3650 16.6 50.3 1–7 0.088 
F98 13000 236.4 44.8 >24 0.077 
L101 3800 8.6 59.0 1–7 0.0021 
P103 4950 33.8 59.7 8–12 0.0061 
P104 5900 53.6 61.0 12–18 0.0034 
P105 6500 73.9 56.0 12–18 --- 
F108 14600 265.5 50.3 >24 0.022 
L121 4400 10.0 68.3 1–7 0.0010 
L122 5000 22.2 69.0 1–7 --- 
P123 5750 39.2 69.4 7–12 0.0044 
F127 12,600 200.5 65.2 18–23 0.0028 

 

What are pluronic?  

The Baden Aniline and Soda Factory (BASF), under the trade names 
Pluronics and Tetronics (also named Poloxamers and polyamines, 
respectively), commercialized Ethylene oxide-propylene oxides (EO-
PO) based block of Copolymers some Decades ago [61]. Poly 
Ethylene Oxide (PEO) is a hydrophilic section that contributes 70% 

of the block copolymer, while PEO is a water-soluble nonionic class 
A-B A and B-A-B triblock copolymers, A is (PEO) and B is 
polypropylene oxide (PPO), with PPO being hydrophobic, and PPO is 
a contributing 30% of block copolymer [62]. The monomers of the 
copolymer blocks (e. g., polar and nonpolar) are chemically distinct 
and thus the block copolymers are amphiphilic and induce active 
surface properties. Interesting nanostructures that are 
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spontaneously produced by solution result from the block 
separation (self-assembly). Based on the PEO water solubility and 
PPO insolubility, Poloxamers demonstrated an amphiphilic 
character in aqueous solutions. Thus hydraulic are the PEO bricks, 
and hydraulic is the PPO stone. In many applications, they have been 
made useful by their size and composition as well as their 
adsorption, including drug distribution, nanoparticles synthesis, 
cosmetics and emulsion formulations, efficient ink/pigment 
dispersants as flexible anti-biofouling shielding, amongst other 
items [63-70]. Poloxamers are commonly studied in pharmaceutical 
trials. Of the numerous pluronic F127 (PF127) types, the wide 
variety of biomedical applications has provided considerable 
interest. A full range of molecular weights and PPO/PEO ratios are 
given with Poloxamers. Examples of commercially available 
Pluronic® are presented in table 3 [71]. They show strong cell 
compatibility and do not cause major inflammation following 
administration (e. g., intraperitoneal) or topical administration [41, 
72]. Although PEO-PPO materials do not degrade under conditions 
of physiology, renal filtration eliminates copolymers with molecular 
weights lower than 15 kDa [73]. The useful features pave the way 
for the approval of the United States Food and Drug Administration 
(US FDA) and European Medicines Evaluation Agency (EMEA) for 
some linear PEO-PPO-PEO triblock in the food, pharmaceutical, and 
agricultural industries. 

Several drug resistance mechanisms are affected by pluronic 

Inhibition of P-glycoprotein (Pgp) drug efflux system 

The increased cytotoxicity of Pluronic in anthracycline drug-
resistant cancer, doxorubicin, seems related to the effects of 
copolymers on the transportation of the Pgp drug efflux system. This 
is confirmed by the observation that the doxorubicin accumulation 
in intracellular resistant cancer cells which express Pgp can greatly 
increase [74, 75]. No alterations in the use of drugs in Pluronic 
presence were identified with non-Pgp-expressing carcinogenic 
cells, i.e. the Pgp-controlled transportation routes in Multidrug-
resistant (MDR) cells were especially affected with copolymers. 

Effects on other drug transporters 

Proof that pluronic block copolymers alone can be inhibited by the Pgp 
efflux pump is rising. There is increasing data. In recent years it has 
been concluded that other organic anion carriers, including Multidrug 
resistance-associated Protein (MRP2), could also occur in Panc-1, in 
addition to Pluronic can thus also inhibit these conveyors, resulting in 
increased aggregation of fluorescein in Panc-1 cells [76]. 

Effects on drug sequestration within cytoplasmic vesicles 

Drug in the MDR cells can be sequestrated inside cytoplasmic 
vesicles and then expressed from the cell until the drug can function 
on the cell as expected, which is a further possible challenge in the 
treatment of tumors that are immune [77-81]. The protection of 
abnormally high pH gradients across organelle membranes by H1-

Adenosine Triphosphate (ATP), a pump based on ATP, achieves drug 
sequestration in MDR cells [82]. Pluronics were shown to be capable 
of hyper-Sensitizing multiple MDR tumors, increasing their 
antitumor activity by 2 to 3 times to the activity of antineoplastic 
agents. The effect below the CMC was noticed in a dose-dependent 
analysis and was finally due to the free unimer chains. 

Effect on glutathione (GSH) and glutathione S transferases 
system (GST) 

Multidrug resistance-associated protein (MRP) prescription flush 
transporters are closely related to the detoxification mechanism in 
MDR cells with respect to several substrates [77]. Studies have also 
started on GSH/GST device effects of Pluronic block copolymers. For 
example, after exposure to different pathways for drug resistance, 
including those cells, to P85, substantial decreases in both GSH and 
GST intracellular levels were observed in Madin-Darby Canine 
Kidney (MDCK) cells expressing PRP. 

Self-assembly of pluronic 

The concentration and temperature of pluronic are mainly 
modulated in an aqueous medium. In principle and laboratory 
experiments, the technique has respectively been named lyotropic 
and thermotropic micellization. If pluronic are combined with water, 
that's fine for the PEO block and bad for the PPO block; pluronic are 
micelles in an aqueous shape according to pluronic concentration 
and the temperature shown in fig. 3 [83]. The pluronic solution 
behavior with the coarse grain model has been described previously 
[84, 85]. The L44 monolayer displayed a brush-like behavior where 
water reached the entire PEO region. Conversely, it seems that the 
PPO air-region-oriented unit is aimed at reducing water interaction. 
Of special interest is the fact that all PEO blocks are exposed to 
water and the central PPO block to the vacuum by means of a U-
shape conformation [86]. As the number of unimer exceeds the 
Critical Micelle Concentration (CMC), micelle, polymer, and lyotropic 
liquid crystalline phases are formed by self-assembly [87, 88].  

The mechanism includes complex molecular exchanges between 
micelles and bulk solvents and micelles [89]. Very hydrophobic 
pluronic do not micellize yet at a cloud stage (<20 % PEO) constitute 
unsteady vesicular structures. The hydrophobic, relatively atomized 
copolymers form narrowly dissipated micelles of the heart at ambient 
temperature. Calorimetric differential scanning studies have shown 
that the migration of unimer to micelles is an endothermic process. 
PEO block is primarily governed by a temperature-dependent pluronic 
aggregation. Its character varies between hydrophilic and 
hydrophobic as the temperature increases, which means critical 
micelle temperature (CMT) dominates CMC [90]. The hydrophobicity 
in higher temperatures of the PEO and PPO blocks in combination with 
the reducing opportunities of H bond formation (the proportion of the 
anhydrous methyl groups) increases. The shift in the hydrodynamic 
size of aggregates can be tested for temperature-dependent 
micellization and de-micellization [91]. 

 

 

Fig. 3: The development of pluronic micelles in the watery medium according to Pluronics and temperature concentration [82] 
 

Modulation in aggregation behavior of pluronic micelles 

In the presence of salt, Micelles will typically expand around the 
cloud point or display a transformation to rod-like assembling [92]. 

These transitions primarily rely on temperature and additive 
existence or hydrophobicity and on copolymer concentration. Like 
electrolytes (inorganic salts, ionic liquids), nonelectrolytes (urea, 
sugar, alcohol), and amphiphilic compounds (hydrotropes and ionic 
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surfactants with low molecular weight and other copolymers) 
additives [93-97]. The CMC or CMT is reduced by dehydration of 
PEO–PPO interface by additives with beneficial interactions with 
water. On the opposite, micellization of mixed solvents gives greater 
solvency for copolymers is disadvantaged. For e. g., with the 
addition of 40v/v percent ethanol in water, Alexandridis and 
coworkers showed double increases in CMC P105-F127 [98]. 
Pluronics solution behavior can also be modified by chemical 
alteration. Depending on demand, neutral hydrophilic blocks can 
be cationized or anionised [99]. In pentablock copolymers made of 
poly (N-isopropyl acrylamide) and poly (lactic acid-co-glycolic 
acid) and separate end blocks, major changes were recorded in 
step actions [100, 101]. Mixed pluronic structures with ionic 
surfactants form small micelles that are rich in surfactants and 
increase surfactant concentration [102]. Mixing of pluronic with 
other nonionic surfactants containing PEO as hydrophilic block 
reported synergistic results [103-106]. 

Drug solubilization in pluronic micelles 

Restricted aqueous solubility of medicines remains a problem, 
especially given the increasing trends in molecular synthesis with 
high molecular weights, melting points, and lipophilicity [107]. 
The bioavailability is constrained by the dissolution of poorly 
soluble anticancer drugs. Through the use of micellar structures, 
this can be greatly circumvented. Pluronic metabolism is desirable 
for both topical and systemic administration, owing to its low 
immunogenic and special core-shell structures. Without embolism 
risk, micelles may be injected. The hydrophobic center makes it 
possible to integrate several medicinal products while the 
hydrophobic corona protects against aggregation, protein 
adsorption, and soluble locus, and coordination of the loaded 
molecules depends on their composition and their relative 
hydrophobicity [108-110]. The first depends primarily on the 
presence of pluronic, hydrophobic blocks to ensure the superior 
involvement of drug molecules [111, 112]. 

Tumor-selective drug targeting with pluronic 

The transportation of drug transporters in the extracellular region 
from tumor interstitial to target cells can be increased with high-
affinity interactions. This can be achieved by means of ligands, which 
display selective binding on cancer cellular surface to an 
upregulated molecular target. This technique increases cell 
absorption, off-targeting effects and amplifies clinical benefits by 
withdrawing the target cells from within. Despite their high 
specificity, anti-compound targeting is limited in large-scale 
development due to their large molecular sizes, immunogenic, and 
complexity. Its large size hinders carrier trafficking, particularly in 
solid tumors [113]. On the other hand, low molecular weight 
compounds are inexpensive, non-immunogenic, and have superior 
regulation of the density on the surface of the carrier. Terminal 
hydroxyl groups of pluronic were used to attack ligands in literature 
papers [68, 114-116]. The approach involves the immediate binding 
of ligands to more volatile aldehyde, carboxylic acids, and primary 
amine terminals or the derivation of hydroxyl groups. The latter can 
be used to bind molecules sensitive to stimuli and targets. 
Crosslinkable groups are often inserted into the hydrophilic block to 
reduce premature drug-loaded release that may otherwise take 
place by de-micellizing unnecessarily diluting micelles. Despite 
phase transition, the pluronic with low CMC values have been 
selected as modifiers of biological responses, as seen in fig. 4. 
Pluronics triggered the cytochrome C release with increased 
cytosolic reactive oxygen levels in the cytoplasm, which resulted in a 
pro-apoptotic signal being strengthened or a resistance against 
acupuncture in MDR cells being decreased [117]. Pluronic unimer 
built into the mitochondrial membranes has also been suggested to 
alter membrane structure due to elevated cytochrome C and 
Reactive Oxygen Species (ROS) levels contributing to mitochondrial 
apoptosis. Pluronic P85 with Doxorubicin (DOX) and Breast Cancer 
Resistance Protein (BCRP) plays a critical role in increasing the 
signal pro-apoptotic and restricts the anti-apoptotic cell machinery 
in cellular levels in MDR cells [118]. However, DOX alone will 
simultaneously activate both the pro-apoptotic signal and cellular 
defense against responsive DOX cancer cells [119]. 

pH-responsive micelles 

The carriers have clear pH differences as a result of their path from 
the blood into the tumor microenvironment, cells, and subset cells. 
While their environment is a little bit acidic (6.5 to 7.2), pH 
decreased considerably on endosomes (5.5–6.0) and lysosomes 
(4.0–5.0) have been reported [120, 121]. The goal is that drug 
cleavage and release should occur on latter endosomes or lysosomes 
and tumor tissue [122-124]. Acid-labile bonds including ketal, acetal, 
hydrazone, imine, cis aconytil, and orthoester were explored. 
Compared to those focused on the behavior of lysosomal proteases, 
conjugates constructed with pH-sensitive bonds are superior. The 
synthetic solution requires the direct attachment of the medication 
to or trapping in pH-sensitive block micelles using pH. The first was 
demonstrated by the covalent attachment of curcumin utilizing a cis-
aconytil anhydride connector on hydrophilic blocks of F68. The 
covalent relation of pH-responsive poly (β-amino ester), as a 
biodegradable polymer, is used in another approach. While low pH 
makes it possible to release drugs within the cell, the key challenge 
remains improving micelle affinity for cancer cells. This can be done by 
the latest demonstration by Xu et al., of identifiable ligands on micelles. 
A possible target of such transports is tumor cells over-expressing 
sialic acid residues in the extracellular domain. In contrast with free 
doxorubicin, hybrid micelles have more than 3.4 times improved the 
potency of tumor inhibition. On Folic acid attachment, similar changes 
were observed in the anti-tumor effect of pH-sensitive F127 micelles. 
Rather recently, as P123 has been connected to a molecule believed to 
enhance the solubilization of medicine (P115), Tange and coworkers 
confirm selective oxidative damage to cells of cancer; they have 
increased intracellular reactive oxygen species, interrupting with 
mitochondrial activity. Drug molecules escaped the lysosome 
successfully and were located near the nucleus, which translated into 
apoptotic death of the tumor cells [125-127]. 

 

 

Fig. 4: Effect of pluronics in MDR cancer  cells: (1) entrance of 
Pluronics, (2) ATP depletion, (3) drug efflux inhibition, (4) 

cytochrome C release and elevation of ROS in the cytoplasm, (5) 
pro-apoptotic signaling elevation and lower  anti-apoptotic defense, 

(6) inhibition on the glutathione/ glutathione S-transferases 
detoxification system, and (7) elimination of drug sequestration 

within cytoplasmic vesicles [116] 

 

Redox sensitive micelles 

The uncontrolled proliferation and a high metabolic rate of cancer 
cells contribute to high reactive oxygen species development. ROS 
speeds up cancer mutation rates and causes irregular signals [128]. 
While the intracellular, extracellular redox cells actively configure 
their state, a safeguard device acts at the same time. The 
development of GSH, a tripeptide-containing thiol (μ-glutamyl-
cysteinyl-glycine), effectively controls the latter. GSH mediates 
electrical, free radical, and ROS neutralization [129, 130]. 
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Ultrasound-sensitive micelles 

The reversible endothelium permeability and focused drug release 
can be manipulated at the tumor site by acoustic waves. Tumor 
simulation and drug release activation can be performed 
concurrently here. The tumor interstitium will discharge a high 
payload within the pluronic micelles by ultrasound-induced 
interference. The destruction of micelles and the payload release has 
been demonstrated that the power output change can be remotely 
controlled [131]. The copolymer was synthesized using azide-
completed PEO and alkyne-completed PPO, which contains 1, 2, 3 
triazole movement and four ester bonds at the junction site. The 
breakage of crossroads caused by High-Intensity Focused 
Ultrasound (HIFU) has been verifiable by a change in average 
micelle diameter (from 26 nm to 90 nm). In addition, the authors 
confirmed that cleavage was superior to the triazole ring, at the 
central ester relation [132]. Pluronic F127 was recently used to 
create a new theranostic nanobubble (NB), which combines 
ultrasound and fluorescent pictorial tracking with Photodynamic 
therapy (PDT) [133]. 

Radiation responsive micelles 

PDT uses chemical photosensitizer (PS), which, when irradiated 
with a particular wavelength, generates singlet oxygen and other 
ROS in tumor cells. During molecular interaction of active PS with 
intracellular oxygen, these radicals are formed. Tumor and healthy 
cells are classified by their metabolism. Increased metabolic and 
mitochondrial dysfunction allows cancer cells to exercise more 
oxidant stress through the oncogenic transition. Further anti-cancer 
effects of PDT occur by vascular shut-down, cell membrane de-
stabilization, local immune system activation, and the injection of 
tumor antigen into infiltrating immune cells. Burst release and fast 
clearance of tumor area micelle can be overcome through the 
transformation of sole-to-gel [134-137].  

Pluronic-based mixed polymeric micelles as drug solubilizing/ 
stabilizing carrier 

The polymeric micelles allow the integration and protect against the 
inactivation of poorly water-soluble drugs into the biological media 
and strive to provide effective medication and targeting capabilities 
[135-138]. Several experiments have shown that the cytotoxicity of 
anti-cancer bioactive agents with MDR in tumor tissues can be 

improved by mixtures of pluronic and other polymers [116, 139, 
140]. The self-assembly property of PF127 in the form of micelles 
was also assessed for the targeted supply of drugs. Nano-size 
pluronic micellar structures which be used to encapsulate 
hydrophobic agents on the surface of a nanoparticle inside the 
micelle's broad center or conjugate the hydrophilic moieties. It may 
also be used to grow hydrogels forming in situ, owing to thermo 
reacting features of the pluronic [141-145]. Hydrogels are ideal in 
situ for local as well as the systemic distribution of drugs. The 
pluronic agents are easily mixed, combined, or adsorbed by other 
common polymers such as chitosan, Polylactic Acid (PLA), PLGA, and 
so on in the field of drug delivery. Polymeric micelles are formed 
with lower levels and demonstrate greater thermodynamic and 
kinetic resilience relative to the micelles of standard surfactants to 
tolerate thermodynamic therapeutic dilution, as well as improved 
drug solubilization and stabilizing capacity [138, 146, 147]. 
Moreover, micelles in which hydrophilic blocks consist of PEO are 
sterically stabilized and macrophages are less feasible to consume 
[148]. Drug trapping in the micellar structure limits bond access to 
an external medium and thus, the drug-copolymer bond hydrolyze 
rate is much less than for the typical drug-polymer conjugates [149]. 
Only released drug molecules are anticipated to be pharmaceutical 
in a mechanically trapped environment, even though the micelle 
impacts cellular and body delivery [150]. 

The thermal transformation of Paclitaxel (PTX) to Pluronic-based 
NPs, with a core/shell configuration, was conducted in a mixture 
from the Pluronic F-68 to the liquid polyethylene glycol (PEG); 
molecular weight: 400). As PTX solubilizers, Liquid PEG and 
Pluronic F-68 are used for nanoencapsulation PEG containing PTX. 
In addition, emulsions made from PEG containing PTX and liquidized 
Pluronic F-68 were produced at nanometer level by extracting the 
melted mixture at a transition temperature (120 °C) as defined in fig. 
5 [151]. The PEG containing PTX pluronic F-68 nanoencapsulation 
was finished with the liquid mixture being cooled to 0 °C. The 
formation of the PTX equipped Pluronic NPs with core/shell 
configuration has been clearly revealed by FE (field emission)-
Scanning Electron Microscopy (SEM), cryo-transmitting electron 
microscopy (TEM), and by size distribution analysis. The sustained 
circulation in the bloodstream of the PTX-charged Pluronic NPs, 
resulting in improved tumor tissue targeting ability, was predicted 
to increase over that of the surfactant-based PTX, due to PEO blocks 
in pluronic F-68. 

 

 

Fig. 5: The formation of Pluronic-based NPs with a core/shell structure. The core is composed of a mixture of PEG (molecular weight: 400) 
and PTX (or DTX) and the shell is composed of Pluronic F-68 [151] 

 

Core/shell np composed of a pluronic composite 

A temperature-induced phase change in the mixture between PLGA 
and Pluronic F-127 core/shell NPs with PLGA core and pluronic 
shells is prepared for a PTX carrier [152]. The liquidized mixtures of 

PLGA, PTX, and Pluronic F-127 were prepared at 600c on a stepped 
basis in response to temperature changes, with the result that the 
temperature was decreasing to 250C. Based on the actions of the 
PLGA and Pluronic F-127. SEM has been used to monitor the phase-
separated state and check the identity of the PLGA center. When this 
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mixture was spread into water, aqueous media is suppressed of the 
Pluronic-coated PLGA NPs (core/shell NPs with PLGA core). Fig. 6 
explains the development of PLGA NPs with pluronic coating. On the 
surface of the PLGA heart, the pluronic shell tracked PTX from the 
core/shell NPs [153]. PLGA NPs were developed without the use of a 
poisonous organic solvent with the liquidized pluronic F-127 as a 
solvent. As the pluronic F-12, pluronic-coated PLGA NPs with a 

core/shell structure were not evaporated during preparation. The 
PTX and Docetaxel (DTX) models for small molecules were chosen 
and the vascular endothelial growth factor (VEGF) and HGH models 
were picked as protein-based medicines. They included both PTX 
and DTX. A pattern of continuous release of both model drugs has 
been found that the presence of a Pluronic coating on the liposome 
core surface mediated the release of the model drug. 

 

 

Fig. 6: Temperature-induced phase transition in the melt mixture of PLGA and Pluronics [153] 

 

 

Fig. 7: (a) Stabilization of Pluronic NPs by vesicle fusion (forming vesicular NPs) and (b) layer by layer approach stabilization of vesicle 
NPs [154] 

 

Pluronic based NPs with a Core/Shell structure for cancer-
targeting therapy 

In the preparation of the NPs of Pluronic-based, temperature-
induced phase transformation was very helpful. However, during the 
development of DTX charged Pluronic NPs during the previously 
mentioned temperature-induced transformation, the oxidation of 
DTX was observed [151]. The temperature-induced phase shift was 
rendered in a milder environment to protect DTX from oxidation (90 

°C for 10 min). Though DTX oxidation was low, instability of DTX 
charged Pluronic NPs was observed with DTX precipitation within 
10 min from the NPs in the aqueous medium.  

The Pluronic NPs demonstrated a fast release pattern of 
precipitation of DTX in the release medium before being integrated 
into the vesicle [154]. In vesicle NPs, the release rate drop was 
controlled because the DTX released was penetrated through the 
lipid bilayer by the Pluronic NPs (fig. 7). 
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The multilayer NPs revealed a more deleted release rate for DTX as 
the external Pluronic layer was a further obstacle against DTX 
release. A calculation of anti-tumor effectiveness by tumor-bearing 
muzzles has observed the therapeutic functionality of the multilayer 
NPs. The DTX filled multi-layer NPs are more successful than those 
injecting free DTX (Commercial DTX (Taxotere®)), Empty NPs 
(Multilayer No-DTX), or Saline (200 L) [155, 156]. Due to their 
tumoral objective potential based on the EPR effect, the multilayer 
NP has demonstrated improved anti-tumor effectiveness [157]. This 
research prepared and injected multilayer NPs with iron oxide NPs 
in the tail veins of tumor-bearing mice to validate the ability of the 
multilayer NPs to target the tumor. There was a large improvement 
in MR strength at the tumor site relative to Resovist in the multi-
layer iron oxide NPs. This shows that multilayer NPs can be used as 
nanocarriers with tumor-targeting capabilities for molecular 
imaging [158]. 

Building blocks for targeted chemotherapy using pluronics 

The issues with conventional chemotherapy, such as a lack of 
precise targeting of the tumor and drug resistance, have been 
resolved with NP, whereby traditional chemotherapy has been 
improved [159-161]. Of these pluronic NPs, promising carriers have 
been identified in targeted cancer therapy. Due to Pluronics 

micellization in aquatic solution, polymeric micelles have been 
developed and their cores have been used as depots for different 
treatment agents and methods of diagnosis [162]. A Temperature 
Induced Phase Transition (TIPT), as defined in fig. 8, was prepared 
for pluronic NPs loaded by Paclitaxel (PTX). Images from Cryo TEM 
revealed Pluronic NPs' core/shell structure (fig. 8b). 

Because the pluronic F-68 was mostly protected by the surface of 
NPs and PEOs, it was predicted that pluronic NPs would be retained 
in systemic circulation for a prolonged permeation and retention 
effect (EPR). This is the prerequisite. The high targeting efficiency 
near the tumor can be explained by the in vivo biodistribution in 
terms of the EPR effect. In Phase II clinical trials, esophageal 
adenocarcinoma was tested for the antitumor potency of the DOX 
formulation, composed from pluronic (L61 and F127) and DOX 
[163-165]. This technique was designed to test the multifunctional 
properties of the DOX-controlled pluronic/heparin-np-system. MB 
or DEVD-S-DOX was then achieved in the tumor-tissue mixture after 
photo-irradiation by the release of MB or DEVD-S-DOX from the NP 
(fig. 9). Table 4 illustrates several clinical trials involving Pluronic® 
polymer-containing formulations. Pluronic and heparin NPs were 
predicted to accumulate in tumor tissues caused by the EPR effect 
[166, 167]. Some medicines solubilized in poloxamer micelles used 
for cancer chemotherapy are presented in table 5 [71]. 

 

 

Fig. 8: (A) Formation of Pluronic nanoparticles by the TIPT method, (B) cryo-TEM image of paclitaxel-loaded Pluronic NPs [162] 

 

Table 4: Some examples of pluronic®-containing formulations in clinical trials 

Industry/sponsor Pluronic® containing formulation Use Stage Reference 
Supratek Pharma Inc. SP1049C: Doxorubicin+Pluronics® L61 and F127 Advanced esophageal 

adenocarcinoma 
Phase III 168 

Mast Therapeutics, Inc. Purified Poloxamer 188 (based on Pluronic® F68) Vaso-occlusive crisis Phase III 
British Columbia 
Cancer Agency 

Topical amitriptyline 2%, ketamine1%, and lidocaine 
5% in Pluronic® lecithin organogel 

Neuropathic pain secondary to 
radiation therapy 

Phase III 
Completed 

CoDa Therapeutics, Inc. Nexagon®: Pluronic® gel Persistent corneal epithelial 
defects 

Phase II 

Sancilio and Company, 
Inc. 

SC401B (Pluronic® F87 as a surfactant) Severe hypertriglyceridemia Phase III 

Valentis VLTS-934 (Pluronic®Poloxamer 188) Peripheral vascular disease Phase II 
Completed 

 

Pluronics as a therapeutic polymer 

The biggest challenge for the success of chemical agents is tolerance. 
Resistance comes primarily from efflux pumps minimizing chemical 
therapeutic intracellular levels [169]. The therapeutic resistance 

induced by Efflux can be resolved by pluronic systems. Several 
studies record Pluronic alterations that induce decreased efflux 
activity in the lipid microenvironment of P-gp. The pluronic 
polymers suppress the membrane microviscosity that permeates the 
cancer cells to chemotherapeutic agents. Also, the mitochondrial 
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membrane is destabilized by pluronic and induces significant ATP 
depletion in cancer cells. The Kabanov research group notes that 
pluronic can block the mitochondrial electron transfer chain 
(Complexes I and IV), which could increase the ROS level within the 
target cancer cells [170]. High ROS disturbs the mitochondrial 
membrane's normal configuration and initiates the release of 
apoptotic mediators Intrinsic [163, 171]. Pluronic cytochrome-
mediated release c, Apoptosis-Inducing Factor (AIF), and 
Endonuclease G can cause other apoptotic mediators to be swiftly 
triggered within the programmed cell death protocol. Metastasis 
suppression is another essential function of the pluronic as a 
medicinal polymer. In metastatic cancers, the efficacy of normal 
medicinal substances is marginal. Pluronic polymers with medium 
hydrophilic-lipophilic equilibrium (HLB) have been documented to 
block the migration and invasion of cancer cells. In the 4T1 tumor-
carrying mice model, a major inhibition of the lung metastasis by a 
pluronic effect was reported [172]. Oddly, pluronic Antimetastatic 
characteristics are linked to a decrease in matrix metaloproteases 
(MMP) such as MMP-9 control. Moreover, the above-mentioned 
study has documented substantial synergistic anti-metastatic 
activity for the combination of pluronic-doxorubicin. In another 
related analysis, the P85 pluronic copolymer micelles loaded with a 
5-Fluorouracil (5FU) were produced for colon cancer inhibition 

[173]. There has recently been a new pluronic F68 conjugated 
delivery system [174]. The potency and toxicity of these micelles 
concerning naked drugs were appropriate. Gemcitabine is a 70-gent 
anti-cancer drug used in multiple chemo regimes. Dinarv and the 
study community reveal a novel chitosan-pluronic oral delivery 
system. Pluronic nanoparticles hydrophilic shells can be used to 
conjugate target moieties such as folates, aptamers, and monoclonal 
antibodies (fig. 10). There is numerous folate-conjugated pluronic 
framework for the transmission of paclitaxel and doxorubicin, which 
has shown substantial tumor aggregation folate cross-connected 
pluronic micelles [175, 176]. Rabial Glycoprotein Virus (RVG) 
conjugates pluronic nanoparticles is another groundbreaking 
nanocarrier. RVG has effectively conjugated particles aim at the 
blood-brain barrier and has thus increased the biological 
bioavailability of the brain. The treatment of different brain tumors 
or Central Nervous System (CNS) malignancies may be achieved 
with such a method. Pluronic supply systems could be used as a 
vehicle for the supply of combinatorial regimens because of versatile 
and tunable physicochemical properties [177]. Paclitaxel-loaded 
pluronic Arginyl Glycylaspartic Acid (RGD)-plated nanoparticles for 
the treatment of gliomas have been analyzed in another report 
[178]. RGD peptide has been used to cross the blood-brain barrier as 
a penetration enhancer. 

 

 

Fig. 9: An illustrative description of chemo-photodynamic combination therapy [76, 119] 
 

Table 5: Anticancer agents formulated in poloxamer-based polymeric micelles 

Drug Copolymer Performance Reference 
Epirubicin L61, P85, F108 Lifespan of animals and inhibition of tumor growth considerably increased 

with drug/copolymer compositions. 
 
71 

Doxorubicin P105 Lower in vitro proliferation of MatLu rat prostate carcinoma cells with 
micellar system. 

P85 A formulation containing Pluronic® P85 and DOX prevents the development 
of MDR in the MCF7 human breast carcinoma cell line. 

Camptothecin F127, L92 versus materials 
modified with Polyacrylic acid 
(PAA) blocks 

3-to 4-fold higher solubility. Amount of camptothecin solubilized per PPO 
greater in the Pluronic-PAA than the parent, suggesting solubilization by the 
hydrophobic cores and hydrophilic shells. Enhanced stability. 

F127, F68, P85 Improved oral absorption estimated in vitro. 
Megestrol F127/l61 mixed micelles 

versus materials modified with 
PAA blocks 

Bioadhesive tablets for gastrointestinal retention and enhanced 
bioavailability. 

Paclitaxel P123 Enhanced solubility, prolonged blood circulation and modified biodistribution. 
Plasma half-life was 2.3-fold higher. Increased accumulation of PTX in ovary, 
uterus, lung, and kidney; but decreased accumulation in liver and brain. 

Octaethylporphine F127, F68, P85 Improved oral absorption estimated in vitro. 
Epidermal growth 
factor 

F127 Gel was evaluated as a potential topical vehicle. 

Tyrphostin 47 F127 Sustained local delivery does not result in a reduction of neointimal 
proliferation in the rat carotid injury model. 

Rapamycin F127 Treatment of experimental vein grafts is associated to increased apoptosis in 
the vascular wall and reduction of neointimal hyperplasia. 

Methotrexate F127 Potential direct administration into solid tumors 
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Fig. 10: Pluronic based delivery system; a novel platform for formulation of hydrophobic molecules and targeted delivery [174] 
 

Pluronic nanocarrier: a theranostic approach 

Nanoscale theranostic such as polymeric micelles are commonly 
explored as promising gold standards in a personal medicine context 
for the purpose of diagnosis, treat and track the growth of tumors 
simultaneously [179]. Theranostic functional pluronic polymer 
micelles have shown tremendous promise in contrast to traditional 
therapies to enhance and track medication delivery after 
administration, which can improve drug effectiveness and mitigate 
off-target toxicity. Latest studies have indicated that the tumor 
microenvironment (TME), including malignancy, invasion, and 
metastasis, is a central orchestrator of cancer progression [180, 
181]. A significant biological factor in which cohesive and polarized 
epithelial cells turn over nonpolarized and highly mobile, 
mesenchymal-like cells remains an important element of epithelial-
mesenchymal transfer [182]. The innovative design of nanomedicine 
continues to be relevant as the tumor barriers to drug accumulation 
(altered flux, thick matrix, efflux pumps.) are multiple and highly 
effective. In particular, the use of nano-caregiators, adorned with the 
most adequate targeting vector and with the most suitable 
therapeutic agent, all selected in the light of genetic knowledge for 
the recipient, is a means of successful transmission to the cells 

involved, while the protection and efficacy of the therapy are far-
reaching [183, 184]. The hydrated pluronic PEO shell induces 
sterical repulsion and leads to a strongly activated protein 
adsorption strength barrier [185, 186]. Some examples of pluronic 
micelles for cancer diagnosis are been listed in table 6. It thus 
minimizes the formation of protein corona that contributes to the 
prolonged blood circulation and bio-imaging performance of the 
nanocarrier for theranostic (fig. 11) [187]. 

The Pluronic P94 was studied to direct the intravenous and 
intratumoral injections of radionuclides [188]. In for the hybrid 
Single-Photon Emission Computerized Tomography (SPECT)/ 
Computed Tomography (CT) imaging pluronic F68 micelles 
incorporating Near-Infrared (NIR) Cy 5.5 and DOX is found useful in 
the diagnosis and treatment of targets. Pluronic F127 is safe against 
protein adsorption. Table No.6 outlines recent techniques for multi-
factor therapies, medications, and/or theranostic of cancer, 
including Pluronic structures alone and as a mixed method. In 
combination with biomethodologies, pluronic intelligent nano 
micelles will open the door for understanding the pathways of 
cancer that are at the core of the diseases, including the Epithelial-
Mesenchymal Transition (EMT)-related methods. 

 

Table 6: Overview of some pluronic micelles for cancer diagnosis; theranostic approach 

Pluronic  Imaging 

Re
fe

re
nc

e Agent  

M
od

al
it

y Drug Theranostic 
model 

Result Purpose 

Pluronic 
F68 

Cyanine5.5 
(Cy5.5) dye 
 

NIR DTX HIFU In vitro SCC-7 cells, 
murine 
in vivo male 
C3H/HeN mice 

Targetable/Triggering nanosystems for the 
solid tumors. 
PMs triggering release into tumor cells occurs 
under HIFU exposure through nonthermal 
mechanisms, which increase the therapeutic 
effect. 

189 

F127 β-thiophene-
fused-BF2 
azadi-
pyrromethene 
(aza BDTP) 

NIR PTX Photoacoustic 
imaging and 
photothermal 

In vitro 4T1 cells, 
mouse 
breast cancer cell 
line 

Co-loading of aza-BDTP and PTX (BDTP/PTX 
micelles show promising in vitro/in vivo 
results as nanotheranostic vehicles.) 

190 

F127 AuNPs NIR PTX chemo-
photothermal  
therapy 

in vitro MDA-MB-
231 cells 
in vivo female 
Balb/c nude 

In vitro and in vivo studies using the combined 
strategy. (The pluronic-PLL-Au micellar carrier 
can cause a synergistic effect that is promising 
for chemo-photothermal therapy.) 

191 

F127 AuNPs IR780 
iodide 

NIR1
05 

IR780 photodynamic 
and photo-
thermal 
therapies and 
surface-
enhanced reso-
nance Raman 
scattering 

in vitro C26 cells, 
murine colon 
carcinoma cell line 

The use of the AuNPs-F127-IR780 micellar 
system indicates synergistic effects by 
simultaneous photodynamic and 
photothermal activity. 

191 

P123 
F127 

rhodamine-B 
dye  

NIR Verte-
porfin 

Photodynamic 
therapy 

in vitro MCF-7 cells, 
human breast cancer 
cell line PC3 cells, 
human prostate 
cancer cell line 

Multifunctional pluronic P123/F127 mixed 
micelles show promising results for the 
encapsulation and delivery of the 
photodynamic therapy. 

192 
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Fig. 11: Multifunctional theranostic and bio imaging nanosystems. PET, positron-electron transmission; SPECT, single-photon emission 
computed tomography; CT, computed tomography; MRI, magnetic resonance imaging; NPs, nanoparticles; US, ultrasounds; OI, optical 

imaging [187] 

 

Future prospective 

In clinical trials as vehicles of cancer therapies, there are some 
promising practical pluronic micelle formulations. The clinical 
translation of the nano-medicines is still a problem. However, their 
use in theranostic has not yet been translated into clinical trials 
[193]. The copolymer concentration can decay below the CMC, for 
example, after intravenous administration and subsequent 
formulation dilution, resulting in micellar dissociations and 
premature release of medicines. Polymer micelles must also be 
programmed for extended blood circulation to ensure a proper 
concentration of the loaded therapeutic product and the 
photographic material collecting in the target area. While it is 
possible to use multi-target nano delivery schemes, the still 
enormous distance between preclinical and clinical outcomes 
requires the introduction of general and logical translation protocols 
[194-197]. The main concern of future research can be done in the 
preparation of nanoparticles that can further withstand the 
biological diversities and thus further improve drug stability in the 
biological environment and hence its bioavailability [198]. 

CONCLUSION 

Conventional cytotoxic medications induce some side effects partly 
as a result of existing treatment protocols dependent on several 
administrative periods. The effectiveness of the strategy is 
dependent on the combination of recent trends in nanomedicine 
care with targeted cytotoxic drug nanocarrier allowing for sustained 
release, site-specific delivery, and dissemination, reduction, or even 
elimination. One of the most brilliant cancer therapy techniques has 
been the advancement of nanoparticles-based treatment strategies 
as a drug delivery method. The conjugation of ligands on the surface 
of nanoparticles for cell recognition has resulted in the development 
of a new generation of nanoparticles (targeted nanoparticles). The 
use of differentially expressing molecules such as polymeric 
nanoparticles on the surrounding tumors could be achieved in the 
targeted nanoparticles offering sufficient cytotoxic release. The use 
of tailored and functionalized NPs promises to advance in emerging 
therapy groups. A multifunctional theranostic approach in the drug 
delivery system can be successful against cancer with different 
therapeutic cargo. These forms of formulations can be investigated 
in clinical trials. 
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ABSTRACT 
A simple, precise, rapid, low-cost conductometric method was developed and validated for the estimation of 
acamprosate calcium in pure and pharmaceutical formulation. The present research work utilized distilled water as a 
vehicle to prepare different concentrations of acamprosate calcium. The electrical conductivity of resulting solutions 
was measured by using an electrical conductometer ELICO CM 183EC-TDS analyzer version 2.3. The validation 
parameters were carried out according to the International Conference on Harmonization Guidelines. The developed 
method showed a linear response between concentration ranges of 50 and 250 µg/ml. The limit of detection and limit 
of quantification values were found to be 6.05 and 18.34 µg/ml, respectively. The relative standard deviation observed 
in precision, ruggedness, and robustness was in the acceptable range. The recovery of the proposed method was in 
the range of 98%–105%. The newly developed and validated conductometric method can be applied for the routine 
analysis of acamprosate calcium in pure and pharmaceutical formulation. 

INTRODUCTION
Acamprosate calcium (calcium 3-acetamidopropane-1-

sulfonate; Figure 1) is a calcium salt of acetylhomotaurine which 
is used for the treatment of alcohol dependence, which acts by 
stabilizing the chemical balance in the central nervous system, 
by blocking glutaminergic N-methyl-D-aspartate receptors and 
activation of gamma-aminobutyric acid (GABA) type A receptors  
(Rhee et al., 2008a; Saivin et al., 1998; Zornoza et al., 2003). 
This drug is available since 1989 in the tablet strength of 333 mg 
(Lipha Pharmaceuticals Inc., 2002). It is approved by the US Food 
and Drug Administration (FDA) as an antidipsotropic agent and 
is used to decrease alcohol hankering (Espino and Cruz, 2005). 
The chemical formula of acamprosate calcium is C10H20N2O8S2 Ca 
with molecular weight 400.48 g/mol. The physical properties of 
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Figure 1. Acamprosate calcium.
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this drug are white and odorless powder, which is freely soluble 
in water and insoluble in organic solvents like ethanol and 
dimethylformamide.

The literature survey reports on the capillary zone 
electrophoresis method (Blanchin et al., 2000; Fabre et al., 1999). 
The Liquid Chromatography mass spectrometry (LCMS) method 
for bioanalytical analysis, LC-fluorometric, and electrochemical 
detection was reported in human plasma, dog plasma, and urine 
(Chabenat et al., 1987, 1989; Ghosh et al., 2011; Girault et al., 1990; 
Hammarberg et al., 2010; Kanala et al., 2013; Rhee et al., 2008a; 
Rhee et al., 2008b; Xu et al., 2009). A few methods are developed 
and validated for organic acids by conductometric titration method 
(Umarov et al., 2020). Hence, no work has been reported on the 
electrical conductivity method for the quantitative estimation of 
acamprosate calcium. In this research, a new cost-effective, precise, 
and regression co-efficient on electrical conductivity method on 
acamprosate calcium in pure and marketed formulation is reported.

MATERIALS AND METHODS

Instruments and apparatus
An electrical conductivity meter (ELICO CM 183EC-

TDS analyzer version 2.3) was used for measuring electrical 
conductivity of solutions. An electronic analytical weighing 
balance (SARTORIUS) was used for weighing the analyte.

Reagents and chemicals
The active pharmaceutical ingredient of 98% purity 

of acamprosate calcium was procured from BMR Pharma and 
Chemicals, Hyderabad; tablet formulation was purchased from 
a local market of Belgaum, India. Distilled water was collected 
from Direct-Q UV water purification system from KLE College 
of Pharmacy.

Method development
The method was developed using an electrical 

conductivity meter using distilled water as a solvent. Various 
concentrations of acamprosate calcium in distilled water were 
prepared and electrical conductivity was measured. Different 
concentrations of analyte were observed and showed different 
values of electrical conductivity. In order to test the suitability 
of the developed method, the commercial tablet formulation of 
acamprosate calcium was analyzed.

Preparation of stock solution and working standard solution
Fifty milligram of the active pharmaceutical ingredient 

was dissolved in 50 ml of a volumetric flask and the final volume 
was made with distilled water (stock solution = 1,000 µg/ml); from 
the above solution, 0.5–2.5 ml was pipetted and transferred in 10 ml 
of a volumetric flask and the final volume was made with distilled 
water to obtain 50–250 µg/ml of pure acamprosate calcium.

Method validation
As per the International Conference on Harmonization 

(ICH) Guidelines Q2 (R1), the method was validated for various 
parameters like specificity, linearity, limit of detection (LOD), 
limit of quantification (LOQ), precision, ruggedness, accuracy, 
and assay.

SPECIFICITY
The specificity of the method was studied by measuring 

the conductance of a solvent as blank and the prepared standard 
solution of acamprosate calcium (50 µg/ml).

LINEARITY
The linearity method was developed by measuring the 

electrical conductivity of different concentrations of acamprosate 
calcium. Dilutions containing 50–250 µg/ml acamprosate calcium 
were prepared and electrical conductivity was measured using 
electrical conductometer. The calibration curve was obtained by 
plotting the concentration versus electrical conductivity (µs), and 
the correlation coefficient (r2) was found to be 0.9999.

LIMIT OF DETECTION/LIMIT OF QUANTIFICATION
LOD is the lowest amount of analyte which can be 

detected but not quantified. It can be determined using following 
formula:

LOD = 3.3 
σ
S

.

LOQ is the lowest amount of analyte which can be 
quantitatively determined as precision using the following 
formula:

LOQ = 10 
σ
S

.

where σ = standard deviation; 
S = Slope of the calibration curve.

PRECISION
The precision was carried out in terms of intraday and 

interday. The electrical conductivity of three replicate solutions 
of acamprosate calcium at three different concentrations was 
measured, and % Relative Standard Deviation (RSD) values of 
each solution for its electrical conductivity were measured.

RUGGEDNESS
Ruggedness was carried out by changing the analyst to 

check the reproducibility of standard results and the %RSD was 
found to be less than 2%.

ACCURACY
Accuracy was found by means of recovery experiments, 

by the determination of %mean recovery of sample at three different 
levels: 50%, 100%, and 150%. At each level, three determinations 
were carried out and %mean recovery was calculated.

ASSAY
Twenty tablets of acamprosate calcium (333 mg label 

claim) were taken and powdered. A measure equivalent to 73.19 
mg was weighed and added to a 50 ml volumetric flask, and the 
final volume was made up to 50 ml with diluents and shaken for 
5 minutes. The solution was filtered by Whatman filter paper. 
From the filtered solution, 0.5–2.5 ml solution was added to 10 ml 
volumetric flask to make a final volume up to 10 ml using distilled 
water.
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RESULT

Specificity
The proposed method is specific as the conductance of 

water as a blank was found to be 1.75 µs and acamprosate calcium 
(50 µg/ml) solution showed a conductance of 25.28 µs. The results 
of the analysis were found to be specific and selective.

Linearity
The drug shows a linear relationship between electrical 

conductivity (µs) verses drug concentration level. The results are 
shown in Figure 2. The equation of the straight line for acamprosate 
calcium is y = 0.4359x + 3.409 and the regression coefficient is R2 
= 0.9999.

LIMIT OF DETECTION (LOD)/LIMIT OF 
QUANTIFICATION (LOQ)

The LOD value obtained was 6.05 µg/ml and LOQ value 
was found to be 18.34 µg/ml. Both results are in the acceptance 
range.

PRECISION
The precision indicating the value was precise and low, 

and %RSD is <2%. The results are given in Tables 1 and 2.

RUGGEDNESS
Ruggedness was carried out at different conditions to 

check the expected values from one analyst to another and the 
%RSD shows less than 2%. The data of ruggedness are recorded 
in Table 3.

ACCURACY
Accuracy and recovery studies were carried out and the 

%mean recovery of the sample was recorded at three different 
levels: 50%, 100%, and 150%. Individual recovery and %mean 
recovery were found to be greater than 98%, which indicates that 
the method development is accurate and recovery values were in 
the range. The %mean recovery values are shown in Table 4.

ASSAY
The assay was carried out by using tablet formulation of 

label claim 333 mg (ACAMPROL) and the values were obtained 
in an acceptable range. The results were in the range of 102%–
104%.

DISCUSSION
In the present research work, an attempt has been 

made to develop a simple conductometric method. This method 
was found to be economic, simple, and rugged for estimation of 

Table 1. Intraday precision results of acamprosate calcium.

Concentration  
(µg/ml)

Conductance (µs)  
(x̄)

Standard 
deviation

% Relative 
standard  
deviation

50

1 hour 24..77 0.12 0.48

4 hours 24.8 0.12 0.48

8 hours 25.31 0.21 0.82

150

1 hour 67.77 0.605 0.89

4 hours 68.03 0.68 0.99

8 hours 69.92 0.18 0.25

250

1 hour 109.67 0.865 0.78

4 hours 109.73 0.165 0.15

8 hours 111.47 0.435 0.39

x̄ = Mean conductance of three replicates.

Table 2. Interday precision results of acamprosate calcium.

Concentration  
(µg/ml)

Conductance (µs)  
(x̄)

Standard 
deviation

% Relative 
standard  
deviation

50

1st day 24.68 0.11 0.44

2st day 24.36 0.14 0.57

3rd day 24.30 0.09 0.37

150

1st day 69.01 0.265 0.38

2st day 68.01 0.83 1.22

3rd day 66.96 0.245 0.36

250

1st day 108.06 0.17 0.15

2st day 107.9 0.1 0.09

3rd day 106.83 0.465 0.43

x̄ = Mean conductance of three replicates.

Table 3. Results of ruggedness for acamprosate calcium.

Concentration  
(µg/ml)

Conductance (µs)  
(x̄)

Standard 
deviation

% Relative 
standard  
deviation

50
Analyst 1 24.30 0.09 0.37

Analyst 2 24.49 0.02 0.08

150
Analyst 1 66.96 0.245 0.36

Analyst 2 65.22 0.03 0.04

250
Analyst 1 106.83 0.465 0.43

Analyst 2 102.7 0.1 0.09

x̄ = Mean conductance of three replicates.

Figure 2. Standard calibration curve of acamprosate calcium at 250 V.
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acamprosate calcium. The proposed method results and outcomes 
are compared with other research works published earlier on 
acamprosate calcium.

The literature survey reveals that acamprosate calcium 
can be analyzed by few chromatographic methods (Chabenat et 
al., 1987; Girault et al., 1990; Hammarberg et al., 2010). The 
published work has some limitation like use of costly solvents, 
hazardous chemicals, costly instruments, non-robust method, and 
longer time of analysis. Hence, in our proposed method, we have 
used water as a solvent which is universal and cheaper and the 
instrument cost is low. It is very simple in carrying out and is cost-
effective for the method developed and analysis.

All the values obtained in the method were found to be 
within the acceptance range as per the ICH norms.

UV-spectrophotometric trials were carried out with 
different solvents such as menthol, water, etc., but they did 
not get the peaks at the acceptable range and it showed less 
than 205 nm because the acamprosate calcium drug does not 
contain chromophore. Furthermore, it was carried on electrical 
conductometric meter and the linear regression coefficient value 
was found to be 0.9999, Acamprosate calcium contains a cation 
charge and the solvent used was the distilled water. The method 
was developed on an electrical conductometric meter as this 
method is cheap, cost-effective, and no work has been reported 
on acamprosate calcium. The current method development and 
validation represent an alternative method in the laboratory 
which can be employed for routine analysis in the pharmaceutical 
industry.

CONCLUSION
The present research is a cost-effective, simple, and 

accurate electrical conductivity method for quantity estimation of 
acamprosate calcium in tablet dosage form developed as per the 
ICH guidelines. The method is economic, rapid, and does not need 
any sophisticated instruments. Hence, it may be employed for 
routine quality control analysis of acamprosate calcium in Active 
Pharmaceutical Ingrident (API) and marketed formulation.
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Onco-pharmacist led evaluation of
knowledge, attitude & practice (KAP) of
safe handling cytotoxic drugs among health
care professional’s (HCP’s) in tertiary care
hospital: A hospital based interventional
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Abstract
Background: Cytotoxic drugs (CDs) are hazardous in nature. But it is necessary for the treatment in cancer patients.

The healthcare professionals (HCPs) act as a facilitator through which the manufactured CDs reach the patient. However,

safe handling of CDs becomes a primary concern not only for the recipients but also for the HCPs.

Methods: On Ethics committee approval, a prospective- interventional study was conducted among HCPs who are

involved in handling of CDs in Oncology department of tertiary care hospital. The participants were screened for

their eligibility criteria & 73 HCPs were recruited. The initial data was collected from the HCPs through interview & ques-

tionnaires. Later the participants were trained by oncology-pharmacist (7–8 months) for safe handling of CDs. After the

training the participants were tested again through interview & questionnaires.

Results: 73 participants, (75%) nurses & (25%) physicians were included in the study. Among these participants, only

32.87% underwent training on reconstitution whereas 67.12% of the participants didn’t undergo any training. The

increase in mean score of KAP after the training was observed to be 3.44± 4.32, 1.23± 1.51 and 1.3± 1.01 respectively.

Conclusion: The study concludes that mandatory requirement of training for HCPs using SOP’s by qualified oncology-

pharmacist to minimize the hazardous effects of CDs. It also highlights the improvisation techniques for handling of CDs

will enhance the safety profile of HCPs & the patients, which helps in refining the quality of pharmaceutical and health care

services provided in the cancer care settings.

Keywords
Health care professionals (HCPs), oncology pharmacist, cytotoxic drugs (CD’s), safe handling, cancer care
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Introduction
Cancer is a global disease which is certainly managed and
treated using cytotoxic drugs (CDs).1 The CDs are toxic
in nature. International Agency for Research on Cancer
(IARC) have classified some of the anti-cancer agents as
human carcinogens.2 They have 3 basic properties of
being carcinogenic, teratogenic and mutagenic. Thereby
depicting its hazardous nature.3 CD’s are therapeutic
agents used for treatment and management of cancer
disease. The CDs act by killing the cancerous cells, but
due to its non-selective mechanism of pharmacological
action, these drugs affect not just the cancer cells but also

the non-cancer cells leading to various side effects that
affects the patients as well as exposure effects that affects
the HCPs dealing with the handling of these drugs.4

There are several studies being documented reporting the
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contamination of workplace due to the drugs, which were
also identified in the urine of the health care workers and
also observed as genotoxic responses.5 Health care
workers get exposed to contaminated work surfaces, cloth-
ing, drug vials and containers while preparing and adminis-
tering of CDs.5,6 Therefore, Occupational exposure to CDs
and safe handling of antineoplastic agents is a primary
concern among HCPs due to its harmful effects. Various
organizations like National Institute for Occupational
Safety and Health (NIOSH), Occupational Safety and
Health Administration (OSHA), American Society of
Hospital Pharmacist (ASHP), the Oncology Nursing
Society and American Society of Clinical Oncology
(ASCO) have recommended safe handling practice guide-
lines for anti-cancer drugs.5,7–9 These guidelines suggest
the application of hierarchy of various strategies of mitigat-
ing and controlling workplace hazards.10 All HCPs must
follow these safety guidelines.9 Although the previous
studies have documented those HCPs do not adhere to
safe practice of handling of drugs.10,11 It relates to the
gap in the knowledge of HCPs leading to occupational
hazards induced by antineoplastic drugs.12 Thus, the need
of hour is to assess the knowledge, attitude and practice
of HCPs on safe handling of anti-cancer drugs. Also, it
improves the quality of practice. This will in turn help in
refining the safety measures followed by HCPs in the
healthcare clinical settings. Thus the study aims to assess
the KAP of physicians and nurses before and after provid-
ing standard training for safe handling practices of CDs

Methodology
The study was conducted among HCPs working in oncol-
ogy department of a tertiary care hospital and cancer
research centre in Belagavi, Karnataka. It was a
prospective-interventional study carried among 73 health
care professionals that includes the nurses as well as the
physicians conducted for one year duration.

Selection of the participants
The onco-physicians and onco-nurses were included into
the study having a work experience of at least 06 months
or more in the oncology department. And those HCPs
who were unable to spend quality of time to fill pre and
post assessment questionnaires and to undergo training
given by clinical pharmacist were excluded from the study.

After obtaining consent, based on the inclusion criteria
the participants were screened and recruited. The well
designed and customized questionnaires were validated
prior to the interventional stage (Refer Table 1). Then
study methodology was divided into 3 main periods- pre-
intervention, intervention and post-intervention.

Pre-intervention period
During the pre-intervention period, the participants were
interviewed using the questionnaires. Based on the data col-
lected through the questionnaires, the level of knowledge,
attitude and practice (KAP) of HCPs towards handling of
CDs was observed.

Intervention period
During intervention, the HCPs were trained by clinical
oncology pharmacist for safe handling practices of the
CDs for a period of 07 months. Training were conducted
periodically using suitable educational & hands-on training

Post intervention period
Participants were further interviewed using the same KAP
questionnaire to monitor, evaluate and record the level of
KAP.

The pre and post data were collected and simultaneously
the data before the period of intervention and after the inter-
vention period were recorded, analysed statistically using
SPSS by applying the paired-t test in order to interpret the
result of the study. (Refer Figure 1).

Results
Total number of participants in the study was 73. Among
these 73, 55 participants were nurses and 18 participants
were physicians who accounted to 75% and 25% respec-
tively (Refer Table 2 (a)). The gender distribution among
these 73 participants was males were 33 (45.20%) and
females were 40(54.79%) (Refer Figure. No. 02 (b)).

Figure 1. Study methodology flow chart.
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The mean age and age range distribution observed
among the HCP’s were 26.2± 1.53 with qualification of
BSc. Nursing, followed by 23.1± 1.0 with GNM &
DGNM, 27.7± 1.57 with MD, 28.5± 3.28 with DNB,
29.7± 2.64 with BHMS & 28.4± 2.44 for BAMS (Refer
Table 2 (c)). Among these recruited participants,
27(36.98%) were BSc qualified, 28 (38.35%) were GNM,
04 (05.47%) were MD & 05(06.84%) were with DNB,
05(06.84%) were BHMS, and 04(5.52%) were with
BAMS qualification (Refer Table 2 (d)).

The work experience (Mean± SD) of HCPs with CDs
for B.Sc Nursing, GNM & DGNM, MD, DNB, BHMS,
& BAMS were 8.72± 5.67, 16.09± 8.75, 5.5± 5.25, 3.4
± 2.07, 7.3± 0.57 and 10± 8.48 respectively. The average
mean work experience of HCPs with CDs accounts to be
8.50± 5.13 (Refer Table 2 (e)).

Among total participants, those who participated in the
study indicating only 24 (32.87%) have undergone recon-
stitution training and 49 (67.12%) doesn’t undergone any
training to handle CDs (Refer Table 2 (f)). Also,

Table 1. Knowledge, attitude & practice questionnaires.

Knowledge Questionnaires

SN Scoring: Yes – 01 No – 00

01 CDs are hazardous in nature.

02 Occupational exposure is possible while handling.

03 It is important to have policies and procedures for the safe handling, preparation, administration and disposal of CDs

04 Use of biological safety cabinet (BSC) for all preparations

05 I am aware of how to operate BSC.

06 I am familiar with safe transport and storage of CDs.

07 I know the management of accidents in handling of CDs

08 I am familiar with PPE requirements for safe handling of CDs

09 I know proper use of PPE kit.

10 I am acquainted with safe CD waste disposal methods

11 I am familiar safe administration of CDs

12 I am aware of CDs adverse health effects management.

Attitude questionnaires

SN Scoring: Yes – 01 No – 00

01 Separate equipment should be used for cytotoxic preparations

02 Is dermal contact of CDs is harmful?

03 To deal with spillage (to fall) of chemotherapy drugs requires any procedure.

04 Spillage kit availability is must in your preparation/ administration area

05 Are all reconstituted preparations fit for refrigeration

06 Reconstitution is always performed by nursing staff in our hospital.

07 If precipitate found in the reconstituted solution it should be administered

08 Do you think reconstitution is your professional part of patient care?

09 Have you undergone any training for reconstitution of CDs?

10 Is complete Personal Protective Equipment (PPE) required while performing the reconstitution of the CDs?

Practice questionnaires

SN Scoring: Yes: 01 No: 00

01 Labeling is practiced once reconstitution is done?

02 Do you wash hands for pre, during & post handling of CDs?

03 Do you follow spill management guidelines?

04 Do you follow the disposal guideline for the cytotoxic waste management?

05 Should Accidental spills should be documented?

06 Do you access clinical pharmacist about safe handling

07 Do you do risky behaviour (eat, drink etc.,) in preparation room?

08 Do you always prepare CDs in preparation room?

09 Do you always prepare CDs in BSC?

10 Do you follow standard guidelines for handling of CDs?

11 Is it important to document steps taken in management of extravasation?

Gudhoor et al. 3



participants in the study who underwent formal training
were only 04 (5.47%) and 04 (5.47%) undergone informal
training, remaining 46 (63.01%) are having in-service train-
ing & 19 (26.02%) did not undergo any type of training
(Refer Table 2 (g)).

Out of 73 participants from HCPs 27 (36.98%) are
having mild occupational exposure adverse effects, 27
(36.98%) experiencing moderate type and 19 (26.02%)
experiencing severe type of occupational exposure
adverse effects (Refer Table 2 (h)).

Out of 73 HCPs who are handling CDs for reconstitu-
tion, 24 (32.43%) are referring Physicians, followed by
26 (35.13%) referring senior nurses and 7 (9.45%), 12
(16.21%), 4 (5.40%) are referring drug package inserts,
based on self-experience and PGs instructions respectively
(Refer Table 2 (i)).

Knowledge Attitude & Practice questionnaire adminis-
tered to the HCP’s was calculated based on the scores
obtained by them. HP’s knowledge pre intervention mean
score was 15.5± 2.10 in which the minimum score noted
was 12 and the maximum score was 22. The Knowledge
mean score of the HP’s post intervention was 19.0±
4.13. The minimum score being 9 and the maximum
score being 24. The increase mean in the knowledge of
the HP’s is 3.44± 4.32 (Refer Table 3).

HCP’s Attitude Pre intervention mean score was 5.78±
1.33 wherein the minimum score noted was 3 and the
maximum score was 8. Post intervention mean score of
the HCP’s was 7.02± 1.25in which minimum score being
4 and the maximum score was 9. The increase mean in
the attitude of the HCP’s is 1.23± 1.51 (Refer Table 3).

HCP’s, Practice Pre intervention mean score of the
HCP’s was 7.02± 1.08 in which the minimum score
noted was 4 and the maximum score was 8. Post interven-
tions mean score of the HCP’s was 8.4± 1.03. The
minimum score being 5 and the maximum score being
9. The increase mean in the Practice of the HCP’s is 1.3
± 1.01 (Refer Table 3).

Discussion
In the current study, we included 73 participants, among
which 55 were nurses and 18 were physicians who
worked in the oncology department of 2 hospitals among
which one is a tertiary care and other is a research centre.
Whereas Aseefa et.al have observed occupational exposure
of CDs among 77 nurses in Ethipia’s tertiary teaching
hospital.13

The female (54.79%) participants were more in compari-
son to the number of male (45.20%) participants, it has
nothing to do with gender bias but rather the staff that
were employed and fit to our criteria was available in this
gender distribution pattern. Similarly, Sheikh et.al in their
study showed female predominance at 73 (66.97%)
among the group of medical officer registrars, pharmacists,

nurses, pharmaceutical technologists, supply chain officers
and cleaners.3

The age range distribution varied ranging in between
22–30 years for participants with different qualifications.
The qualifications of the participants were BSc Nursing,
GNM, MD & DNB, BHMS, and BAMS with diverse
number of years of work experience ranging from more
than 6 months to 20 years. Correspondingly, in a cross-
sectional survey Kypyrianou et al. observed the knowledge,
attitude and belief of Cypriot nurses with mean age of 33
years (age range 21–60).14

32.87% participants in our study have undergone recon-
stitution training which were sub-divided into formal, infor-
mal and in-service training and 67.12% HCPs did not
underwent the training. Alternatively, Kosgeroglu et. al
reported in their study where only 7.4% of nurses had
received in-service education and the mean level of
nurses’ information in the protection of environment were
7.82 from 14 points and self-protection were 7.94 from
11 points.15

The study also took into account the adverse effects
due to occupational exposure which was categorized
into mild (36.98%), moderate (36.98%) and severe
(26.02%). The level of severity was reduced due to
working under vigilance of clinical pharmacist and
after getting trained on safe handling practices of CDs.
Also, Barbara et al. observed 27 acute symptoms of
adverse effects in pharmacist personnel while carrying
out handling activities of CDs like mixing, administering
and cleaning up spills.16

Due to lack of knowledge, attitude and practice of safe
handling of anti-cancer drugs, these HCPs referred physi-
cians, senior nurses, drug package inserts during handling
of reconstitution of CDs. This reference was more based
on their experience and professionals’ instructions.
Moreover, Tabash et.al in their intervention study detected
scores of 50% among HCPs in the pre-intervention phase
due to poor knowledge and low practice levels.17

KAP Scores were calculated from the questionnaires.
The increase in mean score after intervention was observed
to be 3.44± 4.32 for knowledge, 1.23± 1.51 for attitude
and 1.3± 1.01 for practice. In a similar way, Maryam
et al. in their cross-sectional study have reported the mean
scores of responses for knowledge, attitude, and practice
which were observed to be 54.30± 10.86, 32.83± 5.88,
and 50.35± 10.21, respectively.18

In current study, the increase in the mean score of these
parameters depicts the positive effect of training the HCPs
using standard guidelines while handling, preparation and
administration of anti-cancer drugs by clinical onco-
pharmacist Similarly, Ali et.al have demonstrated in their
study that involvement of clinical oncology pharmacist
plays an integral role in minimizing the adverse effect and
in raising safety standards19 while handling the CDs and
also, Robert et al. have highlighted the importance of the
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Table 2. Distribution details among HCP’s on various parameters.

a) HCPs Distribution
SN Type Frequency (n= 73) Percentage (%)
1 Doctors 18 24.66

2 Nurses 55 75.34

b) HCPs Gender Distribution
SN Gender Frequency (n= 73) Percentage (%)
1 Male 33 45.21

2 Female 40 54.79

c) Age Distribution among HCPs
SN Qualification Age range (n= 73) Average Mean±SD
1 BSc Nursing 22-32 26.2± 1.53

2 GNM & DGNM 22-28 23.1± 1.0

3 MD 25-35 27.7± 1.57

4 DNB 25-32 28.5± 3.28

5 BHMS 25-32 29.7± 2.64

6 BAMS 25-32 28.4± 2.44

d) Distribution of HCPs based on Qualification.
SN Qualification Frequency (n= 73) Percentage
1 BSc Nursing 27 36.98

2 GNM & DGNM 28 38.35

3 MD 4 5.47

4 DNB 5 6.84

5 BHMS 5 6.84

6 BAMS 4 5.52

e) Health care professionals work experience with cytotoxic drugs
SN Qualification Experience (Mean±SD)
1 B.Sc Nursing 8.72± 5.67

2 GNM & DGNM 16.09± 8.75

3 MD 5.5± 5.25

4 DNB 3.4± 2.07

5 BHMS 7.3± 0.57

6 BAMS 10± 8.48

Average Mean±SD 8.50±5.13
f) HCPs training on handling of cytotoxic drugs
SN Response to training undergone Frequency (n= 73) Percentage (%)
1 Yes 24 32.87

2 No 49 67.13

g) Type of training undergone by HCPs
SN Type of training Frequency (n= 73) Percentage (%)
1 Formal 04 5.48

2 In-formal 04 5.48

3 In-service 46 63.03

4 No training 19 26.02

h) Type of Exposure effects among HCPs.
SN Type of Exposure effects Frequency (n= 73) Percentage (%)
1 Mild 27 36.99

2 Moderate 27 36.99

3 Severe 19 26.02

i) Referral personnel approached by HCPs for reconstitution procedure
SN Personnel approach as a referral Frequency (n= 73) Percentage (%)
1 Physician 24 32.88

2 Senior nurse 26 35.61

3 Self-experience 12 16.43

4 Drug package inserts 07 9.58

5 PGs instructions 04 5.48
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training the oncology pharmacist for the better future of
oncology care20

Conclusion
In conclusion, the HCPs working in the hospitals and
research centres were observed with limited knowledge,
attitude and practice on handling of CDs. This leads to
increase in the occupational exposure to adverse effects
due to these hazardous drugs. Further research must be
carried out in identifying the discrepancies for partial
KAP value among HCPs in order to prevent and minimize
the level of adverse events occurring among individuals
while procuring, administering and handling of anti-cancer
drugs. The study findings support the need of proper train-
ing, education, written guidelines and policy implementa-
tion with regard to safe handling measures of CDs and
demanding frequent in-service training and audit system.
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Abstract 

Coronavirus disease or more popularly called COVID-19 is
known to be caused by a novel coronavirus 2. The COVID-19 has
been identified to be originated from Wuhan, Hubei, China. This
pandemic started in December 2019, and since then it has spread
across the world within a short period. The health and family wel-
fare ministry of the Government of India reported 227,546 active,
9,997,272 discharged cases, and 150,114 deaths due to COVID-19
as of 06 January 2021. Indian Council of Medical Research

(ICMR) reports that the cumulative testing status of SARS-CoV-2
(COVID-19) was 931,408 up to November 03, 2020. Currently,
no specific anti-viral drug for COVID-19 management is recom-
mended in the current scenario. Vulnerable populations such as
pregnant women affected by COVID-19 infection need to be rec-
ognized and followed up for effective handling concerning mor-
bidity and mortality. At present, very few case reports on COVID-
19 infected pregnant women have been published in India and
there is no proven exclusive treatment protocol. This article sum-
marizes a review of signs and symptoms, etiopathogenesis, risk
factors, diagnosis, and possible management of COVID-19 infec-
tion in pregnant women. This overview may be useful for health
care providers for practical approach and limitation of drugs used
in the current management and considers the choice of drugs with
their special attention given to adverse effects to improvise mater-
nal health, pregnancy, and birth outcomes.

Introduction

Coronavirus disease or more popularly called COVID-19 is
known to be caused by novel coronavirus 2 and it is presented with
the specific syndrome with extreme acute respiratory distress being
the most prominent feature. In general, initial infection is presented
with mild to severe respiratory symptoms and gradually can lead to
respiratory failure) later can be life- threatening due to multi-organ
failure. The COVID-19 has been identified from Wuhan, Hubei,
China. This pandemic started in December 2019, and since then it
has spread across the world within a short period [1].

India currently has the highest number of confirmed cases of
COVID-19 infection in Asia and the third-highest number world-
wide [2]. The World Health Organization has discussed the global
effects of the epidemiological situation, with over 32.7 million
COVID-19 cases and 991,000 deaths recorded by the end of
September 2020; total deaths are predicted to surpass one million
in the future. South-East Asia is the second most affected region,
accounting for 21% and 11% of total cases and deaths, respective-
ly. It has been recorded that countries such as India, Indonesia, and
Bangladesh continue with the greatest numbers [3].

Indian Government launched the mobile application named
AarogyaSetu, which was developed to reach the app users about the
best practices, risks, and relevant advisories related to COVID-19
containment. ArogyaSetu app data indicate about 10,374,932 con-
firmed cases, 9,997,272 recovered and 150,114 deaths were report-
ed as of January 06, 2021. Totally 167.6 million users of the
AarogyaSetu mobile application helped to update the country’s
health status [4]. According to the ministry of health and family wel-
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fare of Government of India reported 227,546 active COVID-19
cases, 9,997,272 discharged and 150,114 deaths till 06 January 2021.
Indian council of medical research reports that the total Testing
Status of SARS-CoV-2 was 9,31,408 which were cumulative total
samples tested up to November 03, 2020 [5]. There is no specific
anti-viral drug for COVID-19 outbreak management in the current
scenario [6]. The elderly (>65 years) persons, people with the
impaired immune system, and perhaps pregnant women have been
reported to be susceptible to the virus [7-9].

As per earlier reports, women are categorized vulnerable to
respiratory infections, especially during pregnancy. However,
pregnant co-morbidity patients may have an increased risk of
serious illness, consistent with the general population of similar
co-morbidity patients. High-risk groups need to be monitored
accordingly by clinicians. Around 85% of women will experience
mild illness, 10% more severe illness, and 5% more critical ill-
ness [10]. At present, very few case reports on COVID-19 preg-
nant women have been published in India and there is no proven
exclusive treatment protocol for its management. Vulnerable
populations such as pregnant women affected by COVID-19
infection are very important to recognize and follow-up and the
cases should be handled effectively concerning morbidity and
mortality.

However, in India, a protocol for the management of pregnant
women affected by COVID-19 has been prepared by the Indian
Council of Medical Research. Yet the normal protocol and proce-
dure need the hour to learn and adapt. Here we summarize a review
of signs and symptoms, etiopathogenesis, risk factors, diagnosis,
and possible management of pregnant women infected with
COVID-19.

Signs and symptoms

Fever, dyspnea, cough, lymphopenia are predominant features
of COVID-19 in pregnancy, similar to non-pregnant patients. 18%
of patients reported breath shortness. In some cases, due to
increased maternal oxygen requirements from increased metabo-
lism, gestational anemia, and fetal oxygen consumption, which are
common in pregnancy, this may be difficult to discern from phys-
iological dyspnea [11]. Initially in China reports specified seven
COVID-19 affected pregnant women showed symptoms viz.
cough, fever, diarrhea, and shortness of breath [12]. As described
above, the symptoms can differ, and women with a variety of clin-
ical manifestations ranging from mild symptoms and signs to seri-
ous disease, including pneumonia with or without acute respiratory
distress syndrome (ARDS), renal failure, and multi-organ dysfunc-
tion can require immediate to advanced critical care support. As a
consequence, those affected are generally described as having
moderate, serious, or critical illness [13]. In one of the studies crit-
ically ill pregnant women affected by COVID-19 needed oxygen
were reported to have cardiomyopathy [14]. To evident such cases,
more data is required to require optimizing incidence of the inci-
dence of cardiomyopathy secondary to postnatal or in pregnant
COVID patients.

There are signs of very high fever associated with coughing,
trouble breathing, diarrhea, pneumonia, headache, excess sputum,
and hemoptysis in infected people with symptoms. Some people
with infections are asymptomatic and, since they ignore health
conditions, are labeled as highly infectious. Conditions such as res-
piratory arrest, heart attack, RNA anemia, and ground-glass opac-
ity were fatal events [15-17].

Etiology

SARS-CoV-2 of order Nidovirales, belonging to the family
Coronaviridae is causative of Coronavirus disease-19. These are
non-segmented, enveloped RNA viruses that include the coron-
aviruses of SARS-CoV and MERS-CoV [18].

Vulnerable groups are susceptible to COVID-19 especially
pregnant women/lactating mothers. Current knowledge and clin-
ical management of pregnant women with COVID-19 is mainly
based on information from the general population. In spite of the
growing number of pregnant women with COVID-19, data on the
clinical characteristics and disease severity of pregnant patients
are still limited. Considering the particularity of immune status
and physiological features in pregnant women, there is an urgent
need to investigate the differences in the clinical characteristics
and severity of COVID-19 between pregnant and nonpregnant
women and the potential impact of COVID-19 infection on the
clinical outcomes of the fetus and neonate [19].

Pathogenesis of COVID-19

COVID-19 contains a single-stranded RNA genome with 4
genes: nucleocapsid, membrane, envelope, and spike protein
[20]. The pulmonary area is the main target of the virus.
Coronavirus binds via receptor-binding domains to the host
receptor, named ACE2 [21]. For the release of RNA in a host cell,
conformational changes occur by spike protein which activates
the viral envelope to bind with a receptor of a hostcell. Viral
replication happens when RNA enters the host cell later pro-
teinases enzymes dividing them into small particles. Later trans-
lated using mRNA’s and stored in the endoplasmic reticulum and
Golgi apparatus through which they are released as vesicles into
endothelial, alveoli, and blood cells [22].

Role of lymphocytes in COVID-19

The immune system plays an important role to fight against
viruses and other microorganisms. Especially lymphocytes (T
and B cells), natural killer cells are essential [23]. Compared with
non-pregnant women, the total white cell count was significantly
increased at all pregnancies and also post-partum. In pregnancy
the absolute number and percentage of T lymphocytes was slight-
ly elevated while almost no changes in B cells were found. No
significant changes were found in the percentage of
suppressor/cytotoxic (CD8+), of helper/inducer (CD4+) T lym-
phocytes, nor of CD4+/CD8+ ratio at any stage of pregnancy and
puerperium [24]. However pregnant COVID-19 patients showed
significantly lower numbers of blood lymphocytes and higher
numbers of neutrophils, as well as higher levels of C-reactive
protein and total bilirubin.

Signature features of COVID-19-related severe illness
include the presence of elevated levels of pro-inflammatory
cytokines, coagulopathy, and lymphopenia. However, no deaths
were reported, dissociating lymphopenia in the patients from
mortality. Thus, the question of whether pregnancy is an
immunological contributor to severe or controlled COVID-19
disease should be extensively debated [25].
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Role of D-DIMER and thromboembolism

It is assumed that the mechanism by which COVID-19 infec-
tion causes multi-organ dysfunction involves inflammatory
cytokines release which triggers tissue factor development and
activates thrombin. Increased thrombin and D-dimer (>1 μg/mL)
are linked with an increased risk of death.

It was presumed COVID-19 affected pregnant women less
likely to have serious morbidity/die, however, reports indicate a
subset can develop multi-organ failure that leads to death. During
common infections generally, pregnant women show evidence of
elevated intravascular inflammation and increased thrombin along
with prothrombin which might exaggerate thrombosis risk [26].

The inflammatory response in COVID-19

COVID-19 patients are in extreme need of intensive care as
per previous reports since different inflammatory mediators are
involved to provoke response [8,9]. In another study, IL-6 numbers
appear to increase with time in COVID-19 patients and are com-
paratively higher in non- survivors than in survivors [27]. Critical
patients addressed substantially higher percentage of peripheral
blood inflammatory monocytes in CD14+CD16 + compared to
patients with moderately ill [28].

Cytokine storm is contributed by the release of cytokine along
with IP-10, MCP, and MIP1 alpha. The cytokine storm also has
body-wide ripple effects. Elevated levels of TNF with cytokines
can result in circulatory failure and myocardial damage led by sep-

tic shock [29,30]. During viral infection, the inflammatory process
is associated with high plasma levels of cytokines, as cytokines
storm, including IL-2, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-
1A, and TNFα. This might play an important role in pregnancy as
IL-2 has been implicated to be upregulated in pre-eclampsia, mis-
carriage and IL-7/IL-7R signaling pathway in fetal miscarriage,
due to the upregulation in the ratio of Th17/Treg cells.

Another relevant aspect is the possible implication of polymor-
phisms in COVID-19 diseases, as is well-documented for other viral
infections. Also, cytokines polymorphisms, such as TNF- α 308G/A
(rs1800629) polymorphism is associated with recurrent miscarriage.
In fact, TNF-α and TNF-α receptor play an important role in the
development of the fetus, being present in the ovary, endometrium,
placenta, and fetus, and in the amniotic fluid in different concentra-
tion. This increase in TNF-α during pregnancy may implicate in dif-
ferent health outcomes depending on the gestational period, leading
to tissue necrosis in the placenta and hypoxia [31].

Role of ACE2 receptor in the pathogenesis
of COVID-19 infection in pregnant women

Mechanism of vascular injury up-regulation of the ACE 2
receptor during pregnancy can increase the risk of coronavirus 2
infections with the severe acute respiratory syndrome. ACE 2 virus
affinity contributes to decreased regulation and may increase
Angiotensin II levels compared to Angiotensin(1-7), which favors
vasoconstriction and may exacerbate vascular dysfunction in
preeclampsia cases as shown in Figure 1.
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Figure 1. Role of angiotensin in pregnant women.
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ACE2 converts angiotensin (Ang) II to Ang-(1-7), and Ang
I to Ang-(1-9), then back to Ang-(1-7), allowing blood pressure
to be controlled. ACE2 in syncytiotrophoblasts is believed to
help vasodilate the maternal vasculature by regulating the
release of Ang 1-7 into the bloodstream [32]. The placentas,
uterus, and kidneys were all found to be significant sources of
ACE2 activity in one analysis, bolstering the theory that tran-
sient ACE2 over expression and increased activity throughout
pregnancy may modulate hemodynamics within the uteropla-
cental structure [33].

During gestation, ACE2 and Ang-(1-7) can serve as
autocrine/paracrine regulators for early pregnancy angiogenesis,
apoptosis, and development, as well as late pregnancy uteropla-
cental blood flow events, with late pregnancy models demon-
strating augmented ACE2 and decreased uterine perfusion pres-
sure models illustrating substantial ACE2 depletion [34]. The
ACE2 receptor is demonstrated predominantly during the first
months of pregnancy by placental syncytiotrophoblast cells.
Early ACE2 expression, which has been linked to placental
immaturity, makes the first trimester the most possible time for
SARS-CoV-2 infection [32]. For viral entry, a serine protease
called TMPRSS2 is also necessary [35,36], and placental expres-
sion is still a topic of debate. mRNA expression in human placen-
tas is reported to be low [37] but present in some studies, while
it is not reported in others [38]. Because TMPRSS2 and ACE2
expression are linked in the first few months of pregnancy, this
period is more vulnerable to SARS-CoV-2 infection. Li et al.
confirmed this high level of ACE2 expression in maternal- fetal
interface cells, such as decidua stromal cells and perivascular
cells, as well as placental cytotrophoblast and syncytiotro-
phoblast [38]. In comparison, a recent study showed that in the
third trimester, co-transcription of ACE2 and TMPRSS2 (trans-
membrane proteases) in the placenta was marginal, and chorio-
amniotic membranes lacked expression of SARS-CoV-2 recep-
tors, implying that the placenta was an unexpected pathway for
vertical transmission [39]. However, the authors did not rule out
the possibility that SARS-CoV-2 could infect the placenta by a
different route and via interactions with other proteins, such as
Basigin (also known as CD147 or EMMPRIN), a transmembrane
glycoprotein that belongs to the immunoglobulin superfamily
and is highly expressed in the placenta and chorioamniotic mem-
branes [40]. Dexamethasone-induced reductions in placental
expression of ACE2 and Ang-(1-7) have been related to intrauter-
ine growth restriction and possibly disease programming in
adulthood [41]. During the normal gestation period, there is an
increase in ACE2 enzyme is Renin- Angiotensin-Aldosterone
System this could be a risk factor for COVID infection in preg-
nant women [42]. Furthermore, hypotensive pregnant women
sustained by the refractory response of Angiotensin II results in
vasodilatation systemically [43,44]. Around 3.5% of pregnancies
are associated with preeclampsia due to a gestational hyperten-
sive state [45]. Clinically, multisystem involvement and, typical-
ly, proteinuria are characterized; this equilibrium is lost, with an
exaggerated reaction to blood pressure from Ang II. Decreased
maternal plasma Ang- (1-7) levels have also been associated with
Preeclampsia [44]. Since not only does SARS-CoV- 2 bind to
ACE2, it also induces its downregulation, COVID infection dur-
ing pregnancy may potentiate the RAAS abnormalities, , dysreg-
ulation of ACE2, including coagulation abnormalities endothelial
cell dysfunction (immune cell-mediated) was also identified
recently [46,47]. 

Pregnancy registries

To gather data on how COVID-19 affects pregnancy and new-
borns, registries are being created through different international
officials [48].

Prevalence of congenital infection

In several cases of third-trimester maternal infection within 14
days of delivery, the possible vertical transmission was identified,
indicating congenital infection is possible but rare (<3 to 4 % of
maternal infections). It is assumed that most neonatal infections
arise from respiratory droplets they are exposed to mothers/care-
givers after delivery [49-51].

The risk for congenital infection

One downside to the diagnosis of maternal-fetal transmission
is that the acceptance criteria are not fulfilled by conclusive proof
of congenital infection. We agree, in general, with the criteria
proposed by Shah et al. maternal symptoms and epidemiological
exposure, maternal test outcomes, neonatal clinical status at
birth, and neonatal test results are taken into account in the sys-
tem [52].

Intrauterine fetal death/stillbirth congenital infection:
Diagnosed by fetal or placental tissue polymerase chain reaction
(RT-PCR) or electron microscopy to detect viral particles in tissue
or culture to detect viral development in fetal or placental tissue.
RT-PCR virus identification from the fetal surface or the fetal side
of the placenta will be identified as a potential infection. If the
virus was only identified by RT-PCR from the maternal side of the
placenta in a surface swab and RT-PCR and no virus detection
from fetal or placental tissue was carried out, then it is unlikely to
consider that there is infection.

Congenital infection in live babies: depends on the presence
or absence of clinical features of SARS-CoV-2 infection in new-
borns and mothers. Congenital infection is confirmed in sympto-
matic cases if the virus is detected byRT-PCR in umbilical cord
blood or neonatal blood collected within the first 12 hours of birth
or amniotic fluid collected before membrane rupture. Neonatal
infection is confirmed in asymptomatic cases if the RT-PCR virus
is detected in cord blood or neonatal blood collected within 12
hours of birth. There are also criteria for likely, possible, unlikely,
or noninfectious.

Neonatal infection may be acquired intrapartum: intrapartum
infection is reported for symptomatic newborns of infected moth-
ers if the SARS-CoV-2 RT-PCR of the nasopharyngeal swab is
both positive at birth (after cleaning the infant) and at 24 to 48
hours of age, and an alternative cause of the symptoms is excluded.
There are also requirements for probable, possible, impossible, or
noninfectious.

Neonatal infection may be acquired postpartum: This is
established by the clinical characteristics of COVID-19 at about
48 hours of age (regardless of parent/caregiver SARS- CoV-2)
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and verified if the respiratory sample SARS-CoV-2 RT-PCR at
birth is negative, but the nasopharyngeal/rectal swab SARS-CoV-
2 RT-PCR is positive at 24 to 48 hours of age [52].

Diagnosis

The current gold standard to detect COVID-19 infections/
suspected specimens by Real-time reverse transcriptase
Polymerase Chain Reaction with 70% specificity [53]. Chest
imaging and re-testing helps confirm infection if initially, nega-
tive swab persists even if clinically has symptoms. In the early
stages of pregnancy, the peripheral count of WBC’s/lymphocytes
are reduced C-reactive protein may be increased. There may be
mild thrombocytopenia, elevated liver enzyme levels, and crea-
tine phosphokinase in some patients.

Without contrast, computed tomography (CT) scan of the
chest is most essential to confirm pneumonia or to rule out pneu-
monia as it avoids radiation exposure to the fetus. Compared to
the RT-RT-PCR test, chest CT revealed greater diagnosis (71% vs
98% respectively) as per the recent study. In the vast majority of
recorded COVID-19 infection pregnancies, radiological symp-
toms of viral pneumonia were present [54].

Given its high specificity for COVID-19, RT-PCR testing can
be used as an independent diagnostic tool; however, some studies
say it has limited sensitivity. While COVID-19 chest CT sensitiv-
ities vary by sample, many of these recorded sensitivities are
higher than those for RT-PCR research. Many trials, however,
have exaggerated CT’s vulnerability and used approaches that are
fraught with confounding factors and skewed patient populations
[55,56]. In a study by Bai et al. concluded that the sensitivity of
chest CT was greater than that of RT- PCR in COVID-19 subjects
and endorsed the use of chest CT to test for COVID-19 infection
that have clinical and epidemiologic features that are consistent
with COVID-19 infection, particularly when RT-PCR findings
are negative [57]. On the other hand, in a meta-analysis covering
the broad prevalence range,RT-PCR sensitivity was reported to
be 94% and specificity of 37% [58], which is contrary to the
study done by Fang et al. [59]. The sensitivity and specificity of
RT-PCR and chest CT for COVID-19, as seen in the literature are
controversial and the subject matter for the debate. However, CT
scans alone are unable to diagnose viral pneumonia and have a
lower sensitivity than RT-PCR. COVID-19 scanning was found
to be more sensitive when RT-PCR and CT scan were used were
used in combination [60,61].

Specimens should be collected, by saliva, the swabs through
oropharyngeal and nasopharyngeal, or sputum urine and fecal
matter. For confirmation of the diagnosis, repeated testing may
be needed.

Suppose the SARS-COV-2 nucleic acid is not observed in
samples taken at least 24 hours apart on two consecutive occa-
sions, it is possible to rule out COVID-19. If RT-RT-PCR is not
available serology is used as a diagnostic tool. Before starting
antimicrobial therapy, blood cultures that ideally causes pneumo-
nia/sepsis is essential to be considered [62].

Some laboratory abnormalities associated with COVID-19 in
pregnant women, such as thrombocytopenia, elevated liver
enzyme levels, and hemolysis, are typical characteristics caused
by extreme preeclampsia and HELLP syndrome. In COVID-19,
prolonged prothrombin time; elevated levels of D-dimer, procal-
citonin, and C-reactive protein (CRP); and low levels of fibrino-
gen can also be observed (note that the reference ranges for D-

dimer, CRP, and fibrinogen levels in pregnant women are higher
[63,64].

Neurological symptoms of COVID-19, as well as results of
preeclampsia with extreme features/eclampsia, can be headaches,
acute cerebrovascular disorder, and seizures. In COVID-19 and
as a complication of obstetric disorders, acute kidney injury can
occur ( preeclampsia with extreme features, abruptio placentae,
shock). Such diagnoses should also be considered and COVID-
19 can coexist with them [65-67].

Testing strategies in India

Newborns are at risk of COVID-19 infection by asympto-
matic pregnant women In this regard, the ICMR proposed on 20th

April 2020 that SARS-CoV-2 be screened in all pregnant women
living in clusters/containment areas or large migration
meetings/evacuation centers from hotspot districts in India and
functioning or likely to be delivered in 5 days. Which greatly
increased the rate of testing and also the number of obstetric
patient referrals with confirmed COVID-19.

ICMR recommends testing of reported cases for only symp-
tomatic patients (symptoms of influenza-like disease) and
asymptomatic immediate or high-risk contacts in its recent strat-
egy. It also endorses that emergency procedures, such as delivery,
should not be delayed due to a lack of testing and that the same
criteria should be adapted when sending samples for testing. The
inpatient research approach was also revised accordingly where
all patients were initially sent oropharyngeal swabs for (RT-RT-
PCR) every 48 hours, this modified to send them only on a case-
by-case basis when repeat swabs were sent before discharging
them from the hospital for critically ill or immune-compromised
patients. Sampling, packaging, and transport of all specimens
collected to comply with the MoHFW guidelines [68].

As per respiratory infection severity, admission criteria are
chosen for pregnant women depends on mild or moderate/severe
signs. In Table 1, the admission criteria are used in detail.
The modified severity scale of the CURB (Confusion, Urea,
Respiratory rate, Blood pressure) will help us determine
the severity and standardized guidelines can assess the need
for critical treatment (adapted from the American Thoracic
Society and Infectious Diseases Society of America) as shown in
Table 2 [69].

Management of pregnant women with COVID-19

There are several challenges in the management of COVID-19
infected pregnant women starting from screening, during labor and
delivery along with protection of the healthcare unit [70]. The clin-
ical management of pregnant women is shown in the Figure 2.

Treatment approaches with limitation
of drug therapies

The list of drugs used in the management of COVID-19 infec-
tion in pregnancy is shown in Table 3.
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Plasma therapy

In addition to drugs such as Remdesivir, Lopinavir / Ritonavir,
steroids, convalescent plasma has been used effectively in a few
pregnant women; it should be conducted as part of a clinical trial,
if possible, which will assess protection and efficacy. Two studies

have conducted the impact of plasma in COVID-19 patients at the
University of Pennsylvania in the United States and are available
to pregnant women who meet inclusion criteria [71,72].

Micronutrients
Micronutrients especially vitamin B12, Zinc, and serum

25(OH)D play important role in pregnant women. Yalcin et al.

                             Article

!

                        
    

 

!" If there is persistent fever more than 38°C even after treating 
with paracetamol 

!" Chest X-ray demonstrating pneumonia 
!" Pregnant women with co morbidities [[chronic hypertension, 

COPD, pregestational diabetes, immunosuppression or 
immunocompromised like HIV infected patients with >350 
CD4+ cells, organ transplantations, patients receiving 
corticosteroids like prednisolone for more than 2 weeks and or 
neutropenia] should be considered for stringent evaluation by 
infectious disease specialist. 

!" CURB severity scale with total score 0 [each item gives a score 
of one point], where: 
C: Confusion (acute in nature) 
U: Urea levels more than 19 mg/dL 
R: !30 bpm 
B: Systolic blood pressure " 90mm Hg or diastolic blood 
pressure " 60 mm Hg. 

!"Need for invasive 
mechanical ventilation 

!"Shock with the need for 
vasopressors 

!" Respiratory rate ! bmp 
!" PaO2/Fio2

 
ratio < 250 

!" Multilobular infiltrates 
!" Confusion/disorientation 
!" Uremia [BUN > 20 mg/dL] 
!" Leukopenia < 4000cells/mm3 
!" Thrombocytopenia < 100000 platelets/ 

mm3 
!" Hypothermia/central <36°C 
!" Hypotension in need of aggressive 

fluid resuscitation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Admission criteria for pregnant women during COVID-19 pandemic. Adapted from López M, Gonce A, Meler E, et al. C. Fetal
Diagn Ther 2020;47:519-28; with permission [69].

                                                   Hospital                                                                                       Intensive care unit
                                                                                                                           Major criteria                                  Minor criteria
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Includes local symptoms like sore throat, 
cough, rhinorrhea or anosmia along with or 
without non-specific symptoms such as 
fever or myalgia and a CURB score of 0. 

Mild pneumonia [Chest x-ray confirmed 
pneumonia] with no serious signs, with 
basal SO2 >90%, no need for vasopressor or 
ventilator support, with CURB score up to 1. 
The patient should be admitted to the 
isolation ward [ideally in negative pressure 
set-up] along with constant monitoring of 
vital signs, supported with consultation with 
the specialists such as maternal-fetal, 
anesthesiologist and infectious diseases.  

Severe pneumonia: If there is one or more 
than one organ failure, basal SO2 <90%, 
respiratory rate !30 bpm, or there is need 
for vasopressors 
 
Respiratory distress: Certain clinical 
findings such as [dyspnea, chest 
retraction] or with radiological evidence of 
bilateral infiltrates along with oxygen 
deficiency [SO2/fraction of inspired oxygen 
(FiO2) ratio "315 or PaO2 FiO2 ratio "300 
Mild: PaO2 FiO2 ratio 200-300 
Moderate: 100-200 
Severe: "100 
Sepsis: The Sepsis-Related Organ Failure 
Assessment [SOFA] can be used to 
evaluate sepsis severity [consider if the 
score is >2] and also quick SOFA with two 
of the three following criteria: Glasgow 
"13, systolic blood pressure "100 mm Hg, 
or respiratory rate !22 bpm. 
 
Septic shock: Arterial hypotension that 
persists after resuscitation volume and that 
requires vasopressors to maintain a mean 
arterial pressure !65 mmHg and lactate 
!2 mmol/L [18 mg/dL] in absence of 
hypovolemia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Classification of COVID-19 case based on the severity of respiratory infection. Adapted from López M, Gonce A, Meler E, et al.
Fetal Diagn Ther 2020;47:519-28. with permission [69].

                            Mild infection                                          Moderate infection                                       Severe infection



2020 [73] conducted a study on 44 COVID positive pregnant
women and observed that these micronutrient levels were
less compared to normal values. Hence, this deficiency
may become vulnerable to COVID-19 infection. During a pan-
demic, micronutrient supplementation may be helpful during
pregnancy.

Remdesivir
One of the cases reported about third-trimester pregnancy

affected with COVID-19 required intensive care support along
with Remdesivir treatment. However, elevated transaminases as a
side effect were noticed but it was unclear whether transaminitis
was due to Remdesivir or due to COVID infection [74].

Lopinavir/ ritonavir (LPV/r)
These drugs were considered safe during pregnancy based on

earlier reports of LPV/r exposure to HIV pregnancy case; however,
it has been reported that lopinavir has low placental transfer to
fetus yet human teratogenicity was not found [75].

Hydroxychloroquine
Huybrechts et al. reports quantified the risk of congenital mal-

formations/birth defects related to early pregnancy administered
with hydroxychloroquine and its potential use as prophylaxis were
notable [76].

Heparin
Thisis a heavy molecular anticoagulant chosen as safe during

pregnancy and lactation since it does not cross the blood-brain bar-
rier. in case of long-term effects, 2 main potential side effects need
to be considered:osteoporosis and heparin-induced thrombocy-
topenia [77].
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Figure 2. COVID-19 management during pregnancy. Adapted from Tripathi S, Gogia A, Kakar A. J Family Med Prim Care 2020;9:4536-
40; with permission [99].
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Azithromycin
Azithromycinworks by inhibiting the protein biosynthesis and

bacteriostatic drug. Common side effects are nausea, vomiting,
diarrhea, abdominal pain and, less frequently, a change in the elec-
trical activity of the heart in particular by prolonging the QT inter-
val. In fact, the addition of Azithromycin to the protocol with
chloroquine it is not recommended as their combination may cause
QT prolongation, with a greater risk of adverse cardiac effects.
Azithromycin is classified as class B by FDA and commonly used
in pregnancy and breastfeeding [78].

Recently, NIH U.S. National Library of Medicine has posted
clinical trial (Phase 3) of Hydroxychloroquine and azithromycin
treatment of pregnant COVID-19 patient with mild symptoms with

expected outcome measures such as percentage of patients with a
negative RT- PCR test result to COVID-19 nasopharyngeal swab
at the 7th day of treatment by hydroxychloroquine and
azithromycin and measure maternal and neonatal outcomes [79]. 

Ceftriaxone
FDA approved this antibiotic under Category B safe for use in

pregnancy and breastfeeding. This has side effects viz. diarrhea,
pancreatitis, nausea or vomiting, etc. [80].

Ivermectin
Ivermectin is an anthelmintic agent. The antiviral function of

ivermectin has recently been discovered. Ivermectin has been used
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Antiviral Remdesvir Inhibition of viral replication- Viral RNA- 
dependent RNA polymerase blockage 

5mg/ml vial 
[reconstituted]. 
Single i.v. 200 mg 
loading dose, 
followed by 100 mg 
daily infusion 
for 9 days 

Elevation of liver 
enzymes (particularly 
transaminase) [74] 

Mulangu et al., 2019. 
[85] 

Antiretrovi ral Lopinavir/ 
Ritonavir 

Inhibition of viral replication and 
release fro host cells: 
"Lopinavir inhibits viral enzyme 3- 
chemotrypsin like protease 
[3CLpro] 
"Ritonavir increases the half-life of 
lopinavir by inhibiting cytochrome P450 
3A 

400 mg/100 mg 
tablets, one tablet 
bid. For up to 14 
days or 200 mg/50 
mg tablets, together 
every 12 hours 
with !-IFN 5 
million IU in 2 ml 
of nebulized 
physiologic 
solution 
regardless of 
meals 

Low placental 
transmission to fetus 
No teratogenicity was 
found [75] 

Chu et al., 2020 
[86] Koss et al., 2014 
[87] 
Liang et al., 2020 [88] 

Antiprotoz oal 
Antirheum atic 

Chloroquine Inhibition of host TNF- ! & IL-6 
production 

500 mg or 250 
mg tablets: 500 mg 
oral every 12 to 24 
hr for 5 to 
10 days; or 1 gm 
oral for the first 
day of the 
treatment and then 
500 mg 
daily for 4 to 7 
days depending 
up on clinical 
response. 

Risk of congenital 
anomalies [76] 

Sanders et al., 2020. 
[89] 
Berghella, 2020 
[48] 
Klumpp, 1965 
[90] 

Antimalari al 
Antiprotoz oal 
Antirheum atic 

Hydroxychlo 
roquine 

"Inhibition of viral host cell penetration, 
viral replication, and mitigation of host 
inflammatory response 
"Inhibition of terminal ACE-2 
glicosilation 
"Increases endosomal pH. 

200 mg tablets: 
400 mg oral 
every 12 hours for 
one day followed by 
200 
mg every 12 hours 
for 4 days or 400 mg 
daily for 5 days or 
200 
mg every 8 hours 
for 10 days. 

Risk of congenital 
anomalies [76] 

Sanders et al., 2020. 
[89] 
Berghella, 2020 
[48] 
Klumpp, 1965 
[90] 

Anticoagul ant Heparin "Inhibition of viral host cell penetration 
"Prevention of endovascular 
thrombosis  
"Inhibition of Factor Xa 

4000 IU S.C. 
daily [also during 
post-partum if still 
positive] 

Osteoporosis and 
heparin- induced 
thrombocytopeni a [76] 

Berghella, 2020 
[48] 
Di Renzo et al., 2020 
[94] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Treatment approaches for COVID-19 with their limitations. Adapted from Favilli A, Mattei Gentili M, Raspa F, et al. J Matern
Neonatal Med 2020;1–14; with permission [100].

Drug class          Drug                    Mechanism of Action                          Dosage                   Limitations/
                                                                                                                                                      Contradiction               References

To be continued on next page



in current clinical trials at doses of 200 to 1200 mcg/kg for 3-7
days, showing a positive response to reduce viral load and symp-
tomatically relief.

However, Ivermectin was shown to be teratogenic in preclini-
cal studies using pregnant experimental animals. However, there
were no appropriate and well-controlled trials are available for
pregnant women. Since protection in pregnancy has not been
developed, Ivermectin should not be used during pregnancy. The
data also suggests that the drug is excreted at low concentrations in
human milk. Treatment of lactating mothers should be undertaken
only if the possibility of delayed mother-to-mother treatment
exceeds the potential risk for neonates [81].

COVID-19 vaccination:
is it prioritized to pregnant women?

India started the COVID-19 vaccination drive on 16th January
2021. To start with, workers would be vaccinated. Till now, DCGI
approved ‘Covishield’ and ‘Covaxin’ as emergency use in India.
However, for instance as per WHO reports no relevant/insufficient

data to recommend the vaccination of pregnant women. Although
several vaccine efficacy and safety studies were conducted with
pregnant and lactating women during the H1N1 pandemic, the
COVID-19 vaccine trials have excluded these groups, and there-
fore, critical perinatal safety information remains largely unknown
[82]. In one the survey it is claimed that acceptance of COVID-19
vaccine among pregnant women and mothers of children younger
than 18 years old were assessed through an online survey which
reports that generally vaccine acceptance was highest in India
compared to other countries. The acceptance depends on compli-
ance with guidelines set by government and varies globally.
Campaigns are essential to establish the trust of vaccination among
the children and pregnant women [83].

Conclusions

December 2019 has been remembered as a pandemic month
due to the spread of COVID-19 globally. Given the novelty of
COVID-19, data on the effect of COVID-19 on the pregnancy
and the newborn are so far limited to few small case reports and
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Corticoster oids Betamethaso ne 
and 
Prednisolone 

"Mitigation of host inflammatory 
response. 
Inhibition of host IL- 1, IL-2, IL-6, IL-
12, INF-" & TNF-! 
production 

12 mg i.m. two 
injection 24 hr 
apart as 
prophylaxis for 
fetal lung 
maturation. 

Classified as C/D 
approved drugs by 
FDA 

Poon et al, 2020 [92] 
Kakoulidis et al., 2020 
[93] 

Antibiotic Azithromyci n "Inhibition of viral host cell penetration. 
"Inhibition of terminal ACE-2 
glicosilation. 
"" Endosomal pH elevation 
Inhibits the 50 S 
subunit of bacterial ribosome 

500 mg/day for 
3-5 days depending 
on clinical 
response. 

Class B drug 
Contradiction: 
Combination with 
Chloroquine causes QT 
prolongation with 
greater risk 
of Cardiac 
effects [78] 

[94] 

Antibiotic Ceftriaxone Produces bactericidal effects by 
interfering with the synthesis of 
peptidoglycan layer 

1gm i.m. or 1-2 gm 
i.v. daily depending 
up on clinical 
response 

Class B drug 
approved by FDA 
[80] 

https://www.acce 
ssdata.fda.gov/dr 
ugsatfda_docs/nd 
a/2005/050796s0 
00_PRNTLBL.pdf [80] 

 Convalescent 
plasma 

"Direct neutralization of virus 
"Mitigation of host inflammatory 
response &immunoodulation of a 
hypercoagulable state 
Anti-idiotypic antibodies blocking 
autoreactive antibodies. 

Lack of data on 
pregnancy 

Lack of data on 
pregnancy 

Van Griensven et al., 
2016 [95] 

Monoclona l 
Antibody 

Tocilizumab "Mitigation of host inflammatory 
response 
Blocks the membrane bound IL-6 
receptor 

400 mg IV for 1- 
2 doses. Second 
dose after 8-12 h if 
required (infuse in 
60 min) 

Not assigned by FDA Weber- Schoendorfer 
et al., 2016 [96] 

 
Immunom 
odulator 

Interferon -I "Inhibition of viral replication 
"Mitigation of host inflammatory 
response 
"Hinders the cellular metabolism 
Inhibits host Il-1b and TNF-! 
production. 

Limited data 
available 
(variable dose) 

Limited data 
available 

Yazdani et al., 2012 
[97] 
Romero et al., 2015 
[98] 
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case series; however, early reports and lessons from SARS,
MERS, and other infections give an insight that pregnant women
could have severe clinical course. The lack of early diagnosis,
specific treatment conditions lead clinicians to choose earlier
drugs having their efficacy against similar viruses or in-vitro tests
due to emerging situations. The vulnerable group especially
COVID-19 infected pregnant women and their complications
have been ignored during a pandemic scenario. The exclusion of
pregnant women in a clinical trial is well known despite in search
of treatment of COVID-19 for non-vulnerable groups and criteria
are not justified as many of the treatments are used with low safe-
ty measures. Inclusion may be needed to identify better treatment
options for this population [84]. Due to a paucity of inconsistent
data regarding the impact of COVID-19 on pregnant women,
caution should be undertaken to further investigate and monitor
possible effects in pregnant women. A current overview may be
useful for health care providers for practical approach and limi-
tation of drugs used in the current management and considers the
choice of drugs with their special attention given to adverse
effects to improvise maternal health, pregnancy, and birth out-
comes. The basis of treatment for all pregnant women with
COVID-19 is the standard intervention to treat any significant
respiratory infection and should be applied vigorously in a team-
based care model.
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a b s t r a c t 

A novel series of 3-(2-(4-(substituted-benzo[ d ]thiazol-2-yl)phenylamino)acetyl)-4–hydroxy-1-methyl/ 

phenyl quinolin-2(1H)-one ( 7a-f and 8a-f ) were synthesized. Reaction of appropriately substituted-2- 

(4-amino phenyl)benzo[ d ]thiazole ( 4a - f ) with 3-(2-bromoacetyl)-4–hydroxy-1-methyl/phenyl quinolin- 

2(1H)-one ( 5 / 6 ) in the presence of glacial acetic acid resulted in desired compounds. Structures of the 

synthesized compounds were characterized based on their spectral (IR, 1 H NMR, 13 C NMR and MS) and 

elemental analysis. The cytotoxicity screening studies revealed that MCF-7 and WRL68 cancer cells were 

sensitive to all the tested compounds. Out of twelve novel hybrids, compound 8f displayed the most sig- 

nificant anticancer activity. Docking studies were performed in order to understand the binding mode of 

the title compounds at the active site of the target enzyme (EGFR tyrosine kinase, 1M17 ). Compounds 8f 

and 7f displayed prominent and conserved binding interactions against 1M17 . In addition, compounds 7e, 

7f, 8e, and 8f exhibited interesting in vitro antibacterial activity, especially against Gram-negative bacteria 

E. coli . In summary, the novel benzo[ d ]thiazolyl substituted-2-quinolone hybrid ( 8f ) could be considered 

as promising hit and could be further exploited for developing potential anticancer/antimicrobial agents. 

© 2020 Elsevier B.V. All rights reserved. 

1. Introduction 

A grave health problem across the globe ‘Cancer’ is a chronic 

pathological condition, where there is a rapid uncontrolled pro- 

liferation of abnormal premature cells. Cancer may affect people 

at all ages, even fetuses, but risk tends to increase with age [1] . 

The active cases of cancer are increasing at an alarming rate due 

to drastic change in lifestyle of humans over the years. It is the 

second most common cause of death after heart diseases. Approx- 

imately 21% annual deaths worldwide occur due to cancer i.e. 7.6 

million deaths annually and is expected to reach up to 13 million 

in 2030 [2] . Despite increase in sophisticated approach in design- 

ing cancer chemotherapy, there is still no curative treatment that 

is 100% effective. Currently cancer chemotherapeutic agents lack 

selectivity and specificity against cancerous cells/tissues, which is 

a significant setback. Consequently, cancer chemotherapy target- 

∗ Corresponding author. 

E-mail address: principal.gmips@gmit.ac.in (G. Bolakatti). 

ing tumor represents one of the most significant challenges for 

chemists and oncologists [3] . 

Heterocyclic skeletons serve as ideal scaffolds on which phar- 

macophores can be appended to yield potent and selective drugs 

[4] . In the past two decades, 2-substituted benzo[ d ]thiazole ana- 

logues have been extensively studied for their anticancer activ- 

ity and continued to magnetize considerable attention in anti- 

cancer research [5–8] . Literature reports suggest that 2-(4-Amino 

phenyl)benzo[ d ]thiazoles [9] and their corresponding N-acetylated 

derivatives [10] possess remarkable in vitro anticancer activity es- 

pecially against breast, colon, and ovarian cell lines. Fig. 1 illus- 

trates the importance of benzo[ d ]thiazole nucleus and its analogs 

with their potential antitumor activities [11–15] . This versatile and 

potent scaffold has provided an impetus for the anticancer drug 

discovery in recent years. 

Another important class of heterocyclic scaffold is 2-quinolone 

(also known as carbostyril or 1-aza coumarin), which serves as 

a privileged structure for the generation of drug-like libraries 

in drug-discovery programs. In addition, 2-quinolones are iso- 

https://doi.org/10.1016/j.molstruc.2020.129413 

0022-2860/© 2020 Elsevier B.V. All rights reserved. 

https://doi.org/10.1016/j.molstruc.2020.129413
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2020.129413&domain=pdf
mailto:principal.gmips@gmit.ac.in
https://doi.org/10.1016/j.molstruc.2020.129413


G. Bolakatti, M. Palkar, M. Katagi et al. Journal of Molecular Structure 1227 (2021) 129413 

Fig. 1. Reported and Proposed structures of anticancer benzo[ d ]thiazole and 2-quinolone derivatives. Design of a novel series of 2-phenylbenzo[ d ]thiazolyl substituted 2- 

quinolone analogs using molecular hybridization approach. 

meric to 4-quinolones and isosteric to coumarins and are associ- 

ated with interesting biologic activities such as antibacterial, an- 

ticancer, antiviral, cardiotonic, etc. [16–21] . During the last decade, 

2-quinolones have been extensively studied for their anticancer ac- 

tivity as represented in Fig. 1 . Further, Ruiz et al. reported cytotoxic 

mechanism of quinolone derivatives as alkylating agents [22] . Dif- 

ferent substituted 2-quinolones have also show in-vitro and in vivo 

growth inhibition activity against various strains of bacteria and 

fungi; moreover quinolones are also known to inhibit DNA syn- 

thesis by promoting cleavage of bacterial DNA gyrase and type-IV 

topoisomerase, resulting in rapid cell death [23–25] . 

Over the years, molecular hybridization based drug design ap- 

proach [26, 27] has been exploited by many researchers in order 

to develop some promising new hybrid chemical entities (NHCEs), 

displaying significant therapeutic values. The combination of two 

pharmacophores into a single molecular skeleton is a well estab- 

lished approach for designing more potent drugs with significant 

increase in activity. A hybrid molecule acting on manifold tar- 

gets is considered to be a better drug candidate than drug com- 

binations, since administration of single drug will have more pre- 

dictable pharmacokinetic and pharmacodynamic properties with 

improved patient compliance [28] . Owing to their well appreciated 

anticancer and antimicrobial properties, it was envisaged to design 

hybrid structures having substituted 2-phenylbenzo[ d ]thiazole and 

substituted 2-quinolone motifs connected with a linker ( Fig. 1 ). 

Therefore, in view of the above facts and in continuation of 

search on biologically active hybrid molecules [29–33] , in this 

report the synthesis of novel benzo[ d ]thiazolyl-2-quinolone hy- 

brid analogs ( 7a-f and 8a-f ) with their subsequent in vitro bi- 

ological evaluation for anticancer and antimicrobial activities is 

communicated. 

2. Results and discussion 

2.1. Synthetic and spectral studies 

The synthesis of series of twelve novel 3-(2-(4-(6,7- 

substituted-benzo[ d ]thiazol-2-yl)phenylamino)acetyl) −4–hydroxy- 

1-methyl/phenyl quinolin-2(1H)-one ( 7a-f and 8a-f ) derivatives 

was achieved through convenient and efficient synthetic route 

as outlined in Schemes 1 and 2 . The cyclization of N-(3,4- 

disubstituted-phenyl) −4-nitrobenzothioamide with potassium 

ferricynide in presence of aqueous sodium hydroxide afforded 

6,7-substituted-2-(4-nitrophenyl)benzo[ d ]thiazole, which upon re- 

duction with stannous chloride yielded the key intermediate com- 

pounds i.e. 6,7-disubstituted-2-(4-aminophenyl)benzo[ d ]thiazole 

( 4a-f ) following the Jacobson synthetic method [34] as depicted 

in Scheme 1 . The structures of these intermediates were charac- 

terized by IR and NMR spectral studies ( Table 1 ). The IR spectrum 

of compound 4a showed two characteristic sharp absorption 

bands at 3425.63 cm 

−1 and 3333.24 cm 

−1 , which was attributed 

to the amino (-NH 2 ) group at para position of phenyl ring of 

2-phenylbenzo[ d ]thiazole moiety, while the absorption band 

appeared at 1654.11 cm 

−1 due to C = N bond confirmed the 

formation of benzo[ d ]thiazole ring. This is further substantiated 

from 

1 H NMR spectrum of compound 4a , which showed presence 

of characteristic singlet peak at δ 7.87 ppm attributed for amino 

(NH 2 ) protons, while the aromatic protons appeared as multiplets 

2 
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Scheme 1. Synthetic outline of key intermediates 6,7-disubstituted-2-(4-aminophenyl)benzo[ d ]thiazole ( 4a - f ). ∗Reagents and Conditions : (a) Pyridine, reflux, 2–5 h; (b) 

Lawesson’s reagent, HMPA, 100 °C, stir, 6–9 h; (c) 10% Aqueous NaOH, Potassium ferricynide, 90 °C, stir, 1–2 h; (d) Tin(II)chloride dehydrate, Absolute ethanol, nitrogen 

environment, stir, 3–5 h. 

Scheme 2. Synthetic route of 3-(2-bromoacetyl) −4-hydroxy-1-methyl/phenyl quinolin-2(1 H )-one ( 5 and 6 ) and the corresponding benzo[ d ]thiazolyl disubstituted-2- 

quinolone hybrid analogs ( 7a-f and 8a-f ). ∗Reagents and Conditions : (a) Bromine, Glacial acetic acid, �, 80 °C, stir; (b) Glacial acetic acid, stir, reflux, 6–13 h. 

3 
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Table 1 

Physicochemical and spectral characterization data of 6,7-disubstituted-2-(4-aminophenyl)benzo[ d ]thiazole ( 4a-f ). 

Comp R 1 R 2 Mol formula MP °C Rf ∗ FTIR (KBr disk, Cm 

−1 ) 1 H NMR (DMSO–d 6 δ, ppm) 

4a F H C 13 H 9 FN 2 S 171–

173 

0.25 3425.63, 3420.24 (NH 2 Str), 3125.35 (C –H Str), 

1654.11 ( C = N ) 

6.67–7.38 (m, 6H, Ar-H), 7.87 (s, 2H, NH 2 ), 7.97 

(m, 1H, Ar-H) 

4b Cl H C 13 H 9 ClN 2 S 194–

196 

0.64 3498.74, 3489.29 (NH 2 Str), 3077.67 (C –H Str), 

1674.80 ( C = N ) 

6.81–7.04 (m, 5H, Ar-H), 7.20–7.29 (m, 1H, 

Ar-H), 7.40 (s, 2H, NH 2 ), 7.91 (m, 1H, Ar-H) 

4c Br H C 13 H 9 BrN 2 S 161–

163 

0.34 3469.06, 3450.57 (NH 2 Str), 3078.69 (C –H Str), 

1662.20 ( C = N ) 

6.71–7.30 (m, 5H, Ar-H), 7.35 (s, 2H, NH 2 ), 

7.60–7.65 (m, 1H, Ar-H) 

4d H H C 13 H 10 N 2 S 267–

269 

0.79 3454.17, 3433.57 (NH 2 Str), 3080.10 (C –H Str), 

1659.11 ( C = N ) 

7.01–8.08 (m, 8H, Ar-H), 7.57 (s, 2H, NH 2 ) 

4e F Cl C 13 H 8 ClFN 2 S 180–

182 

0.59 3433.45, 3426.20 (NH Str), 3083.46 (C –H Str), 

1648.10 ( C = N ) 

6.93–7.18 (m, 5H, Ar-H), 7.16–7.22 (m, 1H, 

Ar-H), 7.91 (s, 2H, NH 2 ) 

4f Cl Cl C 13 H 8 Cl 2 N 2 S 189–

191 

0.91 3477.73, 3462.41 (NH 2 Str), 3101.12 (C –H Str), 

1653.47 ( C = N ) 

7.04–7.77 (s, 5H, Ar-H), 7.85 (s, 2H, NH 2 ), 8.02 

(m, 1H, Ar-H) 

between δ 6.67–7.97 ppm, indicating its formation by simple 

cyclization process. 

Further, compounds 3-(2-bromoacetyl) −4–hydroxy-1- 

methyl/phenyl quinolin-2(1 H )-one ( 5 and 6 ) were prepared [35] , 

which involves the reaction of 3-acetyl-4–hydroxy-1-methyl/phenyl 

quinolin-2 (1 H )-one with the calculated quantities of bromine in 

the presence of glacial acetic acid as shown in Scheme 2 . The 

spectral details of compounds 5 and 6 are summarized in ex- 

perimental section. The IR spectrum of 5 showed a characteristic 

broad band at 3469.02 cm 

−1 due to the hydroxyl (OH) group, 

while the most prominent peaks appeared at 1737.08 cm 

−1 and 

1658.22 cm 

−1 attributed to the carbonyl groups ( C = O ) of acetyl 

(-COCH 2 Br) and amide (-CONH of 2-quinolone), respectively. This 

is further evidenced from the 1 H NMR spectrum of compound 5 , 

which showed a characteristic singlet at δ 3.23 ppm indicating 

the presence of acetyl (-COC H 2 Br) protons, while the N 

–CH 3 

protons appeared as singlet δ 3.64 ppm and the aromatic protons 

resonated as multiplets between δ 7.22–8.68 ppm. From 

13 C NMR 

spectrum of compound 5 , it was further confirmed that the most 

characteristic signals appeared at δ 33.45 and 201.03 ppm due to 

N -methyl ( N 

–CH 3 ) carbon and acetyl (-COCH 2 ) carbon, respectively. 

Further, the desired compounds 3-(2-(4-(substituted- 

benzo[ d ]thiazol-2-yl)phenyl amino)acetyl) −4–hydroxy-1- 

methyl/phenyl quinolin-2(1H)-one ( 7a-f and 8a-f ) were 

obtained by the reaction of 6,7-disubstituted-2-(4- 

aminophenyl)benzo[ d ]thiazole ( 4a-f ) with 3-(2–bromo acetyl) −4–

hydroxy-1-methyl/phenylquinolin-2(1H)-one ( 5 or 6 ) in presence 

of glacial acetic acid as illustrated in Scheme 2 . Structures of final 

hybrid derivatives ( 7a-f and 8a-f ) were characterized based on 

their physicochemical, spectral (IR, 1 H NMR, 13 C NMR and MS), 

and elemental analysis. All the newly synthesized compounds 

showed acceptable analysis of their anticipated structures, which 

are summarized in Tables 2 and 3 . The IR spectra of the title com- 

pounds ( 7a-f and 8a-f ) showed moderately strong bands around 

3426.38–3498.74 cm 

−1 , 3335.23–3385.07 cm 

−1 , 3071.11–3089.96 

cm 

−1 , and 1630.26–1639.87 cm 

−1 , which are characteristics of 

the O 

–H, N 

–H, C 

–H, and C = N groups, respectively. The most 

informative and sharp bands appeared at 1716.03–1728.13 cm 

−1 

and 1660.22–1672.90 cm 

−1 confirmed the presence of two dis- 

tinctive carbonyl groups ( C = O ) of acetyl (-COCH 2 Br) and amide 

(-COCH 2 NH of 2-quinolone), respectively. In 

1 H NMR spectra, the 

characteristic O 

–H proton (singlet) of 2-quinolone ring appears at 

δ 10.39–11.45 ppm and the two distinctive singlets of N 

–H protons 

and methylene (–C H 2 –CO) resonating at δ 8.50–8.74 and 4.87–

5.64 ppm, respectively. Aromatic protons appeared as multiplets 

between δ 6.58–8.18 ppm while in the case of compounds 7a - f , 

the N 

–C H 3 proton signals were observed around δ 3.15–3.62 ppm, 

respectively. Further, the formations of desired hybrid compounds 

were confirmed by recording their mass spectra, which were in 

full agreement with their molecular weights. 

2.2. Anticancer activity 

Anticancer drug development has become an extremely com- 

petitive and expensive process with high rate of failures. Gener- 

ally, anticancer activities of most of the chemotherapeutic agents 

are due to their cytotoxicity. Anticancer activity of newly syn- 

thesized compounds ( 7a-f and 8a-f ) was assessed by MTT bioas- 

say [36] and their respective cytotoxicity data (IC 50 values) are 

summarized in Table 4 . The title compounds were evaluated for 

their in vitro cytotoxic activity against four human cancer cell lines 

namely Ehrlich Ascites Carcinoma cells ( EAC ), hormone dependant 

breast cancer cells ( MCF7 ), human colon carcinoma cells ( HT29 ), 

and hepatic cancer cells ( WRL68 ). Doxorubicin was taken as refer- 

ence drug (positive control) in the study. These synthesized com- 

pounds exhibited an interesting anticancer activity profile against 

tested panel of cell lines and a brief structure activity relationship 

is discussed below. 

EAC were found to be sensitive towards two of the twelve syn- 

thesized compounds ( 7a-f and 8a-f ). Among them, compounds 8f 

(IC 50 = 6.98, 4.44, 1.817 μM) and 7f (IC 50 = 9.34, 5.40, 3.08 μM) 

exhibited highest anticancer activity as compared to Doxorubicin 

(IC 50 = 4.10, 1.86, 0.843 μM) against EAC at different time points 

of drug exposure. In the case of hormone dependant breast cancer 

cells, four compounds were found to be active out of twelve com- 

pounds tested. In particular, compound 8f (IC 50 = 2.22, 0.954 and 

0.398 μM) displayed the notable anticancer activity while com- 

pounds 7e (IC 50 = 5.06, 3.33 and 1.76 μM), 7f (IC 50 = 10.51, 5.78 

and 2.97 μM) and 8e (IC 50 = 11.09, 7.08 and 5.55 μM) displayed 

moderate to good activity against MCF7 at 24 h, 48 h and 72 h, re- 

spectively. Compound 8f exhibited almost equipotent activity when 

compared to reference drug Doxorubicin (IC 50 = 1.60, 0.625 and 

0.259 μM). Further compound 8f (IC 50 = 10.21, 7.20 and 3.01 μM) 

also displayed most significant anticancer activity against HT29 

cancer cells at different time intervals of drug exposure. This was 

the only compound from the series to exhibit potent anticancer 

4 
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Table 2 

Physicochemical and elemental analysis data of a novel series of 3-(2-(4-(6,7-disubstituted-benzo[ d ]thiazol-2-yl)phenylamino)acetyl) −4-hydroxy-1-methyl/phenyl 

quinolin-2(1H)-one derivatives. 

Comp R 1 R 2 Molecular formula MP ( °C) Rf ∗ Elemental (CHN) Analysis:% Found (Calcd) 

C H N 

7a F H C 25 H 18 FN 3 O 3 S 194–196 0.57 65.34 (65.34) 3.92 (3.95) 9.16 (9.14) 

7b Cl H C 25 H 18 ClN 3 O 3 S 176–178 0.53 63.03 (63.09) 3.79 (3.81) 8.89 (8.83) 

7c Br H C 25 H 18 BrN 3 O 3 S 209–211 0.47 57.68 (57.70) 3.43 (3.49) 8.10 (8.07) 

7d H H C 25 H 19 N 3 O 3 S 154–156 0.31 67.99 (68.01) 4.35 (4.34) 9.51 (9.52) 

7e F Cl C 25 H 17 ClFN 3 O 3 S 203–205 0.41 60.78 (60.79) 3.44 (3.47) 7.16 (7.18) 

7f Cl Cl C 25 H 17 Cl 2 N 3 O 3 S 245–247 0.77 58.86 (58.83) 3.33 (3.36) 8.21 (8.23) 

8a F H C 30 H 20 FN 3 O 3 S 222–224 0.39 69.11 (69.09) 3.89 (3.87) 8.04 (8.06) 

8b Cl H C 30 H 20 ClN 3 O 3 S 199–201 0.68 67.00 (66.97) 3.76 (3.75) 7.79 (7.81) 

8c Br H C 30 H 20 BrN 3 O 3 S 265–267 0.36 61.89 (61.86) 3.44 (3.46) 7.21 (7.21) 

8d H H C 30 H 21 N 3 O 3 S 168–170 0.61 71.25 (71.55) 4.21 (4.20) 8.36 (8.34) 

8e F Cl C 30 H 19 ClFN 3 O 3 S 233–235 0.72 64.80 (64.81) 3.43 (3.44) 7.56 (7.56) 

8f Cl Cl C 30 H 19 Cl 2 N 3 O 3 S 269–271 0.69 62.96 (62.94) 3.36 (3.35) 7.32 (7.34) 

∗TLC Solvent system: Chloroform: Methanol: Strong ammonia-(10:5:3). 

Table 3 

Spectral data of a series of 3-(2-(4-(6,7-disubstituted-benzo[d]thiazol-2-yl)phenylamino)acetyl) −4-hydroxy-1-methyl/phenylquinolin-2(1H)-one ( 7a-f and 8a-f ) derivatives. 

Comp FTIR (KBr disk, Cm 

−1 ) 1 H NMR (DMSO–d 6 , δ, ppm) 

Mass: M 

+ ( m/z 

value) 

7a 3456.76 (OH Str), 3385.07 (NH Str), 3078.39 (C –H Str), 1725.94 

( C = O Str), 1662.45( C = O Str), 1639.49 ( C = N Str) 

2.26 (s, 3H, CH 3 ), 5.64 (s, 2H, CH 2 ), 6.68–7.78 (m, 11H, Ar-H), 

7.67 (s, 1H, NH), 9.85 (s, 1H, OH) 

459.24 

7b 3498.74 (OH Str), 3356.44 (NH Str), 3089.96 (C –H Str), 1716.03 

( C = O Str), 1670.10( C = O Str), 1631.78 ( C = N Str) 

3.23 (s, 3H, CH 3 ), 5.59 (s, 2H, CH 2 ), 6.69–7.88 (m, 11H, Ar-H), 

8.59 (s, 1H, NH), 11.26 (s, 1H, OH) 

475.96 

7c 3469.06 (OH Str), 3350.65 (NH Str), 3078.39 (C –H Str), 1726.29 

( C = O Str), 1666.27( C = O Str), 1637.45 ( C = N Str) 

3.33 (s, 3H, CH 3 ), 5.60 (s, 2H, CH 2 ), 6.98–8.03 (m, 11H, Ar-H), 

8.62 (s, 1H, NH), 11.04 (s, 1H, OH) 

519.03 

7d 3468.30 (OH Str), 3382.50 (NH Str), 3084.39 (C –H Str), 1726.28 

( C = O Str), 1663.55( C = O Str), 1635.13 ( C = N Str) 

3.15 (s, 3H, CH 3 ), 4.99 (s, 2H, CH 2 ), 7.01–8.08 (m, 12H, Ar-H), 

8.57 (s, 1H, NH), 11.30 (s, 1H, OH) 

441.14 

7e 3476.39 (OH Str), 3338.21 (NH Str), 3083.27 (C –H Str), 1720.62 

( C = O Str), 1672.90( C = O Str), 1638.28 ( C = N Str) 

3.62 (s, 3H, CH 3 ), 5.09 (s, 2H, CH 2 ), 6.91–8.08 (m, 10H, Ar-H), 

8.50 (s, 1H, NH), 11.45 (s, 1H, OH) 

493.11 

7f 3478.29 (OH Str), 3372.42 (NH Str), 3071.11 (C –H Str), 1728.13 

( C = O Str), 1660.22( C = O Str), 1639.87 ( C = N Str) 

3.56 (s, 3H, CH 3 ), 5.06 (s, 2H, CH 2 ), 6.86–8.00 (m, 10H, Ar-H), 

8.53 (s, 1H, NH), 10.64 (s, 1H, OH) 

509.07 

8a 3426.38 (OH Str), 3384.33 (NH Str), 3079.32 (C –H Str), 1719.37 

( C = O Str), 1669.32( C = O Str), 1635.29 ( C = N Str) 

4.95 (s, 2H, CH 2 ), 6.66–7.82 (m, 16H, Ar-H), 8.64 (s, 1H, NH), 

11.09 (s, 1H, OH) 

521.21 

8b 3492.74 (OH Str), 3353.21 (NH Str), 3089.96 (C –H Str), 1718.63 

( C = O Str), 1664.36( C = O Str), 1633.17 ( C = N Str) 

5.05 (s, 2H, CH 2 ), 6.92–8.14 (m, 16H, Ar-H), 8.56 (s, 1H, NH), 

10.63 (s, 1H, OH) 

537.10 

8c 3461.25 (OH Str), 3363.06 (NH Str), 3078.21 (C –H Str), 1727.93 

( C = O Str), 1665.66( C = O Str), 1632.11 ( C = N Str) 

5.57 (s, 2H, CH 2 ), 6.58–8.12 (m, 16H, Ar-H), 8.74 (s, 1H, NH), 

10.86 (s, 1H, OH) 

581.52 

8d 3468.20 (OH Str), 3382.50 (NH Str), 3084.39 (C –H Str), 1726.31 

( C = O Str), 1666.42( C = O Str), 1636.10 ( C = N Str) 

5.03 (s, 2H, CH 2 ), 7.12–7.85 (m, 17H, Ar-H), 8.62 (s, 1H, NH), 

11.06 (s, 1H, OH) 

503.52 

8e 3472.76 (OH Str), 3335.23 (NH Str), 3082.20 (C –H Str), 1720.54 

( C = O Str), 1667.35( C = O Str), 1635.44 ( C = N Str) 

4.87 (s, 2H, CH 2 ), 7.04–8.18 (m, 15H, Ar-H), 8.71 (s, 1H, NH), 

10.81 (s, 1H, OH) 

556.05 

8f 3473.48 (OH Str), 3370.38 (NH Str), 3074.88 (C –H Str), 1723.67 

( C = O Str), 1661.75( C = O Str), 1630.26 ( C = N Str) 

5.16 (s, 2H, CH 2 ), 6.73–8.09 (m, 15H, Ar-H), 8.54 (s, 1H, NH), 

10.39 (s, 1H, OH) 

572.32 

activity against HT29 cancer cells. However, five compounds were 

found to be highly active against hepatic (liver) cancer cells, from 

which compound 7e (IC 50 = 7.63, 3.15 and 1.80 μM) presented 

the most promising anticancer activity. Whereas compounds 7f 

(IC 50 = 5.12, 3.73 and 2.48 μM), 8b (IC 50 = 9.75, 6.47 and 3.76 μM), 

8e (IC 50 = 10.84, 7.57 and 5.00 μM), and 8f (IC 50 = 9.37, 4.47 

and 2.25 μM) demonstrated moderate to good activity as compared 

to standard Doxorubicin (IC 50 = 2.25, 1.48 and 0.827 μM) against 

WRL68 at 24 h, 48 h, and 72 h respectively. 

The present study revealed that among the four human can- 

cer cell lines tested, MCF-7 and WRL68 cells were more sensi- 

tive to all the tested compounds. The cytotoxicity screening re- 

sults evidently indicated that the presence of halogens especially 

fluoro and/or chloro at 6th and 7th position of benzo[ d ]thiazole 

nucleus contributed to the increase in anticancer activity, which 

is in agreement with previously reported studies [37, 38] . Anti- 

cancer drugs, which are active against MCF-7 and WRL68 cells 

usually, cause apoptosis through the expression of caspase-3, re- 

sulting in generation of reactive oxygen species (ROS) and lead- 

ing to DNA destruction [39, 40] . From literature, it is also known 

that substitution with electronegative atoms (chloro/fluoro) at 

6th and/or 7th position on benzo[ d ]thiazole ring increases the 

lipophilicity of a molecule, which could be responsible for en- 

hanced cytotoxicity in MTT bioassay [6, 7, 12, 41] . Thus in the ti- 
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Table 4 

Cytotoxic activity data of the newly synthesized compounds ( 7a-f and 8a-f ) against various human cancer cell lines at different 

time points of drug exposure by MTT assay method. 

Compounds IC 50 (μM) a in EAC b IC 50 (μM) in MCF-7 b IC 50 (μM) in HT29 b IC 50 (μM) in WRL68 b 

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h 

7a 21.26 16.02 11.92 13.56 09.76 06.33 56.23 35.26 27.86 25.20 19.25 12.04 

7b 43.65 35.88 29.21 25.26 19.03 10.02 39.56 30.22 24.15 29.63 16.53 10.19 

7c 35.23 26.56 20.76 31.21 22.88 12.74 61.25 50.03 42.05 22.91 17.38 14.20 

7d 19.87 17.99 12.19 25.26 16.04 08.53 71.02 63.05 55.25 23.25 16.09 10.63 

7e 11.45 09.20 06.93 05.06 03.33 01.76 26.20 22.36 19.54 07.63 03.15 01.80 

7f 09.34 05.40 03.08 10.51 05.78 02.97 25.29 20.59 18.55 05.12 03.73 02.48 

8a 18.33 13.88 10.39 23.85 13.67 07.86 58.99 39.65 30.48 28.44 20.34 13.60 

8b 31.23 23.86 14.44 40.98 32.09 23.23 47.04 31.28 24.56 09.75 06.47 03.76 

8c 29.07 23.67 16.30 34.21 22.74 16.99 57.02 37.76 28.41 25.50 18.14 11.40 

8d 28.54 20.84 14.86 33.98 20.66 12.87 40.56 31.87 26.73 33.62 24.00 18.77 

8e 22.18 16.90 12.34 11.09 07.08 05.55 38.34 33.56 28.69 10.84 07.57 05.00 

8f 06.98 04.44 1.817 02.22 0.954 0.398 10.21 07.20 03.01 09.37 04.47 02.25 

Standard c 04.10 01.86 0.843 1.60 0.625 0.259 06.14 03.45 01.50 02.25 1.48 0.827 

a The IC 50 values of tested compounds at 48 h and 72 h were significantly reduced in comparison with 24 h values. 
b EAC (Ehrlich Ascites Carcinoma cells); MCF7 (hormone dependant breast cancer cells); HT29 (human colon carcinoma cells); 

WRL68 (hepatic cancer cells). 
c Standard used was Doxorubicin. 

Table 5 

In vitro antimicrobial activity data of title compounds ( 7a-f and 8a-f ). 

Compound MIC (μg/ml) 

Staphylococcus aureus Bacillus substilis E. coli Pseudomonas aeruginosa Candida albicans Asparagus niger 

7a 64 64 8 16 > 128 > 128 

7b > 128 > 128 4 8 64 64 

7c 64 > 128 4 4 32 64 

7d 32 > 128 8 4 > 128 > 128 

7e 16 32 0.5 2 32 > 128 

7f 8 64 0.5 0.5 64 > 128 

8a 16 16 4 8 32 > 128 

8b 16 32 2 2 64 > 128 

8c 32 64 4 8 32 > 128 

8d > 128 > 128 4 2 > 128 > 128 

8e 64 128 0.5 2 32 32 

8f 16 16 0.5 1 32 > 128 

Ampicillin 0.5 0.5 0.5 0.5 ND ND 

Gatifloxacin 0.25 0.25 0.25 0.25 ND ND 

Fluconazole ND ND ND ND 0.5 0.5 

∗ND = Not determined. 

tle compounds, similar substitutions on the benzo[ d ]thiazole scaf- 

fold exhibited enhanced anticancer activity. In addition, it was ob- 

served that replacement of N -phenyl for N -methyl group on 4–

hydroxy-quinoline-2-one moiety contributed to increase in anti- 

cancer activity. Overall, the anticancer activity profile indicated 

that the synthesized benzo[ d ]thiazolyl substituted-2-quinolone hy- 

brids exhibited encouraging activity against human breast cell line 

(MCF-7). 

2.3. Antimicrobial activity 

All the newly synthesized compounds ( 7a-f and 8a-f ) were 

screened for their in-vitro antimicrobial activity against a panel 

of microorganisms; Gram positive bacteria Staphylococcus aureus 

(ATCC 11,632), Bacillus substilis (ATCC 60,511) and Gram nega- 

tive bacteria E. coli (ATCC 10,536), Pseudomonas aeruginosa (ATCC 

10,145). For antifungal activity, the title compounds were screened 

against Candida albicans (ATCC 2501) and Aspergillus niger (ATCC 

1781). Ampicillin, Gatifloxacin and Fluconazole were used as ref- 

erence drugs for antibacterial and antifungal activities. The MIC 

values of in vitro antimicrobial screening are summarized in 

Table 5 . A systematic analysis of the data revealed that some 

of the synthesized compounds exhibited enhanced antibacterial 

activity, especially against Gram negative E. coli (ATCC 10,536), 

P. aeruginosa (ATCC 10,145) organisms. All the title compounds 

showed significant antibacterial activity against E. coli . Compounds 

7e, 7f, 8e, and 8f exhibited excellent antibacterial activity with 

MIC 0.5 μg.mL −1 against E. coli , while moderate to good activity 

(MIC = 1.0 - 8.0 μg.mL −1 ) was observed for the remaining com- 

pounds in this series. In the case of P. aeruginosa , compound 7f 

(MIC = 0.5 μg.mL −1 ) displayed significant antibacterial activity, 

whereas other compounds displayed good to moderate antibac- 

terial activity with MIC values ranging from 1.0 to 16.0 μg.mL −1 . 

However, moderate activity against S. aureus was observed for 

compound 7f (MIC = 8.0 μg.mL −1 ) while other compounds in this 

series exhibited little or poor activity against Gram-positive bacte- 

ria. With respect to antifungal activities ( Table 5 ), all compounds 

displayed poor or no activity against C. albicans and A. niger . The 

MIC values were ranging from 32.0 to > 128.0 μg.mL −1 , while the 

MIC value of standard drug Fluconazole was 0.5 μg.mL −1 . In gen- 

eral, from the antibacterial activity data, an interesting correlation 

was observed between the compounds and activity against E. coli 

and P. aeruginosa . The activity was considerably enhanced by elec- 

tron withdrawing substituents like chloro or fluoro at 6th and/or 

7th position of benzo[ d ]thiazole ring. However, in the case of com- 

pounds 7a - d and 8a-d , which have no substitution (R 2 = H ) at 

7th position of benzo[ d ]thiazole ring, slightly decrease in activity 

was noticed. It was also perceived that replacing N -phenyl group 

in place of N -methyl group on 4–hydroxy-quinoline-2-one moiety 

resulted in equipotent antibacterial activity. 
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2.4. Molecular docking studies 

The epidermal growth factor receptor (EGFR) and transform- 

ing growth factor- ∝ are one of the earliest characterized mem- 

bers of the growth factor/receptor tyrosine kinase (RTK) family. The 

EGFR induces cell proliferation and cell differentiation upon bind- 

ing and activation by one of a number of its known ligands. Mem- 

bers of the EGFR family are frequently overactive in solid tumors 

[42] . For example, the epidermal growth factor receptor tyrosine 

kinases (EGFRTK) of the erbB family (which includes erbB1-erbB4) 

is frequently expressed at high levels in certain carcinomas par- 

ticularly in breast, colon, and bladder cancers [43] . A number of 

therapeutic approaches that interfere with aberrant EGFR family 

signaling are being investigated [44] . A relatively new therapeutic 

approach to kinase inhibition is the use of ATP-competitive small 

molecules [45] . From literature, it is well known that anticancer 

benzo[ d ]thiazole and quinazoline analogs act via competing with 

ATP for binding at the catalytic domain of tyrosine kinase [7, 46] . 

The in vitro cytotoxic activity results especially against MCF-7 

were inspiring and in order to validate experimental results fur- 

ther and to explore the possible binding interactions. Molecular 

docking studies for the title compounds ( 7a-f and 8a-f ) were car- 

ried out using Molegro Virtual Docker (MVD-2013, 6.0). Fig. 2 rep- 

resents the native crystal structure of Erlotinib (AQ4) bound to 

the active site of EGFRTK obtained from Protein Data Bank ( http: 

//www.rscb.org/pdb ) with the PDB ID: 1M17 [47] . The EGFR con- 

sists of a single polypeptide chain of 1186 amino acids that is 

expressed on the cell membrane of numerous cell types. An es- 

sential feature of the binding site is the conservation of hydrogen 

bondings, steric and aromatic π- π stacking interactions. The active 

pocket consisted of amino acid residues such as Val702, Ala719, 

Lys721, Met742, Thr766, Gln767, Leu768, Met769, Pro770, Gly772, 

Leu820, Thr830, and Asp831. Hence to identify other residual in- 

teractions of the tested compounds, a grid box (include residues 

within a 10.0 Å radius) large enough to accommodate the ac- 

tive site was constructed. AQ4 being a known inhibitor, the cen- 

ter of this site was considered as the center of search space for 

docking. The 2D structures of the synthesized ligands were con- 

verted to energy minimized 3D structures and were used for in 

silico protein–ligand docking calculations. Docking of the synthe- 

sized compounds with the EGFRTK exhibited the well-conserved 

interactions like hydrogen bonding, hydrophobic bonding, and van 

der Waals’s interactions with one or more amino acid residues of 

the active pocket. The molecular docking results are summarized 

in Table 6 , from which the following assumptions can be drawn. 

For the test compounds ( 7a-f and 8a-f ), the MolDock score ranged 

from –77.7254 to –129.7780 while the Moldock score of standard 

drug AQ4 was –114.2710. The best poses (orientations) of AQ4 and 

of the docked compounds are represented in Figs. 2 and 3 . It 

was clearly observed that the nitrogen atom (N-1 of quinazoline) 

and oxygen atom (methoxyl side chain) of standard drug (AQ4) 

exhibited distinctive hydrogen bonding with Met769 (2.8387 Å) 

and Cys773 (3.3126 Å), respectively. Many researchers reported the 

similar binding mode in protein kinase structures with the high 

degree of sequence conservation present in the catalytic core of 

protein kinases are in agreement the present work. Among the 

tested series, compound 8f displayed maximum conserved hydro- 

gen bond interactions with the surrounding amino acid residues of 

the active site. It was observed that the oxygen atom (4–hydroxyl 

group of 2-quinolone ring) exhibited three hydrogen bonding inter- 

actions with hydroxyl (OH) group of Thr830 (2.8306 Å), of Asp831 

(3.0922 Å), and amino group (NH) of Asp831 (3.1830 Å). The ni- 

trogen atom on 2-phenyl ring (linker:-Ph 

–NH 

–CH 2 -) displayed two 

hydrogen bonding interactions with OH group of Thr830 (3.5802 Å) 

and Thr76 6 (2.70 6 6 Å) respectively. Interestingly, The N-3 of the 

benzo[ d ]thiazole moiety generates much conserved hydrogen bond 

interactions with the NH spine of Met-769 (3.5167 Å). Normally, 

this amino acid residue forms very crucial hydrogen bond with N-1 

of the adenine ring in ATP and helps to fix it in the binding pocket. 

This hydrogen bond can be considered as decisive for orienting the 

benzo[ d ]thiazole ring in the pocket. A second hydrogen bond inter- 

actions were observed with carbonyl oxygen atom of 2-quinolone 

ring and the OH group in side chain of Thr-766 (3.0474 Å), which 

is located at the beginning of the extended coil stretch deep in 

the binding cleft. Similarly compound 7f also displayed five hydro- 

gen bonding interactions as depicted in Fig. 3 . In the case of com- 

pounds 7e and 8e , prominent hydrogen bonding interactions were 

observed, that is between nitrogen atom ( N -1) of 2-quinolone ring 

and OH group of the residue Thr 766 (3.0558 Å and 2.7788 Å), ni- 

trogen atom of the linker (-Ph 

–NH 

–CH 2 -) and NH group of Lys 721 

(3.4616 Å and 3.1567 Å) and carbonyl oxygen atom of 2-quinolone 

ring with the OH group of Thr 830 (2.7415 Å and 2.8145 Å), respec- 

tively. Nevertheless, the less effective compounds 8b (3.2038 Å), 

8c (3.1357 Å), and 8d (3.1764 Å), displayed a prominent hydrogen 

bonding interactions with NH group of Cys773 residue with the 

oxygen atom of a keto group on the 3rd position of 2-quinolone 

nucleus. Besides hydrogen bonding interactions, the docking re- 

sults of the active compounds also exhibited steric and aromatic 

π- π stacking interactions with the various amino acid residues 

in the active site of 1M17 , which are essential for the inhibi- 

tion of EGFRTK [47] . The above results demonstrate that these 

hybrid compounds could be effective inhibitors of EGFRTK. Thus, 

the in-silico results provide an insight into the binding mode of 

benzo[ d ]thiazolyl substituted-2-quinolone hybrids in the active site 

of 1M17 . 

2.5. Conclusion 

In this paper, the synthesis, spectral studies, and biological 

evaluation of a series of 3-(2-(4-(substituted-benzo[ d ]thiazol- 

2-yl)phenylamino)acetyl) −4–hydroxy-1-methyl/phenyl quinolin- 

2(1 H )-one ( 7a-f and 8a-f ) derivatives are reported. The in vitro 

anticancer results obtained indicated that the compound 8f was 

most active hybrid in the series and from the SAR studies it was 

concluded that the presence of electronegative groups (Cl/F) on the 

benzo[ d ]thiazole nucleus was favorable and the presence of quina- 

zoline moiety is also equally responsible for substantial increase 

in anticancer activity. Molecular binding interaction pattern of the 

title compounds with the target enzyme (EGFR tyrosine kinsae) 

was effectually generated with the help of docking simulations and 

the results indicate that the compounds 8f and 7f displayed most 

relevant conserved hydrogen bond interactions requisite for 1M17 

inhibition. Moreover, in many respects the SAR profile exhibited 

by these compounds is almost similar to that shown by the previ- 

ously reported quinazoline series of EGFRTK inhibitors. Hence, the 

molecular hybridization strategy chosen in the current study to 

combine key pharmacophoric features (2-phenyl benzo[ d ]thiazole 

and substituted 2-quinolone) connected with suitable linker was 

fruitful. The in vitro antimicrobial screening of the title compounds 

7e, 7f, 8e, and 8f exhibited notable antibacterial activity espe- 

cially against Gram-negative bacterium ( E. coli ). In conclusion, the 

novel series of benzo[ d ]thiazolyl substituted-2-quinolone hybrids 

resulted in identifying a hit molecule 8f , which could be explored 

further to develop potential anticancer and antibacterial agents. 

3. Experimental 

3.1. Synthetic protocol 

All research chemicals were purchased from Sigma–Aldrich (St. 

Louis, Missouri, USA) or Lancaster Co. (Ward Hill, MA, USA) and 

used as such for the reactions. Solvents except laboratory reagent 
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Fig. 2. ( A ) Secondary structure (complete protein) epidermal growth factor receptor tyrosine kinase (EGFRTK, PDBID: 1M17) in complex with inhibitor (AQ4: Erlotinib); ( B ) 

showing the binding orientation of AQ4 forming 1H bond with Met769 and 1H bond with Cys773. 

grade were dried and purified according to the literature when 

necessary. The reference drugs used in this work was received as a 

gift sample from Fourrtis (India) Lab. Pvt. Ltd., Chennai (Tamilnadu, 

India). The progress of reactions and purity of compounds were 

monitored by thin-layer chromatography (TLC) on pre-coated alu- 

minum sheets with GF 254 silica gel plates procured from E. Merck 

and Co. (Darmstadt, Germany). Methanol (12%) in dichloromethane 

was used as mobile phase and short wavelength UV radiations as 

well as iodine vapours were used as visualizing agent. 

Melting points of synthesized compounds were determined in 

Veego (VMP-MP) melting point apparatus and were uncorrected. IR 

spectra were recorded on ThermoNicolet IR200 FT-IR Spectrometer 

(Madison, WI, USA) by using KBr pellets and Brucker Alpha I FTIR 

Spectrophotometer. The 1 H NMR spectra were recorded on Bruker 

Avance III 400 NMR spectrometer (Bruker, Rheinstetten/Karlsruhe, 

Germany) using appropriate solvent at Sophisticated Analytical and 

Instrumentation Facility (SAIF), Punjab University (Chandigarh, In- 

dia). Chemical shifts are reported in δ ppm units with respect 

to TMS as internal standard. Mass spectra were recorded on Shi- 

madzu LC MS-2010A at Quest Research and Training Institute Pri- 

vate Limited, (Bangalore, India). 

3.2. General procedure for synthesis of N-(substituted 

phenyl) −4-nitrobenzamide (1a-f) 

A mixture of substituted aniline (0.02 mol) and 4-nitrobenzoyl 

chloride (0.02 mol, 0.371 g) and 50 mL of pyridine (The excess 

of solvent is used to get pure compound) was refluxed for 2–5 h. 

The reaction mixture was cooled to room temperature and poured 

into ice-cold water. The precipitate formed was collected, washed 

with ice-cold water, and recrystallized from either ethyl alcohol or 

methyl alcohol. 

N-(4-fluorophenyl) −4-nitrobenzamide ( 1a ): It is light green color 

crystalline needles (EtOH); yield 4.3 g (82.69%); mp 176–178 °C; 
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Table 6 

Molecular docking results based on Moldock score, E-inter, hydrogen bonding interaction, hydrophobic/steric interaction, Docking scores and Rerank scores of the title 

compounds by MVD-2013 (6.0) against 1M17. 

Compds 

Moldock 

Score 

(Kcal/mol) 

E-Inter 

(protein–

ligand) 

(Kcal/mol) 

Residues involved in 

hydrophobic and steric 

interactions (within 5 Å) 

Residues 

involved in 

hydrogen 

bonding H-Bonds 

Heavy atoms 

count LE1 LE3 

Docking 

Score 

(Kcal/mol) 

Rerank 

score 

(Kcal/mol) 

No. (Kcal/mol) 

7a −88.7340 −111.281 Leu694, Ala719, Glu738, 

Thr766, Leu768, Met769, 

Gly772, Leu820 

—– 00 0.0 33 −2.6889 −0.8373 −511.185 −27.6334 

7b −101.5240 −125.862 Val702, Lys721, Met742, 

Thr766, Gln767, Met769, 

Leu820 

Cys773 01 −0.5681 33 −3.0764 −1.0360 −535.941 −34.1897 

7c −77.7254 −105.273 Leu694, Ala719, Met769 Gly772 01 −0.6800 33 −2.3553 −0.8252 −511.824 −27.2316 

7d −89.4629 −114.103 Leu694, Leu768, Met769, 

Gly772, Leu820 

Thr766 01 −1.5403 32 −2.7957 −0.5223 −532.235 −16.7163 

7e −117.8740 −146.335 Ala719, Cys751, Gln767, 

Met769, Leu820 

Lys721, 

Thr766, 

Thr830 

03 −5.6917 34 −3.4668 −1.2522 −584.646 −42.5758 

7f −120.6290 −150.548 Val702, Met742, Thr766, 

Gln767, Leu820 

Thr766, 

Thr830, 

Asp831 

05 −9.2427 39 −3.0930 −2.2980 −584.646 −89.6235 

8a −101.0260 −114.103 Val702, Ala719, Met742, 

Leu768, Met769, Leu820 

——- 00 0.0 38 −2.6585 −0.9297 −519.330 −35.3300 

8b −105.1150 −131.158 Val702, Ala719, Met742, 

Gln767, Leu768, Met769, 

Leu820 

Cys773 01 −1.9806 38 −2.7661 −0.8585 −526.940 −32.6260 

8c −108.3960 −132.463 Val702, Gln767, Leu768, 

Met769, Leu820 

Cys773 01 −2.3213 38 −2.8525 −1.6943 −531.134 −64.3870 

8d −113.6400 −143.527 Val702, Ala719, Leu768, 

Met769, Leu820 

Cys773 01 −2.1175 37 −3.0713 −2.2006 −563.963 −81.4240 

8e −117.8990 −148.116 Ala719, Cys751, Thr766, 

Gln767, Met769, Leu820 

Lys721, 

Thr766, 

Thr830 

03 −7.2163 39 −3.0230 −2.1324 −569.095 −83.1648 

8f ∗ −129.7780 −161.837 Val702, Ala719, Met742, 

Thr766, Gln767, Leu768, 

Met769, Leu820, Asp831 

Thr766, 

Met769, 

Thr830, 

Asp831 

07 −9.5463 34 −3.8170 −2.7854 −592.379 −94.7051 

AQ4 −114.2710 −131.574 Pro770, Gly772 Met769, 

Cys773 

02 −3.93697 29 −3.9403 −3.2729 −579.7700 −94.9144 

∗Compound exhibited high binding energy (Moldock score); H. Bonds: Hydrogen bonding energy between protein and ligand; LE1(Ligand Efficiency): MolDock score divided 

by heavy atoms count; LE3: Rerank score divided by heavy atoms count; AQ4: Erlotinib (4-Anilinoquinazoline derivative). 

IR (KBr, ν , cm 

−1 ): 3325.45 (N 

–H str) 3078.24 (-CH Str), 1627.30 (- 

C = O str of amide); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 8.29 

(s, 1H, NH), 8.03–6.92 (m, 8H, Ar-H); 13 C NMR (400 MHz, DMSO–

d 6 , δ, ppm): 172.54 ( C = O carbon of amide), 160.41, 155.39, 137.00, 

135.10, 128.32, 125.96, 123.40, 116.43; ESI MS: m/z 260.31; calcd. 

260.22. 

N-(4-chlorophenyl) −4-nitrobenzamide ( 1b ): It is white crystalline 

needles (EtOH); yield 2.5 g (93.63%); mp 232–234 °C; IR (KBr, ν , 

cm 

−1 ): 3345.39 (N 

–H str) 3014.02 (-CH Str), 1645.13 (- C = O str of 

amide); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 8.12 (s, 1H, NH), 

7.92–7.08 (m, 8H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 

171.15 ( C = O carbon of amide), 163.32, 155.33, 138.35, 135.14, 

127.02, 125.34, 122.41, 116.44; ESI MS: m/z 276.11; calcd. 276.03. 

N-(4-bromophenyl) −4-nitrobenzamide ( 1c ): It is light brown crys- 

talline powder (MeOH); yield 2.7 g (84.37%); mp 217–219 °C; IR 

(KBr, ν , cm 

−1 ): 3278.30 (N 

–H str) 3021.43 (-CH Str), 1643.57 (- 

C = O str of amide); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 8.76 

(s, 1H, NH), 8.02–6.75 (m, 8H, Ar-H); 13 C NMR (400 MHz, DMSO–

d 6 , δ, ppm): 171.45 ( C = O carbon of amide), 162.84, 155.30, 137.30, 

135.34, 127.65, 125.22, 122.11, 116.91; ESI MS: m/z 320.05; calcd. 

319.98. 

4-nitro-N-phenylbenzamide ( 1d ): It is white crystalline powder 

(EtOH); yield 2.0 g (82.64%); mp 181–183 °C; IR (KBr, ν , cm 

−1 ): 

3223.56 (N 

–H str) 2968.43 (-CH Str), 1639.97 (- C = O str of amide); 
1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 8.14 (s, 1H, NH), 8.12–

6.58 (m, 9H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 172.60 

( C = O carbon of amide), 162.30, 155.32, 137.32, 125.22, 122.65, 

116.51; ESI MS: m/z 242.05; calcd. 242.07. 

N-(3–chloro–4-fluorophenyl) −4-nitrobenzamide ( 1e ): It is light 

green crystalline powder (EtOH); yield 1.5 g (54.42%); mp 202–

204 °C; IR (KBr, ν , cm 

−1 ): 3331.45 (N 

–H str) 3123.34 (-CH Str), 

1660.05 (- C = O str of amide); 1 H NMR (400 MHz, DMSO–d 6 , 

δ, ppm): 8.23 (s, 1H, NH), 7.92–7.01 (m, 7H, Ar-H); 13 C NMR 

(400 MHz, DMSO–d 6 , δ, ppm): 169.58 ( C = O carbon of amide), 

161.54, 153.69, 136.11, 127.72, 125.20, 122.37, 119.65, 117.45; ESI 

MS: m/z 294.02; calcd. 294.04. 

N-(3,4-dichlorophenyl) −4-nitrobenzamide ( 1f ): It is white crys- 

talline compound (EtOH); yield 2.1 g (67.74%); mp 197–199 °C; 

IR (KBr, ν , cm 

−1 ): 3261.76 (N 

–H str) 3087.34 (-CH Str), 1651.03 (- 

C = O str of amide); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 8.43 

(s, 1H, NH), 7.95–6.96 (m, 7H, Ar-H); 13 C NMR (400 MHz, DMSO–

d 6 , δ, ppm): 168.43 ( C = O carbon of amide), 161.39, 153.69, 135.94, 

126.99, 125.22, 123.18, 119.61, 117.65; ESI MS: m/z 310.01; calcd. 

309.99. 

3.3. General procedure for synthesis of N-(substituted 

phenyl) −4-nitrobenzothioamide (2a-f) 

A mixture of one of the N-(substituted phenyl) −4- 

nitrobenzamide ( 1a - f , 0.01 mol) and Lawesson’s reagent (0.6 mol 

Equivalent (Eq)) in 30 mL of hydroxymethylphospharamide 

(HMPA) was stirred at 100 °C for 6–9 h. The reaction mass was 
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Fig. 3. Showing the compounds docked in best of its conformation into the binding site of EGFRTK (1M17); broken lines (blue color) indicate hydrogen bonding interactions. 

( A ) Binding mode of compound 7e forming 1H bond with Lys721, 1H bond with Thr766 and 1H bond with Thr830; ( B ) Binding mode of compound 7f forming 2H bonds 

with Thr766, 1H bond with Thr830 and 2H bonds with Asp831; ( C ) Binding mode of compound 8e forming 1H bond with Lys721, 1H bond with Thr766 and 1H bond with 

Thr830; ( D ) Binding mode of compound 8f forming 2H bonds with Thr766, 1H bond with Met769, 2H bonds with Thr830 and 2H bonds with Asp831. (For interpretation of 

the references to colour in this figure legend, the reader is referred to the web version of this article.) 

then poured into ice-cold water. Thus obtained desired products 

2a - f were collected as crystalline solids and washed with ice-cold 

water, dried, and recrystallized from methanol. 

3.4. General procedure for jacobson’s synthesis of 

6,7-substituted-2-(4-nitrophenyl) benzo[ d ]thiazole (3a-f) [34] 

N-(substituted phenyl) −4-nitrobenzothioamide ( 2a - f , 0.05 mol) 

were drenched in 5 mL of ethanol, to which 30% sodium hydrox- 

ide (NaOH) solution (8 mol Eq) was slowly added with constant 

stirring. The mixture was diluted with distilled water to provide a 

final concentration of 10% aqueous NaOH. Aliquots of this mixture 

(5 mL) were carefully added at 1 min intervals to a well stirred so- 

lution of potassium ferricynide (4 mol Eq) in hot water maintained 

at 90 °C. The reaction mixture was further heated for 1–2 h and 

then cooled to the room temperature. The products ( 3a - f ) formed 

were collected, washed with ice-cold water, and recrystallized from 

methanol. 

6-fluoro-2-(4-nitrophenyl) benzo[d]thiazole ( 3a ): Yield 1.19 g 

(69.20%); mp 188–190 °C; IR (KBr, ν , cm 

−1 ): 3072.58 (-CH Str), 

1662.18 (- C = N str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 7.95–

6.96 (m, 7H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 168.56, 
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153.50, 148.64, 138.41, 128.19, 126.22, 123.39, 122.25; ESI MS: m/z 

273.96; calcd. 274.02. 

6–chloro–2-(4-nitrophenyl) benzo[d]thiazole ( 3b ): Yield 2.10 g 

(72.66%); mp 213–215 °C; IR (KBr, ν , cm 

−1 ): 3094.21 (-CH Str), 

1658.68 (- C = N str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 8.04–

6.94 (m, 7H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 166.45, 

154.34, 148.33, 136.35, 128.12, 125.20, 123.34, 121.21; ESI MS: m/z 

290.06; calcd. 289.99. 

6–bromo–2-(4-nitrophenyl) benzo[d]thiazole ( 3c ): Yield 2.60 g 

(77.84%); mp 234–235 °C; IR (KBr, ν , cm 

−1 ): 3156.54 (-CH Str), 

1652.61 (- C = N str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 7.84–

7.04 (m, 7H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 167.35, 

154.31, 148.31, 136.32, 128.52, 124.54, 119.01; ESI MS: m/z 334.02; 

calcd. 333.94. 

2-(4-nitrophenyl)benzo[d]thiazole ( 3d ): Yield 1.80 g (70.31%); mp 

226–228 °C (lit 35 229–231 °C); IR (KBr, ν , cm 

−1 ): 3124.68 (- 

CH Str), 1656.39 (- C = N str); 1 H NMR (400 MHz, DMSO–d 6 , δ, 

ppm): 8.39–7.47 (m, 8H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , δ, 

ppm): 148.6 4, 153.50, 16 4.56, 138.41, 135.04, 128.19, 126.80, 126.11, 

124.30, 123.39, 122.25; ESI MS: m/z 256.06; calcd. 256.03. 

7–chloro–6-fluoro-2-(4-nitrophenyl)benzo[d]thiazole ( 3e ): Yield 

2.45 g (79.36%); mp 140–142 °C; IR (KBr, ν , cm 

−1 ): 3074.43 (- 

CH Str), 1639.34 (- C = N str); 1 H NMR (400 MHz, DMSO–d 6 , δ, 

ppm): 8.12–7.01 (m, 6H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , 

δ, ppm): 168.32, 152.54, 149.43, 145.78, 139.22, 135.62, 128.20, 

122.50, 114.32; ESI MS: m/z 308.03; calcd. 307.98. 

6,7-dichloro-2-(4-nitrophenyl)benzo[d]thiazole ( 3f ): Yield 2.25 g 

(69.02%); mp 164–166 °C; IR (KBr, ν , cm 

−1 ): 3088.41 (-CH Str), 

1641.03 (- C = N str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 8.11–

6.86 (m, 6H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 167.47, 

152.78, 148.10, 144.54, 140.21, 134.27, 128.65, 124.17, 122.30; ESI 

MS: m/z 323.92; calcd. 323.95. 

3.5. General procedure for synthesis of 

6,7-substituted-2-(4-aminophenyl)benzo[ d ]thiazole (4a-f) [48] 

A mixture of an appropriately substituted-2-(4-nitrophenyl) 

benzo[ d ]thiazole (one of 3a - f , 0.015 mol) and tin (II) chloride di- 

hydrate (0.075 mol) in 50 mL boiling ethanol was stirred under ni- 

trogen environment for 3–5 h. The excess ethanol was removed by 

vacuum evaporation using rota-evaporator and the residue formed 

was successively extracted with 75 ml of ethyl acetate (3 times). 

The combined organic fraction was further thoroughly washed first 

with 50 mL of 2 M aqueous NaOH (3 times) followed by 50 mL of 

distilled water (2 times). To the resultant organic fraction, anhy- 

drous Na 2 SO 4 was added, filtered, and the filtrate was evaporated 

in-vacuum to yield the desired compounds 4a-f . 

4-(6-fluorobenzo[d]thiazol-2-yl)benzenamine ( 4a ): Yield 1.63 g 

(66.80%); R f 0.25; mp 171–173 °C; IR (KBr, ν , cm 

−1 ): 3425.63, 

3420.24 (-NH 2 Str), 3125.35 (-CH Str), 1654.11 (- C = N str); 1 H 

NMR (400 MHz, DMSO–d 6 , δ, ppm): 7.97 (m, 1H, Ar-H), 7.87 (s, 

2H, NH 2 ), 7.38–6.67 (m, 6H, Ar-H); 13 C NMR (400 MHz, DMSO–

d 6 , δ, ppm): 168.42, 159.39, 153.64, 151.42, 133.46, 128.20, 125.36, 

124.04, 121.49, 120.35, 113.27; LCMS: m/z 243.99; Calcd. 244.05; 

Anal. Calcd: C, 63.92; H, 3.71; N, 11.47. Found: C, 63.84; H, 3.48; N, 

11.37. 

4-(6-chlorobenzo[d]thiazol-2-yl)benzenamine ( 4b ): Yield 0.96 g 

(36.92%); R f 0.64; mp 194–196 °C; IR (KBr, ν , cm 

−1 ): 3498.74, 

3489.29 (-NH 2 Str), 3077.67 (-CH Str), 1674.80 (- C = N ); 1 H NMR 

(400 MHz, DMSO–d 6 , δ, ppm): 7.91 (m, 1H, Ar-H), 7.40 (s, 2H, 

NH 2 ), 7.29–7.20 (m, 1H, Ar-H), 7.04–6.81 (m, 5H, Ar-H); 13 C NMR 

(400 MHz, DMSO–d 6 , δ, ppm): 168.11, 158.23, 153.61, 152.49, 

133.44, 128.60, 125.36, 124.34, 122.51, 119.88, 114.71; LCMS: m/z 

259.86; Calcd. 260.02; Anal. Calcd: C, 59.88; H, 3.48; N, 10.74. 

Found: C, 59.85; H, 3.29; N, 10.65. 

4-(6-bromobenzo[d]thiazol-2-yl)benzenamine ( 4c ): Yield 1.07 g 

(35.31%); R f 0.34; mp 161–163 °C; IR (KBr, ν , cm 

−1 ): 3469.06, 

3450.57 (-NH 2 Str), 3078.69 (-CH Str), 1662.20 (- C = N ); 1 H NMR 

(400 MHz, DMSO–d 6 , δ, ppm): 7.65–7.60 (m, 1H, Ar-H), 7.35 (s, 

2H, NH 2 ), 7.30–6.71 (m, 6H, Ar-H); 13 C NMR (400 MHz, DMSO–

d 6 , δ, ppm): 170.11, 156.21, 154.29, 150.18, 133.42, 128.22, 125.36, 

124.65, 121.77, 121.05, 113.28; LCMS: m/z 303.93; Calcd. 303.97; 

Anal. Calcd: C, 51.16; H, 2.97; N, 9.18. Found: C, 51.04; H, 3.01; N, 

9.10. 

2-(4-aminophenyl)benzo[d]thiazole ( 4d ): Yield 1.78 g (78.76%); R f 

0.79; mp 157–159 °C; IR (KBr, ν , cm 

−1 ): 3454.17, 3433.57 (-NH 2 

Str), 3080.10, (-CH Str), 1659.11 (- C = N ); 1 H NMR (400 MHz, 

DMSO–d 6 , δ, ppm): 8.08–7.01 (m, 8H, Ar-H), 7.57 (s, 2H, NH 2 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 168.12, 153.86, 151.91, 

151.85, 133.72, 128.62, 125.92, 124.07, 121.64, 121.52, 120.31, 113.58, 

113.54; LCMS: m/z 225.98; Calcd. 226.04; Anal. Calcd: C, 69.00; H, 

4.45; N, 12.38. Found: C, 68.70; H, 4.39; N, 12.36. 

4-(7–chloro–6-fluorobenzo[d]thiazol-2-yl)benzenamine ( 4e ): Yield 

1.60 g (57.55%); R f 0.59; mp 180–182 °C; IR (KBr, ν , cm 

−1 ): 

3433.45, 3426.20 (-NH Str), 3083.46, (-CH Str), 1648.10 (- C = N ); 
1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 7.91 (s, 2H, NH 2 ), 7.22–

7.18 (m, 1H, Ar-H), 7.16–6.93 (m, 5H, Ar-H); 13 C NMR (400 MHz, 

DMSO–d 6 , δ, ppm): 167.93, 153.39, 152.01, 133.71, 128.88, 125.96, 

124.00, 121.51, 120.38, 114.67; LCMS: m/z 277.97; Calcd. 278.01; 

Anal. Calcd: C, 56.02; H, 2.89; N, 10.05. Found: C, 56.00; H, 2.37; 

N, 10.04. 

4-(7–chloro–6-fluorobenzo[d]thiazol-2-yl)benzenamine ( 4f ): Yield 

1.45 g (49.32%); R f 0.91; mp 189–191 °C; IR (KBr, ν , cm 

−1 ): 3477.73, 

3462.41 (-NH 2 Str), 3101.12, (-CH Str), 1653.47 (- C = N ); 1 H NMR 

(400 MHz, DMSO–d 6 , δ, ppm): 8.02 (m, 1H, Ar-H), 7.85 (s, 2H, 

NH 2 ), 7.77–7.04 (m, 5H, Ar-H); 13 C NMR (400 MHz, DMSO–d 6 , δ, 

ppm): 168.01, 154.30, 151.67, 133.35, 128.09, 125.50, 124.08, 121.11, 

120.84, 114.39; LCMS: m/z 294.04; Calcd. 293.98; Anal. Calcd: C, 

52.89; H, 2.73; N, 9.49. Found: C, 52.65; H, 2.56; N, 9.42. 

3.6. General procedure for synthesis of 

3-(2-bromoacetyl) −4–hydroxy-1-methyl/phenyl quinolin-2(1H)-one (5 

and 6) [35] 

As shown in Scheme 2 , these compounds were prepared by 

dissolving 3-acetyl-4–hydroxy-1-methyl/phenyl quinolin-2(1H)-one 

(0.065 mol) in glacial acetic acid (50 mL) and gently heated at 

80 °C with constant stirring for 30 min. The equimolar quantity 

of bromine (0.065 mol) in glacial acetic acid (10 mL) was slowly 

added in a drop wise manner for a period of 1 h and heating of 

the solution was continued until a slight change in the color of the 

solution was observed. The reaction mixture was cooled to room 

temperature. The products ( 5 and 6 ) were obtained as yellow crys- 

talline solid and recrystallized from ethanol. 

3-(2-bromoacetyl) −4–hydroxy-1-methylquinolin-2(1H)-one ( 5 ) : 

Yield 12.4 g (64%), mp 172–174 °C, IR (KBr, ν , cm 

−1 ): 3469.02 

(-OH), 2985.31(-CH str), 1737.08 (- C = O str of COCH 2 Br), 1658.22 

(- C = O str of amide); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 

15.68 (s, 1H, OH), 8.68–7.22 (m, 4H, Ar-H), 3.23 (s, 2H, CH 2 ), 2.64 

(s, 3H, N 

–CH 3 ); 
13 C NMR (101 MHz, DMSO–d 6 , δ, ppm): 201.03 

( C = O carbon of C OCH 2 Br), 167.07 ( C = O of 2-quinolone), 137.06, 

128.87, 126.36, 124.45, 118.17, 115.60, 107.04 (Aromatic carbons), 

33.45 ( N 

–CH 3 ), 35.98 (CH 2 Br); LCMS: m/z 294.92; calcd. 294.98. 

3-(2-bromoacetyl) −4–hydroxy-1-phenylquinolin-2(1H)-one ( 6 ) : 

Yield 11.6 g (50%), mp 264–266 °C, IR (KBr, ν , cm 

−1 ): 3478.43 (-OH 

Str), 2990.30 (-CH str), 1732.05 (- C = O str of COCH 2 Br), 1655.33 

(- C = O str of amide); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 

16.89 (s, 1H, OH), 8.28–6.12 (m, 9H, Ar-H), 2.82 (s, 2H, CH 2 ); 
13 C 

NMR (400 MHz, DMSO–d 6 , δ, ppm): 205.09 ( C = O carbon of 

C OCH 2 Br), 174.39 ( C = O of 2-quinolone), 163.42, 141.09, 137.00, 
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135.11, 129.77, 129.07, 128.24, 125.66, 120.47, 116.93, 114.42, 104.47, 

36.03 (CH 2 Br); LCMS: m/z 256.73; calcd. 257.00. 

3.7. General procedure for synthesis of 

3-(2-(4-(6,7-substituted-benzo[ d ]thiazol-2-yl)phenyl 

aminoacetyl) −4–hydroxy-1-methyl/phenyl quinolin-2(1H)-one (7a-f 

and 8a-f) 

As illustrated in Scheme 2 , a mixture of an appropri- 

ately substituted-2-(4-amino phenyl)benzo[ d ]thiazole (one 

of 4a - f , 0.004 mol) and 3-(2-bromoacetyl) −4–hydroxy-1- 

methyl/phenylquinolin-2(1H)-one ( 5 / 6 , 0.004 mol) was dissolved 

in 45 mL of glacial acetic acid with constant stirring. The reaction 

mixture was then heated at reflux temperature for about 6–13 h. 

The progress of the reaction was monitored by the TLC. The 

reaction mixture was allowed to attain the room temperature. The 

solvent was removed under vacuum. The residue was dissolved 

in ethyl acetate, washed twice with water, and dried (Na 2 SO 4 ). 

Further, the title compounds were purified by removal of the 

solvent followed by column chromatography using 20 0–40 0 mesh 

silica gel eluting with methanol (12%) in dichloromethane. 

3-(2-(4-(6-fluorobenzo[d]thiazol-2-yl)phenylamino)acetyl) −4–

hydroxy-1-methylquinolin-2(1H)-one ( 7a ): Yield 3.25 g (70.80%); R f 

0.57; mp 194–196 °C; IR (KBr, ν , cm 

−1 ): 3456.76 (-OH Str), 3385.07 

(-NH Str), 3078.39 (-CH Str), 1725.94 ( C = O Str), 1662.45 ( C = O 

Str), 1639.49 ( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 

9.85 (s, 1H, OH), 7.67 (s, 1H, NH), 6.68–7.78 (m, 11H,Ar-H), 5.64 

(s, 2H, CH 2 ), 0.26 (s, 3H, CH 3 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, 

ppm): 193.48, 167.27, 165.37, 158.51, 153.33, 151.98, 151.22, 134.67, 

128.66, 125.44, 124.75, 123.60, 122.30, 119.32, 113.45, 113.01, 

109.28, 56.64, 27.30; LCMS: m/z 459.06; Calcd. 459.11; Anal. Calcd: 

C, 65.35; H, 3.95; N, 9.14. Found: C, 65.35; H, 3.92; N, 9.16. 

3-(2-(4-(6-chlorobenzo[d]thiazol-2-yl)phenylamino)acetyl) −4–

hydroxy-1-methylquinolin-2(1H)-one ( 7b ): Yield 3.50 g (73.68%); R f 

0.53; mp 176–178 °C; IR (KBr, ν , cm 

−1 ): 3498.74 (OH Str), 3356.44 

(NH Str), 3089.96 (-CH Str), 1716.03 ( C = O Str), 1670.10( C = O 

Str), 1631.78 ( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 

11.26 (s, 1H, OH), 8.59 (s, 1H, NH), 7.88–6.69 (m, 11H,Ar-H), 5.59 

(s, 2H, CH 2 ), 3.23 (s, 3H, CH 3 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, 

ppm): 192.05, 168.06, 166.22, 158.18, 154.20, 151.87, 151.04, 133.61, 

128.26, 125.05, 124.88, 123.23, 122.11, 119.35, 114.27, 114.03, 

110.23, 57.70, 28.28; LCMS: m/z 475.00; Calcd. 475.08; Anal. Calcd: 

C, 63.09; H, 3.81; N, 8.83. Found: C, 63.03; H, 3.79; N, 8.89. 

3-(2-(4-(6-bromobenzo[d]thiazol-2-yl)phenylamino)acetyl) −4–

hydroxy-1-methylquinolin-2(1H)-one ( 7c ): Yield 3.12 g (60.81%); R f 

0.47; mp 209–211 °C; IR (KBr, ν , cm 

−1 ): 3469.06 (-OH Str), 3350.65 

(NH Str), 3078.39 (-CH Str), 1726.29 ( C = O Str), 16 6 6.27( C = O 

Str), 1637.45 ( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 

11.04 (s, 1H, OH), 8.62 (s, 1H, NH), 8.03–6.98 (m, 11H,Ar-H), 5.60 

(s, 2H, CH 2 ), 3.33 (s, 3H, CH 3 ); 
13 C NMR (400 MHz, DMSO–d 6 , 

δ, ppm): 192.67, 168.52, 163.19, 157.82, 153.42, 151.73, 151.38, 

133.49, 128.41, 125.41, 124.05, 123.62, 122.30, 119.38, 113.62, 

113.21, 110.39, 57.04, 26.37; LCMS: m/z 518.97; Calcd. 519.03; Anal. 

Calcd: C, 57.70; H, 3.49; N, 8.07. Found: C, 57.68; H, 3.43; N, 8.10. 

3-(2-(4-(benzo[d]thiazol-2-yl)phenylamino)acetyl) −4–hydroxy-1- 

methylquinolin-2(1H)-one ( 7d ): Yield 3.60 g (81.63%); R f 0.57; mp 

154–156 °C; IR (KBr, ν , cm 

−1 ): 3468.30 (OH Str), 3382.50 (NH 

Str), 3084.39 (-CH Str), 1726.28 ( C = O Str), 1663.55( C = O Str), 

1635.13 ( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 10.30 

(s, 1H, OH), 8.57 (s, 1H, NH), 8.08–7.01 (m, 12H, Ar-H), 4.99 (s, 2H, 

CH 2 ), 3.15 (s, 3H, CH 3 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 

194.62, 168.62, 163.39, 158.42, 153.00, 151.53, 134.53, 128.62, 

125.86 124.74, 123.62, 122.53, 119.44, 113.34, 109.29 56.31, 27.86; 

LCMS: m/z 4 41.10; Calcd. 4 41.11; Anal. Calcd: C, 68.01; H, 4.34; N, 

9.52. Found: C, 67.99; H, 4.34; N, 9.51. 

3-(2-(4-(7–chloro–6-fluorobenzo[d]thiazol-2- 

yl)phenylamino)acetyl) −4–hydroxy-1-methylquinolin-2(1H)-one 

( 7e ): Yield 3.90 g (79.10%); R f 0.41; mp 203–205 °C; IR (KBr, ν , 

cm 

−1 ): 3478.0 6 (OH Str), 3278.0 6 (NH Str), 3098.39 (-CH Str), 

1723.23 ( C = O Str), 1678.78 ( C = O Str), 16.38.57 ( C = N Str); 
1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 11.45 (s, 1H, OH), 8.50 

(s, 1H, NH), 8.08–6.91 (m, 10H, Ar-H), 5.09 (s, 2H, CH 2 ), 3.62 (s, 

3H, CH 3 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 193.33, 167.22, 

165.30, 159.45, 153.31, 151.67, 134.64, 128.62, 125.41, 124.72, 

123.61, 122.33, 119.45, 113.56, 115.76, 109.24, 57.62, 28.31; LCMS: 

m/z 4 92.95; Calcd. 4 93.07; Anal. Calcd: C, 60.79; H, 3.47; N, 8.51. 

Found: C, 60.78; H, 3.44; N, 8.49. 

3-(2-(4-(6,7-dichlorobenzo[d]thiazol-2-yl)phenylamino)acetyl) −4–

hydroxy-1-methylquinolin-2(1H)-one ( 7f ): Yield 3.33 g (65.42%); R f 

0.77; mp 245–247 °C; IR (KBr, ν , cm 

−1 ): 3478.29 (OH Str), 3372.42 

(NH Str), 3071.11 (-CH Str), 1728.13 ( C = O Str), 1660.22 ( C = O Str), 

1639.87 ( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 10.64 

(s, 1H, OH), 8.53 (s, 1H, NH), 8.00–6.86 (m, 10H, Ar-H), 5.06 (s, 2H, 

CH 2 ), 3.56 (s, 3H, CH 3 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 

193.37, 167.18, 164.12, 159.30, 154.56, 151.90, 151.27, 134.34, 128.65, 

125.76, 124.65, 123.33, 122.98, 119.19, 113.83, 113.33, 110.20, 56.24, 

28.96; LCMS: m/z 508.93; Calcd. 509.04; Anal. Calcd: C, 58.83; H, 

3.36; N, 8.23. Found: C, 58.85; H, 3.32; N, 8.20. 

3-(2-(4-(6-fluorobenzo[d]thiazol-2-yl)phenylamino)acetyl) −4–

hydroxy-1-phenylquinolin-2(1H)-one ( 8a ): Yield 2.90 g (55.02%); R f 

0.39; mp 222–224 °C; IR (KBr, ν , cm 

−1 ): 34 4 4.45 (OH Str), 3346.34 

(NH Str), 3139.13 (-CH Str), 1717.14 ( C = O Str), 1675.77 ( C = O Str), 

1637.17 ( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 11.09 

(s, 1H, OH), 8.64 (s, 1H, NH), 7.82–6.66 (m, 16H, Ar-H), 4.95 (s, 

2H, CH 2 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 192.55, 168.53, 

167.06, 151.45, 149.41, 138.51, 136.28, 136.01, 128.97, 128.60, 127.37, 

125.29, 124.70, 122.76, 122.16, 119.32, 113.41, 113.16, 109.38, 57.39; 

LCMS: m/z 521.04; Calcd. 521.12; Anal. Calcd: C, 69.09; H, 3.87; N, 

8.06. Found: C, 69.11; H, 3.87; N, 8.04. 

3-(2-(4-(6-chlorobenzo[d]thiazol-2-yl)phenylamino)acetyl) −4–

hydroxy-1-phenylquinolin-2(1H)-one ( 8b ): Yield 2.60 g (48.41%); R f 

0.68; mp 199–201 °C; IR (KBr, ν , cm 

−1 ): 3363.09 (OH Str), 3266.33 

(NH Str), 3156.20 (-CH Str), 1708.55 ( C = O Str), 1617.61 ( C = N 

Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 10.63 (s, 1H, OH), 

8.56 (s, 1H, NH), 8.14–6.92 (m, 16H, Ar-H), 5.05 (s, 2H, CH 2 ); 
13 C 

NMR (400 MHz, DMSO–d 6 , δ, ppm): 191.79, 166.64, 166.73, 151.40, 

149.52, 138.52, 136.21, 136.01, 129.04, 128.66, 127.20, 125.20, 

124.74, 122.71, 122.11, 119.29, 113.63, 113.12, 111.30, 56.30; LCMS: 

m/z 538.92; Calcd. 537.09; Anal. Calcd: C, 66.97; H, 3.75; N, 7.81. 

Found: C, 67.00; H, 3.76; N, 7.79. 

3-(2-(4-(6-bromoobenzo[d]thiazol-2-yl)phenylamino)acetyl) −4–

hydroxy-1-phenylquinolin-2(1H)-one ( 8c ): Yield 3.10 g (53.35%); R f 

0.36; mp 265–267 °C; IR (KBr, ν , cm 

−1 ): 3443.04 (OH Str), 3357.88 

(NH Str), 2923.04 (C 

–H Str), 1711.96 ( C = O Str), 1654.35 ( C = O 

Str), 1605.49 ( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 

10.86 (s, 1H, OH), 8.74 (s, 1H, NH), 8.12–6.58 (m, 16H, Ar-H), 5.57 

(s, 2H, CH 2 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 192.55, 

165.60, 164.70, 151.34, 149.02, 138.17, 136.22, 136.98, 129.20, 

128.61, 126.00, 125.65, 124.29, 122.65, 122.01, 120.01, 114.34, 

114.11, 110.29, 57.44; LCMS: m/z 580.97; Calcd. 581.04; Anal. Calcd: 

C, 61.86; H, 3.46; N, 7.21. Found: C, 61.89; H, 3.44; N, 7.21. 

3-(2-(4-(benzo[d]thiazol-2-yl)phenylamino)acetyl) −4–hydroxy-1- 

phenylquinolin-2(1H)-one ( 8d ): Yield 3.50 g (69.59%); R f 0.61; mp 

168–170 °C; IR (KBr, ν , cm 

−1 ): 3478.43 (OH Str), 3336.81 (NH Str), 

2990.30 (-CH Str), 1732.05 ( C = O Str), 1655.33 ( C = O Str), 1614.62 

( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 11.06 (s, 1H, 

OH), 8.62 (s, 1H, NH), 7.85–7.12 (m, 17H, Ar-H), 5.03 (s, 2H, CH 2 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 191.27, 168.76, 166.48, 

153.76, 149.90, 139.29, 136.33, 135.78, 128.78, 128.30, 127.30, 

125.09, 124.20, 122.37, 122.10, 119.06, 113.74, 113.25, 109.22, 57.30; 
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LCMS: m/z 503.05; Calcd. 503.13; Anal. Calcd: C, 71.55; H, 4.20; N, 

8.34. Found: C, 71.25; H, 4.21; N, 8.36. 

3-(2-(4-(7–chloro–6-fluorobenzo[d]thiazol-2- 

yl)phenylamino)acetyl) −4–hydroxy-1-phenylquinolin-2(1H)-one ( 8e ): 

Yield 3.90 g (70.27%); R f 0.72; mp 233–235 °C; IR (KBr, ν , cm 

−1 ): 

3472.76 (OH Str), 3335.23 (NH Str), 3082.20 (-CH Str), 1720.54 

( C = O Str), 1667.35( C = O Str), 1635.44 ( C = N Str); 1 H NMR 

(400 MHz, DMSO–d 6 , δ, ppm): 10.81 (s, 1H, OH), 8.71 (s, 1H, NH), 

8.18–7.04 (m, 15H, Ar-H), 4.87 (s, 2H, CH 2 ); 
13 C NMR (400 MHz, 

DMSO–d 6 , δ, ppm): 193.50, 167.88, 165.02, 152.27, 148.41, 139.31, 

136.73, 135.65, 128.11, 128.65, 127.11, 125.22, 124.09, 122.45, 

122.00, 118.96, 114.54, 114.05, 109.20, 56.72; LCMS: m/z 555.05; 

Calcd. 555.08; Anal. Calcd: C, 64.81; H, 3.44; N, 7.56. Found: C, 

64.80; H, 3.43; N, 7.56. 

3-(2-(4-(6,7-dichlorobenzo[d]thiazol-2-yl)phenylamino)acetyl) −4–

hydroxy-1-phenylquinolin-2(1H)-one ( 8f ): Yield 2.75 g (48.16%); R f 

0.69; mp 269–271 °C; IR (KBr, ν , cm 

−1 ): 3498.74 (OH Str), 3356.44 

(NH Str), 3089.96 (-CH Str), 1716.03 ( C = O Str), 1661.75( C = O 

Str), 1606.00 ( C = N Str); 1 H NMR (400 MHz, DMSO–d 6 , δ, ppm): 

10.39 (s, 1H, OH), 8.54 (s, 1H, NH), 8.09–6.73 (m, 15H, Ar-H), 

5.16 (s, 2H, CH 2 ); 
13 C NMR (400 MHz, DMSO–d 6 , δ, ppm): 192.18, 

168.58, 166.39, 154.33, 148.01, 139.44, 137.03, 136.03, 128.12, 

128.62, 127.12, 125.22, 124.77, 122.39, 122.30, 118.92, 114.90, 

114.25, 109.21, 56.74; LCMS: m/z 577.32; Calcd. 571.05; Anal. Calcd: 

C, 62.94; H, 3.35; N, 7.34. Found: C, 62.96; H, 3.36; N, 7.32. 

4. Biological evaluation: anticancer activity 

4.1. Human cancer cell lines 

Compounds were evaluated for their in vitro cytotoxic activ- 

ity against four human cancer cell lines (EAC, MCF-7, HT29, and 

WRL68 cells), which were cultured in MEM medium supplemented 

with 10% FBS, 1% l- glutamine, and 50 mg.mL −1 gentamicin sulfate 

in a CO 2 incubator in a humidified atmosphere of 5% CO 2 and 95% 

air. The EAC cells were maintained for 12–14 days in the peritoneal 

cavity of Swiss albino mice. The tumor cell cultures were started 

from mouse Ehrlich Ascites with at least one passage in vitro prior 

to use. 

4.1.1. In vitro cytotoxicity studies (MTT assay) 

In vitro cytotoxicity was determined using a standard MTT as- 

say [36] with protocol appropriate for the individual test sys- 

tem. In brief, exponentially growing cells were plated in 96-well 

plates (10 4 cells/well in 100 mL of medium) and incubated for 

24 h to enable them to adhere properly in the each well of 96- 

well polystyrene microplate (Grenier, Germany). Test compounds 

( 7a-f and 8a-f ) were prepared prior to the experiment by dis- 

solving in 0.1% dimethyl sulfoxide (DMSO, Merck, Germany) and 

diluted with medium. The cells were then exposed to different 

concentrations of the drugs (1–100 μM) in the volume of 100 

μL per well. Cells in the control wells received the same vol- 

ume of medium containing 0.1% DMSO. After 24 h incubation, 10 

μL of MTT [3-(4,5-dimethylthiazol-2-yl) −2,5-diphenyl tetrazolium 

bromide; Sigma M 2128; 1 mg.mL −1 ] was added in each well and 

plates were further incubated at 37 °C for 4 h. The formazan pro- 

duced by the viable cells was solubilized by addition of 100 μL 

DMSO. The suspension was placed on micro-vibrator for 5 min 

and absorbance was recorded by a SpectraMax 190 Microplate 

ELISA reader (Molecular Devices Inc. USA) at 540 nm. The exper- 

iment was performed in triplicate. The percentage cytotoxicity and 

IC 50 values were determined at 24, 48, and 72 h of drug incu- 

bation. IC 50 value is the concentration (reported in μM) required 

for 50% inhibition of cell growth as compared to that of untreated 

control. 

4.1.2. In vitro antimicrobial activity 

4.1.2.1. Medium. The solid media Mullere Hinton agar (MHA; beef 

infusion 300 g. L − 1 , casein acid hydrolysate 17.5 g. L − 1 , starch 

1.5 g. L − 1 , agar 17 g. L − 1 , and distilled water 10 0 0 mL, adjusted 

to pH 7.4) was used for the antibacterial activity. For antifungal 

activity, solidified sterile Sabouraud’s Dextrose agar (SDA) was used 

as medium. 

4.1.2.2. Test microorganisms. In vitro antimicrobial activity was car- 

ried out against a panel of microorganisms including Gram pos- 

itive bacteria Staphylococcus aureus (ATCC 11,632), Bacillus subtilis 

(ATCC 60,511) and Gram negative bacteria E. coli (ATCC 10,536), 

Pseudomonas aeruginosa (ATCC 10,145). For the antifungal activity, 

the title compounds were screened against Candida albicans (ATCC 

2501) and Aspergillus niger (ATCC 1781). 

4.1.2.3. Minimum inhibitory concentration [49] . The in-vitro antimi- 

crobial activity for newly synthesized compounds ( 7a-f and 8a- 

f ) was evaluated using the conventional agar-dilution method ac- 

cording to the guidelines of Clinical and Laboratory Standards In- 

stitute (CLSI) [50] . All bacterial strains were subcultured in MHA 

plates and incubated overnight at 37 °C and fungal strains were 

subcultured in SDA plates at 35 °C for 24–48 h. The microor- 

ganisms were processed at least twice to ensure purity and vi- 

ability. Twofold serial dilutions of the compounds and reference 

drugs (Ampicilin, Gatifloxacin, and Fluconazole) were prepared in 

MHA/SDA. Drugs (10.0 mg) were dissolved in DMSO (1 mL) and 

the solution was diluted with water (9 mL). Further progressive 

double dilution with melted MHA was performed to obtain the re- 

quired concentrations of 1024, 512, 256, 128, 64, 32, 16, 8, 4, 2, 1, 

0.5, 0.25, 0.125, and 0.0625 μg.mL −1 . The bacterial inoculates were 

prepared by suspending 24 h old bacterial colonies from MHA me- 

dia in 0.85% saline. The inoculate were adjusted to 0.5 McFarland 

Standard (1.5 × 10 8 CFU/mL) [51] . The suspensions were then di- 

luted in 0.85% saline to give 10 7 CFU/mL. Test tubes were spot- 

inoculated with 10 μL of each prepared bacterial suspension (10 4 

CFU/spot) and incubated at 37 °C for 24 h. The experiments were 

carried out in triplicate for all the organisms tested. At the end 

of the incubation period, MIC was determined, which is the low- 

est concentration of the test compound that resulted in no visible 

growth on the plate. A control test was also performed with test 

medium supplemented with DMSO at the same dilutions as used 

in the experiment in order to ensure that the solvent had no in- 

fluence on bacterial growth. The yeast suspensions used for inoc- 

ulation were prepared at 10 4 cfu/mL by diluting fresh cultures at 

MacFarland 0.5 density (10 6 cfu/mL). Suspensions of the yeast at 

10 4 cfu/mL concentration were inoculated to the twofold diluted 

solution of the compounds. There were 10 3 cfu/mL bacteria in the 

wells after inoculations. A 10 μL yeast inoculum was added to each 

well of the test tubes, which were incubated at 35 °C in a humid 

chamber and MIC endpoints were read after 48 h of incubation. 

The experiments were carried out in triplicate for all the organ- 

isms tested. 

4.1.2.4. Docking methodology. Molecular docking studies of the 

synthesized compounds ( 7a-f and 8a-f ) were performed in order to 

rationalize the obtained anticancer results especially against hor- 

mone dependant breast cancer cells. Molecular docking studies fur- 

ther help in understanding the various interactions between the 

ligand and enzyme active site in detail. Docking study was car- 

ried out for the target compounds using MVD-2013 (version: 6.0). 

MolDock scoring function used by MVD program is defined by: 

E score = E inter + E intra 

where , E score = MolDock score . 
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E inter = ligand − −Protein interaction 

E intra = internal energy of the ligand 

MolDock is based on a new heuristic search algorithm that 

combines differential evolution with a cavity prediction algorithm. 

The docking scoring function of MolDock is an extension of the 

piecewise linear potential (PLP) including new hydrogen bonding 

and electrostatic terms. To further improve docking accuracy, a re- 

ranking scoring function was introduced, which identifies the most 

promising docking explanation from the results obtained by the 

docking algorithm [52] . 

The compounds/ligands were built using Chemdraw10.0. The 2D 

structures were then converted into energy minimized 3D struc- 

tures which were saved as MDL MolFile (.mol2). The coordinate file 

and crystal structure of EGFR tyrosine kinase (PDB ID: 1M17) was 

obtained from the RCSB PDB website [47] . The protein file was pre- 

pared by the removal of water molecules, addition of polar hydro- 

gens and removal of other bound ligands. In the present study, the 

binding site was selected based on the amino acid residues, which 

are involved in binding with Erlotinib (AQ4) of prepared protein as 

obtained from protein data bank, which would be considered as 

the probable best accurate region as it is solved by experimental 

crystallographic data. The docking protocol was carried out for syn- 

thesized compounds/ligands as listed in Table 6 using MVD-2013 

(6.0) software and the standard operating procedures [30, 52] . 
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Metformin and asarone inhibit HepG2 cell
proliferation in a high glucose environment
by regulating AMPK and Akt signaling
pathway
Bhrigu Kumar Das1,2, Rachel M. Knott3 and Pramod C. Gadad1,2*

Abstract

Background: Metabolic dysregulation is one of the hallmarks of tumor cell proliferation. Evidence indicates the
potential role of the 5′adenosine monophosphate-activated protein kinase (AMPK) and protein kinase B/Akt
signaling pathway in regulating cell proliferation, survival, and apoptosis. The present study explores the effect of
metformin HCl and the combination of α- and β-asarone on the proliferation of HepG2 cells in the presence of
high glucose levels simulating the diabetic-hepatocellular carcinoma (HCC) condition.

Results: The metformin and asarone reduced HepG2 cell viability in a dose-dependent manner and induced
morphological changes as indicated by methyl thiazolyl tetrazolium (MTT) assay. The metformin and asarone
arrested the cells at the G0/G1 phase, upregulated the expression of AMPK, and downregulated Akt expression in
high glucose conditions as identified by the flow cytometry technique. Further, the upregulated AMPK led to a
decrease in the expression of phosphoenolpyruvate carboxykinase-2 (PCK-2) and sterol regulatory element-binding
protein-1 (SREBP-1).

Conclusion: The anti-proliferative effect of metformin and asarone in the diabetic-HCC condition is mediated via
AMPK and Akt pathway.

Keywords: Asarone, Metformin HCl, HepG2 cells, High glucose, AMPK, Akt

Background
Epidemiologic evidence suggests diabetes mellitus (DM)
as one of the potential risk factors in the progression of
hepatocellular carcinoma (HCC) [1–3]. The complex
pathophysiological relationship between HCC and DM
could be due to hyperglycemia, hyperinsulinemia, insulin
resistance, insulin-like growth factor (IGF)-1, obesity, or
chronic inflammation with overlapping cell signaling

pathways. The various signal transduction pathways are
implied in uncontrolled proliferation, mutations, inva-
sion, migration, and survival of the tumor cells [4, 5].
There are a growing number of studies that propose

the 5′adenosine monophosphate-activated protein kin-
ase (AMPK), a highly conserved heterotrimeric serine/
threonine-protein kinase, is a crucial mediator as an en-
ergy sensor in all the eukaryotic cells [6]. It plays a vital
role in maintaining cellular energy homeostasis in both
diabetes and cancer growth [7, 8]. Activation of the
AMPK signaling pathway can influence changes in the
effector’s proteins involved in the regulatory process of
energy metabolism, contributing to the pathogenesis of
cancer [9–11]. Studies indicating AMPK activation cor-
relates strongly with the reduction in cell proliferation in
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tumor cells as well as non-malignant cells. These effects
are reported to be mediated through different mecha-
nisms, including the modulation of cell cycle profile, au-
tophagy, apoptosis, de novo fatty acid synthesis, and
inhibition of protein synthesis [12, 13].
In addition to the AMPK signaling pathway, the Akt, a

serine/threonine-protein kinase, also serves as an im-
portant pathway in multiple cellular processes that link
with the increased proliferation, survival, and apoptosis
of tumor cells [14, 15]. The Akt also serves as a negative
regulator of AMPK, and studies have shown that the in-
creased expression of Akt can stimulate proliferation
through multiple downstream regulations affecting the
cell cycle [16].
There is a body of evidence suggesting that metformin

reduces tumor growth directly through the inhibition of
energy metabolism and by regulation of both AMPK-
dependent and independent signaling pathways [17–20].
On the other hand, alpha (α)- and beta (β)-asarone, the
two major active constituents in volatile oils of Acorus
calamus, showed anti-cancer effects in various cancer
cell lines [21, 22]. Our previous study showed that asar-
one treatment attenuated the progression of HCC in dia-
betic conditions in a similar manner to that achieved by
metformin [23]. The present study was aimed to under-
stand whether the anti-proliferative effect of asarone is
mediated via AMPK and Akt signaling pathway similar
to the metformin, which was used as a reference drug.
Further, we have also tried to address the possibility of
the involvement of phosphoenolpyruvate carboxykinase-
2 (PCK-2) and sterol regulatory element-binding
protein-1 (SREBP-1) with cancer cell growth.

Methods
Drugs and reagents
Alpha-asarone (Lot # S18779; Purity 98% w/w; Pub-
Chem CID: 636822) and beta-asarone (Lot # STBF-1179
V; Purity 70% w/w; PubChem CID: 5281758) was pur-
chased from Sigma-Aldrich Chemical Company, USA.
Metformin HCl (Lot No: METI-1710010; PubChem
CID: 14219) was a gift sample from Angels Pharma India
Pvt. Ltd. Hyderabad, India. Polyclonal fluorescein iso-
thiocyanate (FITC) goat anti-rabbit secondary antibody
IgG was obtained from BD Biosciences, USA (Catalog
No. 554020; Lot # 8199842). The primary rabbit poly-
clonal IgG antibodies viz., 5′adenosine monophosphate-
activated protein kinase (AMPKα1; Catalog no.
orb10076; Lot # A1227), protein kinase B (Akt; Catalog
No. orb159889; Lot # K8668), phosphoenolpyruvate
carboxykinase-2 (PCK-2; Catalog no. orb5876; Lot #
A4509), and sterol regulatory element-binding protein-1
(SREBP-1; Catalog no. orb11415; Lot # A1505) were
purchased from Biorbyt Ltd., Cambridge, UK. Dulbecco’s
modified Eagle’s medium (DMEM low and high

glucose), fetal bovine serum (FBS) heat-inactivated,
trypsin-ethylenediaminetetraacetic acid (EDTA) diges-
tion solution 1×, calcium- and magnesium-free
phosphate-buffered saline (CMF-PBS), paraformaldehyde
solution, methyl thiazolyl tetrazolium (MTT), and Triton
X-100 were purchased from HiMedia Laboratories Pvt.
Ltd., Mumbai, India. All other reagents used in this
study were of cell culture grade obtained from commer-
cial suppliers.

Cell culture conditions
The HCC cell line HepG2 (ATCC® HB-8065™) was ob-
tained and grown as recommended by the American
Type Culture Collection (ATCC), USA. HepG2 cells
were cultured in DMEM either in normoglycemic (5.5
mM) or in hyperglycemic (25 mM) glucose conditions
depending upon the experiments that contained 10%
FBS supplemented with 100 U/ml penicillin and 100 μg/
ml streptomycin (Sigma-Aldrich Chemical Company,
USA) maintained at 37 °C in an incubator (Labwit Scien-
tific Pty Ltd., Australia).

Cytotoxicity by MTT assay
The cytotoxic effect of metformin HCl, α-asarone, and
β-asarone on the HepG2 cell line was measured separ-
ately by the MTT assay [24]. Briefly, the cells were
seeded in a 96-well flat-bottom plate (Nunc™ Micro-
Well™, Thermo Fisher Scientific Inc., USA) with 200 μl
of cell suspension containing approximately 10,000 cells/
well and allowed to adhere by incubating for 24 h at
37 °C. After 24 h, the medium was discarded and re-
placed with a fresh medium (200 μl) containing different
concentrations of metformin HCl (1.6, 3.2, 6.4, 12.8, and
25.6 mM) and α- and β-asarone (0.12, 0.24, 0.48, 0.96,
and 1.92 mM) followed by incubation for another 48 h.
Untreated cells were used as control. All the media was
discarded, and 200 μl of methyl thiazolyl tetrazolium
(MTT) solution (0.5 mg/ml in phosphate-buffered saline)
was added to each well and incubated for 3 h. Further,
the MTT culture medium was removed without disturb-
ing the crystals formed and 100 μl of dimethyl sulfoxide
(DMSO) was added to each well to solubilize formed
formazan crystals. Absorbance was recorded at 570 nm
using a microplate reader (Biobase® EL-10A, China) to
calculate the percent cell viability using the following
formula:

Percent cell viability ¼ At −Abð Þ
Ac −Abð Þ � 100

where At is the absorbance value of the test com-
pounds (metformin and asarone), Ab is the absorbance
value of the blank, and Ac is the absorbance value of the
control (untreated cells).
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Further, the percent of the cell viability against the
concentration of each test compound was plotted and
the inhibitory concentration 50 (IC50) value was gener-
ated from the dose-response curve.

Experimental study design
The IC50 values of metformin HCl and α- and β-asarone
were 12.87, 0.61, and 0.73 mM, respectively, and this
represents one half of the IC50 value generated from the
MTT assay (Table 1). Further, the HepG2 cells were di-
vided into four groups: the normoglycemic (NG) cul-
tured in normal glucose of 5.5 mM, the hyperglycemic
(HG) cultured in high glucose of 25 mM, the HG group
treated with metformin HCl (12.87 mM), and the HG
group treated with a combined dose of asarone (0.61
mM (α)-asarone; 0.73 mM (β)-asarone).

Cell cycle analysis
The phases of the cell cycle were analyzed by measuring
the amount of propidium iodide (PI)-labeled DNA stain-
ing in ethanol-fixed cells, as described elsewhere [25]. In

brief, HepG2 cells (5 × 105 cells/well) were seeded in a
6-well plate (Nunc™, Thermo Fisher Scientific Inc., USA)
and allowed to adhere for 24 h at 37 °C. Thereafter, fresh
DMEM medium containing 10% FBS was cultured with
NG, HG, HG + Metformin, and HG + Asarone for 16 h.
Subsequently, the trypsinized cells were fixed (70%
chilled ethanol at 4 °C for 30 min), stained with PI-
RNase solution (BD Biosciences, USA), and incubated at
room temperature in the dark for 30 min. Further, the
stained cells were collected and mixed well for analysis.
A cytomics FC500 flow cytometer (Beckman-Coulter,
USA) equipped with CXP software was used to collect
the data. The analysis of results was made by measuring
the forward scatter (FS) and side scatter (SS) for the
identification of the single cells. Further, pulse shape
processing was enabled to exclude all the clumps and
doublet cells for the analysis by using pulse area vs.
pulse width depending upon the experiment. Finally, the
data were evaluated by using an algorithm (fit Gaussian
curves) available in the FlowJo v10.0.7 software, and the
PI-stained histogram plots represent the percentage of

Table 1 The IC50 values of metformin HCl and α- and β-asarone based on the MTT assay and dose selected for further studies

Test compounds IC50 values in mM (MTT assay) One half of the IC50 in mM used for detailed studies

Metformin HCl 25.74 12.87

α-Asarone 1.22 0.61

β-Asarone 1.46 0.73

Fig. 1 Metformin and asarone inhibit the growth and modify the morphology of HepG2 cells. A–C Cells were treated with metformin HCl, α-
asarone, and β-asarone as indicated for 48 h and the cell viability was determined by MTT assay. D Representative images to show the
morphology of HepG2 cells under an inverted microscope. The scale of the bar is 100 μm. a Untreated group; the morphology of HepG2 cells
had a high density with adherent cell colonies, whereas, in the treatment group, metformin HCl (b) and asarone (c, d) at higher concentration
showed lower density with a small round body. Values represent mean ± SEM of an experiment done in triplicate; one-way ANOVA followed by
Bonferroni test, where *p < 0.05, **p < 0.01, and ***p < 0.001 compared to the untreated (UT) group
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cells in different phases of the cell cycle of an
experiment.

Expression of AMPKα1, Akt, PCK-2, and SREBP-1
The quantitative analysis of the expression of the intra-
cellular markers was performed by flow cytometry using
a 6-well plate. The cells were cultured at a density of 3 ×
105 cells/2 ml and allowed to adhere for 24 h at 37 °C.

The next day, the medium was discarded and washed
with 1000 μl of 1× phosphate-buffered saline (PBS) and
the cells were treated with metformin and asarone; if
not, they are served as a control. The drug-treated media
were removed from all the wells, transferred into a 5-ml
centrifuge tube, and washed with 500 μl PBS. The PBS
was then removed and transferred to the same centri-
fuge tube. Further, 200 μl of the trypsin-EDTA solution
was added to all the wells and incubated for 4 min at
37 °C. Finally, the cells were harvested directly into the
centrifuge tube after transferring back the medium from
the respective wells. Thereafter, the cells containing the
media were centrifuged at 300×g at 25 °C for 5 min. The
supernatant was decanted carefully, treated with 500 μl
of 2% paraformaldehyde (PFA) solution, and incubated
for 20 min at room temperature. Cells were further
mixed with 1000 μl of 1× PBS to dilute PFA solution
and centrifuged at 300×g at 25 °C for 5 min. After
decanting the supernatant, cells were permeabilized by
treatment with 500 μl of 0.1% Triton X-100, mixed well,
and incubated for another 10 min. Afterwards, cells were
mixed with 1000 μl of 0.5% BSA solution for settlement
and centrifuged at 200×g at 25 °C for 5 min and the
supernatant was decanted. Further, 0.5% BSA solution in
1× PBS was added with 6 μl of primary antibody
(AMPKα1, Akt, PCK-2, and SREBP-1) not exceeding the
final volume more than 100 μl, mixed well, and

Fig. 2 The combined cell viability activity of α + β-asarone (0.61 mM
+ 0.73 mM) was more effective than the single entity of either α- or
β-asarone (0.61 mM or 0.73 mM) when compared to the untreated
(UT) group. Values represent mean ± SEM of an experiment done in
triplicate; one-way ANOVA followed by Bonferroni test, where *p <
0.05, **p < 0.01, and ***p < 0.001 when compared as indicated

Fig. 3 Metformin and asarone block HepG2 cells in G0/G1 phase in hyperglycemic condition a Cell cycle profile of HepG2 cells cultured in normal
glucose (NG; 5.5 mM), high glucose (HG; 25 mM), HG + Metformin HCl, and HG + Asarone for 16 h and stained with PI-RNase was determined by
flow cytometry. b Bar diagrams represent the percentage (%) of cells in different phases of the cell cycle
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incubated at 25 °C for 1 h. After incubation, it was
washed with 0.5% BSA solution, resuspended with 500 μl
of 0.5% BSA in 1× PBS, and added with 6 μl of the sec-
ondary antibody and incubated. After 1 h of incubation
in a dark room at 25 °C, cells were centrifuged and dec-
anted. Finally, cells were resuspended in 500 μl of 0.5%
BSA, mixed well, and analyzed. A cytomics FC500 flow
cytometer (Beckman-Coulter, USA) equipped with CXP
software was used to collect the data. The analysis of the
results was carried out, as explained previously. The
higher the value of geometric mean fluorescence inten-
sity (GMFI), the higher the expression of individual
markers of the cells as a population.

Statistical analysis
Statistical analysis was performed using statistical soft-
ware GraphPad Prism version 6.0 (GraphPad Software,
San Diego, CA, USA). Data from the individual experi-
ments are represented as mean ± SEM and were con-
ducted in triplicate. The results obtained were analyzed
using one-way analysis of variance (ANOVA) followed
by Bonferroni multiple comparison test, and p ˂ 0.05
were considered as significant.

Results
Metformin and asarone inhibit the growth and modify
the morphology of HepG2 cells
Metformin HCl (1.6 to 25.6 mM), α-asarone (0.12 to
1.92 mM), and β-asarone (0.48 to 1.92 mM) inhibited the
cell viability of HepG2 cells in a concentration-
dependent manner compared to untreated cells (Fig. 1A-
C). The original morphology of the cells in the untreated
group had a high density with adherent cell colonies,
wherein few cells piled up, with a multilayered appear-
ance. Following treatment with metformin HCl, α-
asarone, and β-asarone, the cell morphology was charac-
terized by low density, small round bodies due to shrink-
age and the detachment of non-viable cells in a dose-
dependent manner (Fig. 1D). The results are representa-
tive of experiments performed on three different
occasions.

The combined effect of α- and β-asarone inhibits the cell
proliferation
The corresponding MTT results showed that the cell
proliferation of α- or β-asarone was inhibited compared
to the untreated cells (p < 0.01) and that the combined
effect of α- and β-asarone (0.61 mM + 0.73 mM) was

Fig. 4 The treatment of high glucose-promoted HepG2 cells with metformin and asarone downregulates the expression of PCK-2. a A
representative flow cytometry histogram events depicting the expression of PCK-2 in normal glucose (NG; 5.5 mM), high glucose (HG; 25 mM), HG
+ Metformin HCl, and HG + Asarone. b Bar diagrams represent geometric mean fluorescence intensity (GMFI) of PCK-2 in HepG2 cells. Values
represent mean ± SEM of an experiment done in triplicate; one-way ANOVA followed by Bonferroni test, where ***p < 0.001 compared to the
normal glucose (NG) group and ###p < 0.001 compared to the high glucose (HG) group
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better (p < 0.05) than the single effect of α- or β-asarone
(0.61 mM or 0.73mM) (Fig. 2).

Metformin and asarone block HepG2 cells in the G0/G1

phase in hyperglycemic condition
We observed that in HepG2 cells, the percentage of the
cells in the sub G1 phase was less in high glucose than
in normal glucose. Metformin and asarone treatment
arrested the cells in the G0/G1 phase and reduced the
cell count in S-phase cultured in high glucose concen-
tration. Further, metformin retained the cells in the sub
G1 population stage (Fig. 3a, b). These results indicate
that metformin and asarone inhibit cell proliferation at
the G0/G1 phase of the cell cycle.

Metformin and asarone inhibit the expression of PCK-2
and SREBP-1 via the AMPKα1 pathway
Based on the observation that metformin and asarone
treatment induces the cytotoxicity of HepG2 cells in
high glucose conditions, we measured whether this is a
consequence of altered cellular energy homeostasis. The
PCK-2 and SREBP-1 are the downstream regulators in
the AMPK pathway, which regulate gluconeogenesis,
glucose uptake, and de novo lipogenesis. Flow cytometry

analysis revealed that AMPKα1 expression was enhanced
by both metformin and asarone. Figures 4, 5, and 6 indi-
cate the flow cytometry histogram events and geometric
mean fluorescence intensity (GMFI) depicting the ex-
pression of respective markers in HepG2 cells. A signifi-
cant increase in the expression of AMPKα1 was
observed indicated by the increase in the GMFI for met-
formin (p < 0.01) and asarone (p < 0.001) compared with
the negative control (Fig. 6). Further, it was observed
that the expression of PCK-2 (p < 0.001; p < 0.001) and
SREBP-1 (p < 0.01; p < 0.001) decreased in the metfor-
min- and asarone-treated groups (Figs. 4 and 5).

Metformin and asarone decrease the expression of Akt
The phosphatidylinositol 3-kinase/protein kinase B
(PI3K/Akt), a prototypic signaling pathway, is increas-
ingly implicated in carcinogenesis and plays a key role in
the regulation of the growth and proliferation of cells.
The change in the glucose concentration did not have
any effect on the expression of Akt in HepG2 cells.
However, a significant decrease in the expression levels
of Akt was observed in metformin (p < 0.01) and asar-
one (p < 0.001) groups compared to untreated cells as
indicated by GMFI (Fig. 7).

Fig. 5 The treatment of high glucose-promoted HepG2 cells with metformin and asarone downregulates the expression of SREBP-1. a A
representative flow cytometry histogram events depicting the expression of SREBP-1 cultured in normal glucose (NG; 5.5 mM), high glucose (HG;
25 mM), HG + Metformin HCl, and HG + Asarone. b Bar diagrams represent geometric mean fluorescence intensity (GMFI) of SREBP-1 in HepG2
cells. Values represent mean ± SEM of an experiment done in triplicate; one-way ANOVA followed by Bonferroni test, where ##p < 0.01 and ###p <
0.001 compared to the high glucose (HG) group
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Discussion
Many experimental as well as epidemiological studies
suggest that the higher plasma glucose level might play a
crucial role in cancer development and progression [26–
29]. However, the involvement of regulatory pathways
between the effect of hyperglycemia (HG) and hepatic
cancer remains largely unexplored. In the present study,
we attempted to explore the effect of metformin and
asarone in abating the proliferation of HepG2 cells in
high glucose conditions. The results of this study suggest
that metformin and asarone suppress the hepatic cancer
cell viability and arrested the cell cycle at the G0/G1

phase by AMPK activation and Akt inhibition.
Studies, including our own, suggest that higher blood

glucose concentration may be associated with the in-
creased risk of cancers [23, 30–33]. The increased prolif-
eration of HepG2 cells at elevated glucose levels may be
due to glucose toxicity resulting from increased produc-
tion of reactive oxygen species (ROS) and alteration in
the expression of genes [4, 34]. Other work reported that
this could be due to a favorable environment for the
cancer-signaling pathway leading to proliferation, muta-
tions, invasion, migration, and survival [4]. The AMPK
and Akt signaling pathways, along with their down-
stream regulators, are indicated to play an important

role in the regulation of cancer as well as glucose metab-
olism [35].
Classically, the 5′adenosine monophosphate-activated

protein kinase (AMPK) has been identified as a central
metabolic sensor playing a significant role in energy
homeostasis. However, the emerging evidence suggests
AMPK is a possible metabolic tumor suppressor and has
been implicated in preventing and treating tumor
growth [36–38]. The AMPK activation can regulate vari-
ous tissue- and cell-specific downstream markers re-
sponsible for proliferation, autophagy, and apoptosis [12,
13, 39]. The observed anti-proliferative actions of met-
formin and asarone in a high glucose environment and
changes of AMPKα1 expression are in accordance with
many other studies that correlate with AMPK activation
and inhibition of tumor growth [9–11]. These findings
suggest that the HepG2 cell line proliferation is inversely
correlated to AMPK activity in high glucose conditions.
The evidence indicates the altered expression of gluco-

neogenic enzymes during HCC growth and differenti-
ation, in particular, the phosphoenolpyruvate
carboxykinase (PCK or PEPCK) genes. The metformin
and asarone treatment decreased the expression of PCK-
2 (a downstream regulator of AMPK), a gluconeogenic
factor in the liver that plays a role in the regulation of

Fig. 6 The treatment of high glucose-promoted HepG2 cells with metformin and asarone upregulates the expression of AMPKα1. a A
representative flow cytometry histogram events depicting the expression of AMPKα1 cultured in normal glucose (NG; 5.5 mM), high glucose (HG;
25 mM), HG + Metformin HCl, and HG + Asarone. b Bar diagrams represent geometric mean fluorescence intensity (GMFI) of AMPKα1 in HepG2
cells. Values represent mean ± SEM of an experiment done in triplicate; one-way ANOVA followed by Bonferroni test, where ##p < 0.01 and ###p <
0.001 compared to the high glucose (HG) group
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the gluconeogenesis process by catalyzing the conversion
of oxaloacetate (OAA) to phosphoenolpyruvate (PEP) [40,
41]. Elevated expression of the PCK-2 gene is found in dif-
ferent cancers and is linked to increased anabolic metabol-
ism, thereby playing a vital role in cancer cell proliferation
[42, 43]. The observed upregulation of PCK-2 expression
in our study could be due to an increase in glucose uptake
and utilization, supporting the anabolic metabolism and
promoting cell proliferation. In contrast, the expression of
PCK-2 in the metformin and asarone treatment was
downregulated, indicating the involvement of the glucose
metabolism pathway in suppressing the growth of cancer
cells. The earlier work suggested the role of PCK or
PEPCK in increasing the glutamine and glucose concen-
tration, thus linking anabolic pathways to cancer cell pro-
liferation both in vivo and in vitro [44]. Furthermore, Akt
also regulates the PCK or PEPCK expression mediated
through phosphorylation of cyclic AMP response
element-binding/Forkhead box protein O1 (CREB/
FOXO1) transcriptional activity [45].
Furthermore, both AMPK and Akt are the upstream

regulator of sterol regulatory element-binding protein-1
(SREBP-1) and can directly phosphorylate SREBP-1. Re-
cently, SREBP-1, which gets upregulated in different
types of cancer, has been linked to play a role in the

oncogenic signaling-mediated glucose uptake and de
novo lipogenesis [46–48]. The pharmacological targeting
of SREBP-1 has revealed to significantly inhibit the glio-
blastoma cell growth, suggesting it as a novel molecular
target in cancer [49]. In addition to regulation by AMPK,
SREBP-1 has shown to be activated by the Akt/PI3K
prototypic survival signaling pathway in different types
of cancer. Collectively, it demonstrated the role of the
Akt/PI3K signaling pathway via SREBP-1 integrating
lipogenesis and glucose metabolism for rapid cancer
progression [49–51]. In our study too, metformin and
asarone decreased SREBP-1 expression in a high
glucose-induced proliferation of HepG2 cells, indicating
the involvement of the AMPK/SREBP-1 or Akt/SREBP-1
signaling pathway.
The deregulation of the Akt/PI3K prototypic survival

signaling pathway also plays an important role in cell pro-
liferation. Evidence indicates that abnormal activation of
the Akt/PI3K signaling pathway frequently occurs in HCC
patients [14–16]. In this study, metformin and asarone
treatment significantly decreased the expression level of
Akt, thereby suppressing HepG2 cell proliferation. These
findings are supported by other workers who suggest that
metformin inhibited the growth of various cancer cells
through inhibition of Akt [52–54].

Fig. 7 The treatment of high glucose-promoted HepG2 cells with metformin and asarone downregulates the expression of Akt. a A
representative flow cytometry histogram events depicting the expression of Akt cultured in normal glucose (NG; 5.5 mM), high glucose (HG; 25
mM), HG + Metformin HCl, and HG + Asarone. b Bar diagrams represent geometric mean fluorescence intensity (GMFI) of Akt in HepG2 cells.
Values represent mean ± SEM of an experiment done in triplicate; one-way ANOVA followed by Bonferroni test, where ##p < 0.01 and ###p <
0.001 compared to the high glucose (HG) group
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The observed antagonistic relationship between AMPK
and Akt and their impact on the proliferation of cancer
cells is in concurrence with earlier studies by other
workers. The Akt/PI3K mediated carcinogenesis and
tumor progression gets upregulated due to the mamma-
lian target of rapamycin (mTOR) signaling pathway, which
in turn is activated due to deregulation of the AMPK [35,
55, 56]. Besides this, the deregulation of the AMPK dis-
turbs the insulin signaling pathway and results in elevated
levels of insulin-like growth factor-1/insulin, a common
pathway for both HCC and diabetic conditions [57].

Conclusion
The metformin and asarone inhibit the HepG2 cancer cell
proliferation, specifically at the G0/G1 phase of the cell cycle
in a high glucose environment, which is attributable to the
regulation of AMPK and Akt signaling pathways (Fig. 8).
Further, the inhibition of PCK-2 and SREBP-1 indicates the
link between the glucose metabolic pathway and cancer cell
growth. However, the potential limitations of the study in-
clude the possibility of adopting other molecular biological
methods to verify our findings, along with the role of specific
activators or inhibitors in high glucose-induced HepG2 cell
proliferation through modulation of both the AMPK and
Akt signaling pathways. Further, the investigation about the
possibility of involvement of multiple pathways is essential to
elucidate the molecular mechanism/s of metformin and asar-
one in controlling the progression of cancer.
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Recent Advances on the s-Triazine Scaffold with Emphasis
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Aspects: A Concise Review
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Triazine nuclei have occupied a propitious place in pharma-
ceutical chemistry due to their diverse biological behaviour.
The marketed drugs such as Azacitidine, Melarsoprol, Altret-
amine and Almitrine display broad pharmacological activities
like anti-cancer, anti-parasitic, anti-inflammatory, Respiratory
stimulant and many more. Literature studies reveal that the 2,
4, and 6 substitution on s-triazine is important for varied
biological activities. This diversity in pharmacological activities
of triazine scaffold has fascinated the various researchers to

further investigate its applications in the treatment of several
diseases. This review is complementary to earlier reports and
aims to review the work reported on various synthetic methods
and biological activities of substituted s-triazine derivatives
from 2016 to 2020 with a list of patents. The enriched
structure-activity relationship may open the doors for further
rational drug development of s-triazine containing analogues
as good clinical candidates.

1. Introduction

The design, synthesis, and biological evaluation of molecules
with medicinal importance remain as the key objectives in
organic and medicinal chemistry. In recent years, triazine
moiety has displayed a known broad spectrum of biological
activities, which has made it indispensable and one of the most
widely studied heterocyclic scaffolds.[1] Triazine is nitrogen
containing heterocyclic ring system having a planar six-
membered ring with three carbons replaced by three nitrogen
atoms. It exists in three isomeric forms depending on the
position of nitrogen atoms as 1,2,3-triazine, 1,2,4-triazine and
1,3,5-triazine as depicted in Figure 1. The 1,3,5-triazine is also
called as s-triazine. The structure of s-triazine is a rigid
symmetrical heterocyclic core and has emerged as a vital
scaffold in medicinal chemistry. In comparison with various
heterocyclic scaffolds, s-triazine analogues exhibit an excellent
biological activity and less cytotoxicity than some known
standard drugs.[2] The symmetrical shape of the s-triazine is one
of the major reasons responsible for its excellent biological
profile. The s-triazine ring provides exceptional framework for

the design of biologically potent molecules with broad clinical
variabilities like anti-protozoa,[3] anti-cancer,[4] anti-viral,[5] anti-
microbial[6] and many more as summarized in Figure 2. It is also
the basic structure of some herbicides like amitole, atrazine,
cyanazine, simazine, trietazine, and resin modifiers like mela-
mine and benzoguanamine.[7] There are various other
inhibitors[4] of s-triazine containing heterocyclic scaffolds avail-
able that demonstrates a versatile application in the present
market.[2,3,6]

The various biologically active molecules incorporating s-
triazine scaffolds are illustrated in Table 1 with their target
activities. Herein this review, we intend to highlight the recent
advances in synthesis, structure activity relations (SAR) and
biological importance of s-triazine moiety over the period 2016
to 2020 in drug development and discovery. This review will
provide chemists a detailed overview and help to find the gap
in planning strategies for synthesis of pharmacologically active
novel s-triazine derivatives.

[a] A. Majeed Ganai, T. Khan Pathan, G. A. Hampannavar, C. Pawar,
V. A. Obakachi, B. Kushwaha, N. Deshwar Kushwaha, R. Karpoormath
Department of Pharmaceutical Chemistry, Discipline of Pharmaceutical
Sciences, College of Health Sciences, University of KwaZulu-Natal (West-
ville), Durban 4000, South Africa
Tel: + 27-312607179
Fax: + 27-312607792
E-mail: karpoormath@ukzn.ac.za

[b] G. A. Hampannavar
Department of Pharmaceutical Chemistry, K.L.E.U’s College of Pharmacy,
Vidyanagar, Hubli, 580031, Karnataka, India Figure 1. General structure of triazine isomers.
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2. Synthesis
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The synthesis of s-triazine compounds was reported first in
1890.[8] Since then, a vast number of analogues have been
produced by applying numerous synthetic methodologies and
screened for their biological properties. The various methods
for the synthesis of 1,3,5-triazine are depicted from scheme 1
to 25.

Adolf Pinner in 1890, reported the first synthesis of
substituted-hydroxy-s-triazine derivatives P1. The synthesis of
P1 was carried out by reacting aromatic/aliphatic/halogenated
amidines with phosgene (Scheme 1).[8] Modest in 1956 synthe-
sized 1,2-dihydro-s-triazines P2 via three component synthesis
(Scheme 2). The synthesis of P2 was achieved by the
condensation of aryl amine, dicyandiamide, and ketone/
aldehyde at room temperature to reflux conditions.[9] The
purification of P2 was done by either crystallization from water
or an alcohol, to achieve around 70% yield. Shaw et al. in 1962

reported the synthesis of s-triazine-N-oxide (Scheme 3) by
reacting ethyl acetimidate hydrochloride with two moles of
monosodium cyanamide to give sodium dicyanoacetamidine
which further reacted with hydroxylamine hydrochloride to
give P3.[10] Even though this cyclisation reaction seems to be
very general, yields were very poor (2–16%) in nine of the
fifteen cases studied but one electron-withdrawing group on
the ring makes this method useful with good to excellent yields
(47–91%). Díaz-Ortiz and colleagues in 2002, described the
synthesis of symmetrically substituted 1,3,5-triazines P4 in
solvent free conditions by cyclization of nitriles (Scheme 4)
using silica-supported Lewis acids as catalysts. Although the
microwave method gave excellent yields in a short time, the
quantitative yields (30–84%) were achieved by conventional
heating for 24 h.[11] Diaz-Oritz et al. in 2004, synthesized 2,4-
diamino-6-1,3,5-triazines P5 and P6 by using microwave

Figure 2. s-triazine core with wide range of pharmacological targets.

Scheme 1. Synthesis of P1 using amidines and phosgene.

Scheme 2. Synthesis of P2 using aryl amine, dicyandiamide, and ketone/aldehyde.
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Table 1. s-triazine nuclei enriched molecules with promising biologically activities.

Name Structure Target activity

Azacitidine Myelodysplastic syndrome

Atrazine Herbicide

Altretamine Antineoplastic agents

Almitrine Respiratory stimulant

Bemotrizinol Sun burn

Cycloguanil Plasmodial dihydrofolate reductase inhibitor

Cyanuric acid Herbicides

Cyromazine Insecticide

Dioxadet Antitumor agent

Decitabine Myelodysplastyic syndrome
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Table 1. continued

Name Structure Target activity

Enasidenib Antitumor agent

Hexazinone Herbicide

Melarsen oxide Anti-trypanosomal agent

Melarsomine Trypanocidal agent

Metsulfuron-methyl Residual sulfonylurea herbicide

Melarsoprol Chagas disease

Prometryn Herbicide

Simazine Herbicide

Terbutryn Herbicide

Scheme 3. Synthesis of s-triazine-N-oxide analogue (P3).
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irradiation in quantitative yields (52–92%). The dicyandiamide
reacts with aromatic/aliphatic/heterocyclic nitriles under micro-
wave irradiation in presence of a base in 10–15 min (Scheme 5).
This protocol was effectively designed suiting sustainable
synthetic techniques to achieve the high yields, short reaction
times, reduction of solvent volume and simple work-up
procedures.[12]

Lee et al. in 2004, reported the microwave assisted parallel
synthesis of 4,6-diamino-2,2-dimethyl-1,2-dihydro-1-phenyl-s-
triazine P7 library.[13] The P7 was synthesized by the reaction of

different anilines and dicyandiamide in presence of acetone
and HCl (Scheme 6). The reaction behaviour was studied by
using microwave as well as through the conventional way. The
microwave reaction provides mostly good yields (48-84%) with
high purity in less reaction time. Huang et al. in 2005,
synthesized 1,3,5-triazine P8 from amidines and trialkylamines
through [Cu]/O2 catalysed C(sp

3)-H oxidative functionalization
(Scheme 7).[14] The reaction demands copper as catalyst, K3PO4
as a base and O2 as an oxidant. This protocol involves a cheap
metal catalyst, green oxidant, and good selectivity of the
products with good yields (54–85%). Oudir et al. in 2006,
developed a method to synthesize 4,6-di-methoxy-1,3,5-triazine
P9 from the conversion of a carboxylic acid derivatives.[15] The
reaction (Scheme 8) of an activated carboxylic acid (acid
chlorides, anhydrides, acyl-imidazolides) with zinc dimethyl
imidodicarbonimidate in the presence of molecular sieves gave
P9 with high yields (83–99%). Liu et al. in 2007, reported a one
pot synthesis of N-6-disubstituted 1,3,5-triazine-4,6-diamines
P10 (Scheme 9) from aromatic/aliphatic isothiocyanates, so-
dium hydrogencyanamide, and aromatic amidines in the

Scheme 4. Synthesis of P4 from cyclization reaction of nitriles.

Scheme 5. Synthetic pathways for (i) P5 from aliphatic nitriles (ii) P6 from aromatic nitriles.

Scheme 6. Synthesis of P7 from anilines, dicyandiamide and acetone.

Scheme 7. Synthesis of P8 using amidines and trialkylamines via Cu catalysed reaction.
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presence of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride.[16] This method provided the final products in
moderate to good yields (44-72%). In 2007, Yadav et al.
reported a one-pot synthesis of thiazolo-s-triazine P11 by
reacting amino-4-arylthiazoles, aromatic aldehydes and
ammonium thiocyanate (NH4SCN) under a solvent-free con-
ditions in the microwave (Scheme 10) giving 78–92% yield.[17]

Shie et al. in 2007, described the one-pot synthesis of amino-
substituted-s-triazines P12 under microwave irradiation. Pri-
mary alcohols or aldehydes reacts with iodine in ammonia
water to give intermediate nitriles, which then undergo [2+3]
cyclo-addition reaction with dicyandiamide to form corre-
sponding s-triazines in good yields (69–83%) (Scheme 11).[18]

You et al. in 2012, synthesized P13 via Cu(OAc)2 catalysed
aerobic oxidative coupling of aromatic/aliphatic/hetero alco-

hols and aromatic-amidine hydrochlorides.[19] The Cu(OAc)2 was
found to be an effective catalyst for synthesis of P13, via
oxidative coupling reaction (Scheme 12). The tolerance of an
extensive range of aromatic and fatty alcohols was accom-
plished in air atmosphere. Ligand free and good yields (52-
95%) are the advantages of this methodology. Tiwari and co-
workers in 2013, introduced the green synthesis of P14 by
cyclizing Benzylamines or N-substituted Benzylamines with
amidines under metal-free conditions and PEG (Polythene
glycol) as a reusable solvent (Scheme 13).[20] This method
provides a broader substrate scope with good to excellent
product yields (70–97%) In 2013, Guo acquired the final
product P15 via oxidative coupling reaction of amidine hydro-
chlorides and methylarenes using TBHP-facilitated metal-free
conditions (Scheme 14).[21] This protocol proves good functional

Scheme 8. Synthesis of P9 from acid chlorides with zinc dimethyl imidodicarbonimidate.

Scheme 9. Synthetic route for P10 from isothiocyanates.

Scheme 10. Microwave assisted synthesis of P11 from amino-4-arylthiazoles.

Scheme 11. Synthetic pathway for the s-triazines analogue P12.
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group tolerance, mild reaction condition with moderate yields
(25–77%).

Sun et al in 2013, introduced the synthesis of pyrazolo-
1,3,5-triazine hybrid (P16) via reaction of ethoxycarbonyl
thiocyanate/ethoxycarbonyl isothiocyanate with amines to
form urea intermediate, which further reacted with sodium
methoxide to form desired product P16 in quantitative yield
(60–91%) (Scheme 15).[22] Herrera et al in 2014, reported the
novel one pot synthesis of s-triazine analogues P17 by
controlled cross-cyclotrimerization of nitriles in the presence of
triflic anhydride at low temperatures (Scheme 16).[23] This
procedure was applied for the preparations of 1,3,5-triazines
having three different substituents in good yields (39–82%). Xu
et al. in 2014, reported synthesis of symmetrical as well as
unsymmetrical 2,4-disubstittuted-1,3,5-triazine (P18) through
aerobic copper catalysed cyclization of amidines using DMF as
a one-carbon supplier in moderate to excellent yields (41–72%)
(Scheme 17).[24] Xie et al. in 2014, reported the 2,4,6-triaryl-1,3,5-
triazines P19 synthesis through ruthenium-catalysed dehydro-

genative ring formation.[25] The synthesis of P19 was accom-
plished using aryl/heteroaryl alcohols with aryl amidines in the
presence of [RuCl2(p-Cymene)]2/Cs2CO3 catalyst base combina-
tion for dehydrogenative cyclization reaction (Scheme 18). The
yield ranges between 61–85%. Zeng et al. in 2016, synthesized
tri-substituted 1,3,5-triazines (P20) via ruthenium catalysed
reaction of aromatic/aliphatic/hetero alcohols and
biguanides.[26] The derivatives bearing mono-substituted to
tetra-substituted biguanidines were utilized as starting material
to afford tri-substituted s-triazines with quantitative yields (46–
80%) (Scheme 19). Hogan et al. in 2018, synthesized azolo-s-
triazine analogue P21 through rhodium (III) catalysed annula-
tions of N-azolo imines and dioxazolones.[27] In first step of
reaction catalytic C� H amidation of an imidoyl C� H bond is
observed which later undergoes cyclodehydration. The reaction
demands cationic Rh(III) catalyst [Cp*Rh(MeCN)3](SbF6)2, along
with sodium acetate and pivalic acid (Scheme 20). The yield of
this reaction was reported between 46–80%. Shen and co-

Scheme 12. Synthesis of P13 using Copper catalysed cyclisation reactions.

Scheme 13. Synthetic routes (i & ii) for the synthesis of P14.

Scheme 14. Synthesis of P15 using TBHP-facilitated metal-free conditions.

ChemistrySelect
Reviews
doi.org/10.1002/slct.202004591

8ChemistrySelect 2021, 6, 1–46 © 2021 Wiley-VCH GmbH

Wiley VCH Montag, 08.02.2021

Artikel_Christina / 193920 [S. 8/46] 1



worker in 2019, introduced the synthesis of novel s-triazine
analogue P22 through aerobic oxidation of alcohols and
benzamidine with a recyclable OMS-2 (manganese oxide
octahedral molecular sieve-2) as a catalyst (Scheme 21).[28] This
reaction highlights base-free conditions, high chemoselectivity,

wide substrate scope, simple operations, recyclability of catalyst
and atmospheric oxygen as an oxidant. The reaction was able
to tolerate a wide range of benzyl alcohols and electron-rich
toluenes and obatined s-triazine analogues in good to excellent
yields (55–95%). Junaid et al. in 2019, synthesized 6-N-diaryl-
1,3,5-triazine-2,4-diamines P23 via one-pot synthesis method
(Scheme 22).[29] The P23 was synthesized by using aromatic/
aliphatic/hetero aldehydes, cyanoguanidine and aryl amines in
the presence of HCl to form 1,6-diaryl-1,6-dihydro-1,3,5-
triazine-2,4-diamines, which was further reacted with NaOH to
initiate Dimroth rearrangement and facilitated in-situ dehydro-
genative aromatization resulting P23. Broad substrate scope
and good yields (45–80%) are the main advantages of this
method.

Scheme 15. Synthetic routes (i & ii) for the synthesis of P16.

Scheme 16. Synthesis of P17 via intermolecular cyclisation of nitriles.

Scheme 17. Synthesis of P18 using copper-catalysed reaction of amidines and DMF.

Scheme 18. Ruthenium catalysed reaction for the synthesis of P19.

Scheme 19. Synthesis of P20 from biguanidines in presence of metal catalyst.
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Bergant et al in 2019, synthesised di-substituted-s-triazine-
2(1H)-one P24 via cyclization reaction of an appropriate
amidine with ethoxycarbonyl isothiocyanate in toluene. The
derivatives were acquired in excellent yields (82–85%) with
high purity (Scheme 23).[30] Kang et al. in 2020, described the
synthesis of s-triazine-2,4-dithione analogue P25 in one-pot

manner through three-component reactions.[31] A round bot-
tom flask was charged with arylaldehyde, thiourea, and
trimethyl orthoformate in DMF and was heated at 80 °C for 5 h,
however, to achieve excellent yields of P25, synthetic proce-
dure employed 2.5 equiv. of thiourea and 1 equiv. of trimethyl
orthoformate (Scheme 24). The yield of this reaction ranging

Scheme 20. Synthesis of P21 using N-azolo imines and dioxazolones.

Scheme 21. Synthetic pathway for P22 using recyclable OMS-2.

Scheme 22. Synthesis of s-triazine analogue P23 from aldehydes.

Scheme 23. Synthesis of P24 using amidines with ethoxycarbonyl isothiocyanate.

Scheme 24. Synthesis of s-triazine-2,4-dithione analogue P25 from aldehydes and thiourea.
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31–92%. Jiang Xiao and co-workers in 2020, developed an
atom-efficient method for the synthesis of tri-substituted-s-
triazine analogues P26 by iron-catalysed ring formation of
aldehydes with NH4I as the sole nitrogen source.

[32] This method
provides the scope of different aldehydes in moderate to good
yield (42–72%). The key factor of this reaction lies in the use of
inexpensive and readily available ammonium salt as the nitro-
gen source (Scheme 25).

3. Pharmacology

The literature study on s-triazine analogues, identified as one of
the promising lead scaffolds against several diseases like
cancer, malaria, tuberculosis, diabetes. The s-triazine also plays
an important role in the agriculture field as herbicides.[33] The
following sections highlight the pharmacological applications
of s-triazine analogues against various biological targets.

3.1. Anticancer agents

Cancer is an uncontrolled proliferation of cells which divide
beyond their limits, attacks the normal cells, and spread to the

other tissues/organs of the body.[34] Chemotherapy is one of
the best-known methods for the treatment of cancer in
addition to the radiation therapy and surgery. There are many
anti-cancer drugs that are available in the market, but they
show severe side- effects and impair functioning of normal
cells.[35] The “drug resistance” is posing a big challenge to the
existing anti-cancer therapy which is a prime reason for the
failure of tumour chemotherapies.[36] Hence, the synthesis and
development of a novel, less toxic and high selective anti-
cancer molecules is an urgent need.

Zhang and the team in 2016, reported the design and
synthesis of three series of unsymmetrical substituted triazines
and pyrimidines (1–2) which were evaluated for their kinase
inhibitory activity against PI3Kα (Phosphatidylinositol 3-kinase
α).[37] Among this series, many compounds exhibited nano-
molar potencies. Compounds 1 and 2 displayed promising
activities relative to the PI-103, the standard control (Table 2).
Furthermore, the active compounds were screened against
different cancer cell lines like HeLa (Human Cervical Carcinoma
Cell Line), MCF-7 (Michigan Cancer Foundation-7), PC3 (human
prostate cancer cell line), MDA-MB etc. and many of them
displayed promising potencies, The SAR (structure activity

Scheme 25. Synthesis of P26 aldehydes and NH4I via Fe catalyst.

Table 2. SAR of substituted pyrimidines and s-triazines as PI3Kα inhibitors.

C. No. X R1 R2 IC50 (nM)
Cell line
PI3Kα

(�) 1 CH 31.0�6.0

(�) 2 N 32.0�2.4

PI-103 7.4�1.3
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relationships) revealed that the substitution at R2 was crucial
for the observed activity. Additionally, docking study was
performed using protein crystal structure of PI3Kα (PDB code,
3ZIM), to study the binding modes. The docking results of
compound 1 displayed three crucial hydrogen bonds; the
oxygen of C4 morpholine formed a crucial hydrogen bond with
the hinge of Val851 with a distance of 1.9 Å, and the NH2 of the
pyridine ring displayed two important hydrogen bonds; One
with the Asp993 (distance: 2.0 Å) and other with Lys802
(distance: 2.1 Å).

In 2015, Singla et al. described the synthesis of novel 1,3,5-
triazine-benzimidazole analogues (3) bearing 4-flouro aniline
group.[38] The triazine ring was substituted with primary or
secondary amines and aryl groups. The synthesized derivatives
were tested for anti-cancer activity against panel of ten cell
lines. The detailed SAR studies and activity results are depicted
in Table 3. The structural features were crucial for the DHFR
binding activity as compound 3 with alkyl group and hydrogen
donor showed good lipophilic interactions. The compound 3
showed promising activity with IC50 value of 2.0 nM and good
intercalating properties with ct-DNA, concluded by UV-visible
and fluorescence properties.

Dort and co-workers in 2016, synthesized a series of novel
compounds (4–5)which showed nano-molar inhibition for
MEK1(mitogen-activated protein kinase) and PI3 K activity for
in vitro enzymatic inhibition assays.[39] The synthesized series

was modified by different linkers and result depicts that
compound 4 and 5 exhibited promising inhibition against two
cell lines, A549 and D54 as shown in table 4 Compound 5
displayed significant inhibition of MEK1 and PI3 K activity when
in vivo studies were carried out on mice with D54 and A549
tumours. Additionally, it also showed 95% and 67% inhibitions
of tumour ERK1/2 (extracellular signal-regulated kinase 1=2) and
Akt phosphorylation respectively. Furthermore, docking study
of compound 5 displayed key interactions with MEK1 allosteric
binding region including interaction of both hydroxamate
oxygens with Lys97, the 4-fluorine atom (Ring A) with the
backbone NH’s of Val211 and Ser212. Similarly, compound 05
also served as a PI3 K inhibitor as it displayed the crucial
hydrogen bonding of the morpholine oxygen with the amide
NH group of valine backbone (Val828) and the binding of
imidazole nitrogen with the amine group of Lys779 side chain.

Zheng et al. in 2016, introduced a series of amino-
substituted triazines (6–8) and evaluated them for PI3 Kβ and
anti-platelet function.[40] Among the synthesised series, com-
pound 7 exhibited potent and selective PI3 Kβ inhibition while
few others also showed a promising profile. SAR study with
effect of various substituents was studied and is described in
table 5. Almost two-fold in activity (PI3 Kβ) was observed when
L-phenylalanine was replaced by glycine. Furthermore, there
are chances to hit the lead molecule, if studied in more depth.

Table 3. SAR of triazine-benzimidazole analogue and anti-cancer activity of compound 3 on various tumor cell lines.

S. No. Tumour Cell lines GI50
(μM)

TGI
(μM)

LC50
(μM)

1 Leukemia 1.96 6.82 55.0
2 Non-small cell lung cancer 3.21 18.5 38.5
3 Colon cancer 2.60 8.51 24.0
4 CNS cancer 2.72 12.0 15.3
5 Melanoma 1.91 4.08 24.2
6 Ovarian cancer 4.01 27.4 62.3
7 Renal cancer 3.03 19.3 14.6
8 Prostate cancer 4.41 43.9 62.5
9 Breast cancer 2.04 8.99 20.6
10 MIG-mid (μM) 2.87 16.6 35.2
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In 2016, Singla and co-workers reported synthesis of
substituted s-triazine-benzimidazole analogues(9–12) and ex-
amined them against a panel of 60 human cancer cell lines for
their GI properties, and also reported their GI50, TGI, and LC50
values.[41] The compounds 9, 10, 11, and 12 displayed GI50 in
the nano-molar range for the most of the cell lines. The
compounds could efficiently bind with BSA, which is evident

from fluorescence quenching and can be transported to the
target site. The SAR details revealed the phenyl analogues at R
position were favourable for binding and anti-cancer activity
and is depicted in table 6.

In 2018, Djehal et al. reported the first practical synthesis of
melanogenin and its analogues (13–14).[42] The compounds 13
and 14 showed an increased in promelanogenic activity and

Table 4. SAR and activity results of triazine analogues 4 and 5 as MEK1/PI3 K inhibitor.

C. No. Linker X cLogP (IC50, nM)
#

MEK1 PI3 K

4 5.58 0.019�3.09 341�56

5 5.71 0.015�1.57 191�64

#Binding data are the average of 3 experiments each conducted in duplicate.

Table 5. SAR of amino-substituted triazine analogues and their PI3Ks inhibitory potency.

C. No. X R1 PI3 K isoform IC50 [nM]
PI3 Kβ PI3 Kδ

6 Aminoacylpiperazine Glycine 35 105
7 Aminoacylpiperazine L-Phe 63 2200
8 C-linked 4-piperidinyl D-Ala 3200 740

ZSTK-474 6
TGX-221 52
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cytotoxicity in cancer cells compared to melanogenin. The
study revealed the 13 and 14 stimulate one of the Prohibitin-2-
interacting proteins, LC3, and upregulate the expression of
microphthalmia associated transcription factor (MITF). The SAR
studies suggested that the 3-fluorobenzyl group was important
for the potency, as depicted in table 7. It also discovered that
the seven-membered ring formation enhanced the potency,
thus can be used for further modifications.

In 2016, Kothayer and co-workers reported the synthesis of
a novel series of disubstituted s-triazine-2-carbohydrazide
analogues (15-17).[43] The synthesized analogues were eval-

uated for their in-vitro anti-cancer activity against a panel of
seven cancer cell lines by MTS assay. The compounds 15, 16,
and 17 showed promising IC50 in range of (3.3–22 μM). The
detailed SAR studies are summarised in table 8.

Miller et al., in 2016, synthesized 4-(4-(2-(difluoromethyl)-
1H-benzo[d]imidazol-1-yl)-6-(substiuted)-1,3,5-triazin-2-yl)
morpholine derivatives (18–20).[44] These derivatives were
examined for their IC50 value against P13 K and its isoforms
(P13Kα, P13 Kβ, P13 Kγ, and P13 Kδ). The derivatives bearing
piperazine and piperidine carboxamides nuclei (Figure 3)
substituted by amino acids displayed promising PI3Kδ inhib-

Table 6. SAR of Triazine-benzimidazole analogues and their GI50 values.

S. No. Target activity 09 10 11 12
GI50 (μM)

1 Leukemia 2.37 0.57 2.02 0.19
2 Non-small cell lung cancer 2.85 1.74 2.68 1.15
3 Colon cancer 2.43 0.99 2.15 0.26
4 CNS cancer 2.54 1.41 2.23 0.77
5 Melanoma 1.95 1.56 1.91 1.07
6 Ovarian cancer 3.46 1.85 2.74 0.92
7 Renal cancer 2.46 1.20 2.03 1.11
8 Prostate cancer 3.67 1.51 3.46 0.41
9 Breast cancer 2.36 1.63 2.09 0.62

MIG-mid (μM) 2.68 1.38 2.37 0.72

Figure 3. 1,3,5-triazine- benzimidazole analogues.
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Table 7. SAR of melanogenin analogues as anti-cancer agents.

C. No. Inhibition of cell proliferation at 10 μM after 72 h
IC50 [μM]
KB HL60

13 63�3 95�2
14 46�8 25�1
Melanogenin 33+4 15+6

Table 8. SAR of 1,3,5-triazine-2-carbohydrazide analogues and their anti-cancer activities on various cell lines.

C. No. R IC50 (μM)
OV 90 A2780 MCF-7 MDA-MB231 A549 H1299 HT-29

15 H 8 7.1 6 2.5 14.6 11 9.5
16 4-OMe 12 6.3 7.2 4.2 10.8 5 5.0
17 4-Me 5 3.6 4.2 3.5 11.6 22 5.2

Rad6B-inhibitory diamino-
triazinylmethyl benzoate (TZ9)

60 7.8 5 4.6 7.2 45 8.3
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ition with IC50 value ranging 12–70 nM. Compound 18 and 19
showed over 13-fold and 40-fold lower potency, respectively
than the mutant. The dual and pan-PI3 K selectivity of 18 and
S-20 suggests that these analogues could be potential lead
molecules.

In 2016, Lawhorn and co-workers reported the synthesis of
substituted N-methyl-3-(pyrimidin-4-ylamino)-benzene-sulfona-
mide (21–22) and investigated them for troponin I-interacting
protein kinase (TNN13 K-) inhibitors.[45] TNNK13 K is used for
the treatment of heart failure, as the synthesized derivatives
(Figure 4) exhibited promising activity for protein kinase
inhibitors. The kinase inhibition activity results showed that the
triazine derivative 21 exhibited modest potency as compared
to pyrimidine derivative (22), as the anilino-triazine can adopt
the s-cis conformation easily which is responsible for hinge
binding. In 2018, Philp et al. extended this work further with
the 4,6-diaminopyrimidines (Figure 4) and fused pyrimidines
coupled with 1,3,5-triazine.[46] It was found that compound 23
simultaneously relieves the steric hinderances in the 2,4- and
4,6-diaminopyrimdine frameworks upon enzyme binding. Addi-
tionally, 23 achieved the potent inhibition for TNN13 K kinase
as compared to pyrimidine analogues.

Beaufils and co-workers in 2017, synthesised C-2-aryl-
substittued-4,6-dimorpholino-1,3,5-triazine analogues (24–
28).[47] The aryl derivatives at the C-2 position of bismorpholino-
trizines displayed promising inhibitory action for dual pan-
P13 K/m-TOR kinases (Mammalian target of rapamycin) (Ta-
ble 9). The compound 27 exhibited promising inhibitions for
protein kinases, there was no off-target interaction with wide
panel of enzyme and receptor ligand assays. Compound 27 is
orally bioavailable and exhibits favourable pharmacokinetic
parameters in rodents and dogs. Compound 27 has cleared
phase I studies and moved to phase II studies for relapsed and
refractory lymphoma and advanced solid tumors. The molec-
ular docking of compound 27 was performed using crystal

structure (PDB code 5OQ4) and revealed that a crucial hydro-
gen bond interaction was found between morpholine oxygen
and the backbone amide of Val882. In addition, it also suggests
more hydrogen bond interactions of amino group of pyridine
with Asp836, Asp841, and Asp964. Rageot et al. in 2018,
reported the synthesis of substituted morpholino-triazines
analogues as P110α (Phosphatidylinositol-4,5-bisphosphate 3-
kinase, catalytic subunit alpha) and mTOR inhibitors.[48] These
derivatives (Table 9) were tested for m-TOR and P13 K protein
kinases and for 66-cancer cell lines panel for their inhibitory
activity. The compound 24 bearing bismorpholino-triazine, and
diflouro methyl linkages exhibited promising inhibitions for m-
TOR kinase and good anti-tumor effects both in-vitro and in-
vivo. In 2019, Rageot et al. explored their previous work and
identified compound 26 as a potent orally bioavailable, brain-
penetrable dual inhibitors of class I P13 K and mTOR kinase as
well as an excellent clinical candidate in oncology (Table 9) .[49]

Molecular docking confirmed the interaction of morpholine
with the nitrogen atom of hinge valine and the hydrogen atom
of the difluoromethyl group with Glu2190 of mTOR.

Li et al. in 2017, reported the design and synthesis of 1-(3-
aryl-4-chlorophenyl)-3-(p-aryl) urea derivatives (29–31) and
evaluated for their anti-cancer activity.[50] The detailed SAR and
activity results are shown in table 10. The synthesized com-
pounds were tested for their cytotoxicity against MCF-7, MDA-
MB-231, and PC-3 cell lines and the compound 31 exhibited
promising inhibitions with the IC50 values of 7.61�0.99, 3.61�
0.97 and 10.99�0.98 respectively. The compound 31 was
further evaluated for the inhibition of PI3 K/Akt/mTOR and Hh
(Hedgehog) signalling’s and was found to possess some good
biological activity. These results suggest that the molecules can
be further modified to achieve the promising biological profile.

Narva et al. in 2017, synthesised 4-morpholino-6-(1,2,3,6-
tetrahydropyridin-4-yl)-N-(3,4,5-trimethoxyphenyl)-1,3,5-triazin-
2-amine derivatives (32–33) and evaluated them for tubulin

Figure 4. TNNI3 K activity of triazines, pyrimidines and fused pyrimidines.
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polymerization inhibition.[51] The synthesized derivatives were
examined for their anti-proliferative activity against four cancer
cell lines HeLa, HepG2 (Human hepatic cell line), A549
(adenocarcinomic human alveolar basal epithelial cells) and
MCF-7. Most of triazine derivatives showed promising anti-
proliferative activity. The compound 32 exhibited highest
activity among the series for all the cancer cell lines. The in vitro
results were in good agreement with the in-silico studies (PDB
ID: 5CA1) of compound 32, which displayed one hydrogen
bond interactions with Lys252 (Distance: 2.51 Å), salt bridge
interaction with Glu198 and π-π cation interaction with Lys350.
The SAR revealed the presence of heterocycles at R position
favoured the anti-cancer activity Table 11.

Zolnowska et al. in 2017, reported a series of novel 2-(2-
arylmethylthio-4-chloro-5-methylbenzenesulfonyl)-1-(6-sub-
stittued-4-chloro-1,3,5-triazin-2-ylamino)guanidine analogues
(34–37).[52] All the synthesized derivatives (Table 12) were
examined for their inhibitory activity towards hCA I, II, IX, and
XII along with anti-cancer activity against cell lines such as
HCT-116 (human colorectal carcinoma cell), HeLa, and MCF-7.
The compound 37 displayed promising activity towards HeLa
cell lines with (IC50=17 μM) and was less toxic to the non-
cancerous HaCaT cells. In silico studies revealed the π-π
interaction of the phenyl and/or naphthyl ring of compound 37
with the guanidine moiety of Arg64, an interaction that was
not present in case of hCA II where this residue is substituted
with Leu57.

Table 9. SAR of substituted morpholino triazines and their P110α and mTOR inhibitory potency.

C. No. W R1 R2 Ki (nM)
p110α mTOR

24 CH CHF2 11.5 6.9

25 CH CHF2 25.8 11.2

26 CH CHF2 11.1 7.4

27 CH CHF2 20.8 9.6

28 CH CHF2 23.7 3.4
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In 2018, Hofmans et al. synthesized different analogues of
Tozasertib (38–41) and tested them for anti-necroptotic activity
and its possible effects on cell growth.[53] The compounds 38,
39, 40, and 41 (Table 13) showed promising inhibitions against
protein kinases like hAurK A, hAurK B, and hRIPK1. These
derivatives inhibit Membrane Tumor Necrosis Factor (mTNF)
induced necroptosis with no considerable effect on AurK A and
B. Additionally these compounds displayed the interesting
biological results with IC50 in range of 0.2 to 2.4 μM for both
AurK A and B. The SAR study revealed the N-methyl piperazine
was favourable for the kinase inhibition.

Giddens et al. in 2018, reported the synthesis and biological
evaluation of solubilised sulfonamide derivatives (42), as PI3 K
inhibitors.[54] In this work, one of the morpholine groups of
ZSTK474 (PI3 K inhibitor), was replaced by the derivatives of
sulfonamide-linked solubilizing substituents to find its effects
on kinase inhibition. Most of the synthesized derivatives
showed good activity. Notably, compound 42, also known as
SN32976, displayed prominent inhibition, and was selected for
advanced preclinical evaluation. The SAR study revealed the
presence of secondary amine on s-triazine core was crucial for
the anti-cancer activity table 14 highlights a brief SAR study
and effect of various substituents on the PI3 K activity.

Al-Khodir and co-workers in 2018, reported some novel s-
triazine based Ru(III) and Se(IV) complexes and their biological
study (43).[55] Four ligands and eight complexes were reported

with selenium (Se) and ruthenium (Ru). Selenium complexes, as
shown in Figure 5, displayed better potencies, especially
compound 43, which demonstrated the highest potency (142-
fold) for colon cancer than ligand 1 (L1). The synthesized
compounds were also evaluated for their anti-bacterial po-
tency, and selenium complexes displayed significant activity
against Staphylococcus aureus and Escherichia coli.

In 2018, Kawahata and co-workers synthesised some new
amino-triazine hybrid derivatives (44–46) with selective Bru-
ton’s tyrosine kinase inhibitory activity.[56] Compound 44 was
found to be the most potent analogue. Compound 44 and 45
with methyl substitutions were further screened for a series of
312 kinases to elucidate their kinase selectivity (Table 15) and
were found to exhibit promising kinase selectivity. Depending
on the in-vitro potencies, PK profiles and in-vivo efficacies,
methylpyrazole analogue 45 was further examined and could
give best biological results if studied further.

Purushothaman and co-workers in 2018, described some
novel ruthenium(II)-s- triazine complex [Ru(bdpta)(tpy)]2+ (47)
targeting subcellular organelles in cancer stem cells.[57] The
cytotoxicity of complex was evaluated for a series of cancer cell
lines such as HCT-116, MCF-7, and cancer stem cells (CSCs). The
complex 47 (Figure 6) exhibited a better cytotoxicity with IC50
values lower as compared to standard Cisplatin. It also
appreciably reduced the protein levels of GRP78. Dose-depend-

Table 10. SAR and PI3 K/Akt/mTOR inhibitory activity of substituted triazine-urea derivatives.

C. No. X R IC50 (μM)
Cell line
T47D MCF-7 MDA-MB-231 PC-3

29 C 3.96�0.61 9.15�0.96 8.49�0.95 15.49�0.91

30 N 9.38�0.84 5.75�0.98 7.82�0.73 5.37�0.96

31

N 7.94�0.95 7.61�0.99 3.61�0.97 10.99�0.98

Buperlisib 6.92�0.98 11.05�0.93 1.88�0.97 5.34�0.91
Vismodegib 41.34�0.85 >50 >50 >50
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ent in-vivo anti-tumour ability further concluded that complex
47 could be a better chemotherapeutic candidate.

In 2018, Li and co-workers reported a set of potential small
molecular PROTACs (Proteolysis-targeting chimeras) (48 a–48 f)
for the degradation of PI3 K.[58] Some of the analogues
stimulated effective PI3 K degradation and down-regulated the

phosphorylation of Akt, S6 K and GSK-3β in HepG2. Compound
48 d was found to be the most potent analogue (Table 16) and
the study suggests that 48 d could control the tumor cell
proliferation by autophagy instead of apoptosis.

Wang and the team in 2019, described a series of
compounds containing triazine, pyrimidine and tetrahydropyr-

Table 11. SAR and anti-cancer activity of triazine analogues 32 and 33.

C. No. R IC50 (μM)
HeLa HepG2 A549 MCF 7

32 12.3�0.8 9.6�0.4 10.5�1.0 11.7�0.5

33 32.9�1.6 32.9�1.4 43.2�1.6 30.5�2.8

Combretastatin A4 5.8�0.2 4.3�0.3 5.3�0.1 4.2�0.3
Nocadazole 1.6�0.1 1.1�0.09 2.3�0.2 1.5�0.2

Table 12. SAR of triazine- guanidine derivatives and their anti-cancer activity.

C. No. R X KI (nM)
hCA I hCA II hCA IX hCA XII

34
35
36

Ph
3-CF3C6H4

4-(H2NSO2)C6H4Cl
4-(H2NSO2)C6H4Cl

66.6 147.6 83.7 7.4 39.4
37.1

31.1
91.9

4-CF3C6H4 4-(H2NSO2)C6H4Cl 385.6 22.0 42.9 87.5
37 1-naphthyl 4-(H2NSO2)C6H4Cl 733.3 160.8 41.1 77.6

Acetazolamide 250 12.1 25.8 5.7
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Table 13. SAR of Pyrazolo derived pyrimidines and triazines and their kinase activity.

C. No. Y R1 R2 R3 X IC50 (μM)
hAurK A hAurK B hRIPK1

38 CH cyclopropyl H CH2 NH 0.310 0.959 0.295
39 CH cyclopropyl H O NH 0.430 0.853 0.167
40 CH cyclopropyl H NMe NH 0.293 1.345 0.178
41 N cyclopropyl H NMe NH 0.210 0.229 2.468

Tozasertib 0.030 0.068 0.208
necrostatin-1 stable >3 >3 0.754

Table 14. SAR of 1,3,5-triazine-benzimidazole analogues as PI3 K inhibitor.

C. No. R Enzyme IC50 (nM)
p110α p110β p110δ

42 5.3 743 206

Figure 5. Selenium (IV) complexes containing s-triazine core.
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ido pyrimidine (49–50) as a core.[59] Among all the synthesised
compounds, triazine derivatives showed the best potency and
were further studied. Remarkably, the inhibitory profile of
compound 49 for PARP-1 (Poly ADP-ribose polymerase 1) and
PI3Kα enhanced as compared to its pyrimidine analogues
(Table 17). SAR studies ascertained that ring merging was
favourable for the potency. Compound 50 stood out as the
most promising analogue and displayed better efficacious anti-
tumor activity than the corresponding drug combination
(Olaparib+BKM120) with 73.4% inhibition and without any
noticeable side effects. The study also revealed compound 50
as the first biologically active dual PARP/PI3 K inhibitor.

In 2019, Bergant and co-workers introduced the synthesis
of 4,6-substituted-s-triazin-2(1H)-ones (51–59) as human DNA
topoisomerase Iiα inhibitors.[30] The compounds 54, 55, and 56
showed promising inhibitions for topo Iiα (Table 18). These
compounds exhibited the potent cytotoxicity against MCF-7
and HepG2 cancer cell lines compared with etoposide.

Serrano et al. in 2019, reported a series of acridine-triamino-
triazine macrocycles based analogues (60–61) which partic-
ularly binds to CTG trinucleotide.[60] The compounds 60 and 61
showed promising bindings to CTG trinucleotide (Figure 7). The
compound 60 is noncyclic analogue, compound 61 is a
macrocycle with almost 10-times lesser cytotoxicity in HeLa cell

Table 15. SAR of amino-triazine analogues as selective BTK inhibitors and their activity.

C. No. R Aqueous
solubility[a]

(μM)

hERG
inhibition
IC50 (μM)

IC50 (μM)
b Metabolic stabilityc

BTK[A] BTK[U] human Mouse

44 12 NT 9.3 0.51 100 39

45 20 24 4.2 0.39 83 66

46 0.67 2.6 7.4 0.39 66 46

[a]Solubility values of compounds were determined by kinetic solubility measurement method. [b]Values are the average of two different experiments. [c]

Remaining percentage of parent compounds after 30 min treatment of liver microsomes.

Figure 6. Ruthenium (II) triazine complex.
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line and up to 3-times higher transcription inhibition of
d(CTG⋅CAG)74.

In 2019, Lolak and co-workers reported synthesis of some
novel ureido benzene-sulfonamides containing s-triazine scaf-
fold (62–64).[61] Carbonic anhydrase (CA) inhibitory activity of
the synthesized derivatives was tested for the four human
carbonic anhydrase isoforms. The compounds 62, 63, and 64
displayed a good biological profile for hCA IX with Ki values
ranging 11.8–14.6 nM. SAR and activity results have been
summarised in Table 19.

Teng et al. in 2020, reported the discovery of 1,3,5-triazine
analogues (65–66) as potent and highly selective covalent
inhibitors of Bruton’s tyrosine kinase (BTK).[62] The synthesized
compounds were evaluated against BTK, as depicted in
table 20. Compound 66 was found to be the most potent
analogue against BTK (IC50=21.0 nM) and good selectivity on
other homologous kinases. Moreover, molecular docking and
molecular simulations studies also confirmed the binding
modes of compound 66 with respect to Ibrutinib. The excellent

Table 16. Structure of triazines derivatives as PI3Kα inhibitors and their activity.

C. No. IC50 (nM)
Cell line-PI3Kα

CLog P

48 a 2847 1.36
48 b 18 0.23
48 c 38 0.09
48 d 24 0.64
48 e 90 1.06
48 f 86 1.57

Figure 7. Acridine-triaminotriazine derivatives 60 and 61.
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ADME properties and high potency of 66 make it a good
clinical candidate for producing more novel BTK inhibitors.

Table 17. Triazine bridged morpholines as PI3k inhibitors.

C. No. R pIC50
PARP-1 PI3Kα

49 8.02�0.06 6.77�0.07

50 8.22�0.06 8.25�0.09

Olaparib (PARP inhibitor) 9.08�0.06 ND
BKM120 (PI3 K inhibitor) ND 7.61�0.05

Table 18. SAR and human DNA topoisomerase Iiα activity of 4,6-substituted-s-triazin-2(1H)-one analogues.

C. No. R1 R2 IC50 (μM)

51 p-F 4-iPr 8.4
52 m-Cl 4-iPr 36.7
53
54
55
56
57
58
59

p-Cl
p-F
m-Cl
p-Cl
p-F
m-Cl
p-Cl

4-iPr
3-CF3,5-F
3-CF3,5-F
3-CF3,5-F
3-COOH
3-COOH
3-COOH

9.2
8.1
34.4
8.4
>1000
388.1
>1000

Etoposide 28.6
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3.2. Antibacterial

Microbial infections caused by bacteria have been a significant
threat to humankind in the past few decades.[6] The increasing
rate of drug-resistant bacteria has become a threat to public
health globally and is responsible for the highest mortality.[63] s-

triazine scaffold is known to possess effective anti-microbial
activity, as mentioned in the succeeding sections.

Pang and co-workers in 2016, reported the discovery of
allosteric and selective inhibitors of inorganic pyrophosphatase
(67–68) from Mycobacterium tuberculosis.[64] The synthesized
derivatives were particularly targeted to Mycobacterium tuber-

Table 19. SAR of ureido benzenesulfonamide based triazine analogues as hCA inhibitors and their activity.

C. No. R1 R2 KI (nM)
hCA I hCA II hCA IX hCA XII

62
63
64

H
4-SO2NH2
4-SO2NH2

Cl
Cl
� N(Me)2

591.3
381.6
441.7

83.9
86.9
152.9

14.1
11.8
14.6

219.3
39.0
44.4

Acetazolamide 250 12 25 5.7
SLC-0111 (under trial drug for metastatic breast cancer) 5058 960 45.1 4.5

Table 20. SAR of triazine analogues as Bruton’s tyrosine kinase inhibitor and activity results.

C. No. R1 R2 BTK Anti-proliferation
(IC50, μM)

% Inh (100 nM) Raji Ramos

65 � H 31.9�2.4 14.53 89.95

66 � H 91.1�3.2 5.14 6.14

Ibrutinib 101.0�0.3 12.56 1.35
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culosis PPiase (MtPPiase). Compound 67 was found to be the
most potent with a Ki of 11 μM for MtPPiase was reported as a
species-specific inhibitor. The brief SAR study and activity
results are depicted in table 21.

In 2016, Sreeperumbuduru et al. reported the synthesis and
anti-microbial activity of triazine dendrimers (69) with 1,4-
diazabicyclo[2.2.2]octane (DABCO) groups.[65] These multivalent
scaffolds were derivatized with 2 to 6 DABCO groups that have
either � CH3, benzyl, or dodecyl substituents. Alkyl substituents
were essential for the anti-bacterial activity and for high water
solubility. The tetravalent and hexavalent displayed lesser
potency than divalent and trivalent compounds. Compound 69
exhibited the highest cytotoxicity towards bacterial cells, as
shown in table 22.

Ullah and co-workers in 2017, reported lipophilicity activity
relationship, and urease inhibitory activity of some new amino
acid conjugated compounds (70–73) as anti-microbial
agents.[66] These compounds (Figure 8) were tested against five
different standard American type culture collections i. e., S.
aureus, B. subtilis, E. coli, P. aeruginosa and S. typhi strains of
bacteria. Compound 73 a exhibited excellent inhibition with
IC50=6.23�0.09 μM. 4-amino un-substituted trimethoprim-
triazine derivative 73 b showed superior activity with MIC=

3.4 μM for S. aureus and 1.1 μM for E. coli. Furthermore,
molecular docking study of 73 a was performed using X-ray
crystal structure of B. pasteurii urease (PDB ID: 4UBP). The
lowest energy docked pose suggests that 73 a coordinates with
bi-nickel centre (Ni798 and Ni799) via its 2,4-diaminopyrimidine
ring. The presence of two amino groups on the pyrimidine ring

displayed the four hydrogen bond interactions with Gly280,
ASP363, HIS137 and HIS139.

In 2018, Dinari and co-workers reported a novel series of s-
triazine-quinazolinone hybrids (74) and evaluated them for
their anti-microbial potencies.[67] Antimicrobial activity of hybrid
compounds was studied for three-gram positive bacteria and
three-gram negative along with a fungal strain by broth
dilution method. The highest antimicrobial potency was
displayed by compound 74 bearing benzenesulfonamide group
with MIC value of 16 μg/mL (Table 23). Molecular docking

Table 21. The IC50 and Hill coefficient (n) of active analogues 67–68.

C. No. Family I PPiases Family II PPiase
MtPPiase EcPPiase ScPPiase SaPPiase
IC50 (μM) n IC50 (μM) n IC50 (μM) IC50 (μM)

67 23�1 1.9�0.2 256�34 1.4�0.2 179�9 109�16
68 27�3 1.8�0.3 >600 N/D >600 >600

Table 22. Biological activity of triazine based dendrimers.

C. No. S. aureus MRSA E. coli MTT ATP a

MIC (μgmL� 1) HeLa

69 <1.56 <1.56 3.125 >50 12.5 (61%�6)

[a] The ATP assay reports percent survival at the dose (in μg mL� 1) indicated.
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revealed that orientation of compound 74 forms four hydrogen
bonds in the binding site with Ser49, Ileu50, Gln19 and Phe92
and displayed the least binding energy of � 9.09 kcal/mol.

In 2018, Mewada et al. reported novel 1,3,5-triazine-aryl/
heteroaryl hybrid analogues (75–76) and their biological

evaluation against various bacterial and fungal strains.[68] All the
compounds exhibited moderate to excellent anti-microbial
potencies. Fluoro analogues 75 and 76 were active on bacterial
strains despite chloro substitution, which showed activity
against fungal strains. The brief SAR study and biological

Figure 8. SAR of amino substitutes trimethoprim-triazine derivatives as antibacterial agent.

Table 23. SAR of s-triazine-quinazolinone based analogues and antibacterial activity of 74.

C. No. R MIC (mg/mL)
E. coli P. aeruginosa S. entritidis S. aureus B. subtilis L. monocitogenes

74 � PhSO2NH2 32 128 128 16 32 32
Ciprofloxacin 8 4 4 4 4 8
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activity on different bacterial and fungal strains is depicted in
table 24.

Khadijah M. Al-Zaydi et al. in 2017, described the synthesis
of s-triazine based aminobenzoic acid derivatives (77–78) and
tested them against various bacterial strains.[69] The compounds
77 and 78 exhibited considerable anti-microbial activity
(Table 25) for gram-positive and gram- negative bacterial
strains. The activity was comparable to standard ampicillin.
Further, active compounds 77 and 78 were evaluated against
clinical isolates of MDR strains which proved to be more potent
than the reference ampicillin. The compounds 77 and 78 were
found to be non-toxic against VERO (Verda reno) cell lines with
CC50 of 225 and 125 μg/mL, respectively.

Sharma and co-worker in 2017, reported the design,
synthesis, and anti-microbial evaluation of a novel series of
pyrazole-based s-triazine analogues (79).[70] The compound 79
(Table 26) exhibited promising anti-bacterial activity against
gram-negative and gram-positive bacterial strains. The combi-
nation of piperidine and benzylamine on the triazine ring plays
a key role in boosting the anti-bacterial potency. In conclusion,
pyrazole and piperidine based s-triazine hybrids could be a
promising scaffold for the development of new drugs in near
future.

Zhang et al. in 2017, reported the synthesis and evaluation
of aryl-substituted di-hydro-triazine analogues as anti-bacterial
agents (80).[71] The compound 80 (Figure 9) exhibited the
highest anti-bacterial potency against the gram-positive bac-

Table 24. SAR of s-triazine derivatives with their bacterial and fungal activity.

C. No. R MIC (μg/mL)
S. aureus
96

B. cereus
430

E. coli
739

P. aeruginosa
741

C. albicans
183

A. clavatus
1323

MTCC
75 3-F 25 6.25 12.5 3.12 25 12.5
76 4-F 3.12 12.5 50 25 12.5 25

Ciprofloxacin 1.72 0.28 1.40 0.62 – –
Ketoconazole – – – – 1.56 0.78

Table 25. SAR of 1,3,5-triazine aminobenzoic acid derivatives and their anti-bacterial results.

C. No. R1 R2 R3 MIC (μg/mL) Clinical isolates MDR strains
MIC (μg/mL)

E. coli S. aureus MRSA E. coli

77 Cl H CH2Ph 50 12.5 25 100
78 Cl (CH2)5 (CH2)5 25 25 100 25

Ampicillin 25 12.5 >250 >250
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teria which was 8 folds more active than the standard
moxifloxacin (MIC=4 μgmL� 1) and 16 fold more active than
gatifloxacin (MIC=8 μgmL� 1). The SAR study revealed that the
chain length of the linker between the two rings had least
effect on the potency. The incorporation of substituents to the
phenyl ring boosted the anti-microbial potency. Compound 80
displayed less cytotoxicity against human normal liver cells
with 58.86 μmolL� 1 IC50 value after 17 h. The crystal structure
data (S. aureus DHFR) was obtained from the protein data bank
(PDB ID: 3fra). Docking study revealed that the dihydrotriazine
ring displays three H-bond interactions with Phe 92, Leu 5, and
Asp 27.

Ramadan and co-workers in 2018, reported the design and
synthesis of a novel series of dimer based s-triazine analogues
(81 a–81 c) as potential in-vitro anti-bacterial compounds
against MDR clinical isolates.[72] The compounds 81 a, 81 b, and
81 c (Figure 10) displayed essentially lower MIC value of 12.5–
25 μgmL� 1 than standard ampicillin trihydrate, which has MIC
value of 25 μgmL� 1 against E. coli and 12.5 μgmL� 1 against S.

aureus. The active compounds 81 a–c displayed a high
selectivity index against K. pneumoniae and MRSA over
mammalian cells, signifying an excellent safety profile. The SAR
study revealed that the compounds bearing electron-with-
drawing groups like chloro, bromo, and fluoro were found to
exhibit highest inhibition against E. coli, S. aureus and C.
albicans. Additionally, the active derivatives (81 a–c) did not
show any cytotoxicity against VERO cell lines.

In 2019, Gunasekaran and co-workers introduced the syn-
thesis and biological evaluation of cationic amphipathic
triazines (82–84).[73] The compounds 82, 83 and 84 (Table 27)
showed excellent potency against two different strains of
MRSA, which were more active than the reference melittin. The
mechanistic studies reveal that 82 and 83 kill the bacteria by
action on its cell membrane. The SAR analysis indicated the
symmetrical hydrophobic groups of compounds 82, 83 and 84
stabilize the charge created by two amino or two guanidyl
groups. Hence, these analogues could be used as representa-

Table 26. SAR of pyrazole -triazine derivatives with anti-bacterial activity of 79.

C. No.* R1 R2 E. coli P. aeruginosa M. luteus MRSA C. albicans

79 Piperadine Benzylamine – 19 22 11 –

*1 Zone of inhibition in mm. * 2 Tobramycin, fusidic acid and canesten were used as controls. *3 Compounds were dissolved in DMSO (25% in water) at
10 mg/mL and then 10 mL of the solution was added to the wells.

Figure 9. SAR of aryl-substituted dihydrotriazine derivative as anti-bacterial agents
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tive model in drug design and discovery to generate new
multidrug-resistant anti-bacterial agents.

Haibaa and co-workers in 2019, reported some novel s-
triazine derivatives (85 a–85 c) as anti-microbial agents and
their molecular modelling studies.[74] Among the synthesized
series, some 1,3,5-triazine analogues (Table 28) displayed
moderate to best potencies. Compound 85 a was found to be
the most promising analogue against a set of clinically isolated
pathogens, including MDR strains, with less toxicity to VERO
cells. Molecular docking was performed on co-crystallized

structure of DNA gyrase B of E. coli (PDB code: 4DUH). The
compound 85 a displayed ΔG � 9.3159 better than arylamino-
triazine III which confirms that the compound binds well to the
enzyme active site. Furthermore, it also displayed two hydro-
gen bond interaction between N at 2-position of triazine ring
and Ala100, benzohydrazone oxygen and His99. Additionally, it
also displayed a π-H interaction of N-phenyl ring with Lys103.
Thus, compound 85 a could be used as a potent candidate for
further optimization and drug discovery.

Figure 10. s-triazine dimers as effective anti-bacterial agents.

Table 27. SAR of 1,3,5-triazine derivatives and anti-bacterial results of 82, 83 and 84.

MDR strains MIC (μM)
82 83 84 Standard-Melittin

MRSA
CCARM-3089 2 2 2 2
CCARM-3090 2 2 2 4
CCARM-3095 2 2 2 2
MDRPA
CCARM-2095 4 8 4 2
CCARM-2109 4 8 4 4
VREF
ATCC-51559 4 2 2 2

ChemistrySelect
Reviews
doi.org/10.1002/slct.202004591

29ChemistrySelect 2021, 6, 1–46 © 2021 Wiley-VCH GmbH

Wiley VCH Montag, 08.02.2021

Artikel_Christina / 193920 [S. 29/46] 1



In 2019, Saba Tahir et al. reported the s-triazine piperazine
hybrid analogues as anti-bacterial agents (86).[75] All the
synthesized compounds were tested for two gram-positive
such as S. aureus (ATCC 6538), B. subtilis (ATCC 6633) and three
gram-negative that is E.coli (ATCC 25922), P. aeruginsa (ATCC
15442) and K. pneumonia (ATCC 1705) bacteria. The compound
86 (Figure 11) exhibited moderate potency against tested
gram-positive strains with MIC value of 16 μgmL� 1 and 32–
64 μgmL� 1 against gram negative strains.

3.3. Anti-parasitic agents

Parasitic diseases are well known since human history and
continuous to become a threat to human life globally.
According to the World Health Organization and the World
Malaria report in 2019, the plague of malaria continues to strike
mostly pregnant women and young children in African
continent.[76] Currently, drugs that are clinically used to treat
parasitic diseases exhibit high toxicity, drug resistance and
various side effects.[3] Various analogues of the s-triazine
scaffold reported to possess effective anti-parasitic activity, as
discussed in the following section.

In 2016, Yao and team reported the anti-schistosomal
activity of N,N’-arylurea analogues (87) against Schistosoma
japonicum.[77] The activity evaluation revealed some compounds

had IC50 values lower than 10 μM. One of the analogues with
triazine linker 87, displayed moderate activity.

Vijayaraghavan and coworker in 2017, reported the design
and synthesis of 4-anilinoquinoline triazine hybrid derivatives
(88–89) and screened them in-vivo for anti-malarial activity.[78]

The reported analogues exhibited better in-vivo anti-malarial
results compared to the standard drug, chloroquine (Table 29).
Compound 88 displayed the highest potency, thereby demand-
ing further studies as a potential lead for anti-malarial chemo-
therapy. In silico study revealed that the synthesised com-
pounds interacted with the falcipain-2 enzyme better than the
reference drug. This was attributed by the fact that the G-score
of the synthesised compounds (� 6.73) was much better than
of standard drug chloroquine (� 5.78). The derivatives are
believed to show some van der Wall interactions with Cys42,
Trp43, Leu84, Ile85, Val152, Leu172, Asn173, His174 and Ala175
and a hydrogen bond with Trp206.

In 2017, Venkatraj et al. introduced a new series of triazine
dimers (90–91) as anti-trypanosomal agents.[3] The compound
90 and 91 showed potent anti-trypanosomal activity. The
compound 90 was found to be the most active from aryl-amino
series and 91 displayed the best potency from the aryl-oxy
series (Table 30). During optimization compound 91 was found
to be a potent in-vitro and moderate in-vivo anti-trypanosomal
agent. Both compounds were further studied on mouse and

Table 28. Hydrazone based 1,3,5-triazine derivatives and their anti-bacterial activity.

C. No. R1 R2 Ar MIC (μg/mL) Cytotoxicity
(CC50) against
VERO cells

K. pneumoniae MRSA1

85 a H Ph 2-furyl 12.5 3.125 125
85 b (CH2)5 (CH2)5 2-piperonyl – 25 250
85 c (CH2)5 (CH2)5 Ph 50 – 250
Ampicillin 12.5 6.25 –

Figure 11. s-triazine- piperazine derivative as anti-bacterial agents.
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Table 29. Structure of 87 and SAR of 4-anilinoquinoline triazine derivatives as anti-parasitic agents.

C. No. R1 R2 G-score % Chemosuppression
(Mean+SEM)

W2 in-vitro β-haematin inhibition

88 � 9.52 91.48+0.3700 0.008 18.6�2.0

89 � 9.60 91.11+0.6409 0.269 23.7�4.2

Chloroquine � 5.78 82.96+0.3700 0.282 27.2�3.0

Table 30. SAR and anti-trypanosomal activity results of s-triazine dimers.

C. No. 90 91

X N O Suramind Melarsoprol
R1 Br Me
R2 Me Me
R3 Br Me
R4 H H
R5 H CN
R6 CN H
R7 H H
Linker HN(CH2)3NH HN(CH2)2NH
Anti-trypanosomal activity and
cytotoxicity IC50(μM)

T. b bruc. 0.03 0.002 0.02 0.03
T. b. rhod. 0.007 0.01 0.02 0.02
MRC-5 >64 >64 >64 7.4
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human liver microsomes (S9) and investigated for the in-vitro
metabolic stability.

Salado and team in 2018, reported some novel substituted-
triazine derivatives (92–94) as potent anti-trypanosomal agents
and study of their pharmacokinetic properties.[79] The com-
pound 92 exhibited the highest anti-trypanosomal activity with
no cytotoxicity and was therefore further explored because of
its excellent selectivity for Trypanosoma brucei over other
strains. A detailed SAR study and activity results have been
summarised in table 31.

Baréa and team in 2018, described a series of novel hybrid
β-carboline-1,3,5-triazine (95 a/b–96 a/b) and tested for in-vitro
anti-parasitic activity.[80] The compound 96 b exhibited low toxic
effects and showed 23.5 and 121.4 times more cytotoxicity for
promastigotes and axenic amastigotes, respectively as com-
pared to macrophage J774-A1 cell lines. Compound 96 b
altered the cell division cycle and caused protozoan cell death
due to numerous factors. A detailed SAR study has been given
in table 32.

3.4. CNS agents

The central nervous system (CNS) is essential for processing
information and controlling functions of body which consist of
brain, nerves, and spinal cord. There are various types of CNS
agents which include anaesthetics, anticonvulsants, sedatives,
anti-emetics, CNS stimulants, muscle relaxants, narcotic analge-
sics, and nonnarcotic analgesics.

3.4.1. 5-HT6 receptor antagonists and Alzheimer’s disease

5-HT6 receptor antagonists[63] serve as symptomic treatment for
Alzheimer’s disease. Alzheimer’s disease is a lethal neurological
ailment characterized by memory loss, cognitive dysfunction,
behavioural disturbances, and shortages in activities of daily
living. Acetylcholine is a neurotransmitter inhibited primarily by

acetylcholinesterase (AChE) as well as by butyrylcholinesterase
(BChE), considered to play a key role in Alzheimer’s disease.[81]

Herein, we summarise SAR of various analogues of triazine that
target CNS related disorders.

Maqbool et al. in 2016, introduced a novel series of
cyanopyridine-triazine analogues (97–98) and screened them
for multi-targeted anti-Alzheimer agents.[82] The synthesized
compounds tested for their inhibition potencies against
cholinesterases Aβ1� 42 disaggregation, oxidative stress, cytotox-
icity, and neuroprotection against Aβ1� 42 induced toxicity. The
compounds 97 and 98 showed appreciable inhibitory activity
against an AChE with their IC50 values 0.059 μM and 0.080 μM
respectively with selective inhibition towards AChE over BuChE
(Table 33). It was concluded by molecular modelling studies
that these analogues interact concurrently with the active
catalytic site as well as the peripheral anionic site of
acetylcholinesterase, suggesting the consideration of these
compounds for further development in Alzheimer’s therapy.

Federico et al. in 2016, introduced the synthesis of novel
5,7-disubstituted- triazole based s-triazines (99–100) as adeno-
sine receptors antagonists.[83] The compound 99 and 100
exhibited the highest potency against tested adenosine
receptors. The SAR study revealed that the incorporation of a
benzyl amino moiety at C-5 and � NH2 at C-7 enhanced the
affinity toward all subtype of adenosine receptors. Replacing
the � NH2 at C-7 with a � CONHPh group resulted a potent and
a selective hA2 A AR (antioxidant-human A2 A adenosine
receptor) antagonist as depicted in Table 34. Additionally, an
in-silico receptor-driven (PDB code: 4EIY) approach validated
the role of the benzylamino group, which interacts with the
Glu169 (EL2) and balances the loss of hydrogen bond
determining affinity toward the hA2 A AR.

Jameel and team in 2017, introduced a series of triazolopyr-
imidine-triazine hybrid with piperazine linker (101–102) and
tested them for multitarget anti-alzheimer agents.[84] The
compound 101 and 102 showed appreciable inhibitory activity

Table 31. SAR of s-triazine derivatives with promising anti-trypanosomal activity.

C. No. X Y Z R1 R2 Anti-trypanosomal activity
cytotoxicity IC50 (μM)
T. b. bruc. MRC5

92 NH O NH2 4-F 4-F 0.63 >64
93 NH O NH2 H 2,4,6-trimethyl 0.88 >64
94 NH O NH2 4-F 4-Me 0.39 >64
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Table 32. SAR of β-carboline-triazine hybrids with potent antileishmanial activity.

C. No. n R1 R2 IC50 (μM) CC50 (μM) IS
Promastigotes Amastigotes J774 A1 PRO AMA

95 a 2 H Cl 30.9�0.9 1.9�0.4 134.6�11.8 4.4 70.8
95 b 2 4-OCH3 Cl 67.5�0.1 1.0�0.1 201.3�3.9 3.0 201.3

96 a 2 H 7.5�2.5 35.0�0.5 98.1�6.5 13.1 2.80

96 b 2 4-OCH3 6.2�1.4 1.2�0.5 145.7�10.1 23.5 121.4

Miltefosine 18.5�1.1 2.4�0.1 40.5�1.7 2.2 16.9

Table 33. SAR of cyanopyridine based triazine hybrid analogues as anti-Alzheimer agents.

C. N. R1 R2 AChE
BuChE
BuChE/

IC50 (μM) AChE

97 0.059�0.003 3.603�0.07 61.06

98 0.080�0.005 2.015�0.08 25.2

Donepezil 0.038�0.001 3.14�0.2 82.6
Tacrine 0.13� 0.21 0.054�0.85 0.40
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and 28 folds selectivity towards AChE over BuChE (Table 35).
These analogues also displayed properties such as potential
antioxidants, bio-metal chelators, and showed good Cu2+ � in-
duced Aβ1-42 aggregation inhibitory activity. The computational
binding free energy values were obtained for 101, 102 and
Donepezil as � 10.32, � 9.93, � 6.07 kcal/mol for BuChE and
� 10.87, � 10.53, � 7.85 for AChE respectively. Which indicates
high binding affinity between ligand and enzyme with respect
to the standard Donepezil.

Ali and co-workers in 2019, described computer-aided SAR
studies for the analogues of phenoxyalkyl-s-triazine (103–104)

as the novel active ligands for serotonin receptors 5-HT6.
[85] The

compound 103 was found to be a promising s-triazine 5-HT6R
(5-Hydroxytryptamine Receptor 6) antagonist with Ki value of
11 nM, and SAR analysis was carried out, as depicted in
Table 36. The in-vivo tested compounds did not show any
cytotoxicity in the safety protocol. The promising analogues
103 and 104 require further biological testing in order to
produce some new CNS-agents.

In 2020, Yu and team introduced the ogerin-based (105–
107) series of compounds as positive allosteric modulators for
G-protein coupled receptor 68 (GPR68).[86] The compounds 105

Table 34. SAR and activity results of triazolo-triazines derivatives toward adenosine receptors.

C. No. hA1 hA2A hA2B hA3 hA1/hA2A hA3/hA2A
Ki nM IC50 nM Ki nM

99 94.6 1.11 2214 30.8 85.2 27.7
100 311 1.44 4360 29.7 216 20.6

Table 35. SAR of triazine based triazolo-pyrimidine analogues as anti-Alzheimer agents.

C. No. R1 R2 AChE
BuChE
Selectivity index
Trolox equiv

IC50 (μM) BuChE/AChE

101 3-CF3Ph Cl 0.065�0.002 1.88�1.27 28.92 2.15�0.64
102 4-OCH3Ph Cl 0.092�0.001 1.52�0.08 16.52 2.91�0.58

Donepezil 0.047�0.15 2.72�0.09 57.87 –
Tacrine 0.226� 0.07 0.056�0.14 0.25 –
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and 106 showed most potency among the series displaying 33-
fold increase in allosteric activity. The detailed SAR study was
carried out to optimize positive allosteric modulator (PAM) as
illustrated in Table 37.

3.5. Antiviral agents

Viral diseases are prevalent globally and impervious to known
cure. Human immunodeficiency virus and Hepatitis C virus are
predominantly chronic viral diseases affecting millions of
people worldwide.

Mull and co-workers in 2016, described the synthesis of a
series of novel acyl-sulfonamide derivatives (108–110) bearing
triazine nucleus.[87] The synthesized compounds were screened
as Hepatitis C Virus (HCV) entry inhibitors; some of the
analogues displayed nano-molar potencies. The compound 109
and 110 exhibited the highest inhibition (table 38) against GT-
1a and GT-1b HCVpp (Hepatitis C Virus pseudo particles) assays
with EC50<1 nM. The SAR studies revealed that HCVpp
inhibitory potency could be enhanced by lipophilic terminal
alkyl groups.

Viira et al. in 2016, introduced the synthesis of a series of
novel s-triazine derivatives (111 a–111 b) and tested them for
anti-viral activity and cellular toxicity.[88] The compounds 111 a
and 111 b (Figure 12) displayed the most potent HIV-1 RT
inhibitory activity, with an IC50 value of 5.6�1.1 μM, and 0.16�
0.05 μM, respectively. Compound 111 b also did not show any
noticeable toxicity for various human cell lines. The docking of
both the compounds into NNRTI binding site of protein
structure 2be2 were performed and found that binding of
111 b was slightly deeper than 111 a into the NNRTI pocket
due higher number of resonating structures or stronger hydro-
gen bonding of OH with amino acids.

Krecmerová and co-worker in 2017, stated the synthesis
and anti-viral activity of some acyclic nucleoside phosphonates
(112).[5] Anti-viral and cytotoxicity properties of the synthesized
compounds were studied, and one of the compounds 112
(Figure 13), came out as highly active and selective PME-5-azaC
(1-[2-(phosphonomethoxy) ethyl]-5-azacytosine) prodrug
against Varicella zoster virus, Herpes simplex virus and Human
cytomegalovirus with EC50 values ranging 0.15–1.12 mM.

Table 36. SAR and biological results of phenoxyalkyl-triazine hybrids as 5-HT6R antagonists.

C. No. X R1 R2 Ki [n]
5-HT6 R D2R 5-HT1A R 5-HT2A R 5-HT7 R

103 O 2-iPr, 5-Me H 11 1094 12530 430 11950
104 S 2-Cl Me 19 520 3384 407 4570
Ref[a,b,c] 7[a] 9[a] 20[b] – 18c

Reference: [a]Olanzapine, [b]Buspirone, [c]Clozapine.

Figure 12. Structure of s-triazine derivatives (111 a and 111 b)
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3.6. Anti-inflammatory agents

Inflammation is a defensive biological response to injuries,
autoimmune diseases, infections, toxic substances etc. to
destroy or limit the blowout of harmful agents. Non-steroidal
anti-inflammatory drugs are mostly used medicines to treat
pain, fever, and various other conditions associated with
inflammation.

Elshemy and co-workers in 2016, reported the synthesis
and anti-inflammatory activity s-Triazines based analogues
(113–116).[89] Three series of s-triazine based pyrazolines (Fig-

ure 14), pyrazoles and isoxazoles were synthesized in which
113 b, 114 a and 115 b were highly potent with an IC50 values
ranging 0.55–0.87 μM. Isoxazole, pyrazoline or un-substituted
pyrazole moieties resulted in mild Cyclooxygenase-2 (COX-2)
selectivity. The selectivity indicates a high increase when a
methane-sulphonyl phenyl pyrazole moiety is introduced
(116 b, SI=5.23). The docking study on crystal structure (PDB:
ID 1CX2) was performed for 114 b and 116 b which showed
that amino acids such as His90, Tyr355, Tyr358, Arg120, and
Ser630 form hydrogen bonds with the NH-, SO2 and OCH3.

3.7. Anti-Diabetic agents

Diabetic nephropathy is a significant problem of type 1 as well
as type 2 diabetes. It is represented as the major cause of end-
stage renal disease. Furthermore, the literature study reveals
that the substituted s-triazine core has shown potent anti-
diabetic activities.[90]

El-Harakeha and team in 2019, introduced the synthesis
and anti-diabetic activity of novel mono-, di-, and tri-substi-
tuted-s-triazines (117 a–d) incorporated with uracil and thymine
(Figure 15).[91] Tri-substituted-s-triazine derivatives 117 a, 117 b,
117 c, and 117 d proved to be the most active at a concen-

Table 37. SAR and the Allosteric Activity of s-triazine derivatives 106 and 107.

C. No. R1 R2 Log (α) Log (β) � Log (KB) Log (αβ/KB) Δ

106 6-F 4-OPh 0.90�0.06 0.06�0.04 5.85�0.12 6.83�0.08 1.52
107 H 3-Me 0.84�0.08 0.14�0.04 4.44�0.12 5.42�0.04 0.11

Δ refers to the difference of Log (αβ/KB)

Figure 13. Structure of compound 112.
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Table 38. SAR and anti-viral activity of Triazine analogues.

C. No. R GT-1a
EC50
(nM)

GT-1b
EC50
(nM)

HLM/RLM
Stability
(%remaining
After minutes)[a]

PAMPA
(nm/s)[b]

108 NH2 4.2 147 100/100 153
109 i- PrNH 0.40 0.87 89/100 45
110 t-BuCH2NH 0.78 0.72 89/90 651

[a] Metabolic stability in human liver microsomes (HLM) and rat liver microsomes (RLM) values are percentage remaining after10 minutes of incubation. [b]

PAMPA value were determined at pH 7.4.

Figure 14. SAR of s-triazine analogues as anti-inflammatory agents.
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tration of 0.5 μM, which essentially enhanced the fibronectin
protein expressions in-vitro. In addition, these carbocyclic
nucleoside analogues displayed a good profile of anti-oxidative
properties and may serve as potential therapeutic agents for
diabetic nephropathy.

3.8. Cathepsins inhibitors

Cathepsins are a family of proteases found in humans and
parasites. Cathepsins work at a low pH furnished by the
lysosome like other proteases. Except for cathepsin K, their
action is primarily limited to these cell organelles.[92] They play
an essential part in mammalian cellular protein turnover. The
cysteine proteases, cathepsins B and L, are ubiquitously
expressed, whereas cathepsin K is selectively expressed in
osteoclasts.[93,94] In the present time, the function of cathepsins
is associated to many metabolic processes, so the attention of
cathepsins as biological targets for various ailments has also
been increased. The actions of cathepsins are associated with
several ailments like cancer,[95] Brain strokes,[96] Alzheimer’s
disease,[97] arthritis,[98] chronic obstructive pulmonary disease,[99]

glaucoma and Ebola virus or SARS coronavirus.[100–102]

Plebanek and co-workers in 2016, reported the synthesis of
trisubstituted s-triazine analogues (118–121) as cysteine cat K
and cat S inhibitors.[103] The synthesized compounds were
screened against several cysteine cathepsins with endopepti-
dase potency. Among them, compound 118 c (Table 39) was
found to possess the highest inhibitory activity with Cat K,
IC50=28 nM and Cat S, IC50=23 nM. Molecular docking of 118 c
to the X-ray crystal structure of Cat K and S proven a standard
binding mode with a critical covalent bond of Cys25.

Tber et al. in 2018, described synthesis of a novel series of
trisubstituted s-triazines (122) and were evaluated for their
inhibitory activity against human cysteine cathepsins.[104] The
compound 122 was recognised as the most potent analogue
with selectivity for cathepsin S (Ki=2�0.3 nM) inhibition,

which also reduced the autocatalytic maturation of pro-
cathepsin S. Additionally molecular docking of 122 was
performed using crystal structure (PDB ID 3OVX), and it showed
interactions with Gly23, Cys25 and Trp26 (S1 subsite). More
interactions were observed with Asn67, Phe70 and Gly69 (S2
subsite) and with Gln19 (S1’ pocket). The results were in good
agreement with the observed activity. The summary of SAR
with cathepsin results are displayed in Table 40.

3.9. Dry eye disease Inhibitors

Lee and co-workers in 2017, reported aminophenyl-1,3,5-
triazine based compound (123) to treat dry eye diseases.[105]

SAR studies of aminophenyl-s-triazine analogues as CFTR
activators (cystic fibrosis transmembrane conductance regula-
tor) targeting dry eye applications were studied. The study
revealed the most potent compound 123 with EC50 value of
30 nM, did not increase cAMP or calcium level and sustained
in-vivo efficacy in mice. The detailed SAR has been shown in
Figure 16.

3.10. Anti-vascular agents

Iwaki and co-worker in 2017, reported some s-triazine dimers
as natriuretic peptide receptor A agonists (NPR� A) (124–
125).[106] The non-peptide derivatives 124 and 125 displayed
highly potent in-vitro NPR� A agonistic activity (Table 41). The
compounds 124 and 125 showed high potency NPR� A
agonistic activity in-vitro and diuretic activity in-vivo. The
synthesized compounds also increased the cGMP production in
the kidney of rats, reflecting it could activate NPR� A in-vivo.
The activity results suggest that non-peptidic small molecules
can open the new doors for congestive heart failure therapies.

Figure 15. SAR of s-triazine-based substituted pyrimidine analogues.
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3.11. Herbicides

Herbicides are the chemicals which are used in agriculture field
to control growth of unwanted plants. Triazines are primarily
used as herbicides.[107] The triazine analogues as herbicides
were first introduced in the 1950s, to controls the growth of
weeds by preventing photosynthesis. The following section
sheds light on triazine derivatives as herbicides.

Wei and co-workers in 2017, described the aryl 2, 6-
disubstituted sulfonylureas (126) as a potential acetohydrox-
yacid synthase inhibitors.[33] Various analogues exhibited appre-
ciable inhibitory activity against both monocot and dicot
weeds. The detailed SAR is summarised in Figure 17. The Fluoro
containing molecules were suitable inhibitors with Ki app values
of 11.5–28.3 nM.

In 2019, Wu et al. described the synthesis, biological
activities and molecular simulations of novel pyrithiobac
analogues (127).[108] For Physalospora piricola, 127 displayed

>70% biological activity and anti-TMV activity at 500 mg/L
concentration. The pharmacological potencies against SARS-
CoV (Severe acute respiratory syndrome coronavirus) Mpro of
the synthesised compounds underwent an evaluation, and 127
showed 100% inhibition with 4.47 mM (IC50) (Figure 18). The
compound 127 also exhibited appreciable activities from all
the bioassays with less cytotoxicity against 293 T cells. There-
fore, it is a potent scaffold for further molecular drug design
and development.

3.12. Patents covering 1,3,5-Triazine core and their target
biological activity.

Medicinal significance of 1,3,5-Triazine scaffold is further
supported based on several patents from medicinal field to
material sciences. A list of patents is given in Table 42 which
describes the target activities of s-triazine with inventor, patent
number, and the year of publication. This survey finds that s-

Table 39. SAR of s-triazine-based analogues with endopeptidase activity.

C. No. IC50 (nM)
Cat-B Cat-K Cat-L Cat-S

118 b 34 17 17 17
118 c No inhibition 28 No inhibition 23

Table 40. SAR and activity of s-triazine-based analogue as cysteine cathepsins inhibitors.

C. No. R1 R2 IC50 (in μM)
Cat-B Cat-K Cat-L Cat-S

122 Morpholine 4-(OCF3)PhNH2 >500 2�0.4 No inhibition 0.003�0.0006
Ki (μM) >500 0.7�0.1 No inhibition 0.002�0.0003
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triazine plays a crucial role as kinase inhibitor for the treatment
of cancer followed by CNS agents as G protein-coupled

Figure 16. Detailed SAR of s-triazine analogues towards dry eye disease.

Figure 17. SAR of sulfonylureas-triazine hybrid analogues as acetohydroxyacid synthase inhibitors.
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receptor for the neurological disorders. Some s-triazine ana-
logues display anti-inflammatory activities as well as have good
potency for genetic disorder like Myotonic dystrophy.

3.13. Summary

The overall literature review emphasizes the possible modifica-
tions across the s-triazine scaffold helping to understand the
enhancements or the diminutions in the stated pharmacolog-
ical activities as shown in Figure 19. This highlights the
summary for the structure activity relationship (SAR) of s-
triazine scaffold, hence will guide medicinal chemists for
choosing and designing of the rationale for the research.

4. Conclusion

This review sheds light on the numerous methods employed
for the synthesis of substituted s-triazines namely, one pot
synthesis, conventional and microwave-aided organic reactions.
These methods offer medicinal chemists a set of synthetic
prospects to generate a library of s-triazine analogues for their
planned pharmacological investigations. s-triazines scaffold has
been extensively conferred for numerous biological activities
namely, anti-cancer, anti-microbial, CNS depressants, anti-
inflammatory, anti-diabetic, and as herbicides in agriculture etc.
This review broadly highlights structure activity aspects
enabling medicinal chemists to rationally design and develop
clinical candidates that have better selectivity and activity
towards the stated targets thus accelerating the drug discovery
process.
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Table 41. SAR of s-triazine analogues as natriuretic peptide receptor-A agonists.

C. No. Linker X R1 R2 EC50 (nM)
hNPR� A agonist rNPR� A agonist

124 phenyl n-butyl n-butyl 2.00 23.00
125 cyclohexane iso-butyl iso-butyl 8.10 76.00

hANP 0.10 1.00

Figure 18. SAR of s-triazine-based analogue.
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Figure 19. General structural activity relationship (SAR) of s-triazine framework with (i) anticancer, (ii) antibacterial, (iii) antiviral, (iv) CNS-agent (v) miscellaneous
activities.
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Abstract 

Halloysite nanotubes (HNTs) have several exciting potential applications in polymer nanocomposites. These are naturally 

sourced nanomaterials obtained from the mines as a natural deposit. The hollow tubular nanostructure with biocompatibility, 

environmental friendly and low-cost possessing makes halloysite as trendsetter in green nanotechnology. These are 

composed of double-layered, aluminosilicate minerals with an ultra-tiny hollow tubular structure in submicron range.  The 

specific characteristics of HNTs lead to plentiful range of applications in environmental sciences, dye removal, anticorrosive 

coatings, in cosmetics, flame retardants, forensic science, etc. HNTs display remarkable thermal stability, faster adsorption 

rates, tuneable release rates, excellent drug encapsulation, biocompatibility, mechanical properties and ease of availability, 

therefore with numerous pharmaceutical applications. Nanomedical applications are gene delivery, tissue engineering, cancer 

and stem cells isolation and bio-imaging. This review is focused on the detailing HNTs for its structure features, functionalization 

methods, drug loading and their versatile applications. 

 

Rezumat 

Nanotuburile din haloizit (NHT) prezintă o serie de aplicații interesante cu potențial în domeniul nanocompozitelor polimerice. 

Acestea sunt nanomateriale naturale obținute din depozitele naturale miniere. Structura nanotubulară goală pe interior ce prezintă 

proprietăți biocompatibile, benefice mediului înconjurător și costuri reduse sunt principalele avantaje ale halozitului ca și nano-

tehnologie verde. Acestea sunt compuse din minerale aluminosilicate bistratificate, cu o structură tubulară submicronică, goală pe 

interior și cu diametru mic. Caracteristicile acestora determină o gamă variată de aplicații în domeniul științelor mediului, pentru 

îndepărtarea coloranților, a învelișurilor anticorozive, în industria cosmetică, în domeniul produselor ignifuge, în criminalistică 

etc. Nanotuburile de haloizit prezintă stabilitate termică pronunțată, viteză de absorbție ridicată și eliberare rapidă ce poate fi 

potențată, excelente proprietăți de încapsulare a substanțelor medicamentoase, biocompatibilitate, bune proprietăți mecanice și 

biodisponibilitate, găsindu-și numeroase aplicații în domeniul farmaceutic. Utilizările nanomedicale se regăsesc în terapia genică, 

în domeniul ingineriei tisulare, în izolarea celulelor stem și a celor canceroase și în bioimagistică. Articolul sintetizează cele mai 

noi informații referitor la nanotuburile de haloizit, respectiv a caracteristicilor structurale, a funcționalizării, a capacității de 

încărcare cu substanțe medicamentoase, precum și a utilizărilor versatile ale acestora. 

 
Keywords: halloysite nanotubes (HNTs), biocompatible, cosmetics, gene drug delivery 

 

Introduction 

In the field of nanotechnology, various nanomaterials 

are used like carbon nanotubes, nanofluids, nano-

emulsions, nanocapsules etc. Due to their harmful 

effects, these nano materials are not designed safe for 

individuals and for the environment as well [37]. Green 

nanotechnology is one of the promising technologies 

that aims in advancing environment safe and less 

harmful nanoproducts. HNTs, nanocomposites and 

nanopowders etc. are now emerging as trendsetter in 

green nanotechnology [14]. These are biocompatible 

and feasible carrier for the incorporation of biologically 

active molecules due to the hollow space inside the 

tubular structure [8]. HNTs are novel 1D naturally 

occurring clay minerals having the similar chemical 

composition as kaolinite [30]. 

They belong to the class of aluminosilicate clays, with 

molecular formula (Al2Si2O5(OH)4 * 2 H2O) exhibiting 

a hollow nanotubular structure [4] with their length 

ranging from 400 - 1000 nm, the inner and outer 

diameters of the nanotubes varying from 10 - 40 nm 

and 40 - 80 nm (Figure 1). The high aspect ratio 

(length/diameter) ranges from 10 - 50 nm [5]. HNTs 

are 1:1 phyllosilicates with six-membered rings, the 

atoms are arranged to form a structure of one octa-

hedral and one tetrahedral sheet [45]. HNTs contain 

two types of hydroxyl groups, an inner one and an 
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outer one, which are placed between the layers, 

respectively on the surface of the nanotubes. The 

outer surface of HNTs is mainly formed by siloxane 

(Si-O-Si) groups, and the inner lumen surface is 

composed of aluminol groups (Al-OH) groups, making 

them Gibbsite-like highly hydrophilic (where Gibsite-

like already relates to the monoclinic crystallography 

and the prismatic aspect of the crystals), the edges of 

the HNTs consists of Al-OH and Si-OH groups [32], 

(Figure 2). Hence, the inner surface of HNTs is 

chemically active, whereas the outer surface is considered 

as non-reactive [6]. Taking into consideration the 

state of hydration, HNTs are broadly classified into 

two groups: hydrated HNTs with a crystalline structure 

of 10 Å d001 spacing and the dehydrated HNTs with 

7 Å d001 spacing. As it has been reported, that the 

existence or the age of interlayer water in HNTs is 

one of the most significant features differentiating 

HNTs from kaolinite [12]. 

 

 
Figure 1. 

Halloysite Nanotubular Structure 
(inner diameter = 10 - 40 nm; outer diameter = 40 - 80 nm) 

 

 
Figure 2. 

Molecular Structure of HNT 
HNTs consisting of Al-OH and Si-OH groups exhibiting 

the monolayer of water molecule 

 

Physicochemical properties of HNTs 

Physical properties of HNTs are presented in Table 

I [29]. 

 

Table I 

Physical properties of HNTs [29] 

Parameter Values 

Density 2.14 - 2.53 g/cm3 

Average Pore Size 80 - 100 Å 

Typical Surface Area 22.1 - 81.6 m2 * g 

Pore volume 1.25 mL * g 

Aspect Ratio (L/D) 9 - 50 nm 

Specific gravity 2.53 g/cm2 

Cation exchange capability 0.1 - 0.7 mol * kg 

 

Chemical Properties [34] 

The outer surface of the HNTs has the similar properties 

to SiO2 having a negative charge at pH 6 - 7 (zeta 

potential -18 mV), whereas the inner cylinder core 

is related to Al2O3 which is positively charged. The 

positive charge of the inner lumen urges the loading 

of HNTs with negative macromolecules within the 

void spaces. Negatively charged molecules are repelled 

by the negative charge present on the outer surface 

of HNTs. 

 

Advantages of HNTs 

HNTs are natural, non-toxic, biocompatible, eco-

friendly and low-cost material, and it is recognized as 

nanomaterials (EPA 4) by the Environmental Protection 

Agency [40]. They have fine particle size and elegant 

dispersion property in matrix [15]. HNTs are capable 

of inhibiting the release, unless triggered and tunable 

release rates are achieved [38]. They possess immense 

cation exchange capacity [12]. A halloysite nanotube 

is able to load multiple active agents simultaneously 

[50]. It maintains constant, sustained release rates 

and not requiring an initial over-dosage [11, 14, 38]. 

HNTs have high aspect ratio, immense porosity and 

non-swelling nature [11]. During harsh material 

processing, halloysite protects active agent within 

its lumen [14]. It has remarkable loading rates compared 

to other carriers [11]. Halloysite has regeneration 

ability and enriches the bone healing efficacy [38]. 

HNTs have fast adsorption rate and high adsorption 

capacity [11] and HNTs can be used in many forms 

such as powders, creams, gels, lotions and sprays [21]. 

Solubility and Stability of HNTs 

Solubilization and dispersion study of HNTs was 

performed by Mohtashim HS et al. without using 

organic solvents, to have a supramolecular product 

of HNTs and DNA [33]. A long-term stability study 

for natural HNTs was carried out at room temperature 

in three different solutions: strong acids (e.g., sulphuric 

acid, hydrochloric acid and acetic acid), strong base 

(e.g., sodium hydroxide) and distilled water. Both the 

acidic and basic environments reinforce the mechanism 

of nanotubes transformation to propose the dissolution 

of HNTs and precipitation of stable forms of 

amorphous Al (OH)3 and SiO2, respectively [46]. 

 

 



FARMACIA, 2021, Vol. 69, 2 

 210 

Functionalization of HNTs 

Among the various phyllosilicate nanomaterials (silicate 

based layer structure) such as kaolin and montmorillonite, 

halloysite has some prominent advantages. HNTs are 

composed of small tubes that allow removal of nano-

particles from a living organism. The active molecules 

can be incorporated into the lumen of an empty HNTs 

or even drug can be absorbed onto the outer surface 

of HNTs. 

The chemical modification can be introduced into 

the external surface of the HNTs; whereas the lumen 

of the HNTs can simultaneously function by initiating 

supramolecular interactions of the drugs with the lumen 

of HNTs. The inner lumen is the most enticing feature 

of HNTs, with a diameter capable of entangling the 

chemical agents such as drugs, DNA, nanomolecules 

and nanodots and other chemically active agents e.g., 

anticorrosion for protective coating [31]. 

The optimized properties of nanocomposites are 

obtained by advancing the nano dispersion and stress 

transfer. The interfacial interaction between the nano-

tubes and the polymer, should be carefully governed 

[41]. In other respects, impoverished load transfer 

among the nanotubes and circumferential polymer 

chain may induce interfacial spillage and reduces the 

mechanical properties of the composites. Thus, the 

functionalization of HNTs is highly essential for 

processing and increasing the properties of HNTs 

polymer nanocomposites, (Figure 3). The modified 

polymer nanocomposites nanotubes reveal enhanced 

mechanical and thermal properties, as the functionalization 

advances the dispersal and stress transfer [24]. 

 

 
Figure 3. 

Functionalization of HNTs 

 

The functionalization of HNTs is achieved by two 

different processes, as follows. 

Covalent functionalization 

The inner surfaces and the edges of the sheets consist 

of hydroxyl group leading to the formation of multi-

walled tubes that provide active sites for covalently 

adhering chemical substances. 

The resulting outcomes are expected by adopting the 

relevant techniques. 

Incorporation of hydrocarbons results in modification 

of chemical composition of HNTs surface, by minimizing 

the polarity of HNTs surface, safeguarding the surface 

hydroxyl group, and lastly, by generating the functional 

groups on the surface of HNTs. Poikelispaa et al. 

reported that the dispersion property of the HNTs 

can be enhanced in the solvents and polymers by 

booming their interfacial interactions [35]. 

Modification of HNTs with 2-hydroxybenzoic acid 

[23]. HNTs were modified by Li et al. in 2008, by 

dissolving 2.8 g of 2-hydroxybenzoic acid (HBA) 

in 100 mL absolute ethanol and 4.5 g of HNT-3-

aminopropyltriethoxysilane (APTES) was suspended 

in a mixture with continuous heating and stirring, 

adding 4 g of N, N′-Dicyclohexylcarbodiimide (DCC) 

to the suspension and then kept at reflux for 48 h at 

86°C. The obtained product was filtered and washed 

with absolute ethanol and dried in an oven for 12 h 

at 60°C. 

Silane Coupling. By condensation process, the most 

common covalent  modification of HNTs is to graft 

silanes between the surface hydroxyl group of halloysite 

and hydrolyzed silane. Modification of the internal 

surface is significant for immobilization and controlled 

release process, whereas the modification on the 

external surface and edges benefits the nanocomposite 

applications. Yuan et al. in 2008 modified halloysite 

clay nanotubes by grafting with γ-aminopropyltri-

ethoxysilane (APTES) [48]. 

Halloysite modification by Hexa-decyl-tri-methyl-

ammonium bromide [18]. HNTs were modified by 

Khunova et al. in 2013. A 5% solution of Hexa-

decyl-tri-methyl-ammonium bromide (HEDA) was 

used for the treatment of purified HNTs at 80°C for 

24 h, followed by filtration and drying of HNTs in 

oven at 60°C for 24 h to obtain the modified HNTs. 

The numerous types of silanes used for modifications 

of HNTs are listed in Table II [22]. 

Table II 

Silanes used for modifications of HNTs [22] 

Silanes Composition 

γ- Glycidoxypropyltrimethoxysilane (GPTS) 

 

3- Aminopropyltrimethoxysilane (APS) 
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Silanes Composition 

3- Aminopropyltriethoxysilane (APTES) 

 

[3-(2-Aminoethylamino)propyl] 

trimethoxysilane (AEAPS) 

 

3-(Trimethoxysilyl)propyl methacrylate (MAPTS) 

 

Vinyltrimethoxysilane (VTMS) 
 

 

Non-covalent functionalization 

Non-covalent functionalization is the most efficient 

approach to disperse the tubes in aqueous and non-

aqueous solvents without damaging their unique 

structure and thus retaining their intrinsic properties 

[47]. 

Characterization of HNTs. HNTs are characterized by 

using scanning electron microscope (SEM), scanning 

force microscope (SFM) and transmission electron 

microscope (TEM). As reported, these techniques 

explains that most of the samples have cylindrical 

tubes with 40 - 50 nm diameter and 0.5 - 2 µm length. 

TEM images apparently illustrate the empty lumen 

of HNTs having a diameter of 15 - 20 nm [43]. 

Loading techniques in HNTs. There are few methods 

of loading drugs into HNTs and preferred methods 

are depicted in Figure 4. 

 

 
Figure 4. 

Drug Loading Techniques of HNTs 

 

Adsorption. The functional groups present on the 

surface of the HNTs such as Si-OH and Al-OH groups 

assist in determining the adsorption mechanism of 

HNTs. The surface charge of HNTs at pH 3 is positive, 

whereas above this pH it is negatively charged. An 

ionic pollutant does not possess high affinity for 

HNTs, as a result of negatively charged surfaces placed 

on the outer surfaces [19]. 

Intercalation. HNTs has the capacity to intercalate 

a wide number of organic and inorganic substances 

within the interlayer spaces. In this process, as the 

molecules penetrate the interlayer space, there is an 

origin of enlargement of these layers, due to the 

integration of water in the inter-lamellar spaces. The 

enlargement of these layers contributes to increase in 

d001 spacing between the layers [20]. The main 

criteria for developing the intercalation process are 

to entrap the water molecules between the walls of 

halloysite layers [13]. 

Tubular Entrapment. The most extensive and widely 

used method for loading of drug into HNTs is tubular 

entrapment method. It is also commonly known as 

vacuum method. This method was proposed by Kelly 

et al. in 2004 [16]. 

 

Applications of HNTs 

Biomedical Applications of HNTs 

Tissue Engineering Scaffolds. Tissue engineering 

scaffolds are components made of polymeric bio-

materials to provide the structural support for cell 

attachment and subsequent tissue development [7]. 

HNTs are the rising materials in the field of tissue 

engineering, as they satisfy certain pre-requisites to 

be an ideal scaffold [26]. Zhou et al. in 2012 [25] 

fabricated halloysite-chitosan scaffolds by using freeze 

drying method. The halloysite-chitosan scaffold has 

revealed enhanced compressive strength, modulus, 

and thermal stability and has not induced any cyto-

toxicity as compared to pure chitosan scaffold. Hence, 

HNTs polymer nanocomposite shows great potential 

for applications in tissue engineering. 

HNTs as Wound Healing Sponges. Properties such 

as mechanical strength, good biocompatibility and 

haemostasis of tubular HNTs makes them ideal candidate 

for wound healing applications. HNTs-based nano-

composite are tuned into dressings with wound healing 

properties. The porous and flexible chitosan composite 

sponges were fabricated by addition of HNTs which 

resulted in increased elastic modulus, compressive 

strength and toughness. Liu et al. have formulated 

chitosan-HNTs nanocomposite sponge by imposing 

freeze drying method. It was observed that the HNTs 

improved chitosan’s blood clotting ability [27]. 

HNTs for Bone implant/Bone cement. Bone grafting is 

a surgical process which reinstates the missing bone in 

order to restore bone fractures. The most efficiently 
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available bone implants are dental implants and devices 

used in the improvement of damaged bones. The most 

extensively used bone cement is poly (methyl meth-

acrylate) (PMMA) as it showed magnificent bio-

compatibility and mechanical properties for arthroplasty 

[39]. The bone cement is fabricated by incorporating 

the PMMA with gentamycin loaded HNTs. Thus, the 

PMMA/HNTs/gentamycin composite offered consistent 

sustained release up to 300 - 400 h and hence there by 

maintaining extended antibacterial protection [28]. 

HNTs for Cancer Cell Isolation. Curcumin is the most 

significant drug possessing the anti-inflammatory and 

anticancer properties and hence several methods have 

been adopted to load the curcumin into the lumen 

of HNTs. Massaro et al. in 2013 have reported that 

drug loading is carried out by functionalization of 

positively charged HNTs using tetrazolium salts. These 

HNTs-based carriers of curcumin were used as drug 

delivery for different cell line studies and were proved 

to be effective in many of cancer cells [36]. 

HNTs as potential Drug delivery vehicles. The most 

effective site for drug entrapment is the nanopore of 

HNTs [9]. The surface of drug loaded HNTs can be 

further coated with different polymers to achieve better 

delayed drug release rates [10]. Drugs, proteins and 

different substances can be loaded into the clay tube 

[2]. The chitosan and polyethyleneimine (PEI) coated 

HNTs reveal delayed release rates compared to un-

coated HNTs [3], Figure 5. 

 

 
Figure 5. 

Biomedical Applications of HNTs 
Halloysite nanotubes possess wide range of biomedical 

applications such as in tissue engineering (bone regeneration), 

drug delivery, wound healing, bone implant and cancer 

cell isolation 

 

HNTs for Non-Biomedical Applications 

Use of HNTs as Nanoreactors and Nanocontainers 

Nanoreactors 

Nanoparticles and nanowires can be formulated by 

employing HNTs as nanoreactors. Synthesis of enzyme-

catalysed inorganic reaction can be carried out by 

using HNTs bio-mineralization reactors, whereas 

HNTs lumen behaves as biomimetic nanoreactor [1]. 

Nanocontainers 

Anti-Corrosion Coating with Benzotriazole. Corrosion 

of metals is a crucial technical problem. HNTs are 

used as tubular sacs for benzotriazole which is considered 

as corrosion inhibitor [48]. 

Use of HNTs in the synthesis of silver nanorods 

Silver nanorods were fabricated by thermal decomposition 

of silver acetate from its aqueous solution and loaded 

into the lumen of the halloysite, by employing the 

vacuum cycling process. The polymer composite of 

silver nanorods revealed antimicrobial activity and 

increased tensile strength [42]. 

Gold Nanoparticles 

Gold nanoparticles were prepared by reduction of 

chloroauric acid (HAuCl4) using HNTs. Gold nano-

particles possess large surface area, which promotes 

high drug loading efficiency, biocompatible, and are 

freely accessible for the conjugation with biomolecules. 

These are non-cytotoxic to normal cells [17]. 

Application of HNTs for in situ chemical polymerization 

The polyaniline (PANI) is laminated on the facet of 

the HNTs by adopting in situ soapless emulsion poly-

merization of anilinium chloride adsorbed on HNTs. 

Ammonium persulfate (APS), an oxidant, is used to 

roll out the HNTs in an aqueous solution of aniline 

with constant stirring and ultrasonic irradiation. The 

acidity of polymerizing media and adsorptivity of 

anilinium chloride on the surface of HNTs modify 

the structural characteristics of PANI/HNTs nano-

composites [51]. 

HNTs for Cosmetic Application 

As a result of elongated hollow tubular structure and 

strong absorption capacity, HNTs can be availed as 

cleansing masks, which promote deep purification 

and clears the facial pores. The hollow HNTs can be 

loaded with a variety of active ingredients; particularly 

those used in cosmetics, household and personal care 

products [44], as shown in Figure 6.  

 

 
Figure 6. 

Non-Biomedical Applications of HNTs 
Halloysite nanotubes have non-biomedical applications; 

therefore they can be used as anti-corrosive agent, cosmetics, 

in the fabrication of silver nanorods and gold nanoparticles 
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Conclusions 

This review highlights the structural features, 

functionalization, biomedical and non-biomedical 

applications of HNTs. HNTs display remarkable 

thermal stability, faster adsorption rates, tuneable release 

rates, excellent drug encapsulation, biocompatibility, 

mechanical properties, and ease of availability therefore 

with numerous pharmaceutical applications. The 

functionalization of HNTs is a main necessity for 

processing and promoting the properties of HNTs 

polymer composites. HNTs have also established 

prominent character in various fields of biomedical 

sciences such as tissue engineering, bone implants, 

fillers in bone cement, and cancer cell isolation. Apart 

from biological features, HNTs have played roles in 

the synthesis of silver and gold nanoparticles, nano-

reactors and nanocontainers, cosmetics, and drug 

delivery. Thus, it can be concluded that HNTs have 

acquired promising anticipation in the development 

of new structural and functional materials to emerge 

as trendsetters for green nanotechnology. 
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ABSTRACT 
Vincristine the drug used in the treatment of Non-Hodgkin’s Lymphoma(NHL) induces peripheral neuropathy 

by damage of micro tubular protein is a well-known side effect. Here we report a case of 64year old male 

admitted for 3rd cycle with complaints of tremors and asymmetrical appearance of face with no involvement of 

cranial nerves or metastasis. Patient had completed 2nd cycle of CHOP regime and later came with these 

complaints. Hence the diagnosis was made as vincristine induced cranial neuropathy and facial palsy. 

Keywords: NHL (Non-Hodgkin’s Lymphoma), CHOP regime, Facial palsy, Neuropathy. 
 
INTRODUCTION 

Vincristine an anti-cancer drug belonging to class 
of vinca alkaloid, used in the treatment of solid 
tumours, leukaemia and lymphoma along with 
other cytotoxic drugs. It works by binding to 
tubulin-protein in order to prevent polymerization 
and formation of microtubules leading to 
disturbance in the mitotic spindle along with 
impeding its cytoskeletal function[1]. These vinca 
alkaloids are cell cycle specific they work in S-
Phase i.e. mitosis and causing arrest of 
metaphase. 
Vincristine’s major toxic effect is seen on nervous 
system i.e., peripheral neuropathy being the most 
prominent among the other toxic effects which 
include nerve palsies, orthostatic or postural 
hypotension, Seizures, paralytic ileus etc. 
The neurotoxicity associated withvincristine could 
be based on dose, duration of therapy and also 
on the age of the patient[2]. 
The mechanism involved in the occurrence of 
vincristine induced neurotoxicity could be due to 
changes in the structure of the micro-tubular 
nerves which intervenes with transfer of required 
proteins and essential elements to the neurons. 
Neuron cell bodies within ganglia also known as 
ganglinopathy, involvement of myelin sheath 
known as myelinopathy, distal axons known as 
axonopathy are the areas where the cell function 
participation occurs in order to induce peripheral 
neuropathy. The neuropathy mainly occurs at 
peripheral nerves due to the stretched out axon 
which is comparatively longer in case of 
peripheral nerves [3] 
Here we are reporting a case of vincristine 
induced facial palsy without any involvement of 
cranial nerves, admitted for the treatment of Non-
Hodgkin’s Lymphoma for 3rd cycle. 

CASE REPORT 

A case of 64year old male patient with complaints 
of abnormal growth over neck region, anorexia 
since 15days and loose stools since 5-6 days. 
Regular blood test along with liver function and 
renalfunction test were performed which indicated 
low haemoglobin (9.2gm %), differential count 
i.e., neutrophils (68%), lymphocytes (13%), 
monocytes (10%), eosinophil’s (9%). As the 
patient is a known case of Type 2 diabetes 
mellitus random blood sugar was examined 
(230.1mg/dl).  Renal function test revealed 
elevated urea (35mg/dl) and serum Creatinine 
(1.81mg/dl). FNAC confirmed Non-Hodgkin’s 
Lymphoma with a known case of Diabetes 
Mellitus since 10years. Based on the diagnosis 
Chemotherapy was started with intravenous 
Cyclophosphamide, Vincristine, Doxorubicin and 
oral tablet of prednisolone i.e., CHOP regimen. 
The chemotherapy cycles were resisted for every 
24th day after the previous cycle. 
Patient was admitted for the 3rd cycle of 
chemotherapy with the complaints of drooling, 
tremors and asymmetrical facial appearance. 
Neurologist opinion was considered and was 
finally diagnosed as vincristine induced cranial 
neuropathy with facial palsy. 
 
DISCUSSION 

Vincristine causing neuropathy is generally mild. 
Nevertheless, in rare cases partial or complete 
paralysis has been recorded[1]. Neurotoxicity 
manifestations are noted later probably 2-19 
weeks after the initiation of the treatment. Toxicity 
is considered major when the dose is more than 
the usual dose, when the patient is sensitive to the 
drug, if the patient is a known case of 
hepatopathy or the patient has acquired 



Dr Varsha Dalal et al / Vincristine Induced Neuropathy 
 

1585| International Journal of Pharmaceutical Research | Apr - Jun 2021 | Vol 13 | Issue 2 

neuropathy. The toxicity could be observed when 
vincristine is interacting with drugs such as 
mitomycin C, allopurinol, erythromycin, 
phenytoin, itraconazole and isoniazid. In our case 
no such factors were involved[2]. Thecranial nerve 
toxicities can be reversible once the treatment is 
paused until the toxicity is sub-dues. The patient 
was treated with pyridoxine 150mg BD. We 
further recommend conducting studies over the 
effectiveness of Folic acid, Piracetam and Ginkgo 
Biloba for management of vincristine induced 
neuropathy. 
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Fig.1: Sites and mechanisms of action of neurotoxic chemotherapy agents 
 
Chemotherapeutic agents can contribute to peripheral neuropathy across multiple sites of the 
peripheral nervous system. Agents that exert effects on the dorsal root ganglion preferentially cause 
sensory neuropathies. Citation [4]. 
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ABSTRACT 
The number of patients on dialysis in India currently at about 100,000 and the prevalence of Chronic Kidney 

Disease in different regions of India is ranges from <1-13%. Two third of the Indian population lives in rural 

areas where dialysis centers were unavailable and dialysis patients have to travel more than 50km to access the 

hemodialysis facility. Dialysis patients with Chronic Kidney Disease have to undergo numerous treatments 

because of comorbidities associates with Chronic Kidney Disease. In some cases, patients were unable to 

adhere to treatment because of various factors such as socio-economic, depression, or any other disease-

specific or in geriatric patients. Therefore proper attention should be given to patient care. If pharmaceutical 

care service is implemented in all health care system especially with complicated diseases then subsequently it 

may help in preventing drug-related problems as well as improving patient’s quality of life and outcome. 

Keywords: Chronic kidney disease, Dialysis, Clinical pharmacy intervention, Drug-related problems, 

Pharmaceutical care plan. 

 
INTRODUCTION 

The complete failure of kidney function for a 
month or years is known as Chronic kidney 
disease. Chronic kidney disease (CKD) is 
characterized by a decrease in the rate of 
glomerular filtration (GFR) and urinary or renal 
tract structural abnormalities (R). A significant 
public concern may be a chronic renal disease, 
which involves early diagnosis and treatment to 
delay development. Patients are expected to start 
renal replacement therapies, either by dialysis or 
transplantation, when the condition progresses to 
a point where kidney failure occurs.1-2 

The ratio of CKD patients in India is about 1 in 
10000 and in a year the newly diagnosed end-
stage renal disease case was about 1 lakh. Thus 
due to numerous amounts of medications and 
frequent modifications in medications in dialysis 
patients leads to a higher risk for non-adherence 
and causing DRPs. In recent years the number of 
severe renal disease patients is increasing in both 
incidence and prevalence. Around 3,200,000 
ESRD patients were estimated in 2013 globally 
with a 6% growth rate, and 2,522,000 patients 
underwent RRT mostly hemodialysis or peritoneal 
dialysis.3-4 

In 2013 WHO reported that medication non-
adherence is a major public health problem, 
especially with patients suffering from chronic 
conditions that lead to adverse clinical outcomes 
and which also results in a significant financial 

burden on medical institutions. To improve the 
patient's safety and health, the WHO suggested 
that the enhancement of pharmacoadherence 
should serve as a modifier of the benefit of the 
health care system.5 

 

CLINICAL PHARMACY SERVICES 
Diabetes, Hypertension, anemia, neuropathy, and 
electrolyte abnormalities are the most common 
complications of CKD which were improved with 
the help of Clinical Pharmacist interventions. The 
patients on hemodialysis require to adhere to the 
medications because it may lead to adverse 
clinical outcomes. Pharmacists interviewing 
patients with requiring HD by using the concepts 
of medication therapy management and also with 
motivational concepts but confined data exist to 
illustrate the effect of patient-centered 
interventions. So, it is necessary to assess the 
influence of patient-centered pharmacist 
intervention on pharmacoadherence and 
outcomes in patients requiring HD. Therapeutic 
interventions required dose adjustments or a 
change in drug regimen by physicians and Safety 
interventions were classified as prevention of an 
adverse drug event, therapeutic duplication, or 
relation to medication allergies.4-6 

The clinical pharmacy service contributes 
outstandingly to the multidisciplinary team by 
providing low risk, essential, and financial care 
for patients. Polypharmacy reviews and 
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pharmacist prescribing are clinical pharmacy 
practices that help CKD patients in better 
understanding the current synthesis of the 
evidence base for features and consequences.7 

The outcomes of pharmacist intervention in 
dialysis patients have less amount of evidence 
because of insufficient volume and poor quality. 
Basically, a controlled study in this systematic 
review proves that pharmacist interventions 
improve patient's clinical outcomes such as PTH, 
CrCL, Hb, and Ca level but these types of studies 
failed to provide the report on details of 
humanistic outcomes. Therefore this remains an 
insufficient amount of evidence for showing the 
economic impact of pharmacist interventions.7 

The common DRP’s like DDI and ADR’s occur 
more likely in patients with dialysis and numerous 
daily medications than the other groups of 
patients due to changes in pharmacokinetic and 
pharmacodynamic of medications. Medication 
adherence, medication-related problems, and 
outcomes of the patients improved by active 
medication management but these type of 
concepts are costly and not used widely. And the 
other DRP’s were also found in many cases for 
example untreated indications, unnecessary drug 
treatment, improper drug selection, and drug 
treatment more costly than necessary. However, 
pharmacy-led medication management is 
considered as one of the most potential cost-
effective disease management concepts in 
improving the outcomes in critical or complex 
patients.8-9 

 
CLINICAL PHARMACY SERVICES 
IMPLEMENTATION 

The implementation of pharmaceutical care 
service in a multidisciplinary team of doctors, 
nurses, and dieticians in the presence of clinical 
pharmacists as a vital member may help in 
pharmacotherapy optimization, preventing drug 
adverse effects, and improving patients' outcomes 
and quality of life.10 

The main role of pharmacists in caring for dialysis 
patients has been documented because CKD 
patients have multiple co-morbidities and being 
treated with multiple prescriptions. As a result, the 
main goal of this study is to assess the impact of 
pharmacist interventions in patients with CKD.11 

Based on the studies discussed in Table.1. Many 
DRPs were found in patients with dialysis, in that 
polypharmacy and medication use without 
indication were also found to be main drug-
related problems in elder patients. The study of 
assessing patients' opinions on pharmacist 
intervention shows satisfactory results. Some 
studies on pediatric dialysis patients also show 
improved results for clinical pharmacist 

interventions. Thus implementation of patient care 
by the clinical pharmacist shows beneficial effects 
in geriatric, pediatric, and other complicated 
diseases in both in and outpatients. 
 
CONCLUSION 

The main aim of clinical pharmacy practice is to 
manage the patients who were at high risk for 
adverse events and other DRP’s and help in 
reducing hospital admissions or readmissions or 
may also help in reducing medication cost. The 
clinical pharmacist who is also an expert in PK & 
PD parameters, as well as Pharmacotherapy, will 
be best suited for patient education and 
counseling. Therefore, it is essential for clinical 
pharmacists to unite with the nephrologists or in 
the management of dialysis patients to improve 
the patient’s outcome and also for enhancement 
of the therapy. 
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Table 1: Summary of certain studies assessing drug-related problems in dialysis  patients 

SL.NO ARTICAL AUTHER PATIENTS STUDY DESIGN AIM RESULTS 

1.  Pharmacist-led 
Medication 

Counselling for 
Patients 

Undergoing 
Haemodialysis: A 

Path to 
Better Adherence4 

Lolwa Al-Abdelmuhsinet al, 
2020 

138 This was a cross-
sectional survey 

that was distributed 
among patients 

undergoing 
haemodialys 

To assess the satisfaction 
of patients undergoing 

Haemodialysis regarding 
counselling services 

provided by pharmacists. 

Most patients aged between 51 
and 75 years and had been on 

dialysis for 1 to 5 years; 94.9% of 
them had co morbidities. The 
overall satisfaction of patients 
toward pharmacy services was 

excellent (77.5%), and 
approximately 38.4% of patients 
thought that pharmacists were 

providing clear information 
about their prescribed 

medications. In addition, 55.8% 
of the patients did not know that 
haemodialysis could a_ect the 
e_cacy of their medications. 

2.  Implementation of 
clinical pharmacy 

services in a 
paediatric 

dialysis unit10 

Radwa El Borolossy et.al 
,2014 

50 This study was a 
prospective, 

stratified 
randomized, 

controlled 
study conducted on 

ESRD patients 
undergoing HD at 

the Pediatric 
Nephrology and 

Dialysis Unit 

to detect DTRPs in children 
undergoing haemodialysis 

and to assess and 
evaluate the impact of 

interventions by 
the clinical pharmacist on 

the clinical outcome of 
children 

Undergoing 
haemodialysis. 

After 9 months of pharmaceutical 
care implementation, the test 
group showed a significant 

decline in systolic and diastolic 
blood pressure (p=0.0001), 

serum phosphorus level 
(p=0.006) and parathyroid 

hormone level (p=0.001) versus 
Their baseline values and versus 

the control. The serum Ca*P 
product level of the test group 

decreased (p=0.001) after 
Intervention versus baseline. 

Serum calcium level significantly 
increased in test group (p=0.02) 

and decreased in the control 
group (p=0.001) versus the 
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respective baseline values. 
Satisfaction with the renal 

treatment significantly improved 
in the test group (p=0.0001) 

versus the control group after 9 
months of pharmaceutical care 
implementation based on Renal 

Treatment Satisfaction 
Questionnaire scores. And the 
Conclusion was Pharmacist-
initiated pharmaceutical care 
improved the satisfaction and 

biochemical findings of patients 
on haemodialysis. 

3.  Evaluation of drug-
related problems in 

an outpatient 
haemodialysis unit 
and the impact of a 
clinical pharmacist11 

 

D W Grabe 1, C L Low, G 
R Bailie, G Eisele 

 

45 Medication review To identify DRP in 
haemodialysis outpatients 
by performing medication 

reviews and make 
appropriate 

recommendations 
 

49 patients were reviewed and 
45 patients (21 women, 24 men) 

were included in the final 
analysis. Over one month 126 
DRP were identified and 102 

interventions were made. Drug 
interactions constituted the most 

common DRP (27.5%). The 
second most common DRP 
(26.5%) was in the dialysis-

specific group. The numbers of 
interventions per significance 

rank were as follows: rank 1:0 
(0%); rank 2: 7 (6.9%); rank 4: 

80 (78%); rank 5: 5 (4.9%); rank 
6: 1 (1%). Patients were taking a 

mean of 10.9 +/- 3.9 
medications and a mean of 14.5 
+/- 6 doses/day (range, 2-33) 

prior to the study and 10.7 +/- r 
and 14.4 +/- 5.8 by the end of 

the study period. 

https://pubmed.ncbi.nlm.nih.gov/?term=Grabe+DW&cauthor_id=9049460
https://pubmed.ncbi.nlm.nih.gov/?term=Low+CL&cauthor_id=9049460
https://pubmed.ncbi.nlm.nih.gov/?term=Bailie+GR&cauthor_id=9049460
https://pubmed.ncbi.nlm.nih.gov/?term=Bailie+GR&cauthor_id=9049460
https://pubmed.ncbi.nlm.nih.gov/?term=Eisele+G&cauthor_id=9049460
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4.  Polypharmacy and 
Medication-Related 

Problems in 
Haemodialysis 

Patients: A Call for 
Deprescribing12 

 

Majed 
Alshamrani 1, Abdullah 

Almalki , Mohamed 
Qureshi , Oyindamola 
Yusuf , Sherine Ismail 

 

83 Cross-sectional 
study in the 
outpatient 

haemodialysis unit. 

To determine the 
prevalence of 

polypharmacy and MRPs 
and to assess its 

predictors. 

The median age was 63 
(Interquartile range; IQR = 22), 
50% were males, and the mean 
number of co-morbidities was 

3.14 ± 1.64. The prevalence of 
polypharmacy was 97.6% with a 

95% CI (91.6%⁻99.7%). 
Medication use without 

indication, was the highest 
identified MRPs at 36% 

(102/280), followed by sub 
therapeutic dosing at 23% 

(65/280), and overdosing at 15% 
(41/280). 

5.  Development of a 
clinical pharmacy 
service in an 
outpatient dialysis 
centre13 

Catherine Haenni et al, 
2008 

30 A questionnaire on 
pharmaceutical 
care to the 
haemodialysis 
patients. 

To assess the quality of 
patient care in the 
outpatient dialysis centre 
(ODC) and evaluate how 
the clinical pharmacist 
could play an active role 
in the management of the 
patient’s drug therapy. 

This study helped to define the 
role of a CP in an ODC and led 
to his permanent integration into 
the dialysis team with the 
following tasks: medication 
reconciliation, participation n the 
weekly staff meeting and in the 
monthly ward rounds and 
development of activities in the 
identified areas of improvement. 

6.  Pharmacist-led 
medication reviews 
in pre-dialysis and 
dialysis patients14 

Inge R.F. van Berlo-van de 
Laar et al,2020 

125 Pharmacist-led 
medication reviews 

to evaluate pharmacist-led 
medication reviews in pre-
dialysis and dialysis 
patients by determining 
the number and type of 
DRPs, nephrologist 
acceptance of pharmacist 
interventions and 
time investment. 

One-hundred twenty-five patients 
were reviewed: 37 pre-dialysis 
and 88 dialysis patients. In 100 
(80%) 
patients 277 medication 
discrepancies were identified of 
which 224 (81%) were accepted 
by the nephrologist. Pharmacists 
suggested 422 interventions 
concerning drug or dose 
selection for 115 patients; 106 
interventions were accepted by 
the nephrologist, which resulted 

https://pubmed.ncbi.nlm.nih.gov/?term=Alshamrani+M&cauthor_id=30046021
https://pubmed.ncbi.nlm.nih.gov/?term=Alshamrani+M&cauthor_id=30046021
https://pubmed.ncbi.nlm.nih.gov/30046021/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Almalki+A&cauthor_id=30046021
https://pubmed.ncbi.nlm.nih.gov/?term=Almalki+A&cauthor_id=30046021
https://pubmed.ncbi.nlm.nih.gov/?term=Qureshi+M&cauthor_id=30046021
https://pubmed.ncbi.nlm.nih.gov/?term=Qureshi+M&cauthor_id=30046021
https://pubmed.ncbi.nlm.nih.gov/?term=Yusuf+O&cauthor_id=30046021
https://pubmed.ncbi.nlm.nih.gov/?term=Yusuf+O&cauthor_id=30046021
https://pubmed.ncbi.nlm.nih.gov/?term=Ismail+S&cauthor_id=30046021
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in 60 patients having medication 
changed. Ninety percent of those 
changes remained implemented 
on follow-up after at least 1 
month. In 46 (37%) patients, the 
clinical pharmacist detected DRPs 
concerning the drug use process 
and performed patient 
counselling. The average time 
investment was 85 min per 
patient for the clinical pharmacist 
and 15 min for the nephrologist. 
Besides time investment, unclear 
responsibility for medication 
management due to multiple 
prescribers was an important 
barrier in the process and the 
main reason for nephrologists to 
reject pharmacist interventions. 
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Abstract-  

Background and Objectives:  Corona virus caused by SARS-CoV-

2 is a fatal disease, and has become a global public health concern 

at present. The focus of this study was to assess pharmacy students' 

knowledge, attitudes, and practices in South India about the 

coronavirus disease 2019 (COVID-19) during the nationwide 

lockdown.  

Methods: Present cross-sectional study was carried out by 

administering a structured questionnaire (created through Google 

forms) circulated to students across India through e-mail and 

WhatsApp. Demographics of the participant, knowledge, attitude, 

and practice towards COVID-19 were collected. Data was further 

analyzed statistically using independent samples t-test and bi-

variate analysis. 

Results: A total of 437 pharmacy students participated in present 

study. Majority of them were females (62.01%). Most of the 

participants (99.5% & 99.3%) had correct knowledge about the 

symptoms of COVID-19 and were aware regarding personal 

hygiene, wearing face mask, social distancing. To about 89.7% of 

participants expressed confidence in India's ability to defeat 

COVID-19. During the epidemic, the vast majority of respondents 

(99.7%) had excellent practice in keeping social distance and 

avoiding unnecessary travel or outings (98.1 %). 

Conclusion: Based on the findings of this study, we presume that 

pharmacy students had a good understanding, attitude, and 

practice towards COVID-19. The majority of pharmacy students 

were aware of the COVID-19 transmission and the precautions 

that should be taken. Studies examining potential factors affecting 

COVID-19 pandemic awareness among HCPs and other segments 

of society are crucial. 

Index Terms- COVID-19, KAP, Pharmacy students, Pandemic, 

India. 

I. INTRODUCTION 

he coronavirus, SARS-CoV-2, has sparked an epidemic that 

has recently drawn the attention of the scientific 

community.[1] In December 2019, China became the epicenter of 

a Coronavirus Disease 2019 (COVID-19) outbreak, which 

received worldwide attention not only in China but also around the 

globe.[2] New cases have continued to rise globally in the last 

week, with over 3 million new cases reported, up 10% from the 

previous week. Following a peak in early January 2021, when 

there were just under 5 million cases, new cases fell to around 2.5 

million in the week beginning February 15, 2021, but have since 

risen again in the last three weeks.[3] The highest numbers of new 

cases were reported from Brazil (494 153 new cases; 20% 

increase), the United States of America (461 190 new cases; 8% 

increase), Italy (155 076 new cases; 12% increase), France (150 

434 new cases; 5% increase) and India (148 249 new cases; 

30%).[3] Increase The rising number of cases and geographic 

spread of COVID-19 raised serious concerns about the outbreak's 

potential trajectory.  

 

The SARS outbreak, which began in 2002, resulted in 

approximately 8,000 infected persons and 770 deaths, costing up 

to $100 billion globally. MERS, In the other hand, it had smaller 

illnesses but larger nosocomial outbreaks and a marginally higher 

mortality rate (around 35 percent), and it has yet to be eradicated, 

with over 90,000 cases recorded to date and over 2,500 

fatalities.[4] On March 11, 2020, the World Health Organization 

(WHO) declared COVID-19 an international pandemic public 

health emergency. The epidemics of COVID-19 was reported in 

200 countries worldwide, territories, and areas on March 19, 2021, 

with 121 464 666 confirmed cases and 2 684 093 death cases.[5] 

A verified case of COVID-19 was detected in India on January 30, 

2020, in a student who had travelled from Wuhan, China. On 

February 14, 2020, he successfully recovered from the infection. 

On March 19th, 2021, the Ministry of Health and Family Welfare 

announced a total of 11,555,284 confirmed cases, 11,107,332 

cured/ discharged cases, and 15,9558 death cases in 32 

states/union territories across the country.[6] 

 

Pharmacists are an integral aspect of healthcare team, and their 

role in coronavirus outbreak control is pivotal. On March 19, 

2020, the International Pharmaceutical Federation (FIP) released 

a guideline to clarify the necessary coronavirus information for 

pharmacists and the pharmaceutical workforce, as well as 

community and hospital pharmacists' obligations and duties in the 

outbreak's control.[7] Pharmacists play a critical role in patient 

care as members of the healthcare team. This includes 

participating in the multidisciplinary health care team's decision-

making process, administering medications, and evaluating 

patient care. Furthermore, pharmacists' knowledge, attitude, and 

T 
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practices, in collaboration with physicians, are critical in 

preventing and controlling the disease.[8] 

 

A knowledge, attitude, and practice poll provide a framework for 

evaluating current initiatives and identifying successful strategies 

for societal behavior change. As a result, the current research was 

conducted to assess pharmacy students' understanding of COVID-

19 in order to determine their awareness of the virus, its effects, 

and readiness to assist in the management of epidemics and 

pandemics. Specifically, we aimed to investigate participants' 

awareness regarding the current COVID-19 pandemic and 

knowledge as well as their perspective of pharmaceutical 

professional roles during this emergent situation. Study also aimed 

at identifying the potential determinants which could affect the 

knowledge, attitude and practice within the pharmacy students. 

This is the first study to look at pharmacy students' skills, 

behaviors, and practice in the context of the COVID-19 pandemic 

in South India, to the best of the authors' knowledge. 

 

II. MATERIALS & METHODS 

A. Participants and data collection: 

During the lockdown stage, a cross-section online survey was 

carried out from July 10 to July 21, 2020. Keeping in mind the 

Government norms regarding social distancing, instead of 

carrying out a community-based survey, present study collected 

the data as an online survey using Google form platform.[9] The 

Google form link was shared on several social media platforms, 

including a WhatsApp group and the students' email addresses. At 

the start of the survey, each participant was informed about the 

research objectives for filling out the questionnaire and the 

survey's confidentiality, and each gave informed consent. All 

participants were told that their identity would be kept confidential 

and that the findings would only be used for study purposes. A 

Total of 437 pharmacy students participated in the present study. 

Student participants meeting the study criteria filled the data 

collection form which had demographic information, socio-

economic status, and mobile phone related information. 

Participants also filled Neck Disability Index scale (NDI), 

Smartphone Addiction scale (SAS) and Pittsburg Sleep Quality 

Index scale (PSQI). Later all the students were subjected for neck 

angle measurements using Universal Goniometer followed by 

deep neck flexor endurance test. Research work was executed in 

accordance with the ethical principles of “Declaration of Helsinki’ 

after obtaining prior voluntary consent from the study participants. 

Wherever required, study team aided participants in filling the data 

collection form. 

 

B. Ethical clearance and Sample Size:  

The institutional ethics committee of K L E College of Pharmacy, 

Hubli, reviewed and endorsed the project plan. The Raosoft 

sample size calculator was used to quantify the sample size.[10] A 

minimum of 385 participants were needed with a 5% margin of 

error, a 95% confidence interval (CI), and a population size of 1 

billion at a 50% response distribution. However, we were able to 

enroll 437 pharmacy students in the study in the end. 

 

C. Questionnaire: 

Following a comprehensive review of the literature, a self-

designed questionnaire was created using the most up-to-date data 

from the World Health Organization, the Centers for Disease 

Control and Prevention, and the Indian Ministry of Health and 

Family Welfare. The demographics of the participants were 

covered in the first segment of the questionnaire, while the KAP 

assessment questions were addressed in the second. The 

questionnaire had 10 questions about knowledge, 06 questions 

about attitude, and 06 questions about practices. The majority of 

the knowledge questions focused on the participants' 

understanding of clinical symptoms, transmission pathways, 

severity and risk groups, COVID-19 prevention, and control These 

questions were answered with a yes/no choice as well as a "I don't 

know." Yes, replies received one point, while no and I don't know 

responses received 0 point. COVID-19 understanding was 

demonstrated by higher scores. The attitude questionnaire offered 

similar choices for questions about media coverage, government 

directives, and quarantine measures. While only two choices, 

‘Agree' and ‘Disagree,' were assigned for the questions about 

COVID-19 practice, which included questions about sanitation, 

symptoms, and social distancing. The KAP Questionnaire was 

subjected to three Physicians for independent review and content 

validation. Apart from two grammatical changes no major 

suggestions were received. 

 

STATISTICAL ANALYSIS: 

All the data from the Google forms were directly imported into 

Excel spread sheets. Data was further checked for any errors or 

incomplete forms. Finally, we were able to obtain responses from 

437 pharmacy students without any errors. Data was further 

subjected to coding and final knowledge, attitude and practice 

scores from the participants were calculated. Statistical analysis 

was carried out using SPSS Version 16.0[11] and MedCalc 

statistical software.[12] Comparisons between the mean 

knowledge, attitude and practice scores within the demographic 

characteristics were performed using independent samples t-test.  

Demographic variables were also subjected for bi-variate analysis 

in order to identify potential determinants for good knowledge, 

attitude and practice within the study participants.  Statistical 

significance was described as a ‘p' value of 0.05. 

 

III. RESULTS: 

A total of 437 pharmacy students volunteered to take part in the 

research and gave their consent. Most of the respondents were 

females between the age group of 20 and 25. Majority of the 

participants were Indians and belonged to undergraduate course. 

Nearly one third of the participants reported that one of their 

family members working as a health care professional. Table-1 

summarizes the demographic profile of research participants. 
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Table 1: Demographics of the study population and prevalence of better knowledge, attitude and  

practice within the study population 
 

Demographic characteristic 
Total 

Number (%) 

Participants with 

better Knowledge 

Participants with 

better Attitude 

Participants with 

better Practice 

Score > 6 [n(%)] Score > 4 [n(%)]  Score > 4 [n(%)] 

Sex 

Male 

Female 

 

271 (62.01) 

166 (37.98) 

 

270 (99.6) 

166 (100) 

 

256 (94.4) 

158 (95.1) 

 

271 (100) 

165 99.3) 

Age (in years) 

Less than 20 

Greater than 20 

 

46 (10.52) 

391 (89.47) 

 

46 (100) 

390 (99.7) 

 

42 (91.3) 

372 (95.1) 

 

46 (100) 

387 (98.9) 

Current Academic status 

Under graduate 

Post graduate 

 

227 (51.94) 

210 (48.05) 

 

227 (100) 

209 (99.5) 

 

215 (94.7) 

199 (94.7) 

 

227 (100) 

210 (100) 

At least one family member 

working as Health care 

professional 

Yes 

No 

 

161 (36.84) 

276 (63.15) 

 

161 (100) 

275 (99.6) 

 

152 (94.4) 

262 (94.9) 

 

161 (100) 

276 (100) 

Current location 

India 

Abroad 

 

425 (97.25) 

12 (2.74) 

 

424 (99.7) 

12 (100) 

 

405 (95.20) 

12 (100) 

 

425 (100) 

12 (100) 

 
A. Knowledge: 

Majority of the participants (99.5%) had accurate understanding 

of COVID-19's primary symptoms. Furthermore, 99.3 percent of 

the participants understood the value of personal hygiene, the use 

of face masks, and the use of social distancing to prevent the 

transmission of infection. Majority of the participants were aware 

of the virus's transmission pathways, risk groups, and incubation 

time. Furthermore, 82.3 percent of those surveyed were aware that 

there is currently no vaccine on the market, and 96.10 % said there 

is currently no adequate cure for COVID-19, but that early 

symptomatic and supportive care would help most patients recover 

from disease. Furthermore, 90.6% participants agreed that 

COVID-19 leads to life threatening conditions and can be fatal. 

The questionnaire responses with respect to knowledge, attitude 

and practice domains are given in Table-2. 

 

 

Table 2: Findings of the knowledge, attitude and practice survey (n=437). 

Domain Options 

Knowledge 
Yes 

[n (%)] 

No 

[n(%)] 

Don’t Know 

[n (%)] 

1. COVID-19 is a viral infection? 432(98.8) 05(1.14) - 

2. Fever, cough, sore throat, and shortness of breath are the possible 

symptoms of COVID-19? 

435(99.5) 02(.46) - 

3. COVID-19 is transmitted through air, contact and faecal-oral 

route? 

350(80.0) 70(16.01) 17(3.8) 

4. The incubation period of COVID-19 is 2-14 days? 419(95.8) 12(2.7) 06(1.3) 

5. COVID-19 leads life threatening condition and can be fatal? 396(90.6) 34(7.78) 07(1.60) 

6. Personal Hygiene, wearing face mask and social distancing is the 

way to prevent spreading? 

434(99.3) 03(0.6) - 

7. It is necessary for paediatric and geriatric population to take extra 

precautions to prevent COVID-19 infection? 

431(98.6) 04(0.91) 02(0.46) 

8. Patients with underlying chronic diseases are at higher risk of 

infection and death? 

424(97.0) 05(1.14) 08(1.83) 

9. There is currently no appropriate cure for COVID-19 but early 

symptomatic and supportive care will help most patients recover 

from the disease. 

420(96.10) 08(1.83) 09(2.06) 

10. Vaccine is available for COVID-19? 43(9.83) 360(82.3) 34(7.7) 
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Attitude 
Yes 

[n (%)] 

No 

[n(%)] 

Don’t Know 

[n (%)] 

1. I am worried that one of my family members may get an infection? 

 

211(48.2) 185(42.3) 41(9.3) 

2. If I experience symptoms, I voluntarily get tested for COVID-19 

and follow quarantine measures? 

415(94.9) 18(4.11) 04(0.9) 

3. I strictly adhere to the governmental directions to contain COVID-

19 spread? 

421(96.3) 13(2.97) 03(0.68) 

4. Media Coverage (print media, television and online) gives much 

exposure to the news about COVID-19. 

375(85.8) 49(11.2) 13(2.97) 

5. If situation worsens, I volunteer as healthcare professional? 363(83.0) 09(2.05) M- 65(14.8) 

6. India can win fight against COVID-19? 392(89.7) 09(2.05) 36(8.23) 

 

Practice 
Agree 

[n (%)] 

Disagree 

[n (%)] 
 

1. I will carry hand sanitizer with me and I frequently sanitize with 

soap or sanitizer? 

432(98.8) 05(1.14) - 

2. I will not make an unnecessary effort to travel, to minimize the 

risk of infection? 

429(98.1) 08(1.83) - 

3. I cover mouth and nose during a cough or sneeze? 437(100) 00(0) - 

4. I make an effort to inform the local authorities, if someone around 

me get suspect to have COVID-19? 

436(99.7) 01(0.28) - 

5. I practice self-distancing and avoid getting into crowded places? 436(99.7) 01(0.28) - 

6. I will continue socializing with the person who recovered from 

COVID-19? 

379(86.7) 58(13.27) - 

 

B. Attitude: 

About 48.2 percent of participants were concerned that COVID-

19 would infect their family members. Furthermore, a substantial 

majority of students (85.8%) acknowledged that media coverage 

of the COVID-19 virus (e.g., newspaper, television, and online) 

provides a lot of information about the virus. India will win the 

COVID-19 fight, according to 89.7% of those surveyed. 94.9 

percent of participants, on the other hand, chose to voluntarily test 

for COVID-19 and adhere to quarantine measures if they 

experience any coronavirus symptoms. In addition, 96.3 percent 

of the participants stated that they exclusively follow government 

instructions to prevent the spread of COVID-19. 

 

C. Practice: 

Six elements of the questionnaire were focused on current 

practices during the COVID-19 disease scenario. Majority of 

respondents had good practise in each of the elements, with the 

highest level of practise in Maintaining social isolation throughout 

the epidemic. (99.7%), staying away from unnecessary travel and 

outings during the outbreak (98.1%) and using a mask and a tissue 

to conceal a cough and sneeze (100%). Also, a high percentage 

(99.7%) of participants agreed that they will make an effort to 

inform the local authorities, if someone around them gets 

suspected to have COVID-19. Furthermore, 86.7% of the 

participants reported that they will continue socializing with the 

person who recovered from COVID-19. 

 

D. Analysis of KAP results in reference to demographic variables: 

Out of the three domains assessed within the research study, 

knowledge domain consisted of 10 questions, attitude and practice 

domain consisted of 6 questions each. For each question, a score 

of ‘1’ was given if the participant gave the correct answer and a 

score of ‘0’ was given if the participant gave the wrong answer or 

told that they were not aware of the answer. All these scores were 

added at the end and a total domain score was calculated 

independently for knowledge, attitude and practice. Independent 

samples t-test was applied to compare the differences between the 

knowledge, attitude and practice with the various demographic 

characteristics of the study population. Within the knowledge, 

attitude, and practice, none of the demographic factors showed a 

significant difference. Finally, at the end of the analysis study team 

came to an understanding that there was no much differences in 

the knowledge, attitude and practice irrespective of the differences 

in sex, academic status, family history of a health care 

professional, and current location. The detailed results of the 

independent samples t-test are given in Table-3. Only, one 

exception was observed within the study, participants aged greater 

than 20 years had better knowledge scores when compared to 

participants lesser than 20 years. The difference was statistically 

significant with a p value of 0.01. 
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Table 3: Comparison of the demographic characteristics of the study population with respect to knowledge, attitude and 

practice domains. 

 

Demographic characteristic  

Knowledge Attitude Practice 

Mean ± 

SD 

95 % 

CI 

p 

value 

Mean ± 

SD 

95 % 

CI 

p 

value 

Mean ± 

SD 

95 % 

CI 

p 

value 

Sex 

Male 

Female 

 

9.44±0.70 

9.34±0.84 

 

0.05-

0.25 

 

0.205 

 

4.98±0.85 

5.02±0.85 

 

-0.20-

0.12 

 

0.622 

 

5.84±0.38 

5.82±0.40 

 

-0.06-

0.09 

 

0.668 

Age (in years) 

Less than 20 

Greater than 20 

 

9.10±0.76 

9.41±0.78 

 

-0.54-

0.06 

 

0.01* 

 

4.86±0.85 

5.03±0.85 

 

-0.42-

0.10 

 

0.226 

 

5.84±0.36 

5.83±0.40 

 

-0.10-

0.13 

 

0.789 

Current Academic status 

Under graduate 

Post graduate 

 

9.35±0.78 

9.41±0.79 

 

-0.20-

0.09 

 

0.449 

 

5.00±0.83 

5.02±0.87 

 

-0.18-

0.14 

 

0.813 

 

5.84±0.39 

5.82±0.40 

 

-0.05-

0.09 

 

0.644 

At least one family member 

working as Health care 

professional 

Yes 

No 

 

 

9.39±0.75 

9.37±0.81 

 

 

-0.13-

0.17 

 

 

0.819 

 

 

5.05±0.83 

4.98±0.87 

 

 

-0.99-

0.23 

 

 

0.478 

 

 

5.84±0.38 

5.82±0.40 

 

 

-0.05-

0.09 

 

 

0.637 

Current location 

India 

Abroad 

 

9.37±0.79 

9.66±0.65 

 

-0.74-

0.16 

 

0.211 

 

5.02±0.84 

4.50±1.08 

 

0.03-

1.01 

 

0.034 

 

5.83±0.39 

5.75±0.45 

 

-0.14-

0.31 

 

0.464 

* Statistically significant p value 

Study team also aimed at assessing the demographic determinants 

which predicted good knowledge, attitude and practice. For this 

purpose, a cut off of 60% score was set for each domain i.e., 

knowledge, attitude and practice. Based on this cut-off, 

participants with a final score of ≥ 6 were grouped separately in 

the knowledge domain and participants with a final score of ≥ 4 

were grouped separately in attitude and practice domains 

respectively. This segregated data was taken up for executing the 

bi-variate analysis separately for knowledge, attitude and practice. 

Details of the participants with better knowledge, attitude and 

practice are represented in Table-1. Even though few demographic 

factors demonstrated Odds ratio values greater than 1, none of 

them were statistically significant. Finally, at the end of bi-variate 

analysis, none of the demographic variables emerged out as 

potential determinants for knowledge, attitude and practice. The 

detailed results of bivariate analysis are represented in Table-4. 

 

 

 

Table 4: Bivariate analysis for assessing the determinants affecting the knowledge, attitude and practice 

 

Demographic 

Knowledge Attitude Practice 

Odds 

ratio 

95 % 

CI 

p 

value 

Odds 

ratio 

95 % 

CI 

p 

value 

Odds 

ratio 

95 % 

CI 

p 

value 

Sex 

Female 

Male 

 

0.54 

1 (Ref) 

 

0.02-

13.37 

 

0.70 

 

0.86 

1(Ref) 

 

0.35-

2.08 

 

0.74 

 

4.92 

1(Ref) 

 

0.19-

121.52 

 

0.33 

Age (in years) 

Less than 20 

Greater than 20 

 

0.35 

1 (Ref) 

 

0.01-

8.89 

 

0.53 

 

0.530 

1(Ref) 

 

0.17-

1.65 

 

0.27 

 

1.08 

1(Ref) 

 

0.05-

20.37 

 

0.95 

Current Academic status 

Under graduate 

Post graduate 

 

3.25 

1 (Ref) 

 

0.13-

80.41 

 

0.47 

 

0.99 

1(Ref) 

 

0.42-

2.29 

 

0.98 

 

1.08 

1(Ref) 

 

0.02-

54.71 

 

0.03 

At least one family member 

working as Health care 

professional 

Yes 

No 

 

 

1.75 

1 (Ref) 

 

 

0.07-

43.42 

 

 

0.73 

 

 

0.90 

1 (Ref) 

 

 

0.38-

2.13 

 

 

0.81 

 

 

0.58 

1 (Ref) 

 

 

0.07-

29.58 

 

 

0.78 

Current location 

India 

Abroad 

 

11.32 

1 (Ref) 

 

0.43-

291.86 

 

0.14 

 

0.79 

1(Ref) 

 

0.04-

13.83 

 

0.16 

 

34.04 

1(Ref) 

 

0.64-

1785.9 

 

0.08 
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IV. DISCUSSION: 

COVID-19 is a rapidly emerging global health threat affecting 

general public.[13] Pharmacists are pivotal in offering patients, 

caregivers, and healthcare providers with drug-related information 

(HCPs). [14] It is therefore paramount that pharmacy practitioners 

all over the world have an extensive knowledge about the disease, 

including clinical manifestations, diagnosis, proposed treatments, 

and formulated prevention strategies. [15] 

 

The knowledge, attitude, and practices of pharmacy students 

toward COVID-19 were evaluated in this study. During the 

COVID-19 pandemic, 93.9 percent of the participants had a 

thorough understanding of the virus. Furthermore, COVID-19 was 

viewed positively by more than 82.98 percent of the participants. 

When gender was a variable in our study, we found no significant 

differences in mean knowledge, attitude, or practise scores. Both 

the genders demonstrated similar levels of knowledge, attitude and 

practice, When compared to a similar study conducted in the 

United States, which found that women had more knowledge than 

men, this finding was surprising [16] and Gender may have an 

impact on practice scores, according to another study done in 

China.[17] 

 

From our study a significant difference in knowledge is observed 

with respect to age, wherein people who were greater than 20 years 

have better knowledge than compared to people with less than 20 

years of age group. However, when it comes to the attitude and 

practice towards COVID-19, no significant differences were 

observed. A research study from Saudi Arabia demonstrated a 

significant difference in the practice score within different age 

groups. Better practice was observed amongst the 18–49 age group 

participants when compared to those above 60 years of age.[18] 

 

Our results demonstrated no significant difference in knowledge, 

attitude or practice between undergraduate and postgraduate’s 

pharmacy students. Therefore, it is evident from the results that 

both the groups demonstrated almost similar scores in knowledge, 

attitude and practice towards COVID-19. One more interesting 

finding of our study was that there was no difference in 

knowledge, attitude or practice seen, despite the fact at least one 

of the family-member working as a healthcare professional. None 

of the demographic variables emerged out as potential 

determinants for knowledge, attitude or practice within our study. 

Even though few variables demonstrated Odds ratio of greater 

than 1, but none of them were statistically significant. However, a 

study conducted on Chinese residents demonstrated that marital 

status, increasing age and education act as the potential 

determinants for knowledge, attitude and practice.[17] 

 

By observing the results of our study, we are of the opinion that 

almost all the pharmacy students demonstrated good levels of 

knowledge, attitude and practice whether India or abroad, male or 

female, undergraduate or postgraduate. The results could be 

attributed to the extensive awareness programs organized by the 

Government as well as private organizations. Efforts put forth by 

the academic institutions as well as organizations like World 

health organization are highly appreciable. The launch of the 

‘ArogyaSetu' android location-based application to connect health 

services and the people of India in the combined fight against 

COVID-19 is another commendable effort from the Indian 

government.[19] Constant monitoring as well as educational 

programs have led to enhanced awareness within our study 

population regarding the knowledge, attitude and practice. In our 

study, about 83% of participants expressed a willingness to 

volunteer as healthcare professionals if the condition worsens. 

Whereas the study conducted in Saudi Arabia, reported that 

students expressed their reluctance to work in healthcare facilities 

in the management of infected patients during the MERS-CoV 

pandemic.[20] If necessary, the young undergraduate and 

postgraduate pharmacy students of India are willing to serve the 

nation as COVID-19 warriors to fight the pandemic. This study 

has a few limitations. Being an online survey, results of the present 

study are completely based on the responses provided by the 

participants. Hence, we cannot completely ignore the recall bias 

which can potentially affect the results within the study 

participants. 

 

V. CONCLUSION 

By observing the results of the present study, we are of the opinion 

that the pharmacy students had good knowledge, attitude and 

practice about COVID-19. The majority of pharmacy students 

were aware of COVID-19 transmission and the precautions that 

should be taken. The current research is the first to examine future 

pharmacists' knowledge, attitudes, and perceptions of COVID-19 

in south India. Studies assessing potential factors affecting 

awareness regarding COVID pandemic within the HCPs and other 

segments of society are required. Although the findings are 

encouraging, it is recommended that the general public and 

healthcare professionals continue to update their understanding, 

attitudes, and practices in order for India to win the COVID-19 

battle. 
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Abstract-  

Rabbit syndrome (RS) is a rhythmic movement of the 

mouth and lips caused by antipsychotics that resembles 

rabbit munching. There is no tongue involved in the 

movement, which is solely vertical and has a frequency of 

about 5 Hz. Long-term use of first-generation 

neuroleptics has been proven to cause RS, but nothing is 

known regarding the risk of RS from newer atypical 

antipsychotics. Aripiprazole is a new dopaminergic drug 

that has been demonstrated to be clinically effective as an 

antipsychotic with little extrapyramidal motor adverse 

effects. We describe the case of a 47-year-old male patient 

who got RS while being managed with aripiprazole for 

delirious mania. The current case emphasizes the 

importance of being cautious while administering 

aripiprazole to patients. 

 

Index Terms- Aripiprazole, Rabbits syndrome, extrapyramidal 

side effects, Young's Mania Rating Scale, Delirious Mania 

I. INTRODUCTION 

Antipsychotic-induced Rabbit syndrome (RS) is an 

uncommon kind of extrapyramidal syndrome (EPS) 

characterized by fast, subtle, rhythmic perioral muscle 

movements on a vertical axis with a frequency of around 

5 Hz with no tongue involvement, resembling rabbit 

chewing and puckering movements[1] . Despite its rarity, 

the presence of RS has significant clinical implications. 

Aripiprazole is a novel antipsychotic that is gaining in 

popularity among clinicians. Because of its unique mode 

of action as a dopamine-system stabilizer, aripiprazole is 

thought to be among the next generation of antipsychotics 

[2]. We describe a case on RS observed in a delirious 

maniac patient managed with Aripiprazole. 

 

 

II. CASE HISTORY: 

 

A 47-year-old male presented to the outpatient department with 

the complaints of tremulousness of hands, involuntary perioral 

movements, with slurred speech since past 1 week. The patient 

was on follow up with us on a regular basis for six months. when 

he brought up his complaints of hyper-religiosity, easy 

distractibility, suppressed need for sleep, over talkativeness, over 

familiarity, easy irritability, uncontrollable emotional outbursts, 

destructive acts, and exhibiting erratic behavior, such as remaining 

naked for an inappropriately extended period after bathing 10 days 

prior to the visit. The patient was tentatively diagnosed with a 

delirious manic episode based on the symptoms, and a score of 46 

was recorded on the Young's Mania Rating Scale (YMRS). He 

was treated with Sodium valproate 600 mg/day, Olanzapine 10 mg 

at night, and Aripiprazole 20 mg/day, as well as Lithium carbonate 

600 mg/day in divided doses. After 18 days, The patient got 

discharged with the YMRS score of 12 after full recovery. The 

patient was advised to continue with Aripiprazole 20 mg/day and 

Sodium valproate 400 mg/day, and asked to follow-up every 15 

days. Subsequently, the patient's symptoms did improve upon 

regular follow-up, except irritability. Around 8 days prior to the 

current visit, the patient started experiencing involuntary 

movements of the lips and atypical trembling perioral movements. 

The tremors were modest, with a frequency of 4 to 5 Hz in the 

vertical axis. The patient claimed that the movements were 

frequent whenever he was under any kind of stress and persisted 

throughout the day intensifying during work. A comprehensive 

evaluation at the time revealed aberrant perioral movements that 

worsened when completing tasks requiring motor skills or 

attention. There were no out-of-the-ordinary tongue movements. 

There were no signs of Parkinson's disease nor dystonia was 

observed. All routine tests, including an ophthalmological 

examination and a computed tomography of the head were 

performed and found to be within the normal limits. His mental 

state examination revealed no psychopathology other than 

apprehension over his movements. 

The conclusive diagnosis of Aripiprazole-induced Rabbit 

Syndrome was made after all other possible conditions were ruled 

out. Based on which Aripiprazole was discontinued and tablet 

lorazepam and trihexyphenidyl (THP) 2mg/day was started. After 
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a 5-day follow-up, the patient reported improvement in RS, and 

after a 20-day follow-up, the patient reported that the symptoms 

had completely subsided with the combination therapy. THP was 

stopped after 20 days. However, for a 5-month follow-up period, 

the patient was maintained on sodium valproate 400 mg per day 

and clonazepam 0.5 mg per day, with continuous improvement in 

his symptoms. The patient was recorded with a score of 1/4 on the 

Abnormal Involuntary Movement Scale (AIMS) of the ‘lips and 

perioral' subcategory, compared to the previous score of 3/4 before 

the start of treatment with the combination medication. A score of 

7 was recorded on the Naranjo adverse drug response (ADR) 

probability scale, suggesting a “probable” adverse drug reaction. 

 

III. DISCUSSION: 

Rabbit syndrome is a rare extrapyramidal antipsychotic side effect 

characterized by orofacial motions resembling rabbit gnawing and 

puckering. RS is one of four types of tardive dyskinesia (TD), 

which are all extrapyramidal adverse effects of long-term 

neuroleptic therapy [1,3]. The pattern of movement is not the same 

as tardive dyskinesia (TD), it's a type of oral dyskinesia that causes 

the tongue to move more slowly and erratically than usual. The 

tongue is not involved in the involuntary motions, which are 

restricted to oral and masticatory muscles.[1] The rabbit syndrome 

is categorized as an antipsychotic-induced EPS, although it varies 

from classical EPS in that it is more likely to develop later in the 

course of therapy and/or may appear without additional 

extrapyramidal adverse effects[4]. This particular syndrome is 

more common in mid-aged and older individuals, with women 

being more vulnerable than men. [5] The mechanisms that cause 

RS are thought to be comparable to those that cause neuroleptic-

induced Parkinson's disease [1,5]. Long-term neuroleptic 

exposure has been associated to RS, although less is known 

regarding the risk of RS from newer atypical antipsychotics [6]. 

 

Aripiprazole is an atypical antipsychotic agent that acts as a partial 

agonist of the dopamine D2 receptor, as well as a 5HT 1A agonist 

and a 5HT 2A antagonist [7]. Aripiprazole is an antipsychotic drug 

classified under the chemical class of dihydroquinolinone. It has a 

unique mode of action that is dual in nature, exhibiting partial 

agonistic activity on dopamine D2, D3, and serotonin 5HT1a 

receptors. However, it antagonizes 5HT2a receptors [7,8]. 

Aripiprazole has a very high affinity and occupancy at striatal D2 

receptors (average putamen- 87 percent; ventral striatum- 91 

percent and caudate-93 percent). D2 occupancy levels were also 

found to be highly associated with plasma drug concentrations, 

with even the lowest dose (10 mg) resulting in 85 percent D2 

occupancy. Thus, there is a more likelihood of developing EPS in 

a significant manner and it is reported that the D2 occupancy 

exceeded up to 78%, with atypical antipsychotics as well [9]. 

Furthermore, Aripiprazole has been found to have no 

anticholinergic action at any dose within its therapeutic range, 

which might excuse the development of antipsychotic-like effects 

because no muscarinic receptor blockage occurs [10]. 

Aripiprazole is considered as a viable antipsychotic medication, 

however, as in case of any other antipsychotic medication, careful 

considerations should be practiced while administering relatively 

high doses of Aripiprazole to the patients who have never had an 

exposure to psychiatric medication. 

 

IV. CONCLUSION 

The current case highlights the importance of exercising caution 

when prescribing aripiprazole to patients, as well as the 

importance of doing thorough EPS screening. Despite the fact that 

the risk of developing EPS and RS is lower, with novel 

antipsychotic agents like Aripiprazole, it is still recommended to 

the practitioners to be cautious while prescribing such 

medications, and moreover rapid titrating of Aripiprazole is 

advised, especially while co- prescribing with CYP26 inhibitors 

and in geriatric population. Furthermore, we believe that more 

research is needed to fully understand the hazards of EPS linked 

with partial dopamine agonists. 
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Abstract-  

Tuberculosis (TB) is a condition brought by bacteria 

(Mycobacterium tuberculosis) that most often infects the lungs. 

About one-quarter of the world's population has been affected 

with TB infection, which means that they have been infected by 

TB bacteria but are not infected with the disease and cannot 

transmit it. Recent guidelines for anti-TB treatment has also 

recommended ways for managing the common adverse events 

like GI upset, rash, drug fever, hepatotoxicity and optic neuritis. 

However, there are no recommendations for the management of 

acute kidney injury. Incidence of hepatotoxicity resulting from 

ATT ranges from 2-28%. Rifampin, Isoniazid, Pyrazinamide and 

Ethambutol are the first line agents used for TB management. 

We report a case of a 45-year-old male with chief complaints of 

yellowish discoloration of eyes, urine, breathlessness and cough 

with sputum for a period of 1 week. He had a past medical 

history of Pulmonary Tuberculosis and was started on ATT 

regimen to which he developed jaundice and abnormality in LFT 

and RFT. Laboratory investigation confirmed the diagnosis as 

ATT induced Hepatitis and Nephropathy. Using Naranjo Scale, 

causality assessment was done and the result showed that the 

reaction occurred is possible. This condition might have been 

resulted from other co-morbidities (DM) and risk factors (chronic 

alcoholism) which was successfully managed by providing 

supportive care and symptomatic treatment. 

 

Index Terms - Tuberculosis, ATT Regimen, Hepatitis, 

Nephropathy, Renal function test, Liver function test. 

I. INTRODUCTION 

Tuberculosis (TB) is a bacterial infection of the lungs caused by 

the Mycobacterium tuberculosis bacteria. TB infection affects 

about a quarter of the world's population, which means they have 

been infected with TB bacteria but are not infected with the 

disease and cannot transmit it. An aggregate of 1.4 million 

individuals died from Tuberculosis in the year 2019 (counting 

2,08,000 people with HIV). Tuberculosis is one of the top ten 

causes of death worldwide, and the leading cause of death from a 

single infectious agent (beyond HIV/AIDS). In 2019, an 

estimated 10 million people worldwide contracted tuberculosis, 

with 5.6 million men, 3.2 million women, and 1.2 million 

children[1]. According to Revised National Tuberculosis Control 

Program (RNTCP), DOTS is employed as the major algorithm 

for the management of tuberculosis [2]. Rifampin [R], Isoniazid 

[H], Pyrazinamide [Z] and Ethambutol [E] are the first line 

agents used for the management of tuberculosis and will be given 

for duration of 2 months, then followed by 4 months of Isoniazid 

and Rifampin. Anti-tubercular drugs have been associated with 

increased risks of liver and kidney injury. Recent guidelines for 

anti-TB treatment has also recommended ways for managing the 

common adverse events like GI upset, rash, drug fever, 

hepatotoxicity and optic neuritis. However, there are no 

recommendations for the management of acute kidney injury [3]. 

Incidence of hepatotoxicity caused by ATT ranges from 2-28% 

[4]. In the absence of jaundice or other symptoms, an elevated 

liver enzyme of 5 times the upper limit of normal can be used to 

confirm ATT-induced hepatitis; in the presence of 

hyperbilirubinemia symptoms, an elevated liver enzyme of up to 

3 times the upper limit of normal can be used to confirm ATT-

induced hepatitis [5].  
 

II. CASE HISTORY: 

A 45 year old male patient was admitted to the hospital in-patient 

department of general medicine with chief complaints of 

breathlessness, yellowing of eyes and urine, cough with sputum, 

which was scanty white color in appearance with non-foul smell 

for a period of 1week. On examination, blood pressure was 

130/90 mmHg, pulse rate 96bpm, RR 30cpm, SpO2 96% at RA 

and GRBS 168mg/dl and on physical examination, patient was 

found to be pallor and icteric. The patient past history revealed 

that patient had cough since the last 1 year, which got 

aggravated, along with fever and breathlessness 20 days back and 

was diagnosed with pulmonary tuberculosis based on subjective 

and objective evidence. CBNAAT revealed presence of 

Mycobacterium tuberculosis and was started on ATT regimen 

(Isoniazid 75mg+ Rifampin 150mg+ Pyrazinamide 400 mg 

+Ethambutol 275 mg). He has a past medical history of Type 2 

DM in the past 1 year, IHD and is a chronic alcoholic for the past 

10 years. 
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Following admission, routine investigations were done to assess 

the condition of the patient. LFT and RFT were deranged, 

Hemoglobin was 8.5gm%, WBC 16.1 lakh/cumm. Chest X Ray 

depicted the presence of dense opacity, pleural effusion in the 

lower left lateral and basal segment of lung. Ultrasonography of 

abdomen showed mild left pleural effusion, bilateral grade II 

nephrotic changes.  

 

Antitubercular drug was withdrawn on the 4th day of admission 

as the clinical and laboratory investigations confirmed the 

diagnosis as ATT-induced Hepatitis and Nephropathy. Using 

Naranjo Scale, causality assessment was done and the result 

showed that the reaction occurred is possible (4). This condition 

might have been resulted from other co-morbidities (DM) and 

risk factors (chronic alcoholism). Since it is known well that the 

use of Antitubercular drugs results in hepatotoxicity and 

nephrotoxicity, ATT regimen was changed to modified regimen 

(Ethambutol 200mg) along with a second line anti-TB drug 

Levofloxacin (LFX). Patient was symptomatically managed 

using Inj. Ceftriaxone 1g BD, Inj. Lasix 40mg BD, Tab. Ecosprin 

75mg OD, Tab. Clopidogrel 75mg OD, Tab. Atorvastatin 40mg 

OD, Inj. Amiodarone 150mg stat, Inj. Calcium gluconate TID, 

Tab. Hepamerz BD and Nebulization Asthalin 2nd hrly.  

 

 
Figure 1: Icterus due to elevated liver enzymes. 

III. DISCUSSION: 

ATT-Induced hepatitis is one of the classical adverse events 

linked with anti-tubercular drugs, with an occurrence of  4.28% 

to 11.5%. Among them, Isoniazid and Rifampicin have greater 

chances of causing liver disease. Renal insufficiency resulting 

from use of ATT is also well documented [6]. With the 

combination of Isoniazid and Rifampicin the incidence of 

hepatotoxicity is 2.6% while with Rifampicin monotherapy and 

Isoniazid monotherapy it is 1.1% and 1.6% respectively [2]. 

INH-induced hepatotoxicity results either from direct INH 

toxicity or from an intermediate metabolite, mainly by N-

acetyltransferase (NAT). Dosage adjustment for Isoniazid and 

Rifampicin is not needed in case of renal impairment when 

compared with Ethambutol and Pyrazinamide. Hepatic 

dysfunction is an increase in alanine transaminase (ALT) levels 

of about 1.5 times the upper limit of normal value on at least two 

occasions within four weeks of treatment. ALT and bilirubin 

levels fluctuate frequently during ATT and do not necessarily 

indicate true hepatotoxicity [7]. The various risk factors that 

contribute to drug-induced hepatitis include geriatrics, female 

gender, malnutrition, alcoholism, underlying liver disease, 

extensive pulmonary parenchymal disease, and HIV infection 

[8].  

 

We are reporting a case of 45 years old male patient who has 

been diagnosed with Tuberculosis 20 days back when he was 

admitted to hospital with cough, breathlessness and fever as chief 

complaints. The patient was started on DOT therapy of ATT to 

which he developed jaundice and abnormality in LFT’s and 

RFT’s, and was again diagnosed with ATT-induced hepatitis and 

nephropathy. It is well known that ATT causes hepatotoxicity, so 

ATT regimen was stopped and the patient was managed with 

hepatoprotective agents such as Tab Hepamerz and second line 

agent Levofloxacin. When the patient’s condition got improved, 

he was started on modified ATT regimen (Tab Ethambutol).  
 
Considering all the available information, causality assessment of 

the current medical condition of the patient was analyzed using 

Naranjo Causality Assessment Algorithm. Naranjo score of 4 

was attained which indicates that the use of antitubercular agents 

and associated risk factors like DM and use of alcohol can be 

considered as possible sources of hepatotoxicity and 

nephropathy.  

 

IV. CONCLUSION: 

Anti-tubercular drug remains the mainstay of treatment for 

pulmonary tuberculosis. Although it is being used widely, most 

of the patients may experience adverse effects. Adverse events 

like hepatitis and nephropathy may result in drug resistance and 

treatment failure. Hence frequent monitoring of LFT and RFTs 

may be helpful in preventing the morbidity and mortality caused 

by ATT. Among the first line agents Rifampin is the most 

common cause of hepatotoxicity and nephrotoxicity.  

Levofloxacin (2nd line agent) can be used as an alternative drug 

for minimizing the risk of hepatotoxicity. Clinical Pharmacist 

should counsel the patients receiving anti tubercular drug 

regarding hepatotoxicity and should screen the presence of risk 

factors and monitor the signs and symptoms and laboratory 

parameter to withhold the medication if needed. It is also 

important to counsel the patient regarding the lifestyle 

modifications (alcohol intake) and co-morbidities. 
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Abstract-  

Anticoagulants are the class of drug that is frequently used for 

treating and preventing thromboembolism. Generally Vitamin K 

antagonists (Warfarin) have been the usual treatment and the 

merely orally available agent for more than 60 years. Dabigatran 

was the first new oral anticoagulant and their metabolites (acyl 

glucuronides) are competitive, direct thrombin inhibitors. We 

know that in the coagulation cascade thrombin converts 

fibrinogen to fibrin. Dabigatran acts by inhibiting thrombin 

which thereby prevents the development of thrombus. Active 

moieties inhibit thrombin induced platelet aggregation as well as 

free and clot-bound thrombin. We report a case of 65 years old 

female patient who have experienced nasal bleed, per-rectal 

bleed and ecchymatic patches all over the body after 10 days of 

administration with Dabigatran. Patient had a previous history of 

admission to hospital for treatment of Deep vein thrombosis. 

Ecchymosis is a uncommon but potentially fatal complication 

caused by Dabigatran, which necessitates careful monitoring of 

patients receiving this medication. Because of the efficacy and 

good safety profile of Dabigatran, clinicians should be informed 

about this rare adverse effect. 
 

 

Index Terms- Dabigatran, Ecchymatous patches, Prothrombin 

time, INR. 

 

I. INTRODUCTION 

Anticoagulants are the class of drug that is frequently used for 

treating and preventing thromboembolism. Generally Vitamin K 

antagonists (Warfarin) have been the standard treatment and the 

merely orally available agent for more than 60years [1][2]. 

Despite its widespread use, it has a number of drawbacks, 

including a limited therapeutic index, the need for frequent 

laboratory monitoring, and the fact that it is affected by diet, 

genetics, and illnesses [1]. Drugs that overcome these limitations 

would offer great potential was necessary and was approved by 

US Food and drug administration.  

Novel Oral Anticoagulants (NOACs) are a new type of 

aanticoagulant drug that is used to treat and prevent stroke in 

people who have non-valvular AF (AF not associated with a 

problem in heart valve) and used to treat venous 

thromboembolism. Dabigatran was the first new oral 
anticoagulant that was introduced into the market in 
2010. Direct thrombin inhibitors (e.g.,Dabigatran) and direct 

factor Xa inhibitors (e.g., Rivaroxaban, Apixaban, and 

Edoxaban) are the 2 classes of currently available NOACs[3]. 

Dabigatran is used to treat deep venous thrombosis (DVT) and 

pulmonary embolism (PE) in patients who have received 

parenteral anticoagulant for 5-10 days, and to lower the risk of 

DVT recurrence in patients with non-valvular atrial fibrillation 

and PE in patients who have been previously treated, prophylaxis 

of DVT and PE in patients who underwent hip replacement 

surgery. Dabigatran is known to cause bleeding and symptoms 

similar to gastritis. Hypersensitivity to drugs (including urticaria, 

rash and pruritus), allergic edema, anaphylactic reaction and 

anaphylactic shock are all examples of drug hypersensitivities are 

the other side effects which were reported in <0.1% of patients 

who received Dabigatran[4]. Ecchymosis is a flat, blue or purple 

patchy discoloration of skin resulting from blood leaking from 

vessels. Ecchymosis is characterised by discoloured skin. If the 

leakage is recent, the affected area will appear dark blue, black, 

or purple, and when the bleeding stops, the colour may change to 

yellow or green. Ecchymosis usually clears up in 1-3 weeks. 

Studies in Spain found that leukocytoclastic vasculitis affects 10–

30 people per million per year [5]. 

 

II. CASE HISTORY: 

A 65 years old female patient was admitted to the hospital with 

chief complaints of nasal bleed, per-rectal bleed, ecchymatic 

patches all over the body and dizziness for a period of 3 days. 

Patient had a history of fall 3 months back that resulted in 

fracture of right femur, which was operated (modular bipolar 

implant insertion). Following which patient was bedridden and 

developed swelling of left lower limb, which was insidious in 

onset and gradually progressive. For this complaint patient had a 

history of admission to hospital and was diagnosed with Deep 

vein thrombosis (DVT). DVT was managed with Tab Dabigatran 

110mg BD, Tab Aspirin 75mg OD, and Tab Clopidogrel 75 mg 

OD. Patient has a past medical history of Diabetes and 

hypertension (10 years). After 10days of Dabigatran 

administration patient developed nasal bleed, rectal bleed, 

ecchymatic patches all over the body, for which patient was 
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admitted to the hospital and diagnosed with Dabigatran toxicity& 

severe anemia. Dabigatran, aspirin, Clopidogrel was stopped and 

Dabigatran toxicity was treated with Inj Vit K 30mg stat 

followed by 10mg 1-0-0 for 11 days, Inj Pause 500mg 1-0-1 for 

10 days, Inj Iron sucrose 100mg for 4 days, blood and fresh 

frozen plasma (FFP) transfusion. Patient condition got resolved 

and was started with Tab Warfarin 2mg 0-0-1 and was stopped 

on 5th day since patient developed gastrointestinal bleeding. 

When gastrointestinal bleeding got resolved patient was 

discharged and advised to review after 7 days with PT-INR 

report. 

 1st day of 

admission 

7th  day of 

admission 

During 

warfarin 

administration 

After 

stopping 

Warfarin 

PT 

Time 

25.51 18.47 23.74 32.20 

INR 
1.06 1.43 1.83 2.48 

 

Other investigations like bilateral lower limb venous doppler 

showed left lower limb swelling, Renal Artery Doppler showed 

no case of stenosis, both kidney small in size with increased 

parenchymal echo texture with thinned out parenchyma. 

Ultrasonography revealed presence of bilateral chronic kidney 

disease.  

 
Fig 1: Ecchymatic patches in hand 

III. DISCUSSION: 

Dabigatran and its metabolite (acyl glucuronides) are 

competitive, direct thrombin inhibitors. As we know that in the 

coagulation cascade thrombin converts fibrinogen to fibrin. 

Dabigatran acts by inhibiting thrombin which thereby prevents 

the development of thrombus. Active moieties inhibit thrombin 

induced platelet aggregation as well as free and clot-bound 

thrombin. It is available in the form of oral tablets of 75mg, 

110mg and 150mg. Dabigatran is widely used to reduce the risk 

of stroke and systemic embolism in patients with non-valvular 

atrial fibrillation, as well as to treat deep venous thrombosis 

(DVT). It is given to patients with DVT and PE at a dose of 

150mg BD orally and 110 mg orally on the first day, then 220 

mg once per day for DVT and PE prevention following hip 

replacement surgery. Dose reduction is needed in older patients 

(>75years), in patients with increased bleeding risk and acute 

renal failure [4]. Dabigatran etexilate will extend clotting 

indicators like aPTT, ECT, and TT at beneficial doses. Because 

Dabigatran's action bypasses the extrinsic pathway, INR is 

relatively unaffected by its exposure. Hence it cannot be used to 

interpret the way it is used for warfarin monitoring [6]. The most 

common side effects are symptoms of gastritis and bleeding. 

Esophagitis, gastritis, GERD, GI haemorrhage, GI ulcer, and 

indigestion are all gastrointestinal symptoms. Epidural 

hematoma, intracranial haemorrhage, anaphylaxis (including 

urticaria, rash, and pruritus), allergic edema, anaphylactic 

reaction and shock are all serious side effects. 

 

Ecchymosis is a flat, blue or purple patchy discoloration of skin 

resulting from blood leaking from vessels [7]. The spots in 

ecchymosis will be larger than 10mm in diameter when 

compared with other two types of bleeding like petechiae (<2mm 

in diameter) and purpura (2mm-1cm in diameter).  Ecchymosis 

is characterised by discoloured skin, with the colour of the patch 

corresponding to the age and severity of the injury. If the leakage 

is recent, the affected area will be dark blue, black, or purple, 

changing to yellow or green as it heals. It usually takes 1-3 

weeks to resolve [7]. Ecchymosis appears similar to hematoma. 

Ecchymosis is a relatively rare, potentially fatal adverse effect of 

Dabigatran. It is most commonly reported within 10 days of 

initiation of therapy[8]. Ecchymosis can be managed by giving 

nonsteroidal and anti- inflammatory drugs, topical steroids, 

application of ice pack/ heat pack, and elevation of affected area 

to reduce swelling [9].  
 
Here a 65 years old female patient who had a history of fracture 

of right femur which was operated. Following that she developed 

deep vein thrombosis, which was confirmed by bilateral lower 

limb doppler. For management of DVT patient was started on 

Dabigatran 110mg 1-0-1. After 10 days of treatment with 

Dabigatran patient developed nasal bleed, per-rectal bleed and 

Ecchymatic patches all over the body. It is well known that the 

primary route of excretion of Dabigatran is renal (up to 80%) and 

has a short half-life of 12-17h. In renal impairment half-life will 

be increased to 15-34.1hours. USG revealed that patient is 

having bilateral chronic kidney disease. This suggests that the 

current condition of Dabigatran toxicity might have resulted from 

renal impairment. This along with the laboratory values such as 

PT, INR led to confirming the condition as Dabigatran induced 

Ecchymatic patches. Other potential risk that might have led to 

bleeding includes Tab Aspirin and Tab Clopidogrel. Since it was 

confirmed that the current condition was caused by the drug 

Dabigatran it was stopped and antiplatelet drugs like Aspirin and 

Clopidogrel were also stopped. Inj Vitamin K 30mg followed by 

10mg, Inj Tranexamic acid 5oomg was used to stop bleeding. 

Blood, fresh frozen plasma transfusion and iron sucrose were 

also given to manage severe anemia that resulted from bleeding. 

Other treatment alternatives include Warfarin, heparin, low-

molecular weight heparin and factor Xa inhibitors. When 

ecchymatic patches got resolved, Tab warfarin 2mg was started 

for treating DVT. Later it was stopped when patient developed 
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gastrointestinal bleeding. Considering all the available 

information, causality assessment of the current medical 

condition of the patient was analyzed using Naranjo Causality 

Assessment Algorithm. Naranjo score of 5 was attained which 

indicates that reaction occurred is probable. 

 

IV. CONCLUSION: 

The current case highlights the importance of Novel Oral 

Anticoagulants (NOACs), including Rivaroxaban and 

Dabigatran, have been widely used as warfarin replacements, 

considering their efficacy and safety. Ecchymosis is a rare but 

potentially fatal complication caused by Dabigatran, which 

necessitates careful monitoring of patients receiving this 

medication. The increased use of Dabigatran due to its efficacy 

and good safety profile, clinicians should be aware of this rare 

adverse effect. This condition can be reversed by holding the 

drug until patient’s achieves stable condition. 
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Abstract Cycloxygenase-2 enzyme is expressed in different types 

of cancer it contributes to carcinogenesis and further which 

causes the formation of tumor. A new series of Benzothiazole N-

(5-benzyl-1,3,4-thiadiazol-2-yl)benzo[d]thiazol-2-amine are 

designed using Molecular docking technique that inhibits 

Cycloxygenase-2 enzyme. The PDB: 5IKR is imported from the 

RCSB PDB data base. Benzothiazole derivatives are docked into 

the COX-2 binding receptor using Molegro Virtual Docker 

software. The interaction of hydrogen bond, Moldock score and 

Rerank-score analysis was done based on the docking results. 

The docked molecule provides the estimation of inhibitory 

activities. From the docked Benzothiazole derivatives Bdz 4, 14, 

15 and 17 exhibited potent activity into the COX-2 receptor site. 

 

Key Words- Benzothiazole, Molecular docking, ADME Study, 

COX-2 inhibitors, Anticancer activity. 

 

I. INTRODUCTION 

           Drug design has always been an interesting aspect of 

scientific research. Discovery of newer and more potent analogs 

of molecules with prior established activities are a key part of 

research in the pharmaceutical field 1. Bringing about slight 

change in the parent compound and also in most cases eliminates 

adverse effects or toxicity associated with the parent drug 2. 

Molecular docking is a key tool in structural molecular biology 

and computer assisted drug design 3 4. It predicts the preferred 

orientation of one molecule to the second when bound into a 

active site to form a stable complex 5. Molecular docking study is 

aimed to achieve an optimized conformation for both receptor 

and ligand such that the free energy of the overall system is 

minimized 6,7. Inflammation is a body defense mechanism; it is 

also an early phase of some serious diseases such as cancer, 

cardiovascular diseases and Alzheimer’s dementia. A grave 

health problem across the globe ‘Cancer’ is a chronic 

pathological condition, where there is a rapid uncontrolled 

proliferation of abnormal premature cells 8 9.   Experimental 

studies have shown the role of NSAIDs in the prevention of 

human cancers. NSAIDs block prostaglandin synthesis through 

inhibition of cyclooxygenase (COX) enzymatic activity 10 11. 

COX-2, an isoenzyme converts arachidonic acid to 

prostaglandins, is effected by various means such as growth 

factors and tumor promoters, and is frequently over expressed in 

various tumors12 ,fig 1.  

 

 

Figure 1: Schematic representation of synthesis of 

prostaglandins. 

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition                                                                                                                              ISSN : 1673-064X  

http://xisdxjxsu.asia                                   VOLUME 17 ISSUE 09   19-38 

 

The expression of COX-2 in cancer can cause: (i) produce higher 

level of prostaglandins (ii) inhibits cancer cell death, (iii) 

Promotes formation of new blood vessels, (iv) regulate 

inflammation and immune function, (v) tumor extension to other 

tissues 13,14. 

           The aim of this study is to develop selective COX-2 

inhibitors as promising anticancer agents.  Thus, studies on the 

anti-cancer effects depicts that COX-2 selective NSAIDs drugs 

have provided space for new research areas 15-17. Due to the 

noxious side-effects of various anti-cancer agents in the market, 

it is crucial to develop potent anti-cancer agents with less adverse 

effects 18 .Molecular docking method estimates the stable 

response between two molecules when bound to each other 19 . 

Orientation and binding affinity of two molecules can be 

estimated by using scoring functions. A cell responds to 

substances outside and inside the surface of molecule through 

signaling into proteins, nucleic acids, carbohydrates and lipids 

which play vital role in signal transduction 20,21 . The interaction 

of two molecules predicts the type of signal that is produced 

(eg.agonism and antagonism).Therefore, strength and signal 

produced are very important and hence docking plays an 

important role in drug design process 22,23. We can find several 

types of computational methods that are available. The potent 

ligands are ranked based on their interactions with the target. The 

fitness of different pose of molecule of the scoring function is 

obtained into biological target 24,25.  In continuation with our 

research on novel derivatives of five and six membered 

heterocyclic compounds having potent biological and 

pharmacological activity,28,27,28 here we have designed novel 

benzothiazole derivatives possessing anticancer activity.  

            Benzothiazole is a heterocyclic compound that consists of 

broad spectrum of biological activities 29, 30. It acts against 

several cancers, and its potential effects are exclaimed through 

several researches 31. The core moiety of Benzothiazole consist 

of antiproliferative activity and due to their Pharmaceutical 

utilities, the synthesis of these compounds is of considerable 

interest 23, 32, . In the view of above considerations, Molecular 

docking studies are considered for the search of new potent bio-

active drug molecules. Thus, a series of Benzothiazole molecules 

were designed and synthesized using CADD software.  

 II.MATERIALS AND METHODS 

         The docking study was performed using CADD software 

i.e., Molegro Virtual Docker (MVD 2013, 6.0) and Molegro 

Molecular Viewer .Protein Data Bank (PDB) was obtained from 

RCSBPDB (www.rcsb.org.pdb) .The PDB 5IKR was deposited 

by Ornaldo.B.J and Markowski.M.G in 2016.The series of 23 

Benzothiazole compounds were designed in 2D form by 

Chemdraw Ultra 12.0 and further energy minimized to 3D using 

Chem3D Pro 12.0 software.  (Molegro Virtual Docker)MVD 6.0 

docking software was used to perform molecular docking studies 

on Benzothiazole derivatives. Swiss ADME software was 

utilized for the study of physiochemical and pharmacokinetic 

properties of the drug and target prediction of the drug. 

III.RESULTS AND DISCUSSION 

        The 3-D crystal structure of a receptor was taken from 

Protein data bank PDB: 5IKR that belongs to class 

Oxidoreductase with a resolution of 2.34 Å. The PDB was 

imported into Molegro Virtual Docker (MVD) by removing all 

the water molecules, fig.8. The standard Molegro Algorithm was 

utilized for rendering the missing charges, protonation states and 

assigning the polar hydrogen to the receptor. The Ligands were 

drawn on Chemdraw Ultra 12.0 and then converted to 3D on 

Chemdraw 3D Pro 12.0 & the file was saved in Mol format 

.Further , the 3D ligands are subjected to energy minimization. 

The energy minimization helps the docking programme for 

identifying the bioactive conformer. The 2D structures of 23 

ligands are given in fig.8.To make an accurate prediction of 

docking it is important to note that the selected structures are 

assigned properly such as its bond connectivity and partial 

charges are appropriate. The hydrogen atoms and the bond order 

of the PDB must be rectified before importing for docking.  

           

         Since, the required PDB structures of enzyme COX-2 

present in a dimer form; is converted to monomer by extracting 

the bioactive receptor site. To ensure that ligand docked in MVD 

represent valid score and accurate binding, a Validation is 

performed on docked receptor ligand complex structures. The 

MVD scoring algorithm is to be validated with its crystal 

structure. Therefore, PDB: 5IKR is tested with its crystal 

structure Mefenamic acid, Fig:8 . 

 

Figure 2 (a) 3D image of RCS Protein data bank (PDB: 5IKR) 

showing the strands of α and β helices.(b)Surface map of  COX-2 

enzyme with Mefenamic acid present into the binding pocket. 
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Figure 3: (a) The crystal structure Mefenamic acid into the 

predicted cavity ;(b) The interaction of Crystal structure 

Mefenamic acid  into the binding site. 

 

           The Molecular docking was performed for all the 21 

molecules into the predicted cavities of the receptor. Initially, 

five cavities were identified in the protein and further the suitable 

cavity (vol = 67.32 kcal/mol) with the bound crystal structure 

was selected. The cavities are identified by MVD using its cavity 

detection algorithm. The Search algorithm uses cavity detection 

algorithm to focus on specific area for docking.  The MolDock 

score (GRID) function was used with a grid resolution 0.30 Å 

and a binding site radius 15 Å along with the centre (X=31.86, 

Y=11.49, Z=60.21) with respect to cavities. The “MolDock 

Optimizer” search algorithm with 10 runs using a maximum of 

2000 iterations with a total population size 50 was applied. The 

energy threshold used for the minimized final orientation is 100. 

Best poses are identified based on the basis of total mean of 

Rerank scores in each run. The Re-Rank score of the crystal 

structure Mefenamic acid is -80.14 kcal/mol. Ten independent 

docking runs gives ten different poses which are Re-Ranked to 

give the accurate docking results. The MolDock score of the 

crystal structure Mefenamic acid is -96.27 kcal/mol and its 

molecular weight is 241.28g/mol. 

          Out of 21 Ligands for which Molecular docking was 

performed .fig.10, four Ligands showed higher activity into the 

binding site .Molecules are docked into the binding site to find its 

lowest potential energy. Docking results obtained for each ligand 

were analyzed based on docking energy, binding modes and 

interaction of each ligand. The Moldock score of the derivatives 

are between -83.27 to -124.25.The best poses of Benzothiazole 

molecules with its docked results are summarized in Table 1. 

The orientation and binding interactions of the selective COX-2 

binding site was evaluated by Molecular docking. Results 

obtained from docking showed that the Pose BDZ 5, 13, 16 and 

17 exhibited potent activity into the binding site of the enzyme 

COX-2 with the MolDock score -83.27, -124.85, -105.63 and -

93.63 .Compound 4 forms hydrogen bond interactions with 

amino acid residues Tyr385 and Ser530. Whereas, Nitro group 

forms interaction with Tyr385 and amine group shows 

interaction with Ser530 amino acid. 

            The amino acids in the active site are represented by thin 

sticks and the ligands are represented by colour based on its 

element. Compound BDZ 17 has the Moldock score of       -

93.26 kcal/mol which is closer to Moldock score of Mefenamic 

acid . 

             Compound Bdz 14, has a Moldock score of -124.85 and 

Re-rank score -67.78 kcal/mol  where in ,the sulphonyl groups in 

Benzothiazole moiety shows hydrogen bond interaction with 

Ser530 and nitro group forms a hydrogen bond with Tyr385 

amino acid. Similarly, Bdz 15 with the highest MolDock score 

compared to crystal structure forms hydrogen bonds with Tyr385 

and Ser530 amino acid residues linked to two nitro groups. Bdz 

17 shows hydrogen bond interaction linked through amino and 

nitro group with the same amino acid residues Tyr385 and 

Ser530,fig.12. 

              The orientation and binding interactions of the selective 

COX-2 binding site was evaluated by Molecular docking. 

Results obtained from docking showed that the Pose BDZ 5, 13, 

16 and 17 exhibited potent activity into the binding site of the 

enzyme COX-2 with the MolDock score -83.27, -124.85, -105.63 

and -93.63 .Compound 4 forms hydrogen bond interactions with 

amino acid residues Tyr385 and Ser530. Whereas, Nitro group 

forms interaction with Tyr385 and amine group shows 

interaction with Ser530 amino acid. 

              The amino acids in the active site are represented by thin 

sticks and the ligands are represented by colour based on its 

element. Compound BDZ 17 has the Moldock score of-93.26 

kcal/mol which is closer to Moldock score of Mefenamic acid . 

              Compound Bdz 14, has a Moldock score of -124.85 and 

Re-rank score -67.78 kcal/mol  where in ,the sulphonyl groups in 

Benzothiazole moiety shows hydrogen bond interaction with 

Ser530 and nitro group forms a hydrogen bond with Tyr385 

amino acid. Similarly, Bdz 15 with the highest MolDock score 

compared to crystal structure forms hydrogen bonds with Tyr385 

and Ser530 amino acid residues linked to two nitro groups. Bdz 

17 shows hydrogen bond interaction linked through amino and 

nitro group with the same amino acid residues Tyr385 and 

Ser530,fig.12. 
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ADME Properties  

          A drug must be bioactive in order to reach the target in the 

body to give the expected biological effects. Drug assessment 

involves pharmacokinetics i.e., Absorption, distribution, 

Metabolism and Excretion. Swiss ADME provides access to the 

predictive models for physiochemical properties, 

pharmacokinetics, solubility, drug likeliness and the in-house 

proficient methods such as BOILED-Egg, iLogP and 

bioavailability Radar. SwissADME web tool is an efficient 

interface through the login-free website 

http://www.swissadme.ch developed and maintained by 

Molecular modeling group of the SIB (Swiss Institute of 

Bioinformatics).It provides various models for ADME and 

Pharmacokinetic studies. 

          A two-dimensional structures are drawn in the window and 

converted to canonical SMILES (Simplified molecule input line 

entry system) notation, fig.15. The structure can be imported to 

change into SMILE notation. SMILES can also be copied from 

the data bases like pubchem. Then a run is made for the provided 

molecules. The complete result of physicochemical properties are 

observed in the below window .The coloured zone beside the 

structure is the suitable physiochemical space for oral 

bioavailability that involves 

Lipophilicity(LIPO),Flexibility(FLEX)), Insaturation (INSAT), 

Insolubility(INSOLU), polarity(POLAR) and size(SIZE).The 

ideal parameter values for the physiochemical properties are 

LIPO: -0.7 < XLOGP3 < -5.0 , SIZE :150g/mol < MW < 

500g/mol , POLAR :20Å < TPSA <130Å ,INSOLU:0 < Log S 

(ESOL) < 6, INSAT:0.25< Fraction Csp3 < 1, FLEX : 0 < Num. 

rotatable bonds < 9 (Fig.16). 

Lipophilicity: The Lipophilicity of a drug can be measured 

experimentally by testing drugs relative distribution in an n-

Octanol layer and water mixture .Swiss ADME gives predictive 

models for Lipophilicity; ILOGP, an in-house physics based 

method implemented. XLOP3, atomistic method with knowledge 

based library. WLOGR, implementation of atomistic methods 

based on fragmental system. MLOGP, topological method 

implementation of linear relationship with molecular descriptors. 

SILICOS-IT, an hybrid method that calculates fragments and 

topological descriptors. Consensus log p o/w   is the average 

prediction of all the above models. 

Water solubility: Two topological methods are involved in water 

solubility. One is LogS (ESOL) is the estimated solubility and 

the other is Log (Ali). 

Pharmacokinetics: The compiled prediction of different models 

gives ADME properties. The gastrointestinal absorption is based 

on the White of the BOILED-Egg and the Blood brain barrier 

(BBB) permeation results are according to the yolk of the 

BOILED-Egg. Further , the five major isoform of Cytochrome 

P450 isozyme inhibitors (CYP1A2, CYP2C19, CYP2C9, 

CYP2D6, CYP3A4) predictions are displayed. Log Kp, for skin 

permeation implemented by QSPR module. More negative value 

indicates higher skin permeation. 

Drug-Likeness: It is a quantitative concept used in drug designs 

that assess “drug likeness” with respect to bioavailability. The 

Lipinski rule of five, Ghose, Veber, Egan, Muegge methods and 

Bioavailability scores are mentioned. 

Medicinal Chemistry: PAINS (Pan Assay interference 

compounds) are the chemical compound that gives false positive 

results in high throughput screenings. It tends to react non 

specifically with numerous biological targets. Brenk, lead 

likeness and synthetic accessibility predictions are implemented.  

 

 

 
 

Figure 4: Swiss ADME submission page 
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Figure 5: Series of Benzothiazole derivatives 
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List of the docked substituted Benzothiazole molecules 

 

 
 

Compound R X Molecular weight 

BDZ 1 

 

F 140.61 

BDZ 2 

 

Cl 140.61 

BDZ 3 

 

H 140.61 

BDZ 4 

 

Cl 140.61 

BDZ 5 

 

H 124.16 

BDZ 6 

 

Cl 175.06 

BDZ 7  

 

H 185.06 
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BDZ 8 

 

Cl 185.06 

BDZ 9   

 

H 151.6 

BDZ 10 

 

Cl 151.16 

BDZ 11 

 

H 120.19 

BDZ 12 

 

H 182.26 

BDZ 13 

 

H 148.24 

BDZ 14 

 

Cl 148.24 

BDZ 15 

 

Cl 106.16 

BDZ 16 

 

Cl 131.17 
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BDZ 17 

 

H 106.16 

BDZ 18 

 

H 131.17 

BDZ 19 

 

Cl 136.39 

BDZ 20 

 

H 136.39 

BDZ 21 

 

Cl 136.39 

BDZ 22 

 

H 136.39 
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Table 1: Results of Bdz poses obtained from the ligand- receptor docking complex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound Moldock score Rerank score H-bond Dock score Similarity score 

BDZ  1 -101.426 -72.54 0 -500.396 -398.21 

BDZ 2 -104.73 -74.33 0 -503.618 -398.37 

BDZ 3 -104.867 -55.90 -1.97 -495.635 -393.21 

BDZ 4 -100.107 -71.99 0 -498.215 -397.38 

BDZ 5 -83.276 6.38 -5.79 -498.852 -417.01 

BDZ 6 -95.057 -17.20 -6.22 -506.516 -412.77 

BDZ 7 -103.554 -53.88 -2.076 -494.423 -392.31 

BDZ 8 -97.883 -69.83 0 -496.938 -392.31 

BDZ 9 -109.089 -34.29 -4.58 -511.073 -398.31 

BDZ 10 -118.65 -61.59 -4.51 -507.374 -388.31 

BDZ 11 -105.329 -57.68 -1.98 -497.1.4 -394.41 

BDZ 12 -115.508 -46.09 -2.36 -516.09 -400.7 

BDZ 13 -120.16 -64.21 -2.27 -523.28 -404.25 

BDZ 14 -124.85 -67.78 -5.06 -513.383 -386.07 

BDZ 15 -105.63 14.14 -5.65 -518.35 -413.40 

BDZ 16 -112.92 -67.06 -3.98 -499.831 -389.28 

BDZ 17 -93.26 14.59 -5.83 -515.158 -421.53 

BDZ 18 -110.172 -56.92 -2.43 -507.128 -397.6 

BDZ 19 -115.677 -39.56 -6.57 -548.211 -430.90 

BDZ 20 -113.495 -11.33 -6.65 -548.732 -435.19 

BDZ 21 -106.404 -45.425 -1.79 -505.32 -399.51 

BDZ 22 -108.83 -49.32 -1.97 -505.363 -397.22 

Mefenamic acid -96.27 -80.14 -5 -585.421 -493.73 

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition                                                                                                                              ISSN : 1673-064X  

http://xisdxjxsu.asia                                   VOLUME 17 ISSUE 09   19-38 

 

 

 

 
Figure 6: Physiochemical properties of the structure Mefenamic acid 

 
The physiochemical properties of the co-crystal structure Mefenamic acid that inhibits COX-2 enzyme are indicated in a Radar (beside 

the Mefenamic acid structure),fig 16. The coloured zone indicates the suitable physico chemical space for oral bioavailability. The 

compound with the oral bioavailability properly fits the coloured space. Lipophilicity, Flexibility, Insaturation, Insolubility, Polarity 

and Size are observed in the Radar. 
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Figure 7 : Representation of BOILED-Egg  that gives polarity and Lipophilicity of the drug molecule. 

 

BOILED-Egg  (Brain or Intestinal estimated Permeation method). The diagram at the X-axis shows TPSA (Topological polar surface 

area) and the Y-axis is observed as WLOGP,fig.17 .The white and yellow surface gives graphical representation of a Egg structure. 

Yellow colour region indicates the possibility of the drug to cross the Blood Brain Barrierv(BBB) due to its lipophilicity. The red dot 

molecule present in the yellow region is predicted not to be effluated from the central nervous system by the P-glycoprotien (PGP: 

drug transporter). The White part of the egg indicates the drug absorption into gastro intestinal tract .Hence, the drug present in the 

white region is represented in blue colour which is passively absorbed by the GI tract and the drug is effluated from the CNS. The 

graph of BOILED-Egg method represents the polarity and lipophilicity of the molecules and it is one of the crucial methods in various 

drug discovery process. In the above given, fig.17, the red dot that indicates Mefenamic acid shows that the drug can permeate 

through Blood brain barrier. 
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Figure 8: Swiss target prediction for enzymes by Mefenamic acid. 

 
Swiss Target prediction gives the class of target enzymes related to the drug. The target class such as Oxidoreductase, enzyme, Lyase, 

secreted protein and kinase can be observed, fig.18. The probability of target prediction shows that Mefenamic acid targets 

Cycloxygenase-2 enzyme, fig.19.The complete target prediction for different enzymes can be analysed on Swiss target 

prediction.Here.in the above figure ,Mefenamic acid  targets 33% of enzymes, 26.7% of secreted protein,13.3% of 

Oxidoreductase,13.3% of fatty acid binding protein and 6.7% of kinase.  Hence, the above results show that Mefenamic acid can be a 

target for 33%of enzymes.  
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Figure 9: Swiss Target prediction of Compound Mefenamic acid for  various enzymes . 

 

Swiss target prediction was performed for all the potent Benzothiazole derivatives for the analysis of its physicochemical properties. 

Hence, the potent derivatives of Benzothiazole (Bdz 4, 14, 15, 17) are  subjected for swiss ADME studies. The compound Mefenamic 

acid exhibits higher probability of target prediction towards Cycloxygenase-2 enzyme. 
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Physicochemical and ADME properties of potent compounds 

 
 

 

 
 

Figure 10: Computed parameter values of physicochemical properties of compound Bdz 4 is described above and the BOILED-Egg 

depicts that the compound Bdz 4 can be passively absorbed through gastro intestinal tract. 
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Figure 11: Computed parameter values of physicochemical properties of compound Bdz 14is described above and the BOILED-Egg 

depicts that the compound Bdz 14 do not have  tendency of absorption in GIT. 
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:  Figure 14: Computed parameter values of physicochemical properties of compound Bdz 15 is described above and the BOILED-

Egg depicts that the compound Bdz 15 can be passively absorbed through gastro intestinal tract 
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Figure 12 : Computed parameter values of physicochemical properties of compound Bdz 17 is described above and the BOILED-Egg 

depicts that the compound Bdz 17 can be passively absorbed through gastro intestinal tract. 
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The orientation and binding interactions of the selective COX-2 

binding site was evaluated by Molecular docking. Results 

obtained from docking showed that the Pose BDZ 5, 13, 16 and 

17 exhibited potent activity into the binding site of the enzyme 

COX-2 with the MolDock score -83.27, -124.85, -105.63 and -

93.63 .Compound 4 forms hydrogen bond interactions with 

amino acid residues Tyr385 and Ser530. Whereas, Nitro group 

forms interaction with Tyr385 and amine group shows 

interaction with Ser530 amino acid. 

The amino acids in the active site are represented by thin sticks 

and the ligands are represented by colour based on its element. 

Compound BDZ 17 has the Moldock score of       -93.26 

kcal/mol which is closer to Moldock score of Mefenamic acid . 

 Compound Bdz 14, has a Moldock score of -124.85 and Re-rank 

score -67.78 kcal/mol  where in ,the sulphonyl groups in 

Benzothiazole moiety shows hydrogen bond interaction with 

Ser530 and nitro group forms a hydrogen bond with Tyr385 

amino acid. Similarly, Bdz 15 with the highest MolDock score 

compared to crystal structure forms hydrogen bonds with Tyr385 

and Ser530 amino acid residues linked to two nitro groups. Bdz 

17 shows hydrogen bond interaction linked through amino and 

nitro group with the same amino acid residues Tyr385 and 

Ser530,fig.12. 

 

 

 
 

 

 

 

 

 

 

 

Figure 13 (a)Compound Bdz 4 (b)Bdz 14 (c) Bdz 15 and (d) Bdz 17  

into the active site of COX-2  enzyme (PDB:5IKR). 

 

IV. CONCLUSION 

 Current research work involves extensive Molecular 

docking study of Benzothiazole derivatives. A series of 21 

Benzothiazole derivatives were docked into the active site of 

Cycloxygenase-2 for screening the anticancer activity. Structures 

were designed and docked into MVD software. The Results of 

Moldock score, Rerank score and binding interactions were 

analyzed in comparison with the co-crystal structure Mefenamic 

acid. From the docked benzothiazole derivatives Bdz 4, 14, 15 

and 17 exhibited potent activity. Physicochemical and 

pharmacokinetic properties are analyzed by ADME studies for 

co-crystal structure Mefenamic acid and all the potent 

compounds of Benzothiazole. From the swiss target prediction 

results Mefenamic acid was found to target COX-2 enzyme. 

Benzothiazole compounds exhibited potent activity into the 

receptor site and hence might be used as therapeutic anticancer 

agents. 
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ABSTRACT 

Objective: The main objective of the present research work was to develop systematically the Self Micro Emulsifying Drug Delivery system of BCS 
Class IV drug in a Quality by Design framework. 

Methods: The quality by design-based formulation development proceeds with defining the Quality Target Product Profile and Critical Quality 
Attributes of dosage form with appropriate justification for the same. The statistical Mixture design was used for the development of the 
formulation. The independent variables selected for the design were Oleic acid, Labrasol and PEG 6000, whereas droplet size (nm), emulsification 
time (sec), % drug loading and % drug release at 15 min were considered as the potential quality attributes of the Self Micro Emulsifying System. 
The eight different batches of Etravirine-Self Micro Emulsifying systems (ETV-SMEDDS) were prepared and checked for the Critical Quality 
Attributes. The simultaneous optimization of the formulation was done by the global desirability approach.  

Results: The characterization report obtained for all the different batches of formulation was analyzed statistically by fitting into regression models. 
The statistically significant models determined for droplet size (nm) (R2= 0.96 and p-0.1022), emulsification time (sec) (R2= 0.99 and p-0.0267), % 
drug loading (R2= 0.93 and p-0.1667) and % drug release at 15 min (R2

Conclusion: The QbD approach utilized during the development of ETV-SMEEDS facilitated the identification of Critical Material Attributes and 
their significant impact on the Critical Quality Attributes of SMEDDS. The concept of building quality into product through the QbD application was 
utilized successfully in the formulation development. 

= 0.96 and p-0.0911) and were statistically significant. The maximal global 
desirability value obtained was 0.9415 and the value indicates, the selected factors and responses have a good correlation and are significant 
enough for optimization and prediction of best formulation. 

Keywords: Bioavailability, Etravirine, Risk Assessment, SMEDDS, QbD 
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INTRODUCTION 

Pharmaceutical industry is the highly regulated industry and it is 
controlled by the authoritative regulatory bodies. The regulatory 
agencies emphasizes on the quality of pharmaceutical products. 
Quality can be planned and majority of the quality deficiency occur 
in the way the process is planned and developed [1]. The concept of 
Quality by Design and its application in the product development 
was introduced by the quality expert Joseph Moses Juran. The 
principles of QbD have been used in every industry to improve 
quality of the product and process [2, 3].  

Among the second-generation Non-Nucleoside Reverse 
Transcriptase Inhibitors (NNRTIs), Etravirine is the first drug and 
has been recently used for the treatment of HIV infection. Etravirine 
is used more extensively in comparison to other available first 
generation NNRTIs due to its activity against NNRTI-resistant HIV-1 
[4]. The drug shows its action by binding directly to the reverse 
transcriptase of HIV-1 and consequently blocks the activity of DNA-
dependent and RNA-dependent polymerase [5]. Etravirine belongs 
to Biopharmaceutical Classification System (BCS) IV and the limited 
therapeutic potential is due to its low solubility and permeability 
characteristics. There is a requirement for the development of more 
bioavailable formulation of ETV to facilitate better clinical outcomes. 
Self-Micro Emulsifying Drug Delivery (SMEDDS) system is the 
variant of a lipid-based formulation used for the development of 
poorly water-soluble drugs. SMEDDS comprises oil, surfactant and 
cosurfactant, sometimes cosolvent [6]. The in vivo emulsification of 
SMEDDS takes place once it comes in contact with the GI fluids 
under the mild agitation provided by the GI motility. SMEDDS finds 
its potential application in the enhancement of oral bioavailability of 
poorly water-soluble drugs belonging to BCS Class II and IV [7, 8]. In 
the present study, the concept of building quality into product 
through the QbD application was utilized in the development of 

Etravirine Self Micro Emulsifying Drug Delivery System (ETV-
SMEDDS). 

MATERIALS AND METHODS 

Materials 

Etravirine was received as gift sample form Hetero Pvt Ltd, 
Hyderabad, India. Labrasol, Maisine CC, Labrafil M 1944 CS, Capryol 
90 and Transcutol HP were obtained as gift samples from Gattefosse, 
Saint-Priest Cedex, France. Span 80, Span 20, Oleic acid and PEG 
6000 were purchased from Sigma-Aldrich, Germany. All other 
chemicals used in the present study were of analytical grade. 

Methods 

Defining the quality target product profile (QTPP) and critical 
quality attributes (CQA) 

The product development through QbD approach advocates on 
defining the QTPP and it is one of the prerequisites to deliver 
therapeutic benefits as per label claim. The QTPP for liquid SMEDDS 
was defined and it is based on the patient-centric (emulsification 
time, globule size, drug release) and product centric (zeta potential) 
quality attributes of the drug product. The CQAs were identified 
from QTPP and they were interlinked to give the desired quality, 
safety and efficacy to the product, which shows prominent changes 
when QTPP are altered [9, 10]. The QTPP and CQAs were listed in 
the table 1 and 2, respectively. 

Risk assessment 

Risk assessment is a combined effort of identifying and evaluating 
the factors that may have an impact on the product’s CQAs. The risk 
assessment tools help in identifying and mitigating the risks and 
prioritize the risk as high, medium or low based on the impact level. 
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The two qualitative tools used in the present study were Fishbone 
diagram and Risk Estimation Matrix table. Fishbone diagram (fig. 1) 
was constructed by using JMP Ver 13.2 software. Fishbone diagram 

depicts the cause and sub causes affecting the CQAs and risk 
assessment matrix helps in categorizing the risk. The table 3 
represents the risk estimation matrix for ETV-SMEDDS. 

  

Table 1: Quality target product profile of ETV-SMEDDS 

QTPP elements  Target  Justification  
Dosage type  Lipid-based formulation  Enhancement of Bioavailability of poorly water-soluble drugs 
Dosage form  Capsule  Ease of administration  
Dosage strength  50 mg  Required to show the therapeutic action at the target site  
Route of administration  Oral  Most convenient route for AIDS patients (Patient acceptability)  
Packaging  Alu-Alu Blister  Maximum protection and gives a prolonged shelf life  
Product 
Quality 
Attributes 

Physical attributes Formulation must meet the compendial quality standards 
Droplet size 
Transmittance 
Poly dispersibility index 
Zeta potential 
Emulsification efficiency 
Drug content 
Drug release 

Stability  As per the conditions of ICH 
Q1B Long term stability studies  

To maintain the therapeutic level of the drug during the shelf life 
period  

Pharmacokinetic parameters Tmax, Cmax, AUC  Maximum drug levels in systemic circulation helps to improve the 
therapeutic efficiency  

 

Table 2: Critical quality attributes of ETV-SMEDDS 

Quality attributes of product  Target  CQA  Justification  
Physical 
Attributes 

Colour Acceptable to 
patient  

No  The physical attributes were not directly related to safety and efficacy of 
the product; hence they were considered non-critical. The product will be 
enclosed in a capsule shell.  

Odor 
Appearance 

Drug content (mg)  NLT 50 mg per dose  Yes  50 mg per unit dose of Etravirine is essential to fight against CD4 viral load  
Transmittance (%)  >90%  Yes  Better clarity of the formulation confirms the minimization of droplet size  
Droplet size (nm)  <200 nm  Yes  The stability of the product and better penetrability through gastro 

intestinal membrane ensured by the smaller and consistent globule size 
Emulsification proficiency (seconds)  <120  Yes  Emulsification time has the direct correlation with onset of action and 

influences the size of dispersed particles  
Drug release at 15 min  >80%  Yes  Faster the release of drug from the formulation, earlier the onset of action  

 

 

Fig. 1: Fishbone diagram depicting causes and sub causes affecting ETV-SMEDDS quality attributes 

 

Table 3: Risk estimation matrix table for ETV-SMEDDS 

  Critical quality attributes 
  Droplet 

size 
Transmit 
tance 

PDI Zeta 
potential 

Emulsification 
time 

Drug 
content 

Drug 
release 

Material 
Attributes 

Drug Low Low Low Low Low High Medium 
Oleic acid High High High High High High High 
Labrasol High High High High High High High 
PEG 6000 High High High High High High High 

Process 
Attributes 

Stirring Time High Medium Low Low Low Low Low 
Stirring Speed Medium Medium Low Low Low Low Low 
Stirring Temperature Medium Medium Medium Medium Medium Low Low 
Sonication High Medium Medium Medium Medium Low Low 
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Solubility study  

The solubility of Etravirine in various oils, surfactants and 
cosurfactants was checked. To perform the solubility study, the 
excess amount of drug was added to each excipient (2 ml) and 
vortexed for 48 h to maintain the equilibrium. The samples were 
centrifuged at 3000 rpm for 15 min. The supernatant liquid was 
filtered through a 0.45 µm Millipore®

Construction of pseudo ternary phase diagram 

 filter and suitably diluted with 
a solvent mixture of Methanol and Water (1:9) and analyzed at 310 
nm using UV Spectrophotometer (UV 1800 Shimadzu). Studies were 
carried out in triplicates to assure accuracy [11]. 

The objective of constructing Pseudo ternary phase diagrams was to 
check the concentration ranges of SMEDDS components which could 
give nano or microemulsion regions. The phase diagrams were 
constructed by using Prosim®

Design of experiments 

 Ternary plot software. The oil (Oleic 
acid), surfactant (Labrasol) and cosurfactant (PEG 6000) were 
selected based on the solubility studies. Surfactant and Cosurfactant 
(Smix) were prepared in different ratios (1:1, 2:1 and 3:1). A varying 
proportion of Oil and Smix were mixed (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 

7:3, 8:2, and 9:1 respectively) and homogenized by using a vortex 
mixer. The double-distilled water was added to the mixture at an 
increment of 5% in the range of 5 to 95 % of total volume, vortexed 
and allowed to equilibrate [12]. 

Design of Experiments (DoE) deals with planning, analyzing and 
interpreting the factors that control the responses. Mixture design 
was chosen from the classical category of DoE software based on the 
convenience and minimal number of runs given by design [13]. For 
this study, JMP ®

 

 Ver 13.2 software was used to create the 
formulation plan after choosing the appropriate oil, surfactant and 
cosurfactant. The mixture design was used in the development of 
SMEDDS formulation because the factors are the proportion of 
blend. The independent variables (material attributes) considered in 
the design were Oleic acid, Labrasol and PEG 6000 (table 4). The 
droplet size (nm), emulsification time (sec), % drug loading and % 
drug release at 15 min were the dependent variables chosen for the 
study (table 4). Through the mixture design total of eight different 
batches of SMEDDS formulations were obtained and subjected for 
checking the CQAs. 

Table 4: Independent and dependent variables and their limits in mixture design 

Independent variables 
Factors Role Lower value Higher value 
Oleic Acid Mixture  0.1 0.23 
Labrasol Mixture 0.577 0.675 
PEG 6000 Mixture 0.193 0.225 
Dependent variables 
Variables Goal Lower limit Higher limit 
Droplet Size in nm Minimize 100 500 
Emulsification time in Sec Minimize 20 60 
% Drug loading Maximize 90 100 
% Drug release at 15 min  Maximize 70 100 

 

Preparation of liquid SEDDS formulation 

Eight different batches of ETV-SMEDDS were prepared as per the 
mixture design. The formulations were developed by dissolving 50 
mg of drug in the mixture of Oleic acid, Labrasol and PEG 6000 and 
followed by heating at 40 °C in a water bath. The same mixture was 
then vortexed until it became clear and transparent. The prepared 
formulations were stored in ambient temperature until use [14]. 

Evaluation of liquid SMEDDS 

Droplet size analysis 

The droplet size of the prepared ETV-SMEDDS was checked by 
diluting the sample with double distilled water at the ratio of 1:100 
(v/v). The mean droplet size and Polydispersity index (PDI) was 
measured in triplicates by photon correlation spectroscopy using 
Malvern Zetasizer Nano-ZS (Malvern Instruments, United Kingdom) 
[15, 16]. 

Emulsification time 

The self-emulsification time was determined by using USP Type II 
dissolution apparatus (LABINDIA, DS 8000, MUMBAI).1 ml of the 
formulation was added dropwise into a 500 ml of double-distilled 
water, maintained at the temperature of 37±0.5 °C, under mild 
agitation of paddle (50 rpm). Each formulation is observed visually 
for clarity, homogenization and for precipitation of drug. The time 
taken by each formulation to form a clear emulsion was noted in 
seconds [17]. 

Drug loading  

The pre-concentrated SMEDDS equivalent to 50 mg of Etravine was 
taken and the drug was extracted by using a small quantity of 
methanol. The volume was made up to 100 ml with double distilled 
water. From the stock solution, 0.1 ml was withdrawn and diluted 
up to 10 ml with double distilled water. The resultant solution 
absorbance was measured at 310 nm by UV-Visible 

Spectrophotometer (UV 1800, Shimadzu). The drug content 
measurements were carried out in triplicates [18]. 

In vitro drug release studies 

In vitro drug release studies were executed in the phosphate buffer 
(pH 6.8) with 2% Tween 20 using USP-II basket type dissolution 
apparatus. The temperature of the medium was maintained 37 
°C±0.5 and rpm was set to 50. The SMEDDS formulation equivalent 
to 50 mg of drug was filled into the hard gelatin capsules. The 
capsules were placed inside the jars with the help of stainless steel 
sinkers to avoid buoyancy. Samples were withdrawn from the 
dissolution jars at the time intervals of 5, 10, 15, 30, 45 and 60 min 
and further diluted with phosphate buffer and analyzed by UV-
Visible Spectrometer (UV 1800, Shimadzu) at 310 nm [19]. 

Model evaluation and validation 

Model evaluation was carried out by incorporating the various 
responses obtained for all the eighth formulations into the design. 
The data of Droplet size (nm), Emulsification time (sec) % Drug 
loading and % Drug release at 15 min were statistically analyzed by 
various multiple regression models. The validation of the design was 
carried out with the help of Ternary Mixture Profiler. The profilers 
consist of ternary plot, factor settings with the controls and 
response settings and its controls. The verification batch was 
prepared as per the Ternary Mixture Profiler and checked for the 
predicted CQAs. The lack of differences in the variance between 
observed and predicted responses indicates the goodness of fit. 

Optimization of formulation 

The simultaneous optimization of the formulation was done by using 
the Prediction profiler. Prediction Profiler gives a visual way to see 
how changing one factor setting impacts the response as well as 
impacts the other factors in the model. The global desirability 
function obtained for the model was taken as a key component for 
optimization. The overall desirability value shows on a scale of zero 
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to one. Optimized formulation (OF) was prepared based on the 
prediction profiler and was evaluated for the responses. The zeta 
potential of the optimized formulation was measured by using 
Malvern Zetasizer Nano-ZS. 

RESULTS AND DISCUSSION 

Although several works have reported the formulation of ETV 
SEDDS by OFAT approach either to enhance bioavailability or to 
attain other formulation goals [20]. A rigorous development of ETV-
SMEDDS by QbD approach was not present. Developing sparsely 
bioavailble drugs in a QbD approach affords the researcher to get 
sophisticated understanding of risk associated with the formulation 
and methods to overcome it. The OFAT method reported by earlier 
researchers might not be tenable for replication; however, this 
approach adopted by us is rigorous in its approach to development 
following the QbD paradigm and establishes the likely multivariate 
relationship for the factors and responses considered for the 
formulation and its likely outcome in statistically tenable manner.  

Risk assessment  

The dosage form development under QbD framework involves 
material evaluation as well as process attributes which have a 
greater impact on the quality of the drug. The two qualitative risk 

assessment tools which were used in the present study were 
Ishikawa diagram and Risk Estimation matrix table. Ishikawa 
diagram is also called Cause-and-effect/Fishbone diagram, by using 
this diagram, we identified all the contributing root causes likely to 
be causing problems in ETV-SMEDDS. In the risk assessment matrix 
table, each factor was assigned with a risk grade of low, medium or 
high as per priority and the factors with high risk were selected for 
the design of the experiment in order to arrive at design space. 

Solubility study 

The solubility of Etravirine in various oils, surfactants and co-
surfactants was checked and the report obtained is presented in fig. 
2. The highest solubility of a drug in any lipid would augment its 
drug loading capacity. Accordingly, on the basis of maximum 
solubility, Oleic acid (31.2±1.9 mg/ml) was selected as oil phase in 
the formulation of SMEDDS and it was also reported that oleic acid 
enhances the intestinal absorption of the drug, which leads to the 
lymphatic transport of the drug. Labrasol (74 mg/ml) was selected 
as surfactant based on both emulsification efficiency and solubility 
of Etravirine. Co-surfactants increase the interfacial fluidity by 
penetrating into the surfactant film creating void space among 
surfactant molecules. Among various cosurfactants, PEG 6000 
(52.4±1.5 mg/ml) was selected for the formulation development. 

 

 

Fig. 2: Solubility study report (mean±SD, n=3) 

 

 

Fig. 3: Pseudo ternary phase diagram 

 

Pseudo ternary phase diagram 

The main objective is to study the relationship between the phase 
behavior relative to the composition, which helps in determining the 
concentration range of components for the formation of an 
emulsion. In order to apply DOE for the formulation, it was 
necessary to identify the highest self-emulsifying region from 
ternary phase diagrams. Amongst the different combinations, Oleic 
acid with Labrasol and PEG 6000 at the Smix ratio of 3:1 was able to 
give a maximal region for stable nano/microemulsion.  

Design of experiment 

The application of DOE tools is important in achieving quality within 
the product with minimal experimentation. Hence, Mixture design 
was employed for 3 factors (oil, surfactant and cosurfactant) and 4 
responses (particle size, emulsification time, drug loading and % 
drug release) and the extreme values drawn from the phase diagram 
was specified in the design along with the required target values for 
the responses. Within a few steps of computing the formulation 
trials initially, an optimal design was selected under mixture design 
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for which randomized run order of 8 default runs was generated by 
the software. The characterization report obtained for the prepared 
formulations was integrated to the design matrix in order to plot the 
known responses and also mainly to predict the not formulated and 
non-evaluated intermediate combinations of the excipients and to 
predict a continuous response curve which was later used in 
optimizing and validating the best formulations with best outcomes.  

Characterization of formulations  

Droplet size distribution is one of the stability-indicating 
characteristics of the emulsion. The mean droplet size obtained for 
all eight formulations was in the range of 257.1 to 667.9 nm. Smaller 
the droplet size, better is the absorption of the drug and enhances 

the bioavailability of drug product. The in vitro assessment of self-
emulsification was carried out to ensure, the SMEDDS on contact 
with GI fluids will undergo emulsification spontaneously. The 
emulsification time required for all the formulations was less than 1 
min indicates the minimum requirement of free energy for self 
emulsification. The % drug content of all the formulations was found 
to be satisfactory (93.0 to 99.8 %). The in vitro drug release studies 
showed all formulations released more than 74 % of the drug within 
15 min. The formulation EFM8 showed the highest drug release of 
91 %, whereas EFM 7 shows the least % drug release of 74 %. The 
slowdown of drug release may be attributed to reduced diffusion of 
the drug through the lamellar surfactant/cosurfactant layers, which 
also increases the microenvironment viscosity. 

 

Table 5: Mixture design formulations and observed responses 

Formulation Oleic 
acid 

Labrasol PEG 600 Droplet size nm Emulsification 
time sec 

% Drug loading % Drug release at 
15 min 

EFM1 0.116 0.675 0.209 297.84±2.35 26.0±1.0 99.19±0.21 88.74±1.88 
EFM2 0.181 0.626 0.193 310.75±5.87 30.33±0.58 98.90±0.30 86.61±2.45 
EFM3 0.198 0.577 0.225 380.55±5.39 30.33±0.58 98.11±0.10 85.54±1.77 
EFM4 0.132 0.675 0.193 287.28±1.67 27.33±0.58 98.95±0.76 90.16±1.88 
EFM5 0.214 0.577 0.209 589.26±3.48 35.33±0.58 94.18±0.65 75.97±0.62 
EFM6 0.149 0.626 0.225 293.48±4.92 26.0±0.0 99.04±0.56 90.27±0.74 
EFM7 0.23 0.577 0.193 667.74±9.69 40.33±0.58 93.34±0.42 74.78±1.78 
EFM8 0.1 0.675 0.225 257.16±2.45 24.0±1.0 99.83±0.16 91.34±0.54 

*Data expressed as mean±SD (n=3) 
 

Evaluation of model 

The data obtained for all eight formulation batches were integrated in 
the design to check the model fit. The data obtained was analyzed 
statistically by fitting multiple regression models with the intercept set 
to zero. The statistically significant models determined for droplet size 
(nm) (R2= 0.96 and p-0.1022), emulsification time (sec) (R2= 0.99 and 
p-0.0267), % drug loading (R2= 0.93 and p-0.1667) and % drug release 
at 15 min (R2

The effects summary of the whole model was used to investigate the 
effect of independent variables on dependent variables. In the graph, 
the length of each bar shows the effect of variables and the 
magnitude of the effect on the quality attributes. In the effects 
summary table the bar presenting Oleic acid and Labrasol crosses 
the blue vertical line indicating the significance. Hence, the material 
attributes like Oleic acid and Labrasol considered in the design were 
having a significant influence on the responses. 

= 0.96 and p-0.0911) were statistically significant. The 
effects test report and leverage plots obtained for all the individual 
responses considered in the design are presented in table 6 and fig. 4, 
respectively. The effects test report obtained for the droplet size 
indicates Oleic acid (p-0.0069) has a significant effect on the model. 

The emulsification time depends on both Oleic acid (p-0.0006) and 
Labrasol (p-0.0072). The % drug loading is influenced by Oleic acid (p-
0.0002)and Labrasol (p-0.0008), and similarly, the % drug release also 
depends on Oleic acid (p-0.0010)and Labrasol (p-0.0038). 

 

 

 

Fig. 4: Actual Vs predicted plots for dependent variables 
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Table 6: Effects test report for dependent variable 

Source Prob>F 
Droplet size Emulsification time % Drug  load % Drug release at 15 min 

(Oleic acid-0.1)/0.13 0.0069* 0.0006* 0.0002* 0.0010* 
(Labrasol-0.577)/0.13 0.1492 0.0072* 0.0008* 0.0038* 
(PEG 6000-0.193)/0.13 0.4236 0.8434 0.1147 0.1627 
Oleic acid*Labrasol 0.2037 0.1299 0.3043 0.1804 
Oleic acid*PEG 6000 0.4701 0.8075 0.5337 0.3622 
Labrasol*PEG 6000 0.4106 0.6039 0.4843 0.3353 

 

 

 

 

 

Fig. 5: Leverage plots for dependent variables 
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Source Log worth  P value 
(Oleic acid-0.1)/0.13 3.800  0.00016 
(Labrasol-0.577)/0.13 3.104  0.00079 
(PEG 6000-0.193)/0.13 0.940  0.11474 
Oleic acid*Labrasol 0.886  0.12994 
Labrasol*PEG 6000 0.475  0.33526 
Oleic acid*PEG 6000 0.441  0.36218 

Fig. 6: Effects summary report 
 

Table 7: Summary of the model fit 

Statistical parameters Droplet size (nm)  Emulsification time (sec) % Drug loading % Drug release at 15 min 
R Square 0.957788 0.989247 0.929641 0.962495 
R Square Adj 0.852257 0.962366 0.753744 0.868733 
Root Mean Square Error 59.74549 1.040833 1.285697 2.548653 
Mean of Response 385.575 29.75 97.59875 85.505 
Observations (or Sum Wgts) 8 8 8 8 
 

Design verification 

The design validation was carried out by conducting the 
experimental batch as per the Ternary mixture profiler (fig. 7). The 

results obtained for the verification formulation (VF) are presented 
in table 8 and compared with the predicted values as per the 
profiler. The numerical immediacy was observed between the 
predicted and the observed value and indicates validity of the model. 

 

Table 8: Composition of VF and of RTV-SMEDDS 

Formulation Oleic acid Labrasol PEG 6000 
VF-ETV-SMEDDS 0.130 0.652 0.218 
OF-ETV-SMEDDS 0.117 0.659 0.224 
 

 

Fig. 7: Mixture profiler report 
 

Optimization of formulation 

The global desirability function obtained through the prediction profiler 
was utilized for the simultaneous optimization of ETV-SMEDDS. The 
prediction profiler shows a continuous correlation between multiple 
factors and multiple responses, giving a complete picture of the 
variability possible within the selected extreme values. The maximal 
global desirability value was found to be 0.9415. The global desirability 
values indicates that the selected factors and responses have a good 
correlation and are significant enough for optimization and prediction of 
best formulation. The predicted values of droplet size, emulsification 
time, % drug loading and % drug release at 15 min were 252.55 nm, 
24.39 sec, 99.85 % and 91.605 %, respectively, at oil, surfactant and 

cosurfactant of 0.1169, 0.6594 and 0.2236 respectively. The optimized 
level of factors yielded a formulation with minimal droplet size, faster 
emulsification process, maximum drug loading with the faster release of 
drug from the formulation (table 9). The experimental values and 
predicted values were in close agreement with each other. This showed 
the efficiency of the optimization process in predicting the quality 
attributes of ETV-SMEDD. The zeta potential obtained for the optimized 
formulation indicates the stearic stability of the formulation and the 
report obtained is presented in the fig. 11.  

Hence the studies shows that the development of ETV-SMEDDS by 
the application of QbD concept could be a desirable approach in 
attaining the therapeutic and the formulation goals. 

 

Table 9: Predicted and experimental values obtained for VF-ETV-SMEDDS and OF-ETV-SMEDDS 

Formula
tion 

Droplet size (nm) % 
Differe
nce 

Emulsification 
time (sec) 

% 
Differe
nce 

% Drug loading % 
Differe
nce 

% Drug release at 
15 min 

% 
Differe
nce  Predic

ted  
Experim
ental  

Predic
ted  

Experim
ental  

Predic
ted  

Experim
ental  

Predic
ted  

Experim
ental  

VF-ETV-
SMEDDS 

278.53 286.5±4.9
2 

2.86 25.26 26±0.58 2.9 99.33 98.12±0.8
6 

-1.218 90.16 91.23±2.1 1.18 

OF-ETV-
SMEDDS 

252.55 262.2±3.5
4 

3.821 24.39 24±1.0 -1.59 99.85 98.45±0.4
5 

-1.402 91.605 90.02±1.8
6 

-0.63 

*Data expressed as mean±SD (n=3) 
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Fig. 8: Prediction profiler 
 

 

Fig. 9: Droplet size report for VF-ETV-SMEDDS 

 

 

Fig. 10: Droplet size report for OF-ETV-SMEDDS 
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Fig. 11: Zeta potential report for OF-ETV-SMEDDS 
 

CONCLUSION 

SMEDDS were a promising approach for the formulation of poorly 
water-soluble drugs. The predetermined quality characteristics of 
ETV-SMEDDS were achieved with the implementation of QbD 
concepts throughout the development process. The detailed analysis 
of the three independent variables called oleic acid, labrasol, PEG 
6000 and their effects on the quality attributes such as droplet size, 
emulsification time, drug loading efficiency and % drug release was 
studied with the application of statistical mixture design. This study 
showed the potential of QbD in SMEDDS development. 
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A B S T R A C T

Series of (E)-1-benzyl-4-((4-styrylphenoxy)methyl)-1H-1,2,3-triazoles 7a-x were obtained by Wittig reaction be-
tween 4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)benzaldehydes 5a-d and benzyl triphenylphosphonium halides
6a-f in benzene. The structures of the synthesized compounds were confirmed by FTIR, NMR (1H and 13C NMR)
spectroscopy, and mass spectrometry. All synthesized compounds were screened for their cytotoxic activity
against human cancer cell lines including pancreatic carcinoma, colorectal carcinoma, lung carcinoma, and
leukemias such as acute lymphoblastic, chronic myeloid, and non-Hodgkinson lymphoma cell lines. In vitro
cytotoxicity data showed that compounds 7c, 7e, 7h, 7j, 7k, 7r, and 7w were moderately cytotoxic (11.6–19.3
μM) against the selected cancer cell lines. These cytotoxicity findings were supported using molecular docking
studies of the compounds against 1TUB receptor. The drug-likeness properties of the compounds evaluated by in
silico ADME analyses. Resveratrol linked 1,2,3-triazoles were more sensitive towards human carcinoma cell lines
but least sensitive towards leukemia and lymphoma cell lines.

1. Introduction

Cancer is a group of diseases responsible for one in six deaths
worldwide. To overcome this threat, effective methods such as immu-
notherapy, chemotherapy, surgery, and radiotherapy are needed. Each
method has its advantages and disadvantages. Chemotherapeutic agents
used to kill or inhibit the growth of cancer cells often have serious side
effects, whereas radiotherapy and surgery are limited [1]. To fill this
void, there is always a need for better alternatives. It is a daunting task to
develop a new anticancer compound with improved pharmaceutical
properties. The role of heterocyclic chemistry is commendable in this
regard. Low toxicity, high regeneration, and better receptor binding
make nitrogen (N) -containing heterocycle the first choice between
synthons in the drug discovery process [2].

Three nitrogens and two carbon atoms of triazole contain a five
heterocyclic compound ring, a 1,2,3-triazole ring exhibits a variety of
biological functions, including antiviral, anti-inflammatory, antimicro-
bial and anti-tubercular. In addition, 1,4-disubstituted 1,2,3-triazoles
show significant anticancer activity [3, 4, 5]. Recently Kaushik et al,
developed and synthesized amide linked 1,4-disubstituted 1,2,3-tri-
azoles (I) as an anticancer agents [6]. Murugavel et al, have been
linked to the production of thiophen containing 1,2,3-triazole (II) and
pyridine moiety as a potential for topoisomerase IIα inhibiting anti-
cancer agents [7]. A series of connected chalcone 1,2,3 triazoles (III)
was synthesized using a green chemical method and tested as anti-
cancer agents [8].

Stilbene based compounds have attracted biologists and chemists
because they are widely available in nature. They have a variety of
biological functions [9, 10]. Hydroxylated stilbenes have been found in
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medicinal plants but plain stilbene is not found in nature. Trans-3,5,
40-trihydroxy stilbene (resveratrol) (IV) is found in grapes and plays a
role in preventing coronary heart disease associated with the use of red
wine [11, 12, 13]. This resveratrol exhibits the activity of many biolog-
ical agents, such as chemopreventive [14] antioxidant [15] antineo-
plastic [16] and antiestrogenic [17]. Various extracts/structures of
stilbenes show anticancer activity [18, 19, 20, 21].

In recent times, the molecular hybridization approach is a widely
used techniques in drug discovery, which forms new molecular entities
by incorporating stilbenes by linker through the methylene with 1,2,3-
triazoles. These integrated or cohesive systems may have advanced bio-
logical properties related to specific substances. As the continuation of
our work in small nitrogenous heterocyclic compounds, a series of E
stilbene linked to 1,4-disubstituted-1,2,3-triazole derivatives (7a-x) were
synthesized, identified, and in vitro cytotoxicity is performed in this
paper (see Figure 1).

Furthermore, in silico ADME properties were investigated to deter-
mine the drug-likeness properties of the synthesized compounds using
the SwissADME webserver [22, 23]. We also conducted docking simu-
lations both to support the in vitro cytotoxicity studies of the compounds
and to identify their binding sites on the 1TUB receptor (tubulin-doce-
taxel complex) [24].

2. Experimental

2.1. General information and instrumentation

Reagents and solvents were tested for purity before use. Melting
points (m.p.) were measured by open capillary tube method in liquid
paraffin (heavy) and are uncorrected. FTIR spectra were recorded using
infrared (IR) grade potassium bromide (KBr) by diffuse reflectance
technique on a JASCO 460 þ instrument. The 1H NMR spectra were
recorded in deuterated dimethyl sulfoxide (DMSO-d6) and chloroform
(CDCl3) in the range of 400–500 MHz (MHz) on Bruker (Ultraspec AMX
400) and JEOL RESONANCE instruments. Chemical shift (δ) values in
ppm were expressed using tetramethylsilane (TMS) as the reference.
Compound purity was determined by an Agilent 1100 HPLC coupled to
an Agilent mass spectrometry detector (MSD) with electrospray ioniza-
tion in positive mode. 4-(Prop-2-ynyloxy)benzaldehyde (3) and aryl
azides (4a-d) were prepared as per literature [25] and 4-((1-arylme-
thyl-1H-1,2,3-triazol-4-yl)methoxy)benzaldehydes (5a-d) were

synthesized as per the literature [26]. Various aryltriphenylphosphonium
chlorides (6a-f) were prepared as per the literature [27].

2.2. Synthesis

General procedure for synthesis of (E)-1-benzyl-4-((4-styr-
ylphenoxy)methyl)-1H-1,2,3-triazoles (7a-x)

Sodium hydride (0.0478 g, 2 mmol) was added in part to an equi-
molar mixture of different benzyltriphenylphosphonium halides (6a-f)
and 4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy) benzaldehydes (5a-d)
at 0–5 �C in dry benzene. The resulting mixture was stirred for 16 h at
room temperature. Excess sodium hydride was quenched in anhydrous
methanol (10 mL) followed by extraction with a chloroform-water
mixture. The organic layer was dried over anhydrous Na2SO4 and
removed under vacuum. The crude mass thus obtained was purified from
hot ethanol to get the E isomeric forms of 7a-x while Z remained in the
solution.

(E)-1-benzyl-4-((4-styrylphenoxy) methyl)-1H-1,2,3-triazole
(7a). White amorphous mass, IR (KBr) ν: ¼ 3010, 2873, 1602, 1510,
1455, 1243 cm�1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 5.15 (2H, s, –CH2-
), 5.61 (2H, s, –OCH2-), 7.04 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.11 (1H, d, J ¼
16.4 Hz, styryl –CH¼C-), 7.17–7.25 (2H, md, J¼ 16.4 Hz, styryl –C¼CH-
), 7.30–7.39 (7H, m, Ar–H), 7.54 (4H, m, Ar–H), 8.27 (1H, s, Triazole-H).
13C NMR (400 MHz, DMSO-d6): δ ¼ 52.82, 61.12, 114.97, 124.66,
126.16, 126.30, 127.06, 127.19, 127.75, 127.93, 128.13, 128.63,
128.74, 157.72. þMS (ESI) m/z: 369.1 (368.4).

(E)-1-benzyl-4-((4-(4-fluorostyryl)-phenoxy)methyl)-1H-1,2,3-
triazole (7b). White amorphous mass, IR (KBr) ν: ¼ 3074, 2790, 1605,
1514, 1455, 1266 cm-1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 5.15 (2H, s,
–CH2-), 5.60 (2H, s, –OCH2-), 7.04 (2H, d, J ¼ 11.6 Hz, Ar–H), 7.12 (2H,
d, J¼ 6.8 Hz, Ar–H), 7.16–7.20 (2H, m, Ar–H), 7.30–7.39 (5H, m, Ar–H),
7.53 (2H, d, J ¼ 11.2 Hz, Ar–H), 7.58–7.61 (2H, m, Ar–H), 8.27 (1H, s,
Triazole-H). 13C NMR (400 MHz, DMSO-d6): δ ¼ 52.84, 61.11, 114.97,
115.43, 115.60, 124.72, 125.15, 127.73, 127.91, 127.96, 128.01,
128.17, 128.78, 129.95, 133.97, 136.02, 142.94, 157.73, 160.43,
162.37. þMS (ESI) m/z: 386.1 (386.4).

(E)-1-benzyl-4-((4-(4-chlorostyryl)phenoxy)methyl)-1H-1,2,3-
triazole (7c). White crystals, IR (KBr) ν: ¼ 3033, 2918, 1603, 1509,
1467, 1249 cm-1. 1H NMR (400MHz, DMSO-d6): δ¼ 5.15 (2H, s, –CH2-),
5.60 (2H, s, –OCH2-), 7.03 (2H, d, J ¼ 8.4 Hz, Ar–H), 7.11 (1H, d, J ¼
16.8 Hz, styryl –CH¼C-), 7.23 (1H, d, J ¼ 16.8 Hz, styryl –C¼CH-),

Figure 1. Pharmacologically hybridized/linked 1,2,3-triazole derivatives such as amide linked 1,4-disubstituted 1,2,3-triazoles I, thiophen containing 1,2,3-triazole
pyridine II, chalcone linked 1,2,3-triazole III, resveratrol IV and resveratrol linked 1,2,3-triazoles 7a-x.
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7.29–7.38 (3H, m, Ar–H), 7.45 (2H, d, J¼ 8.8 Hz, Ar–H), 7.55 (2H, d, J¼
8.8 Hz, Ar–H), 7.54 (2H, d, J ¼ 8.8 Hz, Ar–H), 8.27 (1H, s, Triazole-H).
13C NMR (400 MHz, DMSO-d6): δ ¼ 53.37, 61.66, 115.53, 125.25,
125.51, 128.35, 128.44, 128.49, 128.70, 129.17, 129.31, 129.42,
130.30, 131.94, 136.55, 136.90, 139.73, 143.44, 158.43. þMS (ESI) m/
z: 402.1 (402.9).

(E)-1-benzyl-4-((4-(4-methylstyryl)phenoxy)methyl)-1H-1,2,3-
triazole (7d). White crystals, IR (KBr) ν: ¼ 3070, 2964, 1603, 1514,
1476, 1244 cm-1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 2.29 (3H, s, –CH3),
5.14 (2H, s, –CH2-), 5.60 (2H, s, 2H, –OCH2-), 7.03 (2H, d, J ¼ 8.8 Hz,
Ar–H), 7.06 (1H, d, J ¼ 16.8 Hz, styryl –CH¼C-), 7.10 (1H, d, J ¼ 16.8
Hz, styryl –C¼CH-), 7.17 (2H, d, J ¼ 8 Hz, Ar–H), 7.29–7.39 (4H, m,
Ar–H), 7.45 (2H, d, J ¼ 8 Hz, Ar–H), 7.52 (2H, d, J ¼ 8.8 Hz, Ar–H), 8.27
(1H, s, Triazole-H). 13C NMR (400 MHz, DMSO-d6): ¼ δ 20.78, 52.81,
61.10, 124.65, 126.08, 126.23, 126.39, 127.57, 127.92, 128.12, 128.73,
129.23, 130.13, 134.53, 135.98, 136.50, 143.05, 157.59, 178.69. þMS
(ESI) m/z: 382.1 (382.5).

(E)-1-benzyl-4-((4-(4-methoxystyryl)phenoxy)methyl)-1H-1,2,3-
triazole (7e). White amorphous mass, IR (KBr) ν: ¼ 3034, 2837, 1606,
1514, 1467, 1384, 1253 cm-1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 3.76
(3H, s, –OCH3), 5.14 (2H, s, –CH2-), 5.60 (2H, s, –OCH2-), 6.93 (2H, d,
J ¼ 8.8 Hz, Ar–H), 6.99–7.03 (4H, m, Ar–H), 7.30–7.39 (5H, m, Ar–H),
7.49 (4H, d, J ¼ 8 Hz, Ar–H), 8.27 (1H, s, Triazole-H). 13C NMR (400
MHz, DMSO-d6): δ ¼ 52.82, 55.11, 61.11, 114.11, 114.93, 124.65,
125.69, 125.95, 127.37, 127.42, 127.93, 128.13, 128.74, 129.97,
130.36, 135.99, 142.96, 157.38, 158.65. þMS (ESI) m/z: 398.1
(398.5).

(E)-1-benzyl-4-((4-(4-nitrostyryl) phenoxy)methyl)-1H-1,2,3-
triazole (7f). Yellow crystals, IR (KBr) ν: ¼ 3101, 2838, 1591, 1513,
1178 cm-1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 5.18 (2H, s, –CH2-), 5.61
(2H, s, –OCH2-), 7.09 (2H, d, J¼ 8.8 Hz, Ar–H), 7.29 (1H, d, J¼ 16.4 Hz,
styryl –CH¼C-), 7.30–7.39 (5H, m, Ar–H), 7.50 (1H, d, J¼ 16.4 Hz, styryl
–C¼CH-), 7.63 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.82 (2H, d, J ¼ 8.8 Hz, Ar–H),
8.22 (2H, d, J ¼ 8.8 Hz, Ar–H), 8.28 (1H, s, Triazole-H). 13C NMR (400
MHz, DMSO-d6): δ ¼ 53.40, 61.70, 115.65, 124.61, 124.75, 125.32,
127.47, 128.52, 128.73, 129.18, 129.33, 129.81, 133.52, 136.56,
143.37, 145.04, 146.37, 159.13. þMS (ESI) m/z: 413.1 (413.4).

(E)-1-(4-nitrobenzyl)-4-((4-styrylphenoxy)methyl)-1H-1,2,3-tri-
azole (7g). Yellow amorphous powder, IR (KBr) ν: ¼ 3087, 2872, 1606,
1515, 1447, 1219 cm-1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 5.18 (2H, s,
–CH2-), 5.80 (2H, s,–OCH2–), 7.05 (2H, d, J¼ 8.8 Hz, Ar–H), 7.11 (1H, d,
J ¼ 16.4 Hz, styryl –CH¼C-), 7.21 (1H, d, J ¼ 16.8 Hz, styryl –C¼CH-),
7.25 (1H, d, J¼ 7.2 Hz, Ar–H), 7.35 (2H, t, J¼ 15.6 Hz, Ar–H), 7.51–7.56
(5H, m, Ar–H), 8.25 (2H, d, J ¼ 8.0 Hz, Ar–H), 8.38 (1H, s, Triazole-H).
13C NMR (400 MHz, DMSO-d6): δ ¼ 51.92, 61.10, 114.99, 123.95,
125.16, 126.19, 126.34, 127.23, 127.79, 127.95, 128.67, 129.05,
130.05, 137.33, 143.12, 143.42, 147.25, 157.69. þMS (ESI) m/z: 414.1
(413.4).

(E)-4-((4-(4-fluorostyryl)phenoxy)methyl)-1-(4-nitrobenzyl)-1H-
1,2,3-triazole (7h). Light yellow crystals, IR (KBr) ν: ¼ 3098, 2874,
1607, 1517, 1458, 1217 cm-1. 1H NMR (400MHz, DMSO-d6): δ 5.18 (2H,
s, –CH2-), 5.80 (2H, s, –OCH2-), 7.05 (d, 2H, J¼ 9.2, Hz Ar–H), 7.12 (2H,
d, J¼ 6.4 Hz, Ar–H), 7.16–7.20 (2H, m, Ar–H), 7.51–7.54 (4H, m, Ar–H),
7.57–7.61 (2H, m, Ar–H), 8.24 (2H, d, J ¼ 8.8 Hz, Ar–H), 8.35 (1H, s,
Triazole-H). 13C NMR (400 MHz, DMSO-d6): δ ¼ 51.92, 61.11, 115.00,
115.19, 115.39, 115.56, 123.90, 125.10, 125.17, 127.71, 127.87,
127.92, 127.99, 129.01, 129.98, 131.75, 133.91, 143.12, 143.36,
147.24, 157.67, 160.41, 162.35. þMS (ESI) m/z: 431.1 (431.4).

(E)-4-((4-(4-chlorostyryl)phenoxy)methyl)-1-(4-nitrobenzyl)-
1H-1,2,3-triazole (7i). Yellow amorphous mass, IR (KBr) ν: ¼ 3084,
2781, 1604, 1514, 1457, 1348, 1256 cm-1. 1H NMR (400 MHz, DMSO-
d6): δ ¼ 5.18 (2H, s, –CH2-), 5.80 (2H, s, –OCH2-), 7.05 (2H, d, J ¼ 8.8
Hz, Ar–H), 7.11 (1H, d, J ¼ 16.8 Hz, styryl –CH¼C-), 7.24 (1H, d, J ¼
16.8 Hz, styryl –C¼CH-), 7.41 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.51–7.55 (4H,
m, Ar–H), 7.58 (2H, d, J ¼ 8.4 Hz, Ar–H), 8.24 (2H, d, J ¼ 8.8 Hz, Ar–H),
8.35 (1H, s, Triazole-H).13C NMR (400 MHz, DMSO-d6): δ ¼ 51.94,

61.11, 115.04, 123.96, 125.01, 125.18, 127.83, 127.94, 128.65, 128.87,
129.06, 129.82, 131.44, 136.37, 143.11, 143.42. þMS (ESI) m/z: 448.0
(447.9).

(E)-4-((4-(4-methylstyryl)phenoxy)methyl)-1-(4-nitrobenzyl)-
1H-1,2,3-triazole (7j). Yellow crystals, IR (KBr) ν: ¼ 3087, 2912, 1604,
1515, 1453, 1349, 1255 cm�1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 2.29
(3H, s, –CH3), 5.17 (2H, s, –CH2-), 5.80 (2H, s, –OCH2-), 7.04 (2H, d, J ¼
8.8 Hz, Ar–H), 7.06 (1H, s, J¼ 16 Hz, styryl –CH¼C-), 7.10 (1H, s, J¼ 16
Hz, styryl –C¼CH-), 7.17 (2H, d, J ¼ 8.0 Hz, Ar–H), 7.45 (2H, d, J ¼ 8.0
Hz, Ar–H), 7.50–7.54 (4H, dd, Ar–H), 8.24 (2H, d, J ¼ 8.8 Hz, Ar–H),
8.35 (1H, s, Triazole-H). 13C NMR (400 MHz, DMSO-d6): δ ¼ 20.80,
51.91, 61.08, 114.97, 123.92, 125.13, 126.27, 126.92, 127.61, 129.03,
129.25, 130.19, 134.53, 136.53, 143.13, 143.39, 147.24, 157.52. þMS
(ESI) m/z: 427.1 (427.5).

(E)-4-((4-(4-methoxystyryl)phenoxy)methyl)-1-(4-nitrobenzyl)-
1H-1,2,3-triazole (7k). Yellow amorphous mass, IR (KBr) ν: ¼ 3087,
2836, 1607, 1516, 1462, 1349, 1254 cm�1. 1H NMR (400 MHz, DMSO-
d6): δ ¼ 3.76 (3H, s, –OCH3), 5.17 (2H, s, –CH2-), 5.79 (2H, s, –OCH2-),
6.93 (2H, d, J ¼ 8 Hz, Ar–H), 7.00–7.03 (4H, m, Ar–H), 7.49 (4H, d, J ¼ .
8.4 Hz, Ar–H), 7.53 (2H, d, J ¼ 9 Hz, Ar–H), 8.24 (2H, d, J ¼ 8.8 Hz,
Ar–H), 8.34 (1H, s, Triazole-H).13C NMR (400 MHz, DMSO-d6): δ ¼
51.91, 55.11, 61.08, 114.11, 114.96, 123.92, 125.11, 125.07, 126.02,
127.43, 129.03, 129.96, 130.41, 143,15, 143.39, 147.24, 157.34,
158.65. þMS (ESI) m/z: 444.1 (443.5).

(E)-1-(4-nitrobenzyl)-4-((4-(4-nitrostyryl)phenoxy)methyl)-1H-
1,2,3-triazole (7l). Yellow amorphous mass, IR (KBr) ν: ¼ 3050, 2936,
1588, 1507, 1176 cm�1. 1H NMR (400 MHz, DMSO-d6): δ¼ 5.20 (2H, s,
–CH2-), 5.80 (2H, s, –OCH2-), 7.09 (2H, d, J¼ 8.8 Hz, Ar–H), 7.29 (1H, d,
J ¼ 16.4 Hz, styryl –CH¼C-), 7.50 (1H, d, J ¼ 16.4 Hz, styryl –C¼CH-),
7.54 (2H, d, J ¼ 8.4 Hz, Ar–H), 7.63 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.82 (2H,
d, J ¼ 8.8 Hz, Ar–H), 8.22 (2H, d, J ¼ 9.2 Hz, Ar–H), 8.25 (2H, d, J ¼ 8.8
Hz, Ar–H), 8.36 (1H, s, Triazole-H).13C NMR (400 MHz, DMSO-d6): δ ¼
51.93, 61.14, 115.13, 123.92, 124.03, 124.23, 125.16, 126.90, 128.62,
129.04, 129.29, 132.93, 143.00, 143.37, 144.46, 145.82, 158.52. þMS
(ESI) m/z: 458.0 (458.4).

(E)-1-(4-methylbenzyl)-4-((4-styrylphenoxy) methyl)-1H-1,2,3-
triazole (7m). White crystals, IR (KBr) ν: ¼ 3027, 2872, 1602, 1509,
1462, 1380, 1243 cm�1. 1H NMR (400 MHz, DMSO-d6): δ¼ 2.27 (3H, s,
–CH3), 5.14 (2H, s, –CH2-), 5.54 (2H, s, –OCH2-), 7.04 (2H, d, J¼ 8.8 Hz,
Ar–H), 7.07 (1H, d, J ¼ 16.4 Hz, styryl –CH¼C-), 7.16–7.25 (6H, m,
Ar–H), 7.35 (2H, t, J ¼ 16.0 Hz, Ar–H), 7.55 (4H, t, J ¼ 16.8 Hz, Ar–H),
8.23 (1H, s, Triazole-H).13C NMR (400 MHz, DMSO-d6): δ 20.67, 52.63,
61.11, 114.96, 124.54, 126.16, 126.29, 127.20, 127.76, 127.99, 128.65,
129.28, 129.98, 132.99, 137.33, 137.49, 142.88, 157.72. þMS (ESI) m/
z: 382.0 (382.5).

(E)-4-((4-(4-fluorostyryl)phenoxy)methyl)-1-(4-methylbenzyl)-
1H-1,2,3-triazole (7n). White amorphous powder, IR (KBr) ν: ¼ 3077,
2872, 1605, 1514, 1454, 1213 cm-1. NMR (400 MHz, DMSO-d6): δ ¼
2.27 (3H, s, –OCH3), 5.14 (2H, s, –CH2-), 5.54 (2H, s, –OCH2-), 7.04 (2H,
d, J ¼ 8.8 Hz, Ar–H), 7.12 (2H, d, J ¼ 6.8 Hz, Ar–H), 7.16–7.22 (6H, m,
Ar–H), 7.52 (2H, d, J ¼ 8.4 Hz, Ar–H), 7.57–7.61 (2H, m, Ar–H), 8.23
(1H, s, Triazole-H). 13C NMR (400 MHz, DMSO-d6): δ 20.63, 52.60,
61.10, 114.95, 115.34, 115.55, 124.47, 125.11, 127.67, 127.88, 127.95,
129.24, 129.91, 132.95, 133.93, 137.45, 142.85, 157.68. þMS (ESI) m/
z: 400.1 (400.5).

(E)-4-((4-(4-chlorostyryl)phenoxy) methyl)-1-(4-methylbenzyl)-
1H-1,2,3-triazole (7o). White amorphous mass, IR (KBr) ν: ¼ 3077,
2877, 1605, 1510, 1457, 1177 cm�1. 1H NMR (400 MHz, DMSO-d6): δ ¼
2.27 (3H, s, –CH3), 5.14 (2H, s, –CH2-), 5.54 (2H, s, –OCH2-), 7.04 (2H, d,
J ¼ 8.8 Hz, Ar–H), 7.11 (1H, d, J ¼ 16.4 Hz, styryl –CH¼C-), 7.16–7.23
(5H, m, Ar–H), 7.40 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.54 (2H, d, J ¼ 8.8 Hz,
Ar–H), 7.59 (2H, d, J ¼ 8.8 Hz, Ar–H), 8.23 (1H, s, Triazole-H). 13C NMR
(400 MHz, DMSO-d6): δ ¼ 20.67, 52.62, 61.09, 114.95, 115.41, 115.58,
124.54, 125.13, 127.70, 127.93, 127.99, 129.28, 129.92, 132.99,
133.93, 137.50, 142.87, 157.70, 160.41, 162.32. þMS (ESI) m/z: 416.1
(416.9).
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(E)-1-(4-methylbenzyl)-4-((4-(4-methylstyryl)phenoxy)methyl)-
1H-1,2,3-triazole (7p). White crystals, IR (KBr) ν: ¼ 3023, 2734, 1602,
1515, 1455, 1388, 1240 cm�1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 2.27
(3H, s, –CH3), 2.29 (3H, s, –CH3-), 5.13 (2H, s, –CH2-), 5.40 (2H,
s,–OCH2–), 7.02 (2H, d, J¼ 8.8 Hz, Ar–H), 7.06 (1H, s, J¼ 16.8 Hz, styryl
–CH¼C-), 7.10 (1H, s, J ¼ 16.8 Hz, styryl –C¼CH-), 7.15–7.22 (6H, m,
Ar–H), 7.45 (2H, d, J ¼ 8.0 Hz, Ar–H), 7.51 (2H, d, J ¼ 8.8 Hz, Ar–H),
8.23 (1H, s, Triazole-H). 13C NMR (400 MHz, DMSO-d6): δ 20.65, 20.78,
52.61, 61.1.0, 113.70, 114.94, 124.49, 126.08, 126.22, 126.93, 127.57,
127.97, 129.22, 129.26, 130.25, 133.01, 134.50, 136.49, 137.59,
142.89, 157.55. þMS (ESI) m/z: 396.1 (396.5).

(E)-4-((4-(4-methoxystyryl)phenoxy)methyl)-1-(4-methyl-
benzyl)-1H-1,2,3-triazole (7q). White amorphous mass, IR (KBr) ν: ¼
3079, 2840, 1605, 1515, 1395, 1249 cm�1. 1H NMR (400 MHz, DMSO-
d6): δ ¼ 2.27 (3H, s, –CH3), 3.76 (3H, s, 3H, –OCH3), 5.13 (2H, s, –CH2-),
5.54 (2H, s, –OCH2-), 6.93 (2H, d, J ¼ 8.8 Hz, Ar–H), 6.99–7.02 (4H, m,
Ar–H), 7.16–7.22 (4H, m, Ar–H), 7.47–7.50 (4H, m, Ar–H), 8.23 (1H, s,
Triazole-H). 13C NMR (400 MHz, DMSO-d6): δ ¼ 20.66, 52.62, 55.11,
61.10, 114.11, 114.93, 124.49, 125.69, 125.98, 127.37, 127.41, 127.97,
129.27, 129.97, 130.35, 132.99, 137.48, 142.92, 157.37, 158.64. þMS
(ESI) m/z: 412.1 (412.5).

(E)-1-(4-methylbenzyl)-4-((4-(4-nitrostyryl)phenoxy)methyl)-
1H-1,2,3-triazole (7r). White crystals, IR (KBr) ν: ¼ 3075, 2926, 1592,
1509, 1465, 1388, 1219 cm�1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 2.27
(3H, s, –CH3), 5.17 (2H, s, –CH2-), 5.54 (2H, s, –OCH2-), 7.08 (2H, d, J ¼
8.4 Hz, Ar–H), 7.18 (2H, d, J¼ 8 Hz, Ar–H), 7.22 (2H, d, J¼ 8 Hz, Ar–H),
7.29 (1H, d, J ¼ 16.4 Hz, styryl –CH¼C-), 7.50 (1H, d, J ¼ 16.4 styryl
–C¼CH-), 7.63 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.82 (2H, d, J ¼ 9.2 Hz, Ar–H),
8.22 (2H, d, J ¼ 8.8 Hz, Ar–H), 8.24 (1H, s, Triazole-H). 13C NMR (400
MHz, DMSO-d6): δ ¼ 20.67, 52.64, 61.13, 115.09, 124.03, 124.18,
124.58, 126.89, 127.99, 128.61, 129.29, 132.96, 137.51, 142.76,
144.47, 145.81, 158.56. þMS (ESI) m/z: 427.1 (427.5).

(E)-1-(4-chlorobenzyl)-4-((4-styrylphenoxy)methyl)-1H-1,2,3-
triazole (7s). White crystals, IR (KBr) ν: ¼ 3023, 2791, 1606, 1516,
1459, 1258 cm�1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 5.15 (2H, s, –CH2-
), 5.61 (2H, s, –OCH2-), 7.04 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.11 (1H, d, J ¼
16.4 Hz, styryl –CH¼C-), 7.21 (1H, d, J ¼ 16.4 Hz, styryl –C¼CH-), 7.25
(1H, d, J ¼ 7.2 Hz, Ar–H), 7.32–7.37 (4H, m, Ar–H), 7.45 (2H, d, J ¼ 8.4
Hz, Ar–H), 7.56 (4H, t, J ¼ 15.2 Hz, Ar–H), 8.28 (1H, s, Triazole-H). 13C
NMR (400 MHz, DMSO-d6): δ ¼ 51.01, 61.11, 114.97, 115.19, 124.73,
126.16, 126.31, 127.19, 127.76, 127.95, 128.63, 128.75, 129.89,
130.01, 131.75, 132.87, 134.98, 137.32, 142.99, 157.70, 191.38. þMS
(ESI) m/z: 402.1 (402.9).

(E)-1-(4-chlorobenzyl)-4-((4-(4-fluorostyryl)phenoxy)methyl)-
1H-1,2,3-triazole (7t). White crystals, IR (KBr) ν: ¼ 3064, 2790, 1607,
1515, 1459, 1216 cm�1. 1H NMR (400 MHz, DMSO-d6): δ 5.15 ¼ (3H, s,
–CH2), 5.61 (2H, s, –OCH2-), 7.04 (2H, d, J¼ 8.8 Hz, Ar–H), 7.12 (2H, d, J
¼ 6.4 Hz, Ar–H), 7.16–7.20 (2H, m, Ar–H), 7.34 (2H, d, J ¼ 10.8 Hz,
Ar–H), 7.45 (2H, d, J ¼ 8.4 Hz, Ar–H), 7.53 (2H, d, J ¼ 11.6 Hz, Ar–H),
7.58–7.61 (2H, m, Ar–H), 8.28 (1H, s, Triazole-H). 13C NMR (400 MHz,
DMSO-d6): ¼ δ 52.0, 61.10, 114.97, 115.40, 115.57, 124.73, 125.15,
127.70, 127.88, 127.92, 127.99, 128.75, 129.89, 129.95, 132.86, 133.92,
134.98, 142.98, 157.69, 160.41, 162.34. þMS (ESI) m/z: 420.0 (420.9).

(E)-1-(4-chlorobenzyl)-4-((4-(4-chlorostyryl)phenoxy)methyl)-
1H-1,2,3-triazole (7u). White crystals, IR (KBr) ν: ¼ 3059, 2937, 1606,
1514, 1492, 1258 cm�1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 5.15 (2H, s,
–CH2-), 5.61 (2H, s, –OCH2-), 7.05 (2H, d, J¼ 8.8 Hz, Ar–H), 7.11 (1H, d,
J ¼ 16.8 Hz, styryl –CH¼C-), 7.24 (1H, d, J ¼ 16.8 Hz, styryl –C¼CH-),
7.34 (2H, d, J¼ 8.4 Hz, Ar–H), 7.38–7.46 (4H, dd, J¼ 8.8, 8.8 Hz, Ar–H),
7.52–7.59 (4H, dd, J ¼ 8.4, 8.8 Hz, Ar–H), 8.20 (1H, s, Triazole-H). 13C
NMR (400 MHz, DMSO-d6): δ ¼ 52.01, 61.11, 124.74, 124.97, 127.78,
127.88, 128.61, 128.75, 128.86, 129.77, 129.89, 131.39, 132.86,
134.98, 136.34, 142.95, 157.86. þMS (ESI) m/z: 437.0 (437.3).

(E)-1-(4-chlorobenzyl)-4-((4-(4-methylstyryl)phenoxy)methyl)-
1H-1,2,3-triazole (7v). White crystals, IR (KBr) ν: ¼ 3087, 2921, 1604,
1514, 1459, 1336, 1253 cm�1. 1H NMR (400 MHz, DMSO-d6): δ ¼ 2.29

(3H, s, –CH3), 5.15 (2H, s, –CH2-), 5.61 (2H, s, –OCH2-), 7.02 (2H, d, J ¼
8.8 Hz, Ar–H), 7.06 (1H, d, J¼ 16 Hz, styryl –CH¼C-), 7.10 (1H, d, J¼ 16
Hz, styryl –C¼CH-), 7.17 (2H, d, J ¼ 7.6 Hz, Ar–H), 7.36 (2H, d, J ¼ 8.4
Hz, Ar–H), 7.45 (4H, d, J¼ 8.4 Hz, Ar–H), 7.51 (2H, d, J¼ 8.8 Hz, Ar–H),
8.27 (1H, s, Triazole-H). 13C NMR (400 MHz, DMSO-d6): δ ¼ 20.78,
51.99, 61.10, 114.95, 124.71, 126.09, 126.25, 126.93, 127.85, 128.74,
129.23, 129.88, 130.16, 132.85, 134.53, 134.97, 136.51, 143.0, 157.54.
þMS (ESI) m/z: 416.1 (416.9).

(E)-1-(4-chlorobenzyl)-4-((4-(4-methoxystyryl)phenoxy)
methyl)-1H-1,2,3-triazole (7w). White amorphous mass, IR (KBr) ν:
¼ 3077, 2841, 1606, 1516, 1388, 1251 cm�1. 1H NMR (400 MHz,
DMSO-d6): δ ¼ 3.76 (3H, s, –OCH3), 5.14 (2H, s, –CH2-), 5.61 (2H,
s, –OCH2-), 6.93 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.00–7.03 (4H, m,
Ar–H), 7.34 (2H, d, J ¼ 8.4 Hz, Ar–H), 7.45 (2H, d, J ¼ 8.4 Hz,
Ar–H), 7.50 (4H, d, J ¼ 8.8 Hz, Ar–H), 8.28 (1H, s, Triazole-H). 13C
NMR (400 MHz, DMSO-d6): δ ¼ 51.99, 55.10, 61.10, 114.10,
114.94, 124.68, 125.68, 125.99, 127.36, 128.74, 129.88, 129.96,
130.37, 132.85, 134.97, 143.02, 157.35, 158.64. þMS (ESI) m/z:
432.1 (432.9).

(E)-1-(4-chlorobenzyl)-4-((4-(4-nitrostyryl)phenoxy)methyl)-
1H-1,2,3-triazole (7x). Yellow crystals, IR (KBr) ν: ¼ 3089, 2826,
1634, 1587, 1509, 1427, 1217 cm�1. 1H NMR (400 MHz, DMSO-d6):
δ ¼ 5.18 (2H, s, –CH2-), 5.62 (2H, s, –OCH2-), 7.09 (2H, d, J ¼ 8.8
Hz, Ar–H), 7.29 (1H, d, J ¼ 16.4 Hz, styryl –CH¼C-), 7.35 (2H, d, J
¼ 8.4 Hz, Ar–H), 7.45 (2H, d, J ¼ 8.4 Hz, Ar–H), 7.50 (1H, d, J ¼
16.4 Hz, styryl –C¼CH-), 7.63 (2H, d, J ¼ 8.8 Hz, Ar–H), 7.83 (2H, d,
J ¼ 8.8 Hz, Ar–H), 8.22 (2H, d, J ¼ 8.8 Hz, Ar–H), 8.29 (1H, s,
Triazole-H). 13C NMR (400 MHz, DMSO-d6): δ ¼ 52.02, 61.14,
115.11, 124.23, 124.83, 126.92, 128.63, 128.79, 129.27, 129.93,
132.96, 134.35, 135.01, 142.88, 144.49, 145.82, 158.56. þMS (ESI)
m/z: 447.1 (447.9).

2.3. Bio-evaluation

2.3.1. Cytostatic assays
All tumor cell lines were acquired from the American Type Culture

Collection (ATCC, Manassas, VA, USA), except for the DND-41 cell line,
which was purchased from Deutsche Sammlung von Mikroorganismen
und Zellkulturen (DSMZ Leibniz-Institut, Braunschweig, Germany). All
cell lines were cultured as recommended by the suppliers. Media were
purchased from GIBCO Life Technologies, USA, and supplemented with
10% fetal bovine serum (HyClone, GE Healthcare Life Sciences, USA).
For real-time monitoring, adherent cell lines HCT-116, NCI–H460, and
Capan-1 were seeded at a density between 500 and 1500 cells per well
in 384-well clear-bottomed tissue culture plates (Greiner). After over-
night incubation, cells were treated with the test compounds at seven
different concentrations ranging from 100 to 6.4 � 10�3 μM. Suspen-
sion cell lines K-562, Z-138, and DND-41 were seeded at densities
ranging from 2500 to 5000 cells per well in 384-well clear-bottomed
tissue culture plates containing the test compounds at the same seven
concentration points. The plates were incubated and monitored at 37
�C for 72 h in the IncuCyte® system (Essen BioScience Inc., Ann Arbor,
MI, USA) for real-time imaging. Images were taken every 3 h, with one
field imaged per well under 10� magnification. Cell growth was then
quantified based on percent cellular confluence as analyzed by the
IncuCyte® image analysis software and used to determine the IC50
values.

2.3.2. Methodology for in silico studies
The 3D structures of all compounds were prepared using Avogadro

v1.2.0 [28] and their energies were minimized with the MMFF94s
force field. The ADME properties, pharmacokinetic properties, and
drug-likenesses of the compounds were then investigated with the
SwissADME webserver [22, 23]. Finally, docking simulations of all
compounds were performed with the crystal structure of a tubulin
heterodimer (PDB ID: 1TUB) [24]. All ligands and the target were

A. Das et al. Heliyon 7 (2021) e05893

4



prepared using PyRx software [29] and the docking experiments were
subsequently carried out using AutoDock Vina software [30] with the
Lamarckian genetic algorithm (LGA) [31, 32]. The visualizations of
docking simulation results were conducted using the Discovery studio
[33].

3. Results and discussion

3.1. Chemistry

Series of (E)-1-benzyl-4-((4-styrylphenoxy)methyl)-1H-1,2,3-triazoles
(7a-x) were obtained by Wittig reaction (Figure 2) [34] between the

Scheme 1. a. Synthesis of 4-(prop-2-yn-1-yloxy)benzaldehyde (3). b. Synthesis of 4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy)benzaldehydes (5a-d). c. Synthesis of
(E)-1-benzyl-4-((4-styrylphenoxy)methyl)-1H-1,2,3-triazoles (7a-x).

Figure 2. Mechanism of synthesis for 7a-x.
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respective 4-((1-benzyl-1H-1,2,3-triazol-4-yl)methoxy) benzaldehydes
(5a-d) and benzyltriphenylphosphoniumhalides (chlorides and bromide)
(6a-f). Compounds 5a-d were obtained via copper (Cu)-catalyzed regio-
selective 1,3-dipolar cycloaddition of 4-(prop-2-ynyloxy)benzaldehyde
(3)with benzyl azides (4a-d), while the reaction between 4-hydroxyben-
zaldehyde (1) and propargyl bromide (2) led to compound 3. Schemes
1a-c represent the synthetic routes and Table 1 contains the structures of
7a-x. Structural confirmation was performed with Fourier transform
infrared (FTIR), nuclear magnetic resonance (NMR) spectroscopy and
mass spectrometry.

The FTIR spectra of compounds 7a-x showed stretching peaks in the
ranges of 3010–3101 (-CH, ar.), 2734–2964 (-CH, ali.), 1513–1634
(>C¼N-), 1507–1516 (>C¼C<), and 1176–1266 (-O-) cm�1 for the
groups given in parentheses. Methylene (–CH2–) bending peaks appeared
in the range of 1427–1492 cm�1. Compounds 7d, 7e, 7j, 7k, 7m-r, 7v,
and 7w showed methyl (-CH3) bending peaks in the range of 1336–1395
cm�1, while the nitro (-NO2) stretching in 7f-l, 7r, and 7x appeared be-
tween 1514 and 1592 cm�1.

1H NMR spectra showed singlet triazole ring protons in the range of
8.20–8.38 δ ppm. The aromatic protons appeared between 6.93 and
8.25 δ ppm while two doublet peaks appeared in the range of
7.06–7.50 δ ppm for E-CH¼CH of styryl moiety [35, 36]. Peaks at
5.40–5.80 and 5.13–5.20 δ ppm represent -N–CH2– and –OCH2-,
respectively. The –CH3 protons of 7d, 7j, 7m-r, and 7v appeared be-
tween 2.27 and 2.29 δ ppm along with -O-CH3 protons of 7e, 7k, 7q,
and 7w at 3.76 δ ppm. The nature of the carbon in 7a-x was ascer-
tained by the respective 13C NMR spectral data. Absence of the –C�CH
proton of 3 at 1.56 δ ppm and presence of additional -N–CH2– protons
at 5.52 δ ppm along with singlet triazole-H at 7.59 δ ppm in 5a
confirmed the reaction between 3 and 4a. Table 1 contains details of
compounds 7a-x such as molecular weight, molecular formula, yield,
percentage purity, and physical constant.

3.2. Biological study

In vitro cellular cytotoxicity evaluations of derivatives 7a-x were
performed using six different human cancer cell lines (Capan-1, HCT-
116, NCI–H460, DND-41, K-562, and Z-138) in 384-well micro-titer
plates [37]. The tubulin inhibitor docetaxel [38] and the pan-kinase in-
hibitor staurosporine (STS) [39] were used as reference compounds and
dimethyl sulfoxide (DMSO) as a solvent. The cytotoxicity data summa-
rized in Table 2 represent 50% inhibitory concentrations (IC50).

Irrespective of the substituents on the aromatic ring system, com-
pounds 7a-x were found to be poorly cytotoxic towards acute lymphoma
(DND-41), chronic myeloid leukemia (K-562), Non Hodgin lymphoma
(Z-138) and moderate cytotoxic against pancreatic adeno carcinoma
(Capan-1), colorectal carcinoma (HCT-116), lung carcinoma
(NCI–H460). In general, among the tested derivatives, 7a and 7c showed
some cytotoxic chronic myeloid leukemia (K-562) cells. Most of the
compounds displayed some sort of cytotoxic activity 31–96 μM against
pancreatic adeno carcinoma (Capan-1) cells except compounds 7d, 7g,
7v and 7x. For colorectal carcinoma cells (HCT-116), the cytotoxic ac-
tivity exhibited bymany compounds of the series ranging from 12-87 μM.
Among this series, 7e, 7h and 7k were the most potent with IC50 at
12–13 μM, many compounds such as 7a, 7g, 7i, 7q and 7rwere cytotoxic
in the range of 20–30 μM. For lung carcinoma (NCI–H460) cells, 12–16
μM cytotoxicity activity showed by compounds 7h, 7r and 7w, whereas
remaining compounds exhibited the activity ˃30 μM. In case of acute
lymphoblastc leukemia (DND-41), very limited compounds namely 7a,
7g and 7o displayed some cytotoxic activity 60–80 μM, remaining all
compounds did not display any cytotoxic activity. Even for the chronic
myeloid leukemia (K-562) cells also not showed any activity by the
synthesized compounds except 7a and 7c with 40 and 19 μM. Similarly,
for Non Hodgin lymphoma (Z-138), one compound that is 7d showed
some cytotoxic activity with IC50 60μM, and remaining compounds in

Table 1. Synthesized stilbene linked 1,2,3-triazole analogues (7a-x).

Compound R1 R Molecular weight Molecular formula Melting point (�C) Yield (%) Purity (%)

7a H H 367.44 C24H21N3O 202–204 35 100

7b F H 385.43 C24H20FN3O 180–182 45 100

7c Cl H 401.89 C24H20ClN3O 229–230 39 100

7d CH3 H 381.47 C25H23N3O 102–104 28 100

7e OCH3 H 397.47 C24H23N3O2 190–192 39 100

7f NO2 H 412.44 C24H20N4O3 176–177 36 100

7g H NO2 412.44 C24H20N4O3 145–147 45 100

7h F NO2 430.43 C24H19FN4O3 182–184 32 100

7i Cl NO2 446.89 C24H19ClN4O3 190–192 28 100

7j CH3 NO2 426.47 C25H22N4O3 208–211 42 100

7k OCH3 NO2 442.47 C25H22N4O4 207–209 28 100

7l NO2 NO2 457.44 C24H19N5O5 207–208 33 100

7m H CH3 381.47 C25H23N3O 174–176 32 100

7n F CH3 399.46 C25H22FN3O 204–206 42 100

7o Cl CH3 415.91 C25H22ClN3O 187–190 42 100

7p CH3 CH3 395.50 C26H25N3O 200–202 35 100

7q OCH3 CH3 411.50 C26H25N3O2 166–168 42 100

7r NO2 CH3 426.47 C25H22N4O3 148–150 34 91

7s H Cl 401.89 C24H20ClN3O 170–171 42 88

7t F Cl 419.88 C24H19ClFN3O 170–172 36 100

7u Cl Cl 436.33 C24H19Cl2N3O 128–130 35 100

7v CH3 Cl 415.91 C24H22ClN3O 165–166 42 100

7w OCH3 Cl 431.91 C25H22ClN3O2 192–194 35 100

7x NO2 Cl 446.89 C24H19ClN4O3 174–176 39 100
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the series failed to display activity. By looking at the cytotoxicity results
from Table 2, the most of the compounds tested in the series were
cytotoxic only against carcinoma cells but not active or cytotoxic to
leukemia and lymphoma but none of the tested compounds was not
potent as compared to both the drug standards. The compounds shown in
Figure 3 are the most active members of the series.

3.3. In silico analyses

Table 3 shows the physicochemical properties, ADME parameters,
and violations of drug-likeness rules of the synthesized compounds.
Calculated physicochemical and lipophilicity parameters are used by
various filters to evaluate the drug-likeness of synthesized compounds

and, in this paper, we evaluated the drug-likeness properties of the
compounds with the most significant filtering approaches in the litera-
ture. The filters used here and their rules are as follows:

� Lipinski (Pfizer) filter [40]: MW � 500; MLOGP �4.15; HBA �10;
HBD �5

� Ghose filter [41]: 160�MW � 480; -0.4 �WLOGP�5.6; 40�MR �
130; 20 � atoms �70

� Veber (GSK) filter [42]: RB � 10; TPSA �140
� Egan (Pharmacia) filter [43]: WLOGP �5.88; TPSA �131.6
� Muegge (Bayer) filter [44]: 200 � MW � 600, -2 � XLOGP �5; TPSA
�157; HBA �10; HBD �5; RB � 15; number of rings �7; number of
carbons >4; number of heteroatoms >1.

Table 2. In-vitro cytotoxicity data of synthesized stilbene linked 1,2,3-triazoles 7a-x (μM).

Compound Capan-1 HCT-116 NCI–H460 DND-41 K-562 Z-138

Pancreatic adeno-carcinoma Colorectal carcinoma Lung carcinoma Acute lymphoblastic leukemia Chronic myeloid leukemia Non-Hodgkin lymphoma

7a 46.7 29.1 34.3 61.4 39.9 >100

7b 30.7 46.7 31.7 >100 >100 >100

7c 96.4 36.1 >100 >100 19.3 >100

7d >100 >100 81.7 >100 >100 60.3

7e 55.3 13.5 35.1 >100 >100 >100

7f 45.3 62.4 40.7 >100 >100 >100

7g >100 26.1 78.5 82.1 >100 >100

7h 40.2 12.2 11.6 >100 >100 >100

7i 62.3 21.3 31.3 >100 >100 >100

7j 62.3 >100 98.3 >100 >100 >100

7k 50.2 12.6 95.4 >100 >100 >100

7l 70.3 76.7 44.3 >100 >100 >100

7m 45.9 >100 41.7 >100 >100 >100

7n 73.4 >100 >100 >100 >100 >100

7o 51.8 >100 47.3 81.2 >100 >100

7p 52.4 87.4 60.8 >100 >100 >100

7q 34.6 30.5 37.1 >100 >100 >100

7r 39.5 21.3 16.2 >100 >100 >100

7s 80.6 33 61.1 >100 >100 >100

7t 67.3 71.5 91.9 >100 >100 >100

7u 41.3 36.5 33.8 >100 >100 >100

7v >100 57.3 >100 >100 >100 >100

7w 48.9 36 12.4 >100 >100 >100

7x >100 55.8 72.5 >100 >100 >100

Docetaxel 0.0063 0.0008 0.0001 0.0019 0.0034 0.0019

STS 0.0046 0.0003 0.0032 0.0064 0.0298 0.0003

Figure 3. Biologically active stilbene linked 1,2,3-triazole derivatives.

A. Das et al. Heliyon 7 (2021) e05893

7



Table 3. Physicochemical and pharmacokinetic properties of stilbene linked 1,2,3-triazoles.

Comp. Binding affinity Physicochemical Properties Lipophilicity Drug-likeness Water Solubility Pharmacokinetics

MW
(g/mol)

Fsp3 RB HBA HBD MR tPSA ilogP XlogP3 WlogP MlogP SILICOS-IT Consensus
logP

Lipinski Ghose Veber Egan Muegge ESOL Class Log Kp (cm/s) F

7a -10.3 367.44 0.08 7 3 0 112.12 39.94 3.83 5.05 4.71 4.01 4.86 4.49 0 0 0 0 1 -5.45 Moderately -4.96 0.55

7b -9.9 385.43 0.08 7 4 0 112.08 39.94 3.84 5.15 5.27 4.38 5.27 4.78 1 0 0 0 1 -5.60 Moderately -4.99 0.55

7c -10.6 401.89 0.08 7 3 0 117.13 39.94 4.18 5.68 5.36 4.49 5.49 5.04 1 0 0 0 1 -6.04 Poorly -4.72 0.55

7d -10.4 381.47 0.12 7 3 0 117.09 39.94 4.03 5.42 5.01 4.22 5.38 4.81 1 0 0 0 1 -5.74 Moderately -4.78 0.55

7e -10.3 397.47 0.12 8 4 0 118.61 49.17 4.23 5.03 4.71 3.66 4.91 4.51 0 0 0 0 1 -5.51 Moderately -5.15 0.55

7f -10.1 412.44 0.08 8 5 0 120.94 85.76 3.50 4.88 4.61 3.86 2.68 3.91 0 0 0 0 0 -5.49 Moderately -5.35 0.55

7g -9.7 412.44 0.08 8 5 0 120.94 85.76 3.53 4.88 4.61 3.86 2.68 3.91 0 0 0 0 0 -5.49 Moderately -5.35 0.55

7h -11.2 430.43 0.08 8 6 0 120.90 85.76 3.55 4.98 5.17 4.24 3.10 4.21 1 0 0 0 0 -5.65 Moderately -5.39 0.55

7i -10.2 446.89 0.08 8 5 0 125.95 85.76 3.74 5.51 5.27 4.34 3.32 4.44 1 0 0 0 1 -6.09 Poorly -5.11 0.55

7j -10.5 426.47 0.12 8 5 0 125.91 85.76 3.84 5.25 4.92 3.26 3.21 4.10 0 0 0 0 1 -5.80 Moderately -5.17 0.55

7k -10.3 442.47 0.12 9 6 0 127.43 94.99 3.72 4.85 4.62 2.74 2.75 3.74 0 0 0 0 0 -5.56 Moderately -5.56 0.55

7l -10.1 457.44 0.08 9 7 0 129.76 131.58 3.29 4.71 4.52 3.01 0.53 3.21 0 0 0 0 0 -5.55 Moderately -5.75 0.55

7m -9.6 381.47 0.12 7 3 0 117.09 39.94 4.09 5.42 5.01 4.22 5.38 4.83 1 0 0 0 1 -5.74 Moderately -4.78 0.55

7n -10.2 399.49 0.12 7 4 0 117.04 39.94 4.28 5.52 5.57 4.59 5.80 5.15 1 0 0 0 1 -5.90 Moderately -4.82 0.55

7o -10.2 415.91 0.12 7 3 0 122.10 39.94 4.42 6.05 5.67 4.69 6.02 5.37 1 1 0 0 1 -6.34 Poorly -4.54 0.55

7p -10.5 395.50 0.15 7 3 0 122.05 39.94 4.27 5.78 5.32 4.42 5.91 5.14 1 0 0 0 1 -6.04 Poorly -4.61 0.55

7q -10.5 411.50 0.15 8 4 0 123.58 49.17 4.54 5.39 5.02 3.86 5.44 4.85 0 0 0 0 1 -5.81 Moderately -4.98 0.55

7r -10.9 426.47 0.12 8 5 0 125.91 85.76 3.87 5.25 4.92 3.26 3.21 4.10 0 0 0 0 1 -5.80 Moderately -5.17 0.55

7s -9.3 401.89 0.08 7 3 0 117.13 39.94 4.14 5.68 5.36 4.49 5.49 5.03 1 0 0 0 1 -6.04 Poorly -4.72 0.55

7t -9.7 419.88 0.08 7 4 0 117.09 39.94 4.21 5.78 5.92 4.86 5.91 5.33 1 1 0 1 1 -6.19 Poorly -4.76 0.55

7u -10.0 436.33 0.08 7 3 0 122.14 39.94 4.34 6.31 6.01 4.96 6.13 5.55 1 1 0 1 1 -6.63 Poorly -4.48 0.55

7v -10.2 415.91 0.12 7 3 0 122.10 39.94 4.27 6.05 5.67 4.69 6.02 5.34 1 1 0 0 1 -6.34 Poorly -4.54 0.55

7w -10.4 431.91 0.12 8 4 0 123.62 49.17 4.44 5.65 5.37 4.13 5.55 5.03 0 0 0 0 1 -6.10 Poorly -4.92 0.55

7x -10.5 446.89 0.08 8 5 0 125.95 85.76 3.73 5.51 5.27 4.34 3.32 4.43 1 0 0 0 1 -6.09 Poorly -5.11 0.55

Docetaxel -9.4 807.88 0.56 14 14 5 205.25 224.45 4.30 2.81 2.94 1.06 3.51 2.92 2 3 2 1 3 -5.85 Moderately -9.23 0.17

STS -10.8 466.53 0.32 2 4 2 139.39 69.45 3.19 3.24 3.39 2.60 3.02 3.09 0 1 0 0 1 -5.06 Moderately -6.85 0.55

Molecular weight: MW, topological polar surface area: tPSA, Molar Refractivity: MR, fraction of sp3 carbon atoms: Fsp3, HBD: hydrogen bonds donor, HBA: hydrogen bond acceptor, RB: rotatable bonds, LogP values:
indicator of Lipophilicity, ESOL: aqueous solubility parameter, Log Kp: skin permeation, F: Bioavailability Score.

A
.D

as
et

al.
H
eliyon

7
(2021)

e05893

8



Figure 5. The 2D and 3D representations of interactions between compound 7r and 1TUB receptor.

Figure 6. The 2D and 3D representations of interactions between docetaxel (co-ligand) and 1TUB receptor.

Figure 4. The 2D and 3D representations of interactions between compound 7h and 1TUB receptor.
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The filters generally assume that an orally active drug should not
violate the above criteria more than once. When Table 3 is examined, it
can be said that all newly synthesized compounds and the reference
drug STS meet these criteria. However, the other reference drug,
docetaxel, is observed to violate all filters more than once, except the
Muegge filter.

Fsp3 is another newly introduced parameter [45] to interpret the
drug-likeness properties of molecules. According to Table 3, the Fsp3

values of all compounds are lower than those of docetaxel and STS.
Furthermore, we observed that the ESOL values of all synthesized com-
pounds belonged to the moderately water-soluble class. Compounds 7c,
7j, 7o, 7p, 7s, 7t, 7u, 7v, 7w, and 7x have values greater than -6; thus,
they are in the poorly soluble class. On the other hand, other newly
synthesized compounds and reference drugs are in the moderately sol-
uble class. Log Kp in the table is the skin permeation parameter suggested
by Potts et al. [46], and a low negative log Kp value of a compound
corresponds to higher absorption into human skin. Accordingly, all newly
synthesized compounds have higher levels of skin absorption than the
reference drugs. In the table, the bioavailability score (F) of the com-
pounds signifies the probability that a compound will have oral
bioavailability in rats [47]. The newly synthesized compounds and STS
have higher F scores than docetaxel.

We also conducted molecular docking simulations to help elucidate
the anticancer activities of the synthesized compounds. In the docking
simulations, we utilized the crystal structure of the tubulin-docetaxel
complex [24] (PDB ID: 1TUB) as the target. The binding affinity values
obtained as a result of the docking studies are shown in Table 3. As is seen
there, compounds 7h and 7r, which show good cytotoxicity in vitro, have
the highest binding energy values. It was also observed that the reference
drug STS had a higher binding affinity than the other reference drug,
docetaxel, which is also the co-ligand of 1TUB. In this context, to identify
the binding regions of 7h, 7r, STS, and docetaxel, we display the
two-dimensional (2D) interaction diagrams and 3D interactions between
these compounds and 1TUB in Figures 4, 5, 6, and 7.

As seen in Figures 4, 5, 6, and 7, compound 7h has a total of 4
hydrogen bond interactions, including 3 conventional hydrogen bonds
(coHB) and 1 carbon hydrogen bond (caHB). Compound 7h also has 3
electrostatic interactions (2 pi-anion (PA), 1 pi-cation (PC)), 5 hydro-
phobic interactions (1 pi-pi T-shaped (PT), 3 pi-alkyl (PAl)), and 1
halogen interaction. On the other hand, compound 7r has 2 hydrogen
bonds (1 coHB, 1 pi-donor hydrogen bond (pdHB)), 3 electrostatic

interactions (1 PC, 2 PA), and 9 hydrophobic interactions (2 PT, 6 PAl, 1
Alkyl (Al)).

For reference compounds docetaxel and STS, it can be said that
docetaxel has 3 hydrogen bonds (3 coHB, 1 caHB), 1 electrostatic
interaction (1 PC), and 8 hydrophobic interactions (1 PT, 2 PAl, 5 Al),
whereas STS has 2 hydrogen bonds (3 coHB, 1 caHB), 2 electrostatic
interactions (1 PC), and 6 hydrophobic interactions (2 PAl, 4 pi-pi
stacked (PSt)). In this case, the PSt interactions of STS may have
caused STS to show higher affinity for 1TUB than docetaxel.

4. Conclusions

24 derivatives of resveratrol linked 1,2,3-triazole (7a-x) were syn-
thesized, characterized by 1H, 13C NMR,Mass Spectrometry and FTIR. All
the compounds tested for their cytotoxic study against three carcinoma,
two leukemia and one lymphoma human cancer cell lines. Most of the
compounds tested in the series were cytotoxic towards all three types of
carcinoma cells but were not cytotoxic to leukemia and lymphoma. In the
docking simulations, we docked all the compounds with protein 1TUB.
Compounds 7h and 7r, which showed good cytotoxicity in vitro, have the
highest binding energy values. We identified according to docking results
that compound 7h has four hydrogen bond, three electrostatic in-
teractions, five hydrophobic interactions, and one halogen interaction
while another compound 7r has two hydrogen bonds, three electrostatic
interactions, and nine hydrophobic interactions. Therefore, resveratrol
linked 1,2,3-triazoles were more sensitive towards human carcinoma cell
lines but least sensitive towards leukemia and lymphoma cell lines.
Hence, further optimization is required to obtain an effective lead
molecule against cancer.
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Synthesis, Molecular Docking and Preliminary Antileukemic
Activity of 4-Methoxybenzyl Derivatives Bearing

Imidazo[2,1-b][1,3,4]thiadiazole
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In this study, we synthesized 22 compounds in a series with various substitution on imidazo[2,1-b][1,3,4]
thiadiazole. The potential cytotoxic activity of these compounds investigated in leukemia cell lines by Differential
Nuclear Staining (DNS). Our results identified two compounds, 2-(4-methoxybenzyl)-6-(2-oxo-2H-chromen-3-yl)
imidazo[2,1-b][1,3,4]thiadiazol-5-yl thiocyanate and 6-(4-chlorophenyl)-2-(4-methoxybenzyl)imidazo[2,1-b][1,3,4]thia-
diazole-5-carbaldehyde, exhibited the most cytotoxic effect against murine leukemia cells (L1210), human T-
lymphocyte cells (CEM) and human cervix carcinoma cells (HeLa) with IC50 values ranging between 0.79 and 1.6 μM.
The results indicate that 2-(4-methoxybenzyl)-6-(2-oxo-2H-chromen-3-yl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl thiocya-
nate is inducing phosphatidylserine externalization and caspase-3 activation which are both a hallmark of apoptosis.
Docking studies showed that 2-(4-methoxybenzyl)-6-(2-oxo-2H-chromen-3-yl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl thio-
cyanate binds within the active sites of transforming growth factor beta (TGF-β) type I receptor kinase domain by
strong hydrogen binding and hydrophobic interactions.

Keywords: imidazothiadiazole, cytotoxicity, TGF beta receptor kinase, melphalan, levamisole.

Introduction

According to the American Cancer Society, in the
United States, by 2020, more than 60,000 new cases of
leukemia are expected to be diagnosed. This year
leukemia is expected to cause around 20,000 deaths.[1]

Leukemia is a type of cancer characterized by uncon-

trolled proliferation of hematopoietic stem cells in the
bone marrow.[2] There are multiple types of leukemia
often grouped in acute leukemia, when cancer can
progress rapidly and chronic leukemia that refers to
slower progression.[3] Furthermore, leukemia is divided
on the type of bone marrow cell where cancer starts.
Lymphoblastic leukemia is the other type, which is
characterized by starting in cells that would regularly
become lymphocytes.[4] Combining these grouping
criteria, there are 4 main types of leukemia that are
chronic lymphocytic leukemia, chronic myeloid leuke-

1 These two authors contributed equally to this work.
Supporting information for this article is available on the
WWW under https://doi.org/10.1002/cbdv.202000800
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mia, acute lymphocytic leukemia, and acute myeloid
leukemia.[4] The development of treatments for leuke-
mia has advanced over the years. The main type of
treatment given to patients is chemotherapy includes
drugs, such as, vincristine, daunorubicin, and
cytarabine.[5] The improvements in leukemia treat-
ments has increased the 5-year survival rate to 63%.[6]

However, the development of more effective treat-
ments is needed to decrease the number of fatalities
caused by this disease.

Levamisole (I) was approved by the FDA in 1990 as
a curative treatment for colon cancer.[7] Prior to this,
levamisole was used as an antirheumatic treatment in
the 1970s and 1980s in patients with rheumatoid
arthritis.[8] Due to the protective effects of the immune
system, the drug has been studied in the treatment of
various immune-mediated diseases, and some studies
have shown positive effects.[9] The drug has also been
used in combination with other drugs to treat various
cancers.[8,9] In 1982, a clinical trial revealed that in
acute myeloid leukemia patients the combination of
levamisole with 6-mercaptopurine and methotrexate
resulted in better remission of cancer, compared to
those given only the chemotherapy.[10]

Transforming growth factor (TGF β) is a cytokine,
which plays a key role in cell proliferation, differ-
entiation, and apoptosis.[11] TGF β type 1 is activin
receptor-like kinase 5 (ALK5) and plays a key role in
TGF β signaling pathway. ALK5 receptor promotes
angiogenesis.[12] Various small molecules such as
GW6604 (II),[13] galunisertib (LY-2157299)[14] (III) imida-
zo[2,1-b][1,3,4]thiadiazole[15,16] (IV) as ALK5 inhibitors.
Our group reported cytotoxic activity of different
imidazo[2,1-b][1,3,4]thiadiazoles.[17–24] Considering the
importance of imidazothiadiazole fused ring, we
prepared 22 compounds of 2-(4-methoxybenzyl)imida-
zo[2,1-b][1,3,4]thiadiazole (V) as cytotoxic by inducing
phosphatidylserine externalization activity, which is a
hallmark of apoptosis and binds within the active sites
of the TGF β receptor kinase (Figure 1).

Results and Discussion

Chemistry

5-(4-Methoxybenzyl)-1,3,4-thiadiazol-2-amine (3) was
obtained by reacting 4-methoxyphenylacetic acid (1)
and thiosemicarbazide (2) in sulfuric acid at 60–70 °C
for 8 h and made alkaline with an ammonia solution.
Various 6-aryl substituted 2-(4-methoxybenzyl)imidazo
[2,1-b][1,3,4]thiadiazoles (5a–5h) obtained by reacting
3 with various 2-bromoketones 4 in alcohol by
refluxing in ethyl alcohol for 12 h and neutralizing
with aqueous sodium carbonate. The expected 5-
substituted derivatives 6a–6e, 7a–7g and 8a, 8b was
prepared by electrophilic substitution on imidazo[2,1-
b][1,3,4]thiadiazoles 5a–5h (Scheme 1).

The structures of the newly prepared compounds
have been confirmed on the bases spectroscopic data
(1H-NMR, 13C-NMR, HR-MS, and FT-IR). Fourier trans-
form infra-red (FT-IR) spectroscopy of the synthesized
compounds (5a–8b) showed characteristic vibrations
at 3172–3006 cm@1 for C@H stretching, 2987–
2750 cm@1 for C@H aliphatic stretching. In addition,
the compounds 5h and 7g showed vibrations
between 1710–1668 cm@1 for carbonyl stretching.
While for the compounds (7a–7g) containing @C�N
functional group exhibited infrared vibrations at
2171–2163 cm@1. In 1H-NMR, the imidazole proton
(C5@H) appeared at δ 8.91–8.48 ppm and that con-
firms the reaction of 5-(4-methoxybenzyl)-1,3,4-thiadia-
zol-2-amine (3) with respective 2-bromoketones 4. The
absence of hydrogen at C5 position of imidazothiadia-
zole nucleus confirms the substitution at C5 position.
A singlet observed between δ 10.00 and 9.98 ppm for
the compounds 8a and 8b confirmed for the
introduction of the formyl group by Vilsmeier-Haack
reaction. Aromatic protons appeared as multiplet
signals at δ 8.02–6.94 ppm. Bridge headed @CH2@
proton (at C2) exhibited as a singlet at δ 4.50–
4.34 ppm for all compounds. The presence of methoxy
protons for all the compounds observed at δ 3.84–
3.74 ppm as a singlet. Compounds having CH3 (5g, 6e

Figure 1. Structures of various (fused) heterocyclic compounds I– IV as anticancer and inhibitors of ALK 5 and synthesized cytotoxic
compound V.
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and 7f) protons appeared at δ 2.37–2.30 ppm as a
singlet. The HR-MS spectrum of the newly synthesized
compounds showed their molecular ion peak with
their respective molecular weights and therefore
confirms for the authenticity of all compounds. Refer
Scheme 1 for the details of the synthesized com-
pounds.

Cytotoxicity Evaluation

Cytotoxicity in Murine and Human Cancer Cell Lines

Derivatives in Scheme 1 have been screened towards
L1210, CEM and HeLa cells to understand their
cytotoxicity effect towards all cell lines tested. Table 1
shows a comparison of the compounds with the
anticancer drugs levamisole and melphalan.

In order to evaluate the potential cytotoxic activity
of the 22 derivatives of imidazothiadiazoles, we
performed a screening using L1210, HeLa and CEM cell
lines. Our results showed that compounds in the 5a–
5h series were not cytotoxic against all three cell lines
tested, except for compound 5h (IC50 5.0 μM) against
human T-lymphocyte CEM cells. Substitution of a
bromine atom at the 5th position of the imidazothia-
diazole fused moiety gave 5-bromo derivatives 6a–6e.
Among these bromo derivatives, namely 6d and 6e
(IC50 13 to 46 μM) were moderate cytotoxic to cell
lines. The thiocyanate substitution at the C5 position
of imidazo[2,1-b][1,3,4]thiadiazole formed 5-thiocyana-
to derivatives like 7a–7g, and there was much
improvement in cytotoxicity towards all three cells.
Among them, compound 7g (IC50 0.78–1.6 μM)
emerged as the one with the most potent cytotoxic
activity as it was twice more potent. Introduction of

Scheme 1. Synthetic pathway of 2-(4-methoxybenzyl)-6-arylimidazo[2,1-b][1,3,4]thiadiazoles.
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formyl (@CHO) group was done at C5 position of
imidazothiadiazole fused ring by Vilsmeier-Haack re-
action to get compounds 8a and 8b in good yield.
Among these formyl series, compound 8b (IC50 0.94–
1.3 micromoles) was twice more potent than the
standard control compound against all the cell lines
tested. In general, 5-thiocyanate and 5-formyl deriva-
tives were more potent in comparison to the control
levamisole.

To study the structure-activity relationship on 2-(4-
methoxybenzyl)imidazo[2,1-b][1,3,4]thiadiazole ring,
substitutions at the C5 by bromine, thiocyanate, formyl
and at C6 by phenyl/substituted phenyl and coumarin-
3-yl groups have been taken. Presence of bromine at
C5 of imidazothiadiazole fused ring failed to produce
any activity, exception with 5h. It has IC50 value of
5 μM against CEM cells with the coumarin-3-yl moiety
at C6 position. By introducing the thiocyanate group at
C5, most of these thiocyanate derivatives became
moderate to good cytotoxic derivatives (0.78–
100 μM). Among these, compound 7g with coumarin-
3-yl became most promising with IC50 of 0.78 μM,
0.79 μM and 1.6 μM for HeLa, CEM and L1210,

respectively. Introduction of the@CHO substituent and
coumarin-3-yl at 5th and 6th position of fused imidazo-
thiadiazole ring produced good activity for 8b with
IC50 0.94 μM, 1.1 μM and 1.3 μM for CEM, L1210 and
HeLa, respectively.

The most potent compounds namely 7g and 8b
were studied further against Jurkat (Acute T Cell
Leukemia), CCRF-CEM (Acute Lymphoblastic leukemia),
and Hs27 (Non-cancerous fibroblast) cell lines de-
scribed below.

Compound 7g is Selective Towards Leukemia Cells
Compared to Non-Cancer Cells

We examined the cytotoxic activity of compounds 7g
and 8b in an additional leukemia cell lines. For this, we
used the Jurkat human cell lines, which is derived
from a patient with Acute T Cell Leukemia. The
cytotoxic activity of compounds 7g and 8b was
evaluated by using differential nuclear staining (DNS)
assay.[25] Different concentrations of the compounds
were used to calculate the concentration at which the
compound is causing the death of 50% of the cell

Table 1. Antiproliferative effects of the compounds on L1210, CEM and HeLa.

Compound IC50
[a] (μM)

CEM HeLa L1210

5a >250 >250 >250
5b >250 >250 >250
5c >250 >250 >250
5d >250 >250 >250
5e >250 >250 >250
5f NT NT NT
5g >250 >250 >250
5h 5.0�3.3 70�4 90�24
6a >250 >250 �250
6b >250 >250 �250
6c 46�9 >250 2020�68
6d 39�5 46�9 >250
6e 13�7 18�0 33�10
7a 8.8�2.4 17�0 42�19
7b 28�2 23�0 59�29
7c 61�6 21�5 87�20
7d 59�14 20�3 100�15
7e 11�7 16�5 65�41
7f 84�31 63�13 58�40
7g 0.79�0.35 0.78�0.13 1.6�0.2
8a >250 96�24 >250
8b 0.94�0.12 1.3�0.2 1.1�0.2
Melphalan 1.4�0.4 NT 2.13�0.02
Levamisole >250 >250 206
[a] The values are the mean � SEM (n=3).
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population. Vehicle (DMSO), H2O2 and the untreated
control samples were also included. As expected, our
results indicate that compounds 7g and 8b exhibit
cytotoxic effects against the Jurkat cell lines and the
CC50 ranged from 1.65 μM to 4.73 μM. Compound 8b
exerted more cytotoxic effect as shown in Table 2. We
then evaluated the selectivity of these compounds
towards cancer cells by analyzing their cytotoxic effect
in the Hs27, non-cancerous fibroblast cells. The CC50
obtained from the leukemia cells (Jurkat and CEM) was
compared to the noncancer cell lines (Hs27) to
calculate the selectivity of the compounds towards
cancer cells. The compound 7g exhibited tumor-
selective cytotoxicity showing high selectivity index
(SCI) values on the Jurkat and CEM cell lines, whereas
the compound 8b did not exhibit any selectivity
towards cancer cells. The Jurkat cell line was selected
for further experimentation due to its low CC50 values
with higher SCI.

Compound 7g Causes Cell Death by Inducing Apoptosis

We used Jurkat cells to further investigate the
mechanism of action of compound 7g because this
cell line exhibits the lowest CC50 and higher selectivity
index. Under normal conditions, phosphatidylserine is
localized in the inner side of the cell membrane.
However, during apoptosis, the cell membrane be-
comes compromised causing externalization of
phosphatidylserine.[26,27] We examined the levels of
phosphatidylserine externalization in cells treated with
this compound. To measure the levels of phosphati-
dylserine externalization we used the Annexin V-FITC

assay. Annexin V binds phosphatidylserine with high
affinity and in this way, the levels of phosphatidylser-
ine externalization can be measured. For this experi-
ment, two concentrations of compound 7g were used
CC50 (2.36 μM) and the CC100 (4.72 μM). Our results
indicate that this compound is inducing phosphatidyl-
serine externalization in a dose-response manner, as
compared to the vehicle control Figure 2,A. This result
suggests that compound 7g is causing phosphatidyl-
serine externalization, which is a hallmark of the
apoptotic pathway.

Table 2. Concentration at which the compounds 7g and 8b
caused the death of 50% of the leukemia cells (Jurkat and CEM)
as well as the human fibroblast cell lines (Hs27). This table
depicts the selectivity index (SCI) of the compounds 7g and 8b
towards cancer cells vs. noncancer human fibroblast cells
(Hs27).

Compound Cell lines CC50
[a] SCI

7g CEM 4.73�0.22 6.65
Jurkat 2.36�0.10 13.33
Hs27 31.45�0.74

8b CEM 3.62�0.26 0.65
Jurkat 1.65�0.19 1.43
Hs27 2.36�0.03

[a] The CC50 was calculated by normalizing to our DMSO control
average cell count and using a linear interpolation equation to
determine the CC50. Data are mean � standard deviation S.D.
(n=3).

Figure 2. A) Annexin-V-FITC was used to detect phosphatidyl-
serine externalization after treatment with compound 7g.
Results indicate that the compound induces phosphatidylserine
externalization which is a biochemical hallmark of apoptosis.
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Compound 7g Does Not Induce Any Mitochondrial
Depolarization

Multiple apoptotic pathways can be initiated leading to
cell death. One of them is intrinsic apoptotic pathway
that can be induced through the loss of mitochondrial
transmembrane potential.[28] We investigated the mito-
chondrial membrane potential of Jurkat cells treated
with compound 7g. For this experiment, we used the JC-
1 polychromatic fluorescent reagent. JC-1 is a dye that in
cells with normal mitochondrial potential produces red
fluorescent J-aggregates by its accumulation in the
energized and negatively charged mitochondria. In
unhealthy or apoptotic cells, this dye also enters the cells
but to a lesser degree due to the reduction in negative
charge that is caused by the increased membrane
permeability. Under these conditions, there is a loss of
electrochemical potential that does not allow JC-1 to
concentrate and form J-aggregates, therefore, JC-1
remains in its original green color. Using flow cytometry,
we were able to observe that compound 7g is not
causing mitochondrial membrane depolarization (Fig-
ure 2,B).

Compound 7g Induces Caspase-3 Activation

Another apoptotic pathway that leads to cell death
involves the activation of Caspase-3, which the
cleavage of multiple proteins that include, PARP-1,
CAD, and others.[28] To extend the findings that
compound 7g induces apoptosis, the activation of
caspase-3 was measured in Jurkat cells treated with
the compound 7g CC50 (2.36 μM) and CC100 (4.72 μM)
concentrations, vehicle (DMSO) and untreated control
for 7 h. For this experiment, the NucView caspase-3
substrate was used and the cells were analyzed using
flow cytometry. Our results indicate that compound
7g induced statistically significant activation of cas-
pase-3 when compared to the controls (Figure 2,C).
These findings provide further evidence to support
that compound 7g induces cell death via apoptotic
events.

Compound 7g Prevents DNA Synthesis and Cytokinesis

In order to have a better understanding of the effect
of compound 7g on cancer cells, we decided to
perform a cell cycle analysis on Jurkat cells treated
with this compound. The cell cycle profile of Jurkat
cells was examined via flow cytometry utilizing the
DNA intercalating agent, DAPI (4’,6-diamidino-2-phe-
nylindole). Jurkat cells were exposed to the compound

7g CC50 (2.36 μM) and CC100 (4.72 μM) concentrations
and incubated for 48 h and subsequently treated with
a nuclear isolation medium (NIM) containing DAPI as
previously described.[29] Cytometric analysis of cell
cycle progression was performed to investigate if the
DAPI fluorescent signal of each treatment. It was
measured to quantify the DNA content in the different
samples. A vehicle (DMSO) and an untreated control
were added. An increase in DNA fragmentation was
found in cells treated with 7g which was indicated by
an increase in sub-G0/G1 subpopulation Figure 3,C.
Interestingly, we observed a decrease of cell subpopu-
lation in the G0-G1 phase and an increase of cell
population in the S phase on the cells treated with the
CC50 (Figure 3,C). An additional increase of the cell
population in the G2-M phase can be observed as
well.

In Silico Analysis

Molecular docking studies. Increased expression of TGF
β receptor kinase I is an important hallmark of
malignant cancer.[30,31] In the present study, molecular
docking of two potent synthesized compounds 7g
and 8b were docked against the active site of TGF β
receptor kinase I by Glide module. Co-crystallized
ligand, i. e., heteroaryl substituted 5,6-dihydro-4H-
pyrrolo[1,2-b]pyrazole in this protein (PDB: 1RW8) was
used as a reference molecule in our docking simu-
lations. The root mean square deviation (RMSD)
between the docked and co-crystallized ligand was
0.273 Å, suggesting that our docking protocol was
accurate to test the newly synthesized molecules.
Docking of the well-known compound Melphalan was
also performed to reveal its interaction with this kinase
target. Details of the Glide docking score and interact-
ing residues are depicted in Table 3. Figure 4 shows
the molecular mechanism of interaction between (a)
7g, (b) 3-(4-fluorophenyl)-2-(6-methylpyridin-2-yl)-
5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole, and (c) mel-
phalan with the TGF β type I receptor kinase domain.
The most potent in vitro molecule 7g showed best
docking score (binding affinity) in comparison to 5,6-
dihydro-4H-pyrrolo[1,2-b]pyrazole derivative as de-
picted in Table 3. The potent molecule 7g made strong
hydrogen bonding with S280 and Y282, hydrophobic
interaction with A230, K232, L260, V219, A350, L340
and I211 residues, which is in good agreement with 3-
(4-fluorophenyl)-2-(6-methylpyridin-2-yl)-5,6-dihy-
dro-4H-pyrrolo[1,2-b]pyrazole binding site residues
of kinase I receptor domain (Table 3).[32] Melphalan
and 8b showed moderate binding affinities and hydro-
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gen bonding interactions with the kinase active site
residues (Table 3, Figure 4).

Discussion

In this study, we synthesized 22 variants of 2-(4-
methoxybenzyl)-6-substituted-imidazo[2,1-b][1,3,4]
thiadiazoles that were expected to have cytotoxic
activity against leukemia. Our results indicate that
compound 7g exhibits potent cytotoxicity on one
murine leukemia cells and two human leukemia cancer
cells. In addition, compound 7g exhibited favorable
selective cytotoxicity towards leukemia cells when
compared to the Hs27 non-cancerous fibroblast cells.
We investigated the mechanism of action of com-
pound 7g by performing different assays. First, we

evaluated if the compound was causing cell death by
inducing the apoptotic pathway by using the Annexin
V-FITC-PI assay. Our results indicate that the com-
pound induces high levels of phosphatidylserine
externalization. Furthermore, we investigated the
effect of compound 7g in Jurkat cell membrane
potential. We found that compound 7g does not
induce any mitochondrial depolarization by the ab-
sence of JC-1 dimerization compared to the controls.
Caspase-3 activation was analyzed, and our findings
show strong caspase-3 activation upon compound 7g
treatment, suggesting that compound 7g activates the
intrinsic apoptotic pathway. To further understand the
effect of compound 7g in leukemia cells, we per-
formed cell cycle analysis. We observed an increase of
the sub-G0-G1 phase that represents the subpopula-
tion with DNA fragmentation. Moreover, results show

Figure 3. Cell cycle analysis of Jurkat cells treated with compound 7g. A) Increase in the sub-G0-G1 phase subpopulation on the
cells treated with the compound’s CC50. B) Decrease of the cell population in the G0-G1 phase on the cells treated with the
compound’s CC50. C) The increase of cell population can be identified in the S phase on the cells treated with the compound’s CC50.
D) The increase of the cell population in the G2-M phase can be observed on the cells treated with the compound’s CC50. Data are
mean � standard deviation S.D. (n=3), *P<0.05.
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a decrease in the G0-G1 phase with an increase in the
S and G2/M phases, where DNA is synthesized, and
cytokinesis occurs, respectively. Together, our cycle
analysis assay suggests that the compound is prevent-
ing the cells from proceeding from the S phase by
affecting DNA synthesis. The high population of cells
in the G2-M phase suggests that the compound could
be blocking cytokinesis that is the last step during cell
replication. Molecular docking analysis showed that
compound 7g has better binding affinity in compar-
ison to 8b and Melphalan. 7g, the most potent
synthesized compound also made hydrogen bonding
and other week interactions at the active sites of TGF
β receptor kinase I domain as explained above (Fig-
ure 4,A). Anticancer activity and selectivity of com-
pounds 7g and 8b clearly shown that 7g exhibited
high SCI in different cancer cell lines by preventing
DNA synthesis and cytokinesis that could be further
correlated with the higher binding affinity of this
molecule (@7.012 kcal/mol) obtained from our docking
simulations, as shown in Table 3. Further, SAR studies
presumes that the good cytotoxicity of 7g molecule
might be due to the presence of SCN substituent at
5th position of fused imidazothiadiazole nucleus and
that contributed to better interaction at the active
sites of the TGF β receptor kinase I, resulting in high
binding affinity (Table 3 and Figure 4,A). Thus, the
present integrated SAR study discovered a novel
molecule 7g showing potent anticancer activity for
the treatment of leukemia.

Conclusions

22 compounds with different substitution on imidazo-
thiadiazoles fused ring were prepared, characterized
by 1H/13C-NMR, HR-MS, and FT-IR. All these derivatives
tested for cytotoxic activity against a murine leukemia
cell lines and two human leukemia cell lines. SAR study
displayed that the presence of@SCN and@CHO on the
5th position of imidazothiadiazole displayed moderate
to good cytotoxicity. Overall, 7g and 8b resulted to be
more toxic to the cell lines tested. Therefore, these
two compounds were further screened using the
leukemia cell lines Jurkat, and the non-cancer human
fibroblast cell lines Hs27. Compound 7g but not 8b
showed favorable selective cytotoxic activity against
leukemia cells compared to the human non-cancer
fibroblast cells (Hs27). Compound 7g induces high
levels of phosphatidylserine externalization and cas-
pase-3 activation in the Jurkat cell lines. These results
confirm that the compound is inducing cell death in
the Jurkat cell lines by initiating the apoptotic path-
way. Our cell cycle analysis suggests that the com-
pound interferes with DNA synthesis denoted by the
increase of cell population in the S-Phase. The cell
population increase in the G2-M phase suggests that
the compound is inhibits cytokinesis. Furthermore,
molecular docking showed that 7g binds within the
active site of TGF β type I receptor kinase domain by
strong hydrogen bonding and hydrophobic interac-
tions. Our results identify compound 7g as a novel
potential antileukemia compound. Further studies

Table 3. Interaction details between TGF β type I receptor kinase domain and inhibitory molecules using Glide docking technique.

Compound XPGlide score
(kcal/mol)

Molecular interactions towards TGF β type I receptor kinase domain

Hydrogen
bond

Hydrophobic
interactions

Other

7g @7.012 S280 A230 K232 L260 –
Y282 V219 A350 L340

I211
8b @4.864 K232 V219 K232 L278 D290 (Electrostatic)

S280 A230 L260 L340
G212 K213

3-(4-Fluorophenyl)-2-
(6-methylpyridin-2-yl)-
5,6-dihydro-4H-pyrrolo
[1,2-b]pyrazole[a]

@8.784 H283 L260 L278 Y249 H283 (Halogen)

Y282 V219 K232 A350
D351 A230 L340

Melphalan @5.291 I211 A230 K232 V219 L278 (Halogen)
E284 L340
S280

[a] Reference compound used in Glide docking.
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should be performed to evaluate the effect of this
compound in xenograft mouse models.

Experimental Section

Chemicals and Reagents

Jasco 430+ instrument was used for recording FT-IR
spectra in KBr by using diffuse reflectance technique.
The 1H/13C-NMR spectrum was taken in CDCl3/(D6)
DMSO on a Jeol JNM-ECZ400S Bruker (400 MHz). XEVO
G2-XS QTOF Mass Spectrometer was used to report
HR-MS. 2-Bromoacetophenone,[33] 2-bromo-4’-chloro-
acetophenone,[34] 2,4’-dibromoacetophenone,[35] 2-
bromo-4’-methoxyacetophenone,[36] 2-bromo-4’-meth-
ylacetophenone,[37] 2-bromo-4’-fluoroaceto-
phenone,[38] 2-bromo-4’-nitroacetophenone,[39] 3-
(bromoacetyl)coumarin,[40] 2-amino-5-(4’-methoxy-

benzyl)-1,3,4-thiadiazole (3), compounds 5a, 5c, 5d,
5e, 5f, 5g and 8b prepared as per literature.[41]

Cell Lines and Culture Conditions

The cell lines used in this study consists of Jurkat
(Acute T Cell Leukemia), CCRF-CEM (Acute Lympho-
blastic leukemia), and Hs-27 (Non-cancerous fibro-
blast). The Jurkat and CCRF-CEM cell lines were
supplemented with RPMI-1640 medium and an anti-
biotic mixture of 25 μg/ml amphotericin B, 1000 U/ml
penicillin, and 1000 μg/ml streptomycin, and 10%
heat-inactivated fetal bovine serum. The Hs-27 cell
lines was grown in DMEM media with the same
additives added to the RPMI media.

Cytotoxicity in Human and Murine Tumor Cell Lines

The synthesized derivatives have been screened for
their cytotoxicity study as per the published
procedure.[21] Experiments have been performed in
triplicate and the IC50 values were calculated and
expressed in micromoles.

Cytotoxic Activity in Human Tumor Cell Lines

Cytotoxic activity was based on inhibition of HEL cell
growth. HEL cells were incorporated into 5×103 cells/
well into 96 microtiter plates and allowed to replicate for
24 h. After that, the medium containing a different
concentration of the test compounds was added. After
3 days of incubation at 37°C, a cell number was found
with the Coulter counter. The cytotoxic concentration
was calculated as CC50 (the compound concentration
required to reduce cell growth by 50% relative to the
number of cells in the untreated controls). CC50 values
were estimated from graphic plots of the number of cells
(percentage of control) as a function of the concen-
tration of the test compounds. Cytotoxicity was ex-
pressed as a minimum cytotoxic concentration (MCC) or
the compound concentration that causes a microscopi-
cally detectable alteration of cell morphology. All tests
were performed and repeated three times.

Differential Nuclear Staining Assay

In order to analyze the potential cytotoxicity of the
compounds that were synthesized, the Differential
Nuclear Staining Assay (DNS) was used which has been
validated for high throughput compound screening.[25]

The DNS assay involves the use of two dyes, propidium
iodide (PI) and Hoechst. While Hoechst permeates and

Figure 4. Molecular interactions between TGF beta kinase I
receptor with the (a) most potent synthesized molecule 7g,
(b) co-crystallized ligand 3-(4-fluorophenyl)-2-(6-meth-
ylpyridin-2-yl)-5,6-dihydro-4H-pyrrolo[1,2-b]pyrazole, and
(c) Melphalan using Glide docking technique. The molecular
interaction figures are reproduced using PyMol software.
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stains the nuclei of healthy and dead cells, PI can only
penetrate and stain nuclei of cells with compromised
membranes. The cells with both Hoechst (blue) and PI
staining (red) are recognized and defined as the dead
cell population.[25] Before each assay, cell viability was
analyzed to ensure that the cells were at least 95%
viable using PI staining and flow cytometry. For the initial
cytoxicity screening, cells were seeded in a 96-well
microplate at a density of 10,000 cells per well in 100 μL
of media and incubated for 2 h for non-adherent cells
and overnight for adherent cells. A concentration
gradient of the compounds from 0.1 to 10 μM was
tested. The following controls were added in each
experiment: untreated cells, 1% v/v DMSO solvent, and a
positive control for cell death of 1 mM H202. Each
experimental point, as well as the controls, were assessed
in triplicate. Furthermore, two incubation times were
performed, 48 h for non-adherent cells, and 72 h for
adherent cells. Two hours before the end of the
incubation period, a mixture of Hoechst and PI (5 μg/mL
final concentration) was added to each well, and the
plates were incubated for the remaining 2 h. After
incubation, four images were obtained to create a 2×2
montage using a 10X target and two fluorescent
channels (Hoechst and PI signals) using the IN Cell
Analyzer 2000 system. The images were separated and
analyzed in both live and dead cells using software IN
Cell Analyzer Workstation 3.2, to determine the percent-
age of each cell and each source.

Mitochondrial Depolarization Assay

Cells are grown in a clear 24-plate plate at a density of
200,000 cells/well. After 5 h of compounds treatment,
the cells were subjected to cationic polychromatic JC-1
(5’,6,6’-tetrachloro-1,1’,3,3’-tetraethylbenzimidazolylcarbo-
cyanine iodide) reagent at 2 μM (MitoProbe; Life Tech-
nologies; M34152). When mitochondria are degraded,
JC-1 cannot form a compound and remains as a
monomer emitting a green fluorescence signal.[42] After
incubation with JC-1, the samples were analyzed using
flow cytometry (Gallios; Beckman Coulter). Similar con-
trols have been used as in other apoptosis experiments
(see above).

Cytotoxic Concentration 50% and Selective Cytotoxicity
Index Values

CC50 has been described as a combined concentration
needed to kill 50% of the cell population. To remove the
base of the dead cells, the percentage of dead cells
found in the DMSO vehicle control was removed from

each test sample, and the applied values were used to
calculate the CC50. After this, a linear interpolation
equation was used to obtain CC50 values.

[43,44] Due to the
short duration of compound exposure and dose re-
sponse, cells are exposed to the CC50 and double that
compound concentration. The selected cytotoxicity index
describes the potential combination of experimental
compounds that kill cancer cells that cause minor or
insignificant damage to non-cancer cells. SCI values were
calculated by separating the CC50 of the non-cancer
control cell lines by the CC50 of the cancer cell lines as
described earlier.[29,43,44]

Annexin V-FITC/PI Assay

Jurkat cells are propagated in a mass of 100,000 cells/
well with 1 ml of cultural media on a 24-well plate in
1 ml medium. After this, the cells were treated with
CC50 concentration of 7g for 24 h. Next, cells are
collected and marked with PI and annexin V-FITC
according to manufacturer’s instructions (Beckman
Coulter; IM3546). After incubation, the samples were
analyzed using flow cytometry (Cytomics FC 500;
Beckman Coulter). The same positive and negative
controls have been used as in previous sections. About
10,000 events (cells) were detected per sample and
analyzed using the CXP (Beckman Coulter) software
tool as described earlier.[42]

Caspase-Activation Assay

Jurkat cells (100,000 cells/well) were seeded in a 24-
source plate per 1 ml complete RPMI-1640 medium.
Next, the cells were treated for 7 h with CC50 of the
composite compound which subsequently found
caspase-3 activation using a fluorogenic NucView 488
caspase-3 substrate designed to identify active cas-
pase-3 within live cells (Biotium; 30,029); as described
earlier.[42] After cytometry (Cytomics FC 500; Beckman
Coulter) green fluorescence signal cells were classified
as apoptotic cells with activated caspase 3. The same
positive and negative controls as in other apoptosis
trials were also used in this series of tests.

Cell Cycle Analysis

Jurkat cells were placed in a 24-well plate where 100,000
cells combine containing 1 mL of culture media per well.
Cells were treated with CC25 and CC50 compound
concentration for a period of 72 h. The controls included
in this series of tests were described in previous sections.
The cells are then collected in cytometry flow tubes,
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separated by centrifugation at 262 g for 5 min and
gently regenerated into 100 μL of new media. Thereafter,
200 μL of nuclear isolation medium (NIM)-DAPI solution
was added to the cell configuration and immediately
analyzed by flow cytometry.[29,45] The NIM-DAPI reagent
can locate nuclei of cells that allow the synthesis of DNA
content using a FL-9 detector and a 405-nm laser for
excitation purposes. This FL-9 detector picks up a
fluorescence signal released when DAPI is attached to
DNA and leaves a signal when it is attached to RNA. To
obtain a well-defined cell cycle distribution profile,
100,000 cells were detected per sample and analyzed
with Kaluza Flow Cytometry Software. Each test point,
and their corresponding controls were analyzed simulta-
neously and tested three times.

Statistical Analysis

All values were expressed as mean � SEM. The
intergroup variance between different groups was
measured by one-way ANOVA using Graph Pad Prism,
version 6.01. Here, the results were considered statisti-
cally significant when *p<0.05.

Protein Preparation

The X-ray coordinates of TGF-beta receptor 1 kinase in
complex with heteroaryl substituted 5,6-dihydro-4H-
pyrrolo[1,2-b]pyrazole ligand at a resolution of 2.4 Å
was retrieved from protein databank (PDB) with PDB
ID 1RW8.[32] The complex was prepared using the
Protein Preparation Wizard module of Schrödinger
software (Schrödinger, LLC, New York, 2017).[46] Ini-
tially, the 3D structure of the protein was pre-
processed by assigning bond orders and adding
hydrogen atoms. The protein complex was viewed in
PyMol software to check for interactions with water.
Water molecules that mediate hydrogen bonding
interactions between ligand and the receptor were
retained after removing the remaining water mole-
cules. Geometry was optimized using the Optimized
Potential for Liquid Simulations 2005 (OPLS-2005)
force field in order to avoid any structural errors.

Ligand Preparation

7g and 8b molecular structures were constructed
using software ChemBioDraw Ultra version 11.0 and
minimized. 3D structure of Melphalan was down-
loaded from DrugBank database.[47] All three ligands
were further prepared using the LigPrep module in
Schrödinger software.[48] 3D structure of the ligand

was optimized using the OPLS 2005 force field while
retaining its specified chirality.

Receptor Grid Generation

Glide (Grid-based Ligand Docking with Energetics)
program of Schrödinger suite was used to generate a
receptor grid for docking.[49] The ligand bound to the
protein in the complex was picked and a receptor grid
was automatically generated by the software around
the binding site of the protein. Receptor grids were
calculated for prepared proteins such that various
ligand poses bind within the active site during
docking. Grids were generated keeping the default
parameters of van der Waals scaling factor 1.00 and
charge cut-off 0.25 subjected to OPLS 2005 force field.
A cubic box of specific dimensions 20 Å×20 Å×20 Å
was generated in the TGF-beta receptor 1 kinase active
site for docking simulations.

Molecular Docking

Molecular docking was performed in two stages: The
first stage includes SP (standard-precision) docking
followed by XP (extra-precision) docking with higher
accuracy and less false positives. The Glide XP binding
free energy is calculated using the following equation:

XP Glide score ¼ Ecoul þ EvdW þ Ebind þ Epenalty

where Ecoul, EvdW, and Ebind represent the electrostatic
potential energy, van der Waals energy, and binding
interaction energy, respectively. Epenalty is the strain
energy from protein, ligand, or both, loss of entropy of
the ligand and protein and desolvation of the ligand
or protein.[46] The binding interaction of these ligands
to the active site of TGF beta receptor kinase was
ranked based on the Glide XP scoring function. Hydro-
gen bonding (H-bonding) and hydrophobic interac-
tions between these complex systems were analyzed
by Discovery Studio v19 and PyMol software.
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Abstract: Background: Fluorine containing hexahydroquinoline-3-carbonitrile derivatives were
found to have potent cytotoxicity. Furthermore, fluorine can modulate pharmacokinetic and phar-
macodynamic profile of drugs. Hence, new derivatives containing fluorine were explored as poten-
tial cytotoxic agents.

Objective:  Difluoro  substituted  compounds  containing  aromatic/heteroaromatic  rings  were  de-
signed, synthesized and screened for in vitro cytotoxicity on cancer cell lines. The active com-
pounds were subjected to docking on Mcl-1 and ADME/T prediction.

Methods: The synthesized compounds were characterized using various spectral techniques like
FT-IR,  1H  NMR,  13C  NMR  and  Mass  spectra.  Compounds  were  screened  for  cytotoxicity  on
NCI-60 cell lines at the National Cancer Institute. The active compounds were evaluated additional-
ly by MTT and SRB assay.

Results: Compounds (6l and 6o) showed maximum cytotoxicity with (% GI) of 69 and 63.7 at 10
µM drug concentration, respectively. Compound 6i showed potent cytotoxicity with GI50 of 7.2 µM
against Ishikawa cell line. Compound 6o was nearly as active as a reference with IC50 of 9.39 µM
and 13.54 µM against HT-29 and HCT-116, respectively, and compound 6l also showed equal po-
tency to that of reference with IC50 of 9.66 µM against Caco-2. Compounds 6i, 6o and 6l showed
high docking scores, suggesting their cytotoxicity. Furthermore, ADME/T prediction revealed that
all the compounds had drug-likeness properties.

Conclusion: Enhanced lipophilic interaction of compounds due to the presence of fluorine in com-
pounds 6i and 6l was revealed during the docking study. Compound 6i can be explored as a lead
molecule against other endometrial cancer in futuristic drug development.

Keywords: Hexahydroquinoline-3-carbonitrile derivatives, cytotoxicity, NCI-60 cell lines, MTT assay, docking, venetoclax,
imatinib.

1. INTRODUCTION
Cancer has emerged as one of the major leading causes

of mortality and death in the world, despite advancement in
the treatment with chemotherapy, radiotherapy, selective tar-
get  inhibitors  and  various  combination  therapies  based  on
clinical evidence. The change in living habits and environ-
mental pollutions are the stimulating factors that initiate ge-
netic mutation and progress in cancer. The WHO has made a
statistical prediction about the death of 13.2 million people
around the world by 2030. In light of above facts, there is an
urgent need for designing small molecules to be potent cyto-
toxic agents against cancer [1, 2].

* Address correspondence to this author at the Department of Pharmaceuti-
cal Chemistry, K B Institute of Pharmaceutical Education and Research, Se-
cor-23, GH-6, Gandhinagar-382023 Gujarat, India; Tel: -91-9429167326;
Fax: +91 079 23249069; E-mail: teraiya@gmail.com

The hexahydroquinoline-3-carbonitrile derivatives have
been reported for anticancer [3-8], antimicrobial [9-12], an-
ti-oxidant [13] and anti-tubercular [14, 15] activities. Hex-
ahydroquinoline  derivatives  bearing  sulfonamide  were  re-
ported as anticancer agents that act by inhibition of carbonic
anhydrase [16-19]. Ghorab MA et al., have reported bromi-
nated hexahydroquinoline-3-carbonitrile derivatives as po-
tent cytotoxic agents against breast cancer in [Fig. (1a)] [6].
Further, Fluoro, 3, 4-difluoro and 3-trifluoromethyl substitut-
ed hexahydroquinoline-3-carbonitrile was reported as a po-
tent  anticancer  agent  in  [Fig.  (1b)]  [15-17].  Fluorine  is
known to alter the pharmacokinetic and pharmacodynamic
profile  and  exhibits  good  binding  affinity.  It  also  shows
good lipophilicity, metabolic stability and acts as a hydrogen
bond acceptor [20]. These findings inspired us to take active
compounds [Fig. 1(a, b)] as lead molecules to modify and
explore novel fluorine-containing hexahydroquinoline-3-car-
bonitrile to be a potent cytotoxic agent as shown in Fig. (1c).
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The  4-methyl  phenyl  ring  at  4th  position  in  lead  molecule
[Fig. (1a)] was replaced with substituted aryl/heteryl to eval-
uate  its  effects  on  cytotoxicity.  Further,  the  3,  4-difluo-
rophenyl ring in the lead molecule [Fig. (1b)] was taken into
consideration  to  substitute  4-bromo  phenyl  ring  in  [Fig.
(1a)]  with  2,  4-difluorophenyl  ring.  This  substitution  may
give good lipophilicity as that of bromide in the lead com-
pound and further act as a hydrogen bond acceptor. The mod-
ification strategy is given in Fig. (1). The synthesized com-
pounds were screened on a large panel of cancer cell lines.

Fig. (1). Modification strategy for target compounds: Lead com-
pounds (a, b); designed compound (c) [6, 15].

The hexahydroquinoline-3-carbonitrile derivatives have
been reported for anticancer activity that act by Mcl-1 inhibi-
tion [21]. Myeloid cell leukemia (Mcl-1) is an anti-apoptotic
protein expressed highly in all cancers. Inhibition of Mcl-1
activates various cycles of apoptosis,  leading to cell  death
[22]. The active compounds found in the screening were fur-
ther  evaluated  for  molecular  docking  on  Mcl-1  and  AD-
ME/T prediction.

2. MATERIALS AND METHODS

2.1. Chemistry
All  the  chemicals  and  solvents  were  purchased  from

commercial suppliers Sigma-Aldrich and Spectrachem (Indi-
a). Melting points were measured on digital melting point ap-
paratus (Scientific Equipments MP-D) and were uncorrect-
ed. The IR spectra were recorded on Shimadzu FT-IR 8400
spectrometer using thr KBr pellet method. The 1H NMR and
13C NMR spectra were recorded on Bruker Avance III 400
MHz spectrometer in DMSO-d6 solvent using TMS as an in-
ternal standard. Mass spectra were recorded on LC-MS (Shi-
madzu QP 2010) with EI technique and on UPLC-MS (Wa-
ter Acquity UPC2) using the ESI technique.

2.2.  Procedure for Synthesis of 5-((2,  4-difluorophenyl)
amino)-3, 3-dimethyl cyclohex-5-en-1-one (3)

Compound (3)  was reported earlier  and synthesized as
per previously published procedure [14].

2.3.  General  Procedure  for  Synthesis  of  2-amino-7,  7-
dimethyl-5-oxo-1, 4-substituted diphenyl-1, 4, 5, 6, 7, 8-
hexahydroquinoline-3-carbonitrile derivatives (6a-q)

The substituted  aromatic/heteroaromatic  aldehyde  (4a-
q), malononitrile (5) and enaminone (3) (0.002 mol of each)
were refluxed in 30 ml of methanol in the presence of two to
three drops of TEA for 6 to 8 h. The progress of the reaction
was monitored with TLC using n-hexane: ethyl acetate (9:1)
solvent mixture as a mobile phase. The separated solid com-
pound obtained during heating was filtered and washed with
cold methanol and n-hexane. The compound was then recrys-
tallized from dioxane [19].

2.3.1.  2-amino-1-(2,  4-difluorophenyl)-4-(4-fluorophenyl)
-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro-  quino-
line-3-carbonitrile (6a)

Yellow solid:  Yield:  69%;  mp:  265–267  °C;  IR  (KBr,
cm-1):  3466,  3396  (NH2),  3061  (Ar-H),  2968,  2889  (CH
aliph.),  2181 (CN),  1653 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.75 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.66 (d,
1H, J = 17.2 Hz, CH), 1.86 (d, 1H, J = 17.2 Hz, CH), 2.19
(d, 1H, J = 15.6 Hz, CH), 2.27 (d, 1H, J = 18 Hz, CH), 4.45
(s, 1H, CH), 5.67 (s, 2H, NH2, D2O exchangeable), 7.12 (t,
2H, J = 8.8 Hz, Ar-H), 7.26-7.31 (m, 3H, Ar-H), 7.54-7.59
(m,  1H,  Ar-H),  7.64-7.70  (m,  1H,  Ar-H);  13C  NMR  (400
MHz,  DMSO-d6)  δ  ppm:  25.86 (CH3),  29.19  (CH3),  31.88
(C(CH3)2), 38.83 (CH), 40.51 (CH2), 49.15 (CH2 CO), 60.58
(C-CN),  112.90  (CN),  105.33,  112.03,  112.69,  114.97,
115.05,  128.56,  133.24,  142.66,  149.77,  150.87,  151.01,
159.59, 161.99 (13C,Ar-C), 194.85 (CO); MS (EI): m/z 423
[M]+ (calcd. for C24H20F3N3O: 423.16).

2.3.2.  2-amino-1-(2,  4-fluorophenyl)-7,  7-dimethyl-5-ox-
o-4-(3, 4, 5-trimethoxy phenyl)-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6b)

Yellow  solid:  Yield:  60%;  mp:  263-264  °C;  IR  (KBr,
cm-1):  3421,  3335  (NH2),  3074  (Ar-H),  2958,  2829  (CH
aliph.),  2179 (CN),  1653 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.85 (s, 3H, CH3), 0.92 (s, 3H, CH3), 1.67 (d,
1H, J = 17.6 Hz, CH), 2.01-2.05 (m, 1H, CH), 2.22 (d, 1H, J
= 16 Hz, CH), 2.31 (d, 1H, J = 17.2 Hz, CH), 3.64 (s, 3H,
OCH3), 3.76 (s, 6H, 2OCH3), 4.38 (s, 1H, CH), 5.59 (s, 2H,
NH2,  D2O exchangeable),  6.48  (s,  1H,  Ar-H),  6.52  (s,  1H,
Ar-H), 7.29-7.39 (m, 1H, Ar-H), 7.57 (t, 1H, J = 9.2, Ar-H),
7.65 (dd, 1H, J = 2.4, 8.8 Hz, Ar-H); 13C NMR (400 MHz,
DMSO-d6)  δ  ppm:  25.71  (CH3),  29.44  (CH3),  32.87
(C(CH3)2), 36.85 (CH), 40.65 (CH2), 49.19 (CH2CO), 55.45
(OCH3),  55.64  (OCH3),  59.89  (C-CN),  60.13  (OCH3),
112.77  (CN),  105.64,  106.43,  111.62,  112.96,  121.30,
133.85,  133.96,  136.2,  150.57,  150.93,  152.69,  152.78,
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161.50  (13C,  Ar-C),  194.96  (CO);  MS  (ESI):  m/z  495.22
[M]+ (calcd. for C27H27F2N3O4: 495.20).

2.3.3.  2-amino-1-(2,  4-difluorophenyl)-4-(2-methoxy
phenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexahydro qui-
noline-3-carbonitrile (6c)

Yellow solid:  Yield:  67%;  mp:  245–246  °C;  IR  (KBr,
cm-1):  3439,  3348  (NH2),  3188  (Ar-H),  2821,  2704  (CH
aliph.),  2212 (CN),  1639 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.84 (s, 3H, CH3), 0.91 (s, 3H, CH3), 1.77 (d,
1H, J = 16 Hz, CH), 1.99 (d, 1H, J = 16 Hz, CH), 2.21-2.27
(m, 2H, CH2), 3.67 (s, 3H, OCH3), 4.83 (s, 1H, CH), 5.23 (s,
2H, NH2), 6.62 (d, 1H, J = 2.8 Hz, Ar-H), 6.71 (d, 1H, J =
2.8 Hz, Ar-H), 6.91 (d, 1H, J = 8.8 Hz, Ar-H), 7.40-7.44 (m,
4H, Ar-H); 13C NMR (400 MHz, DMSO-d6) δ ppm: 26.48
(CH3),  29.31  (CH3),  32.36  (C(CH3)2),  36.32  (CH),  41.03
(CH2),  49.80  (CH2CO),  61.17  (OCH3),  62  (C-CN),  113.25
(CN),  104.42,  112.99,  114.82,  115.80,  118.06,  122.07,
134.59,  138.25,  144.20,  145.14,  145.40,  149.59,  149.59,
150.97, 151.32 (15C, Ar-C), 195.37 (CO); MS (EI): m/z 434
[M-H]+ (calcd. for C25H23F2N3O2: 435.18).

2.3.4.  2-amino-1-(2,  4-difluorophenyl)-4-(2,  5-dimethoxy
phenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexahydro qui-
noline-3-carbonitrile (6d)

Yellow solid:  Yield:  77%;  mp:  251–252  °C;  IR  (KBr,
cm-1):  3446,  3331  (NH2),  3068  (Ar-H),  2955,  2837  (CH
aliph.),  2171 (CN),  1649 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.85 (s, 3H, CH3), 0.86 (s, 3H, CH3), 1.71 (d,
1H, J = 17.6 Hz, CH), 1.92-2.06 (m, 1H, CH), 2.19 (d, 1H, J
= 12.8 Hz, CH), 2.26 (d, 1H, J = 17.2 Hz, CH), 3.63 (s, 3H,
OCH3), 3.77 (s, 3H, OCH3), 4.92 (s, 1H, CH), 5.52 (s, 2H,
NH2,  D2O exchangeable),  6.70  (d,  1H,  J  =  2.8  Hz,  Ar-H),
6.73 (d, 1H, J = 3.2 Hz, Ar-H), 6.9 (d, 1H, J = 8.8 Hz, Ar-
H), 7.26-7.38 (m, 2H, Ar-H), 7.57 (t, 1H, J = 9.2 Hz, Ar-H);
13C NMR (400 MHz, DMSO-d6) δ ppm: 26.56 (CH3), 29.79
(CH3),  31.09  (C(CH3)2),  32.20  (CH),  41.15  (CH2),  49.76
(CH2CO),  55.57  (OCH3),  56.94  (OCH3),  61.63  (C-CN),
113.16  (CN),  105.86,  106.94,  112.30,  114.55,  120.66,
133.33,  135.86,  136.60,  150.33,  150.33,  151.61,  158.61,
160.80, 162.14, 164.55 (15C, Ar-C), 195.37 (CO); MS (EI):
m/z 465 [M]+ (calcd. for C26H25F2N3O3: 465.19).

2.3.5.  2-amino-1-(2,  4-difluorophenyl)-4-(4-hydroxy-3,  5-
dimethoxyphenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hex-
ahydroquinoline-3-carbonitrile (6e)

Yellow solid:  Yield:  75%;  mp:  279–280  °C;  IR  (KBr,
cm-1):  3495  (OH),  3419,  3346  (NH2),  3074  (Ar-H),  2951,
2820  (CH  aliph.),  2169  (CN),  1650  (CO);  1H  NMR  (400
MHz,  DMSO-d6)  δ  ppm:  0.79  (s,  3H,  CH3),  0.90  (s,  3H,
CH3), 1.63 (d, 1H, J = 17.2 Hz, CH), 2.01 (d, 1H, J = 16 Hz,
CH), 2.191-2.231 (d, 1H, J = 16 Hz, CH), 2.30 (d, 1H, J =
17.2 Hz, CH), 3.71 (s, 3H, OCH3), 3.73 (s, 3H, OCH3), 4.36
(s, 1H, CH), 5.60 (s, 2H, NH2), 6.43 (s, 1H, Ar-H), 6.48 (s,
1H, Ar-H), 7.29-7.31 (m, 1H, Ar-H), 7.57- 7.66 (m, 2H, Ar-

H),  8.22  (s,  1H,  OH);  13C  NMR  (400  MHz,  DMSO-d6)  δ
ppm:  29.80  (CH3),  26.50  (CH3),  29.50  (C(CH3)2),  32.09
(CH),  41.16  (CH2),  49.72  (CH2CO),  56.10  (OCH3),  56.30
(OCH3),  61.89  (C-CN),  113.13  (CN),  104.38,  106.09,
112.54,  114.02,  120.60,  137.08,  148.23,  149.94,  150.09,
151.39, 158.16, 162.09, 164.57 (13C, Ar-C), 195.16 (CO);
MS (EI): m/z 481 [M]+ (calcd. for C26H25F2N3O4: 481.18).

2.3.6.  2-amino-1-(2,  4-difluorophenyl)-4-(3,  4-dimethoxy
phenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexahydro qui-
noline-3-carbonitrile (6f)

Yellow solid:  Yield:  90%;  mp:  247–249  °C;  IR  (KBr,
cm-1):  3335,  3219  (NH2),  3063  (Ar-H),  2958,  2835  (CH
aliph.),  2179 (CN),  1647 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.78 (s, 3H, CH3), 0.79 (s, 3H, CH3), 1.65 (d,
1H, J = 17.6 Hz, CH), 2.01 (d, 1H, J =16.4 Hz, CH), 2.20
(d, 1H, J = 16 Hz, CH), 2.29 (d, 1H, J = 18 Hz, CH), 3.74
(s,  6H,  3OCH3),  4.39  (s,  1H,  CH),  5.72  (s,  2H,  NH2,  D2O
exchangeable), 6.77 -6.80 (m, 1H, Ar-H), 6.87-6.90 (m, 1H,
Ar-H),  7.08-7.14 (m,  3H,  Ar-H),  7.44-7.58 (m,  1H,  ArH);
13C NMR (400 MHz, DMSO-d6) δ ppm: 25.70 (CH3), 29.40
(CH3),  31.84  (C(CH3)2),  36.20  (CH),  40.61  (CH2),  49.20
(CH2CO),  55.28  (OCH3),  55.66  (OCH3)  60.33  (C-CN),
112.03  (CN),  110.25,  111.41,  112.03,  113.13,  115.32,
121.42,  125.96,  134.08,  147.34,  149.50,  150.53,  151.31,
153.28, 160.41, 165.83 (15C, Ar-C), 194.91 (CO); MS (EI):
m/z 465 [M]+ (calcd. for C26H25F2N3O3: 465.19).

2.3.7.  2-amino-4-(3-bromo-4-hydroxy-5-methoxyphenyl)
-1-(2, 4-difluorophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8
-hexahydroquinoline-3-carbonitrile (6g)

Yellow solid:  Yield:  80%;  mp:  268–269  °C;  IR  (KBr,
cm−1):  3471  (OH),  3219,  3329  (NH2),  3063  (Ar-H),  2972,
2801  (CH  aliph.),  2179  (CN),  1658  (CO);  1H  NMR  (400
MHz,  DMSO-d6)  δ  ppm:  0.70  (s,  3H,  CH3),  0.90  (s,  3H,
CH3),  1.64  (d,  1H,  J  =  17.6  Hz,  CH),  1.99-2.053  (m,  1H,
CH), 2.20 (d, 1H, J = 16 Hz, CH), 2.29 (d, 1H, J = 17.6 Hz,
CH), 3.77 (s, 3H, OCH3), 4.34 (s, 1H, CH), 5.70 (s, 2H, NH2,

D2O exchangeable), 6.79 (s, 1H, Ar-H), 6.93 (s, 1H, Ar-H),
7.30 (d,  1H,  J  =  8.4  Hz,  Ar-H),  7.57-7.67 (m,  2H,  Ar-H),
9.30 (s, 1H, OH); 13C NMR (400 MHz, DMSO-d6) δ ppm:
25.62  (CH3),  29.34  (CH3),  31.89  (C(CH3)2,  36.03  (CH),
40.56 (CH2), 49.17 (CH2CO), 55.77 (OCH3), 59.77 (C-CN),
113.86  (CN),  105.65,  109.04,  109.65,  111.12,  111.86,
121.26,  122.55,  133.98,  138.54,  142.18,  148.24,  149.67,
150.76, 153.22, 157.63 (15C, Ar-C), 194.96 (CO); MS (EI):
m/z 531 [M+2]+ (calcd. for C25H22BrF2N3O3: 529.08).

2.3.8.  2-amino-4-(4-chloro-3-nitrophenyl)-1-(2,  4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6h)

Yellow solid:  Yield:  74%;  mp:  273–275  °C;  IR  (KBr,
cm-1):  3421,  3343  (NH2),  3067  (Ar-H),  2930,  2860  (CH



4   Current Drug Discovery Technologies, 2021, Vol. 18, No. 5 Teraiya et al.

aliph.),  2179 (CN),  1643 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.72 (s, 3H, CH3), 0.77 (s, 3H, CH3), 1.69 (d,
1H,  J  =  17.6  Hz,  CH),  1.90  (d,  1H,  J  =  17.2  Hz,  CH),
1.96-2.06 (m, 2H, CH), 4.59 (s, 1H, CH), 5.96 (s, 2H, NH2),
7.26-7.35  (m,  1H,  Ar-H),  7.54-7.75  (m,  4H,  Ar-H),
7.80-7.83 (m, 1H, Ar-H), 13C NMR (400 MHz, DMSO-d6) δ
ppm:  28.39  (CH3),  29.49  (CH3),  32.29  (C(CH3)2),  36.72
(CH), 40.94 (CH2), 49.50 (CH2CO), 59.59 (C-CN), 113.29
(CN),  105.94,  111.21,  111.59,  120.34,  121.31,  123.03,
131.96,  132.83,  134.50,  147.98,  148.06,  151.21,  158.09,
162.24, 164.70 (15C, Ar-C), 195.43 (CO); MS (ESI): 485.5
[M+H]+ (calcd. for C24H19ClF2N4O3: 484.11).

2.3.9.  2-amino-4-(4-bromophenyl)-1-(2,  4-difluorophenyl)
-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro  quino-
line-3-carbonitrile  (6i)

Yellow solid:  Yield:  76%;  mp:  285–287  °C;  IR  (KBr,
cm-1):  3355,  3222  (NH2),  3073  (Ar-H),  2968,  2825  (CH
aliph.),  2173 (CN),  1649 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.72 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.64 (d,
1H, J = 17.2 Hz, CH), 1.97-2.06 (m, 1H, CH), 2.17-2.29 (m,
2H, CH), 4.42 (s,1H, CH), 5.73 (s, 2H, NH2), 7.18-7.24 (m,
2H, Ar-H),  7.27-7.31 (m, 1H, Ar-H),  7.49 (d,  2H, J  = 8.4
Hz, Ar-H), 7.56-7.61 (m, 1H, Ar-H), 7.65-7.67 (m, 1H, Ar-
H);  13C NMR (400  MHz,  DMSO-d6)  δ  ppm:  29.12  (CH3),
29.66  (CH3),  32.39  (C(CH3)2),  36.72  (CH),  41.01  (CH2),
49.63  (CH2CO),  60.62  (C-CN),  113.62  (CN),  106.12,
106.36,  112.15,  119.85,  129.59,  131.58,  146.31,  150.45,
151.46, 158.09, 160.72, 162.13, 164.61 (13C, Ar-C), 195.36
(CO); MS (ESI): 484.2 [M+H]+, 486.8 [M+2+H]+ (calcd. for
C24H20BrF2N3O: 483.08).

2.3.10. 2-amino-4-(2-bromo-5-chlorophenyl)-1-(2, 4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6j)

Yellow solid:  Yield:  73%;  mp:  290–292  °C;  IR  (KBr,
cm-1):  3446,  3329  (NH2),  3062  (Ar-H),  2959,  2892  (CH
aliph.),  2179 (CN),  1642 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.80 (s, 3H, CH3), 0.92 (s, 3H, CH3), 1.72 (d,
1H, J = 17.6 Hz, CH), 2.01 (d, 1H, J = 16.4 Hz, CH), 2.20
(d, 1H, J = 16 Hz, CH), 2.30 (d, 1H, J = 17.6 Hz, CH), 4.97
(s,  1H, CH),  5.83 (s,  2H, NH2),  7.19 (dd,  1H, J  = 8.4,  2.4
Hz, Ar-H), 7.31 (d, 1H, J = 3.6 Hz, Ar-H), 7.29 (d, 1H, J =
2.4 Hz, Ar-H), 7.58 (d, 1H, J = 8.8 Hz, Ar-H), 7.60-7.62 (m,
1H, Ar-H), 7.64-7.65 (m, 1H, Ar-H); 13C NMR (400 MHz,
DMSO-d6)  δ  ppm:  28.96  (CH3),  29.64  (CH3),  32.37
(C(CH3)2), 36.40 (CH), 40.96 (CH2), 49.53 (CH2CO), 59.02
(C-CN),  113.39  (CN),  106.05,  111.21,  112.26,  120.24,
121.23,  128.60,  129.42,  130.20,  133.06,  147.78,  151.40,
151.60, 160.73, 162.14, 164.74 (15C, Ar-C), 195.20 (CO);
MS  (ESI):  518.5  [M+H]+,  520.5  [M+2+H]+  (calcd.  for
C24H19BrClF2N3O:  517.04).

2.3.11.  2-amino-4-(5-bromothiophen-2-yl)-1-(2,  4-difluo-
rophenyl)-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro
quinoline-3-carbonitrile (6k)

Yellow solid:  Yield:  77%;  mp:  239–241  °C;  IR  (KBr,
cm-1):  3419,  3323  (NH2),  3058  (Ar-H),  2832,  2810  (CH
aliph.),  2226 (CN),  1652 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.77 (s, 3H, CH3), 0.91 (s, 3H, CH3), 1.61 (d,
1H, J = 17.2 Hz, CH), 2.08 (d, 1H, J = 16 Hz, CH), 2.23 (d,
1H, J = 16.4 Hz, CH), 2.29 (d, 1H, J = 16 Hz, CH), 4.70 (s,
1H, CH), 5.87 (s, 2H, NH2), 6.03 (s, 1H, Ar-H), 6.69 (d, 1H,
J = 2.4 Hz, Ar-H), 7.01-7.04 (m, 1H, Ar-H), 7.26-7.30 (m,
1H, Ar-H),7.65 (dd, 1H, J = 8.8, 2.6 Hz, Ar-H); 13C NMR
(400  MHz,  DMSO-d6)  δ  ppm:  26.32  (CH3),  29.77  (CH3),
32.16 (C(CH3)2), 32.50 (CH), 41.01 (CH2), 49.57 (CH2CO),
58.94 (C-CN), 113.37 (CN), 105.85, 106.76, 111.97, 112.19,
113.37,  120.32,  124.23,  130.60,  133.43,  150.44,  152.34,
153.12, 160.49, 164.65 (13C, Ar-C), 195.34 (CO); MS (E-
SI):  490.3  [M+H]+,  492.5  [M+2+H]+  (calcd.  for
C22H18BrF2N3OS:  489.03).

2.3.12. 2-amino-4-(5-bromo-2-fluorophenyl)-1-(2, 4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6l)

Yellow solid:  Yield:  83%;  mp:  281–282  °C;  IR  (KBr,
cm-1):  3464,  3325  (NH2),  3078  (Ar-H),  2962,  2877  (CH
aliph.),  2183 (CN),  1658 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.77 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.68 (d,
1H, J = 1.68 Hz, CH), 1.98-2.06 (m, 1H, CH), 2.18-2.30 (m,
2H, CH2), 4.75 (s, 1H, CH), 5.86 (s, 2H, NH2, D2O exchange-
able), 7.14 (t, 1H, J = 9.2 Hz, Ar-H), 7.28-7.30 (m, 1H, Ar-
H), 7.34-7.62 (m, 2H, Ar-H), 7.63-7.66 (m, 2H, Ar-H), 13C
NMR  (400  MHz,  DMSO-d6)  δ  ppm:  26.19  (CH3),  29.97
(CH3),  32.22  (C(CH3)2),  38.84  (CH),  40.50  (CH2),  49
(CH2CO),  59.08  (C-CN),  113.03  (CN),  105.72,  110.39,
112.84,  116.19,  117.81,  118.08,  130.97,  131.68,  132.29,
133.97,  135.53,  151.11,  156.78,  159.23,  161.74 (15C,  Ar-
C),  194.67  (CO);  MS  (ESI):  502.76  [M+H]+,  504.79
[M+2+H]+  (calcd.  for  C24H19BrF3N3O:  501.07).

2.3.13.  2-amino-4-(5-bromofuran-2-yl)-1-(2,  4-difluo-
rophenyl)-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro
quinoline-3-carbonitrile (6m)

Yellow solid:  Yield:  86%;  mp:  248–250  °C;  IR  (KBr,
cm-1):  3422,  3343(NH2),  3064  (Ar-H),  2957,  2850  (CH
aliph.),  2179  (CN)  1662  (CO);  1H  NMR  (400  MHz,  DM-
SO-d6) δ ppm: 0.80 (s, 3H, CH3), 0.92 (s 3H, CH3), 1.65 (d,
1H, J = 16 Hz, CH), 2.07-2.21 (m, 1H, CH), 2.20-2.23 (m,
2H, CH2), 4.53 (s, 1H, CH), 5.83 (s, 2H, NH2), 6.03 (d, 1H,
J  =  3.2  Hz,  Ar-H),  6.43  (dd,  1H,  J  =  7.2,  3.2  Hz,  Ar-H),
7.27-7.36  (m,  1H,  Ar-H),  7.52-7.58  (m,  1H,  Ar-H),
7.62-7.64 (m, 1H, Ar-H); 13C NMR (400 MHz, DMSO-d6) δ
ppm:  26.19  (CH3),  29.17  (CH3),  30.58  (C(CH3)2),  32.25
(CH), 41.07 (CH2), 49.58 (CH2CO), 56.97 (C-CN), 112.752
(CN),  105.83,  106.10,  107.03,  113.04,  119.51,  120.45,
121.52,  132.99,  134.51,  151.49,  160.55,  162.11,  164.59
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(13C, Ar-C), 195.08 (CO); MS (ESI): 474.3 [M+H]+, 476.5
[M+2+H]+ (calcd. C22H18BrF2N3O2: 473.06).

2.3.14. 2-amino-4-(4-bromo-2-fluorophenyl)-1-(2, 4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6n)

Yellow solid: Yield: 87%; mp: > 300 °C; IR (KBr, cm-1):
3429,  3358  (NH2),  3178  (Ar-H),  2823,  2712  (CH  aliph.),
2210 (CN),  1645 (CO);  1H NMR (400 MHz, DMSO-d6)  δ
ppm: 0.78 (s, 3H, CH3), 0.91 (s, 3H, CH3), 1.68 (d, 1H, J =
1.68 Hz, CH), 1.97-2.07 (m, 1H, CH), 2.19 (d, 1H, J = 16
Hz, CH), 2.26 (d, 1H, J = 16.8 Hz, CH), 4.74 (s, 1H, CH),
5.75 (s, 2H, NH2), 7.17 (t, 1H, J = 8.2 Hz, Ar-H), 7.31-7.39
(m, 3H, Ar-H), 7.46-7.49 (m, 1H, Ar-H), 7.55-7.58 (m, 1H,
Ar-H); 13C NMR (400 MHz, DMSO-d6) δ ppm: 26.51 (CH3),
29.11  (CH3),  31.60  (C(CH3)2),  32.40  (CH),  41.04  (CH2),
49.52  (CH2CO),  59.52  (C-CN),  113.28  (CN),  105.91,
106.42,  110.75,  118.95,  119.98,  120.59,  128.08,  131.13,
133.03,  134.45,  151.32,  158.15,  160.80,  161.42,  164.69
(15C, Ar-C), 195.20 (CO); MS (ESI): 502.5 [M+H]+, 504.5
[M+2+H]+ (calcd. C24H19BrF3N3O: 501.07).

2.3.15. 2-amino-4-(2-bromophenyl)-1-(2, 4-difluorophenyl)
-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro  quino-
line-3-carbonitrile  (6o)

Yellow solid:  Yield:  82%;  mp:  255–257  °C;  IR  (KBr,
cm-1):  3448,  3325  (NH2),  3047  (Ar-H),  2962,  2877  (CH
aliph.),  2191 (CN),  1651 (CO);  1H NMR (400 MHz, DM-
SO-d6)  δ  ppm:  0.78  (s,  3H,  CH3),  0.90  (s,  3H,  CH3),
1.87-2.01 (m, 2H, CH2), 2.16-2.30 (m, 2H,CH2), 4.97 (s, 1H,
CH),  5.64  (s,  2H,  NH2,  D2O exchangeable),  7.06-7.11  (m,
1H, Ar-H), 7.28-7.37 (m, 3H, Ar-H), 7.51-7.53 (m, 1H,Ar-
H), 7.54-7.60 (m, 1H, Ar-H), 7.61-7.65 (m, 1H, Ar-H); 13C
NMR  (400  MHz,  DMSO-d6)  δ  ppm:  26.08  (CH3),  29.18
(CH3),  31.89  (C(CH3)2),  38.86  (CH),  40.53  (CH2),  49.14
(CH2CO),  60.24  (C-CN),  113.34  (CN),  105.68,  111.65,
112.06,  122.19,  122.24,  127.98,  129.14,  129.97,  132.99,
145.93,  150.86,  151,  157.72,  161.68,  164.16 (15C,  Ar-C),
194.63 (CO); MS (ESI): 484.7 [M+H]+,  486.77 [M+2+H]+

(calcd. for C24H20BrF2N3O: 483.08).

2.3.16. 2-amino-4-(3-bromo-4-fluorophenyl)-1-(2, 4-difluo-
rophenyl)-7, 7-dimethyl-5-oxo-1, 4, 5, 6, 7, 8- hexa hydro-
quinoline-3-carbonitrile (6p)

Yellow solid: Yield: 86%; mp: > 300 °C; IR (KBr, cm-1):
3350,  3248  (NH2),  3063  (Ar-H),  2825,  2710  (CH  aliph.),
2218 (CN), 1640 (CO); 1H NMR (400 MHz, DMSO-d6) δ pp-
m:0.80 (s, 3H, CH3), 0.84 (s, 3H, CH3), 1.66 (d, 1H, J = 17.6
Hz, CH), 2.02 (d, 1H, J = 16.4 Hz, CH), 2.19 (d, 1H, J = 16
Hz, CH), 2.28 (d, 1H, J = 17.6 Hz, CH), 4.45 (s, 1H, CH),
5.78  (s,  2H,  NH2),  7.26-7.35  (m,  3H,  Ar-H),  7.49  (d,  1H,
J=2.4 Hz, Ar-H), 7.56-7.58 (m, 2H, Ar-H); 13C NMR (400
MHz,  DMSO-d6)  δ  ppm:  26.26 (CH3),  29.63  (CH3),  32.41
(C(CH3)2), 36.43 (CH), 40.98 (CH2), 49.59 (CH2CO), 59.81

(C-CN),  113.49  (CN),  105.90,  111.92,  112.19,  119.92,
116.84,  120.83,  121.59,  128.55,  132.09,  133.59,  134.51,
145.75, 150.65, 162.19, 164.67 (15C, Ar-C), 195.37 (CO);
MS  (ESI):  502.5  [M+H]+,  504.3  [M+2+H]+  (calcd.  for
C24H19BrF3N3O:  501.07).

2.3.17. 2-amino-4-(3-bromophenyl)-1-(2, 4-difluorophenyl)
-7,  7-dimethyl-5-oxo-1,  4,  5,  6,  7,  8-  hexahydro  quino-
line-3-carbonitrile  (6q)

Yellow solid:  Yield:  82%;  mp:  260–262  °C;  IR  (KBr,
cm-1):  3324,  3256  (NH2),  3058  (Ar-H),  2938,  2840  (CH
aliph.),  2176 (CN),  1635 (CO);  1H NMR (400 MHz, DM-
SO-d6) δ ppm: 0.77 (s, 3H, CH3), 0.90 (s, 3H, CH3), 1.66 (d,
1H, J = 17.2 Hz, CH), 2.02-2.06 (m, 1H, CH), 2.20 (d, 1H, J
= 16  Hz,  CH),  2.33  (d,  1H,  J  =  16  Hz,  CH),  4.44  (s,  1H,
CH), 5.88 (s, 2H, NH2), 7.25 -7.37 (m, 3H, Ar-H), 7.38-7.41
(m,  2H,  Ar-H),  7.52-7.63  (m,  2H,  Ar-H);  13C  NMR  (400
MHz,  DMSO-d6)  δ  ppm:  26.76 (CH3),  29.20  (CH3),  31.93
(C(CH3)2), 36.54 (CH), 40.50 (CH2), 49.11 (CH2CO), 59.36
(C-CN),  112.94  (CN),  105.92,  111.61,  119.91,  121.68,
126.01,  126.09,  129.18,  129.66,  130.38,  133.08,  149.12,
150.16, 151.14, 160.27, 164.14 (15C, Ar-C), 194.83 (CO);
MS (ESI): m/z 484.4 [M+H]+, 486.4 [M+2+H]+ (calcd. for
C24H20BrF2N3O: 483.08).

2.4. Anticancer Evaluation

2.4.1. General
All the chemicals, solvents and media used in the study

were purchased from Sigma-Aldrich and HiMedia. The NS-
CLC (A549) and Colon (HCT-116, Caco-2 and HT-29) cell
lines were obtained from NCCS, Pune (india). All the cell
lines  were  maintained  with  5% CO2  at  37  °C.  Venetoclax
drug  was  gifted  by  Zydus  Research  Centre,  Ahmedabad
(batch  no-6359-P56/18-672).

2.4.2. SRB Assay
The cytotoxicity was carried out on panels of leukemia,

melanoma, lungs, colon, CNS, ovarian, renal, prostate and
breast cancer cell lines at the National Cancer Institute (N-
CI-USA)  under  Developmental  Therapeutic  Programme
(DTP) at a single dose of (10 µM) concentration and method-
ology of testing was as per NCI-60 cell line protocol [23]. In
brief, test concentration of 10 µM was incubated with RPMI
1640 medium for 48 h in microtiter plates at 37 °C tempera-
ture, 5% CO2, 95% air and 100% relative humidity. SRB So-
lution (0.4%) was added and incubated for 10 minutes, fur-
ther  treated  with  1%  acetic  acid  to  remove  unbound  dye.
Trizma  Base  (10  mM)  was  added  to  solubilize  the  bound
stain and the absorbance was measured at 515 nm on an auto-
mated  plate  reader.  Results  were  reported  as  percentage
growth and presented as percent growth inhibition. Further
compounds (6c, 6q and 6i) were screened at four dose con-
centration of 0.1 µM, 1 µM, 10 µM, 100 µM and for stan-
dard  (0.1-250  µM)  against  SSC-40  (Oral),  Ishikawa  (En-
dometrial Adenocarcinoma) at Tata Memorial Centre, Mum-
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bai.  The  undertaking  methodology  was  as  per  previously
published NCI-60 protocol [24].

2.4.3. MTT Assay
The  cell  cultures  of  colon  (HCT-116,  HT-29  and  Ca-

co-2), lung (A549) and Vero (Kidney) were centrifuged and
cell density was adjusted to 1 × 105 cells/ml using Dulbec-
co’s  Modified  Eagle  Medium  (DMEM)  with  10%  fetal
bovine serum (FBS). The diluted cell suspension (100 µl, ap-
proximately 10,000 cells / well) was added to a 96 well flat
bottom microtiter plate. After 24 hours, 100 µl of reference
compounds  (Doxorubicin,  5-Fluorouracil  and  Venetoclax)
and different test sample concentrations (6.25 µM, 12.5 µM,
25 µM, 50 µM and 100 µM) prepared in maintenance media
were added. The plates were then incubated at 37°C for 48 h
in 5% CO2 atmosphere. The MTT solution (20 µl, 2 mg/ml
in MEM) was added to the plates. The plates were further in-
cubated for 2 h at 37 °C. 100µl of DMSO was added to solu-
bilise the formed formazan. The absorbance was recorded at
540 nm using a microplate reader. The experiment was run
in triplicates and the percentage cell viability was recorded
and  the  IC50  value  was  calculated  from  a  dose-response
curve  [25].

2.5. Docking Protocol
The  molecular  docking  study  was  performed  using

Molecular Operating Environment (MOE-DOCK 2009.10)
software. The structure of the ligand was drawn, cleaned in
ChemDraw  and  saved  in  mol  format.  3D  X-ray  crystallo-
graphic  structure  of  protein  Mcl-1  (PDB  ID:  2PQK)  was
downloaded from protein data bank [26]. The docking steps
involved  the  preparation  of  a  ligand  and  a  protein  before
docking. For ligand preparation: ligand molecules were ener-
gy minimized, partial charges added and saved in MDB for-
mat. For protein preparation: zinc, sodium and water were
initially  removed and further,  hydrogen was  added.  In  the
docking  process,  various  docking  simulation  parameters,
like triangle matcher as placement method, London dG force
as an algorithm and rescoring function and refinement, were
set to force field. Ligand molecules were docked in the ac-
tive site and the docking score was generated.

2.6. Insilico ADME/T Evaluations
The active compounds were studied for ADME/T param-

eters like Lipinski’s rule of five, BBB, GI absorption, Ames
mutagenicity and CYP1A2 inhibitors using SWISSADME
and ADMETlab online program [27, 28].

3. RESULTS AND DISCUSSION

3.1. Chemistry
The hexahydroquinoline-3-carbonitrile derivatives were

synthesized in two steps. The sequences of reaction in the
synthesis are shown in Scheme 1 and 2. In the first step, the
equimolar mixture of 5, 5-dimethyl-1, 3-cyclohexanedione
and substituted aniline (2) was refluxed in methanol to give
intermediate enaminone (3). The synthesis and spectral data

were previously published [14]. In the second step, aldehyde
and malononitrile underwent condensation by Knoevenagel
mechanism to give benzylidene-malononitrile, which attacks
enaminone (3) by Michael addition to give hexahydroquino-
line-3-carbonitrile derivatives [19]. The yield of the product
ranged from 60% to 90% after recrystallization from diox-
ane. The structures of target compounds were in good agree-
ment with FT-IR, 1H NMR, 13C NMR and Mass spectra. The
IR spectra of final compounds showed absorption band for
NH2  stretching  (symmetry  and  asymmetry)  at  3219-3466
cm-1,  Ar-H  stretching  at  3047-3188  cm-1,  aliphatic  CH
stretching  (symmetry  and  asymmetry)  at  2704-2972  cm-1,
CN at 2169-2226 cm-1 and C=O at 1635-1662 cm-1. The 1H
NMR  spectra  showed  characteristic  peaks  (singlet)  at  δ
0.70-0.93  ppm for  CH3,  multiplets  at  δ  1.61-2.44  ppm for
CH2,  multiplet at  δ 4.31-4.97 ppm for aliphatic CH, broad
singlet at δ 5.52-5.88 ppm for NH2, which disappeared after
the  addition  of  D2O, singlet  at  δ  3.39-3.77  ppm for  OCH3

and multiplet at δ 6.03-8.22 ppm for aromatic proton. The
13C NMR spectra exhibited peaks at 35.42-38.83 ppm, corre-
sponding to (CH aliphatic); 25.33-29.86 ppm, corresponding
to (CH3); 103.36-165.83 ppm, corresponding to (Ar-C); and
peak at 194.15- 195.55 ppm, corresponding to (C=O). The
molecular  mass  (M+),  (M+H+),  and  (M++2-isotope  peak)
were observed in the mass spectra. The 1H NMR, 13C NMR
and Mass spectra of all the compounds are shown in Figs.
S1-S3 (Supplementary material).

Scheme 1. Synthetic route for the preparation of 5-((2, 4-difluo-
rophenyl) amino)-3, 3-dimethyl cyclohex-5-en-1-one (3). Reagents
and conditions: ethanol, acetic acid, reflux, 6 h.

3.2. Anticancer Evaluation
The fifteen compounds (6a-b, 6d-h, 6j-q) were evaluat-

ed for cytotoxicity at one dose of 10 µM concentration on
nine panels of cancer cell lines under NCI-60 protocol in the
Therapeutic Development Programme. The results revealed
that compounds exhibited % Growth Inhibition in the range
as  less  active or  mild  (10 to  20),  moderate  (21 to  50)  and
highly active (>50). The compound 6o showed the highest
cytotoxicity  against  SR  (Leukemia)  and  HCT-15  (Colon)
with % GI of 63.87 and 59.15, respectively, than Imatinib. It
also  showed  moderate  cytotoxicity  against  HCT-116
(Colon),  NCI-H466  (NSCLC)  and  K562  (Leukemia)  with
(% GI = 46.85, 48 and 49.60) respectively. The compound
6l stood as second highly active against SR (Leukemia) with
(% GI = 69) than Imatinib. Compounds 6g and 6m showed
maximum  activity  against  UO-31  (Renal)  with  (%  GI=
33.53 and 40.80), respectively. Compound 6q showed broad-
-spectrum % GI in the range of 12.31-38.19 against 24  cell
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Table 1. The percent growth inhibition (%GI) of compounds (6a-b, 6d-h, 6j-q) and standard Imatinib over NCI-60 cancer cell lines.

Compound/NSC
Code

Cancer Cell Lines Maximum
% Growth Inhibition Other Sensitive Cell Lines % Growth Inhibition (% GI)a

6a/
812679 Renal (CAKI-1: 15.81) Leukemia (K-562: 12.47, SR: 15.29), CNS (SNB-75: 13.62), Renal (UO-31: 10.90)

6b/
812680 Leukemia (SR: 16.93) CNS (SNB-75: 11.06)

6c NT
6d/

812683 CNS (SNB-75: 26.87) Renal (UO-31: 17.82)

6e/
812684 Renal (UO-31: 16.60) Leukemia (K-562: 15.99), CNS (SNB-75: 11.65), Melanoma (UACC-257: 12.79), Renal (CAKI-1:

11.55)
6f/

812860 CNS (SNB-75: 18.42) NSCLC (NCI-H522: 10.47), Renal (CAKI-1: 15.4)

6g/
812861 Renal (UO-31: 40.80)

Leukemia (CCRF-CEM: 11.62, MOL-4: 11.14), NSCLC (A549: 11.17, EKVX: 16.24, NCI-H226:
12.51, NCI-H522: 29.36, Colon (HT-29: 16.16), CNS (SNB-75: 32.27), Melanoma (UACC-62:
13.15), Ovarian (SK-OV-3: 12.49), Renal (A498: 15.17, TK-10: 18.19), Breast (MCF-7: 11.41)

6h/
819938 CNS (SNB-75: 20.41) NSCLC (NCI-H522: 10.33), Renal (UO-31: 20.02)

6i NT
6j/

819940 Leukemia (SR: 24.62) NSCLC (NCI-H522: 17.80), CNS (SNB-75: 18.01), Renal (CAKI-1: 12.45, UO-31: 13.87), Breast (M-
DA-MB-468: 13.21)

6k/
819941 CNS (SNB-75: 29.75)

Leukemia (RPMI-8226: 14.39), NSCLC (NCI-H522: 20.54, HOP-62: 23.67), CNS (SF-295: 14.33),
Ovarian (OVCAR-8: 14.23, NCI/ADR-RES: 12.90), Renal (ACHN: 15.47, CAKI-1: 27.42, UO-31:

11.47), Prostate (PC-3: 23.07), Breast (MDA-MB-468: 15.13)

6l/
819942 Leukemia (SR: 69)

Leukemia (K-562: 12.35, MOLT-4: 11.11, RPMI-8226: 19.43, NSCLC (A549: 20.73, NCI-H23:
13.26, NCI-H522: 19.31, HOP-62: 10.11), CNS (SNB-19: 14.23, SNB-75: 32.94), Colon (HCT-116:
19.12), Melanoma (LOX IMVI: 42.47, M14: 14.94), Ovarian (OVCAR-8: 13.32, OVCAR-4: 16.90,

NCI/ADR-RES: 14.33), Renal (UO-31: 18.71), Prostate(PC-3: 23.33)
6m/

819943 Renal (UO-31: 33.54) Leukemia (RPMI-8226: 26.20), NSCLC (EKVX: 16.55, NCI-H522: 11.63), CNS (SNB-75: 16.53),
Melanoma(UACC-62: 21.44), Renal (CAKI-1: 16.25), Prostate (PC-3: 17.43)

6n/
819944 Renal (UO-31: 19.92) _b

6o/
819943

Leukemia (SR: 63.87)
Colon (HCT-15: 59.10)

Leukemia (CCRF-CEM: 32.50, HL-60: 14.88, K-562: 49.60, Molt-4: 29.37, RPMI-8226: 19.30), NS-
CLC (A549: 16.32, EKVX: 11.29, HOP-62: 12.95, NCI-H460: 48, NCI-H522: 18.2), Colon

(COLO-205: 26.48, HCT-116: 46.85, HT29: 23.40), CNS (SF-295: 20.38, SF-539: 21.46, SNB-75:
32.40, U251: 28.11), Melanoma (LOX IMVI: 31, SK-MEL-5: 39, UACC-62: 30.77), Ovarian (NCI/A-

DR-RES: 11.09), Renal (ACHN: 11.55, CAKI-1: 15.77, TK-10: 18.44, UO-31: 32.47), Prostate
(PC-3: 20.37), Breast (MCF-7: 10.45)

6p/
819937 Renal (UO-31: 17.08) CNS (SNB-75: 12.78)

6q/
812879 NSCLC (NCI-H522: 38.19)

Leukemia (CCRF-CEM: 12.31), NSCLC (A549: 19.74, EKVX: 11.02) Colon (HCT-116: 14.79,
HT29: 12.15), CNS (SF-268: 26.42, SF-295: 13.54, SF-539: 16.48, SNB-19: 27.34, U251: 29.35), Me-

lanoma (LOX IMVI: 13.29, UACC-62: 13.55), Ovarian (OVCAR-4: 20.28, OVCAR-8: 33.33, SK-
OV-3: 26.83), Renal (ACHN: 12.28, CAKI-1: 21.70, SN 12C: 20.62, TK-10: 18.43, UO-31: 11.23),

Prostate (PC-3: 17.10), Breast (HS578T: 31.11, T-47D: 12.05)

Imatinibc/
759874

Leukemia (CCRF-CEM: 6.6, Molt-4: 18 RPMI-8226: 12.6, SR: 14.6, HL60: -6.8), NSCLC (A549: 3.8, EKVX: 15.7, HOP-92: 43.7,
NCI-H226: 10.6, NCI-H23: 17.1, NCI-H460: 3.2), Colon (COLO 205: -1.1, HCT-116: 18.6, HT29: 47.1, HCT-15: 11.5,), CNS (S-
F-295: 15.1, SF-539: 24.5, SNB-75: 0.6, U251: 10.6), Melanoma (LOX IMVI: 11.6, MDA-MB-435: 7.4, SK-MEL-5: 12.3, UAC-
C-257: 2.8), Ovarian (NCI/ADR-RES: -0.5), Renal (786-O: 5, A498: 13.7, ACHN:- 1, TK-10: -10,Caki-1: -0.2, RXF 393: 5.7, SN
12C: 6, UO-31: 7.6), Prostate (PC-3: 10.4, DU-145: 14.4), Breast (MCF-7: 8.1, MDA-MB-231: 11.2, HS578T: 9.9, BT-549: -5,

T-47D: 19.6, MDA-MB-468: 29.1)
aThe compound showed percent growth inhibition of ≥ 10% is considered as active, compound with ≥ 40% is shown in (bold figure), NT-Not tested, bNo activity, cData were referred
from NCI data warehouse index [29].
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Scheme 2. Synthetic route for the preparation of substituted hexahydroquinoline-3-carbonitrile derivatives (6a- q). Reagents and conditions:
ethanol, TEA, reflux, 6-8 h.

lines. Compounds 6j and 6k showed moderate cytotoxicity
in the study while, compounds (6a-b, 6d-f, 6h and 6n-p) ex-
hibited mild activity against all cell lines. The substitution of
2-bromo (6o) and 2-fluoro-5-bromo (6l) exhibited the high-
est  activity  among the  series.  Compounds  (6l,  6q  and  6k)
with electron-withdrawing group showed higher cytotoxicity
than donating group (6e  and 6f). Replacement of aryl ring
(6l and 6o) with heterocyclic ring (6k and 6m) reduces activ-
ity. The compounds that showed maximum percent growth
inhibition and sensitivity to other cell lines in comparison to
Imatinib are given in Table 1. The cytotoxicity data of Ima-
tinib were referred from the NCI data warehouse index [29].

Active  compound 6q  found in  the  above  study  and  6c
and 6i  were screened against SCC-40 (Oral) and Ishikawa
(Endometrial) by SRB method and their data on GI50 are giv-
en in Table 2. The results revealed that compound 6i and 6c
showed  potent  (IC50  =7.2  µM)  and  moderate  (IC50  =  21.7
µM) against Ishikawa (Endometrial) and SSC-40 (Oral) com-
pared to Venetoclax (IC50 = 198 µM and 11.89 µM) respec-
tively, while compound 6q showed less activity in both the
cell  lines.  Further,  active  compounds  6o,  6l,  6m  and  6q
found in the NCI-60 were evaluated by MTT assay against
Colon (HCT-116, HT-29 and Caco-2), NSCLC (A549) and
Vero (Kidney) cell lines and their IC50  values are given in
Table  3.  Investigation  of  data  revealed  that  compound  6o
(IC50 = 9.39 µM and 13.54 µM) was nearly as active as dox-
orubicin (IC50 = 14.06 µM) and 5-Fluorouracil (IC50 = 10.42
µM)  against  colon  (HCT-116  and  HT-29)  respectively,
while  compound  6l  was  moderately  active.  All  the  com-
pounds  showed  moderate  activity  against  A549  (NSCLC)
with IC50 in the range of (27.52 µM to 50.37 µM) except 6o
(IC50 = 21.32 µM) was nearly as active as Venetoclax (IC50 =
15.34 µM). Compound 6o (IC50 = 9.66 µM) emerged as se-
cond equally potent as that of 5-Fluorouracil (IC50 = 11.23
µM) against  Caco-2 (Colon),  while 6l  was moderately ac-

tive. Compounds containing 4-bromo (6i), 2-fluoro-5-bromo
(6l) and 2-bromo (6o) on 4-phenyl ring showed equipotent
to potent activity, while compounds containing 2-methoxy
(6c), 3-bromo (6q) and 5-Bromo-furan-2-yl (6m) were mod-
erately active. Further, active compounds were screened on
Vero  (Non-cancerous)  and  showed  less  cytotoxicity  than
Venetoclax,  which  represents  their  selective  cytotoxicity
against cancer cell lines. The result revealed that potent com-
pounds 6i can be considered as a promising molecule to ex-
plore against other endometrial cancer.

3.3. Docking Studies
Apoptosis is the natural process of the body to eliminate

the unwanted, damaged cells and ageing of cells. Mcl-1 is
an antiapoptotic protein overexpressed in cancer that inhibits
various pro-apoptotic proteins, which leads to uncontrolled
cell growth in cancer. So, inhibition of Mcl-1 keeps all the
pro-apoptotic  proteins  in  active  state  to  initiate  cycles  of
apoptosis and cell death [30]. As hexahydroquinoline-3-car-
bonitrile is reported to inhibit Mcl-1 [21], we have also eval-
uated  the  active  compounds  in  the  active  site  of  Mcl-1  to
study  binding  interaction.  The  results  revealed  that  com-
pounds  6i,  6o  and  6l  showed  high  binding  energies  com-
pared  to  standard.  The  ketone  and  nitrile  groups  of  com-
pound 6i formed hydrogen bonds with Arg248 and Lys234
and fluorine enhanced strong hydrophobic interaction of 2,
4-difluoro phenyl ring with His252 in Fig. (2a). The nitrile
group and 2-bromo phenyl ring of compound 6o showed hy-
drogen  bond  and  strong  arene-cation  interaction  with
Arg260, respectively, as shown in Fig. (2b). Further, nitrile
group  and  2-fluoro-5-bromo  phenyl  ring  of  compound  6l
showed hydrogen bond and strong arene-cation interaction
with Arg263, respectively, in (Fig. (2c)). Docking images re-
vealed that fluorine increased lipophilicity, polarity and ex-
hibited good hydrophobic and arene-cation interactions. The
docking score of compounds is given in Table 4.
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Fig. (2). Docking pose of active compounds (6i, 6o and 6l) in active site of Mcl-1: a) 6(i); b) 6(o); and c) 6(l)-ligand-protein interaction
(arene-cation (green), lipophilic interaction (green) and hydrogen bond (pink) are illustrated as dotted line), (Color figures online). (A higher
resolution / colour version of this figure is available in the electronic copy of the article).

Table 2. GI50 value of compounds.

Compounds
GI50 (µM)

SCC-40 Ishikawa
6c 21.7 NT
6i > 100 7.2
6q > 100 > 100

Venetoclax 11.89 198
GI50 is the compound concentration required to inhibit tumor cell growth by 50%, NT= Not tested.

Table 3. IC50 values of synthesized compounds.

Compounds
IC50(µM)

Vero
(Non Cancerous) HCT-116 HT-29 A549 Caco-2

6c 104.36±0.781 NT NT NT NT
6i 138.42±1.44 NT NT NT NT
6l 159.16±0.89 36.43±1.33 61.08±1.40 27.52±0.61 9.66±1.28

6m 108.24±1.21 NT NT 50.37±1.02 NT
6o 226.53±1.39 13.54±0.69 9.39±0.87 21.32±0.91 31.20±1.25
6q 103.06±1.02 NT NT 9.35±0.72 NT

Venetoclax 17.04±0.93 NT NT 15.34±1.16 NT
5-Fluorouracil NT NT 10.42±0.64 NT 11.23±0.80
Doxorubicin NT 14.06±2.0 NT NT NT

IC50 is the compound concentration required to inhibit cancer cell proliferation by 50%. Each value is mean of triplicate ± SD, NT= Not tested.
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Table 4. Docking score of compounds.

Compounds Docking Score
(kcal/mol)

6c -13.79
6g -15.09
6i -18.38
6k -13.94
6l -16.83

6m -13.89
6o -17.61
6q -15.13

Obatoclax -16.08

3.4. In Silico ADME/T Studies
The active  compounds  were  studied  for  ADME/T.  All

the compounds did not cross BBB, showed high absorption
from GIT and  inhibited  Pg-p,  which  reduces  resistance  to
chemotherapeutic agents. Lipinski’s rule of five allows maxi-
mum of two violations for an orally active drug. Here com-
pounds 6(g)  and 6(l)  violate only one rule (Mol.  Wt.)  and
hence are acceptable. Thus, all the compounds were found
to  follow  Lipinski’s  rule  of  five,  which  confirmed  their
drug-likeness properties. In addition, most of the compounds
were non-inhibitors of CYP1A2, which is a key enzyme in
drug metabolism and showed no toxicity in Ames test. The
results are displayed in Table 5.

Table 5. In silico ADME/T studies of synthesized compounds.

Code HBDa HBAb LogPc
Mol.
Wt.d

(gm/ml)

CYP1A2
Inhibitor Ames Test GI

Absorption BBB P-gp
Inhibitor

6c 1 5 3.27 435.46 - - Low - +
6g 2 6 3.51 530.36 - - Low - +
6i 1 4 3.51 484.33 - - High - +
6k 1 4 3.44 490.36 - - Low - +
6l 1 5 3.66 502.32 - - High - +

6m 1 5 3.49 474.29 + - High - +
6o 1 4 3.45 484.33 - - High - +
6q 1 4 3.55 484.33 - - Low - +

Venetoclax 3 9 5.39 867.31 - - High - +
aHydrogen Bond Donor ≤ 5; bHydrogen Bond Acceptor ≤ 10; cLogP ≤ 5; dMolecular Weight ≤ 500 (gm/mol) [27].

CONCLUSION
All the synthesized compounds were screened for cyto-

toxicity. Compounds 6o and 6l showed potent activity with
(% GIs) of 63.7 and 69 against SR (leukemia), respectively.
Fluorine substitution was found to enhance the lipophilic in-
teraction  in  docking  revealed  good  cytotoxicity  of  com-
pounds.  Compound  6i  showed  potent  cytotoxicity  against
Ishikawa,  while  6o  and  6l  showed  equipotent  activity
against (HT-29 and HCT) and Caco-2, respectively. Dock-
ing  study  of  potent  compounds  revealed  that  compounds
may  show  cytotoxicity  by  Mcl-1  inhibition.  Further  AD-
ME/T prediction showed the novelty of compounds 6i,  6o
and 6l for further research. The cytotoxicity of compound 6i
showed that it could be a promising lead against endometrial
cancer in future drug development.
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a b s t r a c t 

A series of 2-(naphthalen-1-yl)-methyl-6-arylimidazo[2,1- b ][1,3,4]thiadiazole derivatives was prepared 

and studied for cytotoxicity against murine leukemia L1210, human cervix carcinoma HeLa, and human T- 

lymphocyte CEM cell lines. The preliminary study showed that compounds 5g, 6g, 7a-c, 7e, and 8e were 

more potent among the tested compounds. The pharmacokinetic properties of all compounds were then 

investigated with FAF-Drugs, a tool for prediction of ADME and toxicity. Finally, in order to support in 

vitro studies, molecular docking studies were performed by using AutoDock Vina with a Lamarckian ge- 

netic algorithm to determine whether or not the synthesized compounds could be used as inhibitors for 

the protein structure 1m17 (EGFR). The docking scores of many compounds were found to be higher than 

[6,7-bis(2-methoxy-ethoxy)quinazoline-4-yl]-(3-ethynyl phenyl)amine, an inhibitor of the 1m17 EGFR re- 

ceptor. Among the selected compounds 7b, 7c, 7e, 7f, 7g, and 8g showed better stability in the molecular 

dynamics simulation study. 

© 2021 Elsevier B.V. All rights reserved. 

1. Introduction 

Cancer is a large group of diseases and can start in any tissue or 

organ. Cancer worldwide is the second leading cause of death, after 

heart disease, and is estimated to be the cause of 99 lakh deaths 

by 2020 [1] . In children under the age of 19, at least three lakh 

new cancer cases have been diagnosed [1] . In therapeutic chem- 

istry, heteroatoms such as N and S have gained importance because 

of their many pharmacological functions [ 2 –22 ]. 2-Amino-1,3,4- 

thiadiazoles ( I ) have been tested as carcinostatic agents against 

several tissues of implanted animals [3] . The imidazo ring [2,1- 

b] was fused with 2-amino-1,3,4-thiadiazole, which resulted in 

imidazo[2,1- b ][1,3,4]thiadiazole with antibacterial [ 4 –6 ], antifungal 

∗ Corresponding author. 

E-mail address: subhasskarki@gmail.com (S.S. Karki). 
1 Equal first author. 

[7] , anti-inflammatory [ 8 , 9 ], anticancer [10] , analgesic [11] , and 

antitubercular properties [ 12 , 13 ]. We have reported imidazo[2,1- 

b][1,3,4]thiadiazoles ( II ) as cytotoxic agent [ 14 –19 ]. Recent stud- 

ies have reported experiments on imidazo[2,1-b][1,3,4] thiadia- 

zoles ( III ) as non-steroidal ecdysone agonists [20] . Our group com- 

bined indolinone with imidazothiadiazole in combination and in- 

vestigated these chemicals as BCl 2 inhibitors ( IV ) [ 21 , 22 ]. Another 

group tested benzenesulfonamide containing imidazothiadiazole as 

inhibitors of carbonic anhydrase isoforms [23] . 

Epidermal growth factor receptor (EGFR) is a protein of trans- 

membrane receptor tyrosine kinase protein expressed in other 

common epithelial, mesenchymal, and neurogenic tissues. Exces- 

sive expression of EGFR was observed in many hard tissues, includ- 

ing lung [24] , head-neck [25] , ovarian [26] , and colon tissue. In ad- 

dition, EGFR is considered one of the most important targets in the 

development of new anticancer agents [27] . Therefore, EGFR inhi- 

bition was studied using the X-ray crystal form structure (PDB ID: 

https://doi.org/10.1016/j.molstruc.2021.130174 

0022-2860/© 2021 Elsevier B.V. All rights reserved. 
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Fig. 1. Structures of aminothiadiazole and imidazothiadiazoles as anticancer and cytotoxic agents. 

1m17) of the molecular docking simulation method. The molecular 

docking was supported with molecular dynamics simulation study 

to understand the ligands stability. The purpose of this work is to 

carry out a cytotoxicity study against human and murine cancer 

cells and to determine the drug properties of newly synthesized 

compounds ( V ) through pharmacokinetic and toxicity analysis in 

accordance with Lipinski and FAF-Drugs standards Fig. 1 . 

2. Experimental 

2.1. Chemicals and reagents 

Chemicals and reagents used in synthesis were AR grade and 

procured from local suppliers. The Jasco 430 + was used to record 

IR sepctra of all the compounds. The Bruker device (400 MHz) was 

used to record 

1 H NMR spectra in CDCl 3 /DMSO-d 6 and were re- 

ported in hertz (Hz). Various α-bromo ketones were prepared as 

per literature [ 28 –35 ]. 

2.2. Synthetic procedures and spectral data 

2.2.1. Preparation of 

5-(naphthalen-1-ylmethyl)-1,3,4-thiadiazol-2-amine (3) 

Equimolar quantity (0.3 mol) of naphthyl acetic acid ( 1 ) and 

thiosemicarbazide ( 2 ) treated in concentrated sulphuric acid (31.5 

mL) at 60–70 °C for 8 h. When the reaction conents come to room 

temperature, poured to cold water & made basic with concentrated 

aqueous ammonia to pH-7. Filtered the precipitated mass and 

washed with H 2 O to remove excess of ammonia. Re-crystallized 

from chloroform-ethanol mixture. Yield: 70%; m p: 268-270 0 C; FT- 

IR (cm 

−1 ): 3273, 3078, 2964, 2916, 1634, 1523, 1498, 1523, 1498, 

1331, 1060. 1 H NMR (400 MHz, DMSO-d 6 ) δ: 8.14-8.12 (m, 1H, Ar), 

8.96-7.94 (m, 1H, Ar), 7.88-7.86 (m, 1H, Ar), 7.56-7.53 (m, 2H, Ar), 

7.52-7.48 (m, 2H, Ar), 6.95 (s, br, 2H, NH 2 ), 4.61 (s, 2H, -CH 2 -). 

2.2.2. Preparation of 2-(naphthalen-1-ylmethyl)-6- 

arylimidazo[2,1-b][1,3,4]thiadiazole (5a-g) 

The derivatives were obtained by the following general proce- 

dure. First, 0.03 mol of 2-amino-5-(naphthalen-1-ylmethyl)-1,3,4- 

thiadiazole ( 3 ) and appropriate α-bromo ketone ( 4 ) was condensed 

for 12 h in ethyl alcohol. Solvent was removed and the separated 

solid was filtered, washed with ethyl alcohol, and neutralized to 

pH 7.0 using aqueous solution of Na 2 CO 3 . The precipitated product 

was dried and purified from ethyl alcohol. 

2.2.2.1. 2-(naphthalen-1-ylmethyl)-6-phenylimidazo[2,1- 

b][1,3,4]thiadiazole (5a). . FT-IR (cm 

−1 ): 30 6 6, 3037, 2947, 2919, 

1607, 1525, 1474, 1441, 1258, 1061. 1 H NMR (400 MHz, DMSO-d 6 ) 

δ:8.61(s, 1H, Im-H), 8.14 (d, 1H, J = 8 Hz), 7.99-7.93 (m, 2H, Ar), 

7.81-7.79 (m, 2H, Ar), 7.66 (d, 1H, J = 6 Hz), 7.60-7.52 (m, 3H, Ar), 

7.37 (t, 2H, J = 15.2 Hz), 7.26 (t, 1H, J = 15.0 Hz), 4.93 (s, 2H, -CH 2 -). 

2.2.2.2. 6-(4-chlorophenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4]thiadiazole (5b) . FT-IR (cm 

−1 ): 3093, 3027, 2944, 1592, 

1531, 1412, 1065, 999. 1 H NMR (400 MHz, DMSO-d 6 ) δ: 8.67 (s, 

1H, Im-H), 8.10 (d, 1H, J = 8 Hz), 7.99-7.92 (m, 2H, Ar), 7.83 (d, 2H, 

J = 8.4 Hz), 7.65 (d, 1H, J = 6.4 Hz), 7.60-7.51 (m, 3H, Ar), 7.45 (d, 

2H, J = 8.4 Hz), 4.93 (s, 2H, -CH 2 -). 

2.2.2.3. 6-(4-bromophenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4]thiadiazole (5c) . FT-IR (cm 

−1 ): 3120, 3065, 2931, 1585, 

1522, 1397, 1071, 10 09. 1 H NMR (40 0 MHz, DMSO-d 6 ) δ: 8.67 (s, 

1H, Im-H), 8.13 (d, 1H, J = 8 Hz), 7.99-7.92 (m, 2H, Ar), 7.76 (d, 2H, 

J = 8.2 Hz), 7.65 (d, 1H, J = 7.2 Hz), 7.59-7.51 (m, 5H, Ar), 4.93 (s, 2H, 

-CH 2 -). 

2.2.2.4. 6-(4-methylphenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4]thiadia- zole (5d) . FT-IR (cm 

−1 ): 3125, 3019, 2927, 2851, 

1621, 1545, 1481, 1476, 1302, 1192, 997. 1 H NMR (400 MHz, 

DMSO-d 6 ) δ: 8.54 (s, 1H, Im-H), 8.13 (d, 1H, J = 8.0 Hz), 7.99-7.92 

(m, 2H, Ar), 7.70 (d, 2H, J = 8.4 Hz), 7.65 (d, 1H, J = 8.0 Hz), 7.89-7.52 

(m, 3H, Ar), 7.19 (d, 2H, J = 8.0 Hz), 4.92 (s, 2H, -CH 2 -), 2.29 (s, 3H, 

-CH 3 ). 

2.2.2.5. 6-(4-methoxyphenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4]thiadiazole (5e) . FT-IR (cm 

−1 ): 3045, 3008, 2959, 2936, 

2834, 1612, 1543, 1486, 1468, 1293, 1249, 1173, 1027. 1 H NMR 

(400 MHz, DMSO-d 6 ) δ: 8.49 (s, 1H, Im-H), 8.12 (d, 1H, J = 8.0 Hz), 

7.97-7.92 (m, 2H, Ar), 7.73 (d, 2H, J = 8.4 Hz), 7.63 (d, 1H, J = 6.4 Hz), 

7.59-7.51 (m, 3H, Ar), 6.93 (d, 2H, J = 8.4 Hz), 4.91 (s, 2H, -CH 2 -), 

3.75 (s, 3H, -OCH 3 ). 

2.2.2.6. 2-(naphthalen-1-ylmethyl)-6-(4-nitrophenyl)imidazo[2,1- 

b][1,3,4]thiadiazole (5f) . FT-IR (cm 

−1 ): 3096, 3060, 3003, 2933, 

1599, 1504, 1340, 1181, 1108. 1 H NMR (400 MHz, DMSO-d 6 ) δ: 

8.92 (s, 1H, Im-H), 8.25 (d, 2H, J = 8.4 Hz), 8.13 (d, 1H, J = 8.0 Hz), 

8.07 (d, 2H, J = 8.4 Hz), 7.99-7.93 (m, 2H, Ar), 7.66 (d, 1H, J = 6.4 

Hz), 7.59-7.52 (m, 3H, Ar), 4.95 (s, 2H, -CH 2 -). 

2 
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2.2.2.7. 3-[2-(naphthalen-1-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazol- 

6-yl]-2H-chromen- 2-one (5g) . FT-IR (cm 

−1 ): 3068, 3047, 2969, 

2945, 1716, 1513, 1472, 1452, 1472, 1452, 1472, 1394, 1212, 1112. 
1 H NMR (400 MHz, DMSO-d 6 ) δ: 8.62 (s, 1H, Im-H), 8.55 (s, 1H, 

Coum-H), 8.13 (d, 1H, 8.0 Hz), 7.99-7.94 (m, 2H, Ar), 7.85-7.83 (m, 

1H, Ar), 7.67-7.65 (m, 1H, Ar), 7.61-7.52 (m, 4H, Ar), 7.45 (d, 1H, 

J = 8.4 Hz), 7.38 (t, 1H, J = 16 Hz), 4.95 (s, 2H, -CH 2 -). 

2.2.3. Preparation of 5-bromo-2-(naphthalen-1-ylmethyl)-6- 

phenylimidazo[2,1-b][1,3,4] thiadiazole (6a-e) 

First, 0.01 mol of bromine was added to a well stirred mix- 

ture of powdered anhydrous sodium acetate and 0.01 mol of 

2-(naphthalen-1-ylmethyl)-6-arylimidazo[2,1- b ][1,3,4]thiadiazole at 

room temperature. The agitation was continued for 1 h and poured 

into cold water. The solid that formed was filtered, washed with 

water, and purified. 

2.2.3.1. 5-bromo-2-(naphthalen-1-ylmethyl)-6-phenylimidazo[2,1- 

b][1,3,4] thiadiazole (6a) . FT-IR (cm 

−1 ): 3058, 2962, 2938, 1599, 

1528, 1510, 1472, 1440, 1334, 1114, 1071, 966. 1 H NMR (400 MHz, 

DMSO-d 6 ) δ: 8.14 (d, 1H, J = 8.0 Hz), 7.97-7.90 (m, 4H, Ar), 7.67 

(d, 1H, J = 6.4 Hz), 7.60-7.52 (m, 3H, Ar), 7.46 (t, 2H, J = 15.4 Hz), 

7.36-7.32 (m, 1H, Ar), 4.97 (s, 2H, -CH 2 -). 

2.2.3.2. 5-bromo-6-(4-chlorophenyl)-2-(naphthalen-1- 

ylmethyl)imidazo[2,1-b][1,3,4] thiadiazole (6b) . FT-IR (cm 

−1 ): 

3065, 2932, 2891, 1605, 1535, 1529, 1468, 1368, 1109, 1057. 1 H 

NMR (400 MHz, DMSO-d 6 ) δ: 8.13 (d, 1H, J = 8.0 Hz), 8.00-7.92 (m, 

4H, Ar), 7.66 (d, 1H, J = 7.2 Hz), 7.61-7.50 (m, 5H, Ar), 4.98 (s, 2H, 

-CH 2 -). 

2.2.3.3. 5-bromo-6-(4-bromophenyl)-2-(naphthalen-1- 

ylmethyl)imidazo[2,1-b][1,3,4] thiadiazole (6c) . FT-IR (cm 

−1 ): 

3063, 3010, 2936, 1903, 1520, 1475, 1395, 1327, 1096, 1006, 967. 
1 H NMR (400 MHz, DMSO-d 6 ) δ: 8.15 (d, 2H, J = 8 Hz), 8.01-7.99 

(m, 1H, Ar), 7.97 (d, 1H, J = 8.8 Hz), 7.89 (d, 2H, J = 8.8 Hz), 7.67 (d, 

3H, J = 8.8 Hz), 7.62-7.53 (m, 3H, Ar), 4.99 (s, 2H, -CH 2 -). 

2.2.3.4. 5-bromo-6-(4-methylphenyl)-2-(naphthalen-1- 

ylmethyl)imidazo[2,1-b][1,3,4] thiadiazole (6d) . FT-IR (cm 

−1 ): 

3076, 3001, 2941, 1515, 1484, 1405, 1321, 1096, 1016. 1 H NMR (400 

MHz, DMSO-d 6 ) δ: 8.13 (d, 1H, J = 8.4 Hz), 7.98-7.94 (m, 2H, Ar), 

7.81 (d, 2H, J = 8.0 Hz), 7.66-7.52 (m, 4H, Ar), 7.26 (d, 2H, J = 8.0 Hz), 

4.97 (s, 2H, -CH 2 -), 2.32 (s, 3H, -CH 3 ). 

2.2.3.5. 5-bromo-6-(4-methoxyphenyl)-2-(naphthalen-1- 

ylmethyl)imidazo[2,1-b][1,3,4] thiadiazole (6e) . FT-IR (cm 

−1 ): 

3127, 3045, 3010, 2960, 2935, 1611, 1543, 1484, 1396, 1300, 1249, 

1173, 1027. 

2.2.3.6. 5-bromo-2-(naphthalen-1-ylmethyl)-6-(4- 

nitrophenyl)imidazo[2,1-b][1,3,4] thiadiazole (6f) . FT-IR (cm 

−1 ): 

3107, 3025, 3005, 2959, 2829, 1625, 1491, 1416, 1315, 1198. 1 H 

NMR (400 MHz, DMSO-d 6 ) δ: 8.33 (d, 2H, J = 8.8 Hz), 8.22 (d, 2H, 

J = 9.2 Hz), 8.15 (d, 1H, J = 8.4 Hz), 8.00-7.94 (m, 2H, Ar), 7.67 (d, 

1H, J = 7.2 Hz), 7.62-7.53 (m, 3H, Ar), 5.00 (s, 2H, -CH 2 -). 

2.2.3.7. 3-[5-bromo-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4]thiadiazol-6-yl]-2H chromen-2-one (6g) . FT-IR (cm 

−1 ): 

3105, 3067, 3005, 2954, 2831, 1629, 1521, 1491, 1399, 1312, 1213, 

1198, 10 01. 1 H NMR (40 0 MHz, DMSO-d 6 ) δ: 8.29 (s, 1H, Coum-H), 

8.14 (d, 1H, J = 8.4 Hz), 8.00-7.95 (m, 2H, Ar), 7.83-7.80 (m, 1H, Ar), 

7.68-7.65 (m, 2H, Ar), 7.63-7.53 (m, 3H, Ar), 7.46 (d, 1H, J = 8.4 Hz), 

7.38-7.34 (m, 1H, Ar), 4.96 (s, 2H, -CH 2 -). 

2.2.4. Synthesis of 2-(naphthalen-1-ylmethyl)-6-arylimidazo[2,1- 

b][1,3,4]thiadiaz ole-5-carbaldehyde (7a-g) 

First, added 4 mmol of 2-(4-methoxybenzyl)-6-aryl- 

imidazo[2,1- b ][1,3,4]thiadiazole to freshly obtained Vilsmeier- 

Haack mixture at room temperature with stirring. Continued 

stirring for 4 h at 80-90 °C. Later the reaction mixture was poured 

into cold water and neutralized to pH 7.0 with an aqueous solution 

of Na 2 CO 3 . The product was filtered and re-crystallized from ethyl 

alcohol. 

2.2.4.1. 2-(naphthalen-1-ylmethyl)-6-phenylimidazo[2,1- 

b][1,3,4]thiadiazole-5- carbaldehyde (7a) . FT-IR (cm 

−1 ): 3091, 

3015, 2929, 2899, 1675, 1563, 1519, 1487, 1455, 1349, 1338, 1091. 
1 H NMR (400 MHz, DMSO-d 6 ) δ: 10.05 (s, 1H, -CHO), 8.06 (m, 1H, 

Ar), 7.94-7.90 (m, 2H, Ar), 7.82-7.70 (m, 2H, Ar), 7.58-7.45 (m, 7H, 

Ar), 4.91 (s, 2H, -CH 2 -). 

2.2.4.2. 6-(4-chlorophenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4] thiadiazole-5-carbaldehyde (7b) . FT-IR (cm 

−1 ): 3125, 

3009, 2899, 1675, 1599, 1529, 1491, 1355, 1339, 1111. 1 H NMR 

(400 MHz, DMSO-d 6 ) δ: 10.09 (s, 1H, -CHO), 8.03 (d, 1H, J = 8.4 

Hz), 7.96-7.90 (m, 2H, Ar), 7.83 (d, 2H, J = 8.4 Hz), 7.58-7.51 (m, 4H, 

Ar), 7.49 (d, 2H, J = 8.8 Hz), 4.91 (s, 2H, -CH 2 -). 

2.2.4.3. 6-(4-bromophenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4] thiadiazole-5-carbaldehyde (7c) . FT-IR (cm 

−1 ): 3151, 3015, 

2915, 2892, 1681, 1598, 1515, 1478, 1450, 1350, 1325, 1091. 1 H 

NMR (400 MHz, DMSO-d 6 ) δ: 10.07 (s, 1H, -CHO), 8.05 (d, 1H, 

J = 8.4 Hz), 7.93 (m, 2H, Ar), 7.75 (d, 2H, J = 8.4 Hz), 7.62 (d, 2H, 

J = 8.4 Hz), 7.58-7.49 (m, 4H, Ar), 4.90 (s, 2H, -CH 2 -). 

2.2.4.4. 6-(4-methylphenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4] thiadiazole-5-carbaldehyde (7d) . FT-IR (cm 

−1 ): 3125, 

3025, 2975, 2891, 1665, 1609, 1509, 1465, 1448, 1313, 1121. 1 H 

NMR (400 MHz, DMSO-d 6 ) δ: 9.94 (s, 1H, -CHO), 8.15 (d, 1H, J = 8.4 

Hz), 8.00-7.94 (m, 2H, Ar), 7.80 (d, 2H, J = 6.8 Hz), 7.61-7.52 (m, 3H, 

Ar), 7.43 (d, 2H, J = 8.4 Hz), 5.02 (s, 2H, -CH 2 -), 2.35 (s, 3H, -CH 3 ). 

2.2.4.5. 6-(4-methoxyphenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4] thiadiazole-5-carbaldehyde (7e) . FT-IR (cm 

−1 ): 3057, 

3005, 2936, 2836, 1661, 1607, 1524, 1482, 1395, 1253, 1176, 1110. 
1 H NMR (400 MHz, DMSO-d 6 ) δ: 10.00 (s, 1H, -CHO), 7.94 (d, 2H, 

J = 8.0 Hz), 7.88-7.84 (m, 1H, Ar), 7.75 (d, 2H, J = 8.4 Hz), 7.51-7.42 

(m, 4H, Ar), 6.97 (d, 2H, J = 8.8 Hz), 4.85 (s, 2H, -CH 2 -), 3.78 (s, 3H, 

-OCH 3 ). 

2.2.4.6. 2-(naphthalen-1-ylmethyl)-6-(4-nitrophenyl)imidazo[2,1- 

b][1,3,4]thiadiazole-5 carbaldehyde (7f) . FT-IR (cm 

−1 ): 30 6 6, 3005, 

2975, 2850, 1677, 1600, 1523, 1478, 1448, 1342, 1313, 1108. 1 H 

NMR (400 MHz, DMSO-d 6 ) δ: 10.07 (s, 1H, -CHO), 8.34 (d, 2H, 

J = 9.2 Hz), 8.25 (d, 2H, J = 9.2 Hz), 8.15 (d, 1H, J = 8.0 Hz), 8.00-7.95 

(m, 2H, Ar), 7.69 (d, 1H, J = 6.4 Hz), 7.61-7.53 (m, 3H, Ar), 5.05 (s, 

2H, -CH 2 -). 

2.2.4.7. 2-(naphthalen-1-ylmethyl)-6-(2-oxo-2H-chromen-3- 

yl)imidazo[2,1-b] [1,3,4]thiadiazole-5-carbaldehyde (7g) . FT-IR 

(cm 

−1 ): 3106, 3009, 2991, 2897, 1683, 1591, 1501, 1467, 1325, 1125. 
1 H NMR (400 MHz, DMSO-d 6 ) δ: 10.01 (s, 1H, -CHO), 8.49 (s, 1H, 

Coum-H), 8.13 (d, 1H, J = 8.0 Hz), 8.01-7.95 (m, 2H, Ar), 7.87 (d, 1H, 

J = 8.0 Hz), 7.71-7.67 (m, 2H, Ar), 7.62-7.53 (m, 3H, Ar), 7.48 (d, 1H, 

J = 7.6 Hz), 7.38 (t, 1H, J = 15.4 Hz), 5.04 (s, 2H, -CH 2 -). 

3 



C. B, S. Kumar, A.K. Gupta et al. Journal of Molecular Structure 1234 (2021) 130174 

2.2.5. Procedure for the preparation of 

2-(naphthalen-1-ylmethyl)-6-arylimidazo [2,1-b][1,3,4]thiadiazol-5-yl 

thiocyanate (8a-g) 

To a suspension of 8 mmol of potassium thiocyanate 

and 4 mmol of 2-(4-methoxybenzyl)-6-aryl-imidazo[2,1- 

b ][1,3,4]thiadiazole, 4 mmol of bromine (in 10 mL of glacial 

acetic acid) was added under ice at 0-5 °C. The reaction mixture 

was stirred for 3 h at room temperature, then poured into ice-cold 

water and filtered. The product was re-crystallized from ethyl 

alcohol. 

2.2.5.1. 2-(naphthalen-1-ylmethyl)-6-phenylimidazo[2,1- 

b][1,3,4]thiadiazol-5-yl thiocyanate (8a) . FT-IR (cm 

−1 ): 3091, 3065, 

3048, 2935, 2841, 2156, 1598, 1510, 1469, 1340, 1261, 1107. 1 H 

NMR (400 MHz, DMSO-d 6 ) δ: 8.19 (d, 1H, J = 8.0 Hz), 8.00-7.91 (m, 

4H, Ar), 7.70 (d, 1H, J = 6.0 Hz), 7.61-7.50 (m, 5H, Ar), 7.46-7.42 (m, 

1H, Ar), 5.06 (s, 2H, -CH 2 -). 

2.2.5.2. 6-(4-chlorophenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4]thiadiazol-5- yl thiocyanate (8b) . FT-IR (cm 

−1 ): 3101, 3055, 

2948, 2839, 2158, 1601, 1508, 1469, 1345, 1262, 1099. 1 H NMR 

(400 MHz, DMSO-d 6 ) δ: 8.16 (d, 1H, J = 8.0 Hz), 8.00-7.92 (m, 4H, 

Ar), 7.70 (d, 1H, 8.0 Hz), 7.60-7.53 (m, 5H, Ar), 5.06 (s, 2H, -CH 2 -). 

2.2.5.3. 6-(4-bromophenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4]thiadiazol-5- yl thiocyanate (8c) . FT-IR (cm 

−1 ): 3101, 3005, 

2905, 2839, 2166, 1599, 1515, 1475, 1339, 1275, 1111. 1 H NMR (400 

MHz, DMSO-d 6 ) δ: 8.07 (d, 1H, J = 8.0 Hz), 7.95-7.90 (m, 2H, Ar), 

7.83 (d, 2H, J = 8.4 Hz), 7.64-7.49 (m, 6H, Ar), 4.87 (s, 2H, -CH 2 -). 

2.2.5.4. 6-(4-methylphenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4]thiadiazol-5- yl thiocyanate (8d) . FT-IR (cm 

−1 ): 3046, 3017, 

2923, 2868, 2159, 1513, 1469, 1326, 1292, 1264, 1186, 1116. 1 H 

NMR (400 MHz, DMSO-d 6 ) δ: 8.04 (d, 1H, J = 8.4 Hz), 7.95-7.92 (m, 

2H, Ar), 7.83 (d, 2H, J = 8.0 Hz), 7.61-7.50 (m, 4H, Ar), 7.33 (d, 2H, 

J = 8.0 Hz), 4.89 (s, 2H, -CH 2 -), 2.17 (s, 3H, -CH 3 ). 

2.2.5.5. 6-(4-methoxyphenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1- 

b][1,3,4] thiadiazol-5-yl thiocyanate (8e) . FT-IR (cm 

−1 ): 3049, 

3005, 2945, 2878, 2161, 1598, 1491, 1475, 1255, 1111. 1 H NMR (400 

MHz, DMSO-d 6 ) δ: 7.97 (d, 1H, J = 8.4 Hz), 7.88-7.80 (m, 4H, Ar), 

7.53-7.42 (m, 4H, Ar), 6.96 (d, 2H, J = 8.8 Hz), 4.81 (s, 2H, -CH 2 -), 

3.80 (s, 3H, -OCH 3 ). 

2.2.5.7. 2-(naphthalen-1-ylmethyl)-6-(4-nitrophenyl)imidazo[2,1- 

b][1,3,4]thiadiazol-5-yl thiocyanate (8f) . FT-IR (cm 

−1 ): 3091, 3065, 

3048, 2935, 2841, 2156, 1598, 1510, 1469, 1340, 1261, 1107. 

2.2.5.8. 2-(naphthalen-1-ylmethyl)-6-(2-oxo-2H-chromen-3- 

yl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl thiocyanate (8g) . FT-IR 

(cm 

−1 ): 3071, 3049, 2977, 2928, 2158, 1708, 1606, 1483, 1372, 

1163, 1045. 1 H NMR (400 MHz, DMSO-d 6 ) δ: 8.45 (s, 1H, Ar), 

8.21-8.19 (m, 1H, Ar), 8.01-7.96 (m, 2H, Ar), 7.88-7.86 (m, 1H, Ar), 

7.72-7.69 (m, 2H, Ar), 7.59-7.55 (m, 3H, Ar), 7.51 (d, 1H, J = 8.4 Hz), 

7.42 (t, 1H, J = 16 Hz), 5.09 (s, 2H, -CH 2 -). 

2.6. Bio-evaluation 

The cytotoxicities of the compounds illustrated in 

Scheme 1 were studied against human cervix carcinoma HeLa, 

human T-lymphocyte CEM, and murine leukemia L1210 cell lines 

Scheme 1. Synthesis of 2-(naphthalen-1-yl)-methyl-5,6-disubstituted imidazo[2,1- b ][1,3,4]thiadiazole. 
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Table 1 

Chemical characterization of the synthesized compounds. 

R Code MF MW Yield % MP °C 

Ph 5a C 21 H 15 N 3 S 341.43 58 196-198 

4-Cl-Ph 5b C 21 H 14 ClN 3 S 375.87 61 198-200 

4-Br-Ph 5c C 21 H 14 BrN 3 S 420.32 64 198-202 

4-CH 3 -Ph 5d C 22 H 17 N 3 S 355.46 60 180-182 

4-OCH 3 -Ph 5e C 22 H 17 N 3 OS 371.45 58 194-196 

4-NO 2 -Ph 5f C 21 H 14 N 4 O 2 S 386.43 55 268-270 

2H-chromen-2-one-3-yl 5g C 24 H 15 N 3 O 2 S 409.46 62 220-222 

Ph 6a C 21 H 14 BrN 3 S 420.32 63 128-130 
4-Cl-Ph 6b C 21 H 13 BrClN 3 S 454.77 67 154-156 

4-Br-Ph 6c C 21 H 13 N 3 S 499.22 62 168-170 

4-CH 3 -Ph 6d C 22 H 16 BrN 3 S 434.35 61 152-154 

4-OCH 3 -Ph 6e C 22 H 16 BrN 3 OS 450.53 65 138-140 

4-NO 2 -Ph 6f C 21 H 13 BrN 4 O 2 S 465.32 67 184-186 

2H-chromen-2-one-3-yl 6g C 24 H 14 BrN 3 O 2 S 488.36 58 226-228 

Ph 7a C 22 H 15 N 3 OS 369.44 52 154-156 

4-Cl-Ph 7b C 22 H 14 ClN 3 OS 403.88 51 172-174 

4-Br-Ph 7c C 22 H 14 BrN 3 OS 448.34 48 138-140 

4-CH 3 -Ph 7d C 23 H 17 N 3 OS 383.47 50 102-104 

4-OCH 3 -Ph 7e C 23 H 17 N 3 O 2 S 399.46 52 90-92 

4-NO 2 -Ph 7f C 22 H 14 N 4 O 3 S 414.44 53 170-172 

2H-chromen-2-one-3-yl 7g C 25 H 15 N 3 O 3 S 437.47 48 98-101 

Ph 8a C 22 H 14 N 4 S 2 398.50 58 148-150 
4-Cl-Ph 8b C 22 H 13 ClN 4 S 2 432.95 61 144-146 

4-Br-Ph 8c C 22 H 13 BrN 4 S 2 477.40 60 146-148 

4-CH 3 -Ph 8d C 23 H 16 N 4 S 2 412.53 60 102-104 

4-OCH 3 -Ph 8e C 23 H 16 N 4 OS 2 428.52 61 160-162 

4-NO 2 -Ph 8f C 22 H 13 N 5 O 2 S 2 443.50 60 264-266 

2H-chromen-2-one-3-yl 8g C 25 H 14 N 4 O 2 S 2 466.53 57 258-260 

[36] . The IC 50 values were calculated and expressed in μM. All 

experiments were performed in triplicate. 

2.7. Computational study 

2.7.1. Details of theoretical calculations 

Optimized structures of all compounds were obtained using the 

6-311G(d) basis set [ 37 ] and DFT/B3LYP density functional theory 

[ 38 , 39 ] in Gaussian 09 [ 40 ]. AutoDock Vina [ 41 ], which includes 

Lamarckian genetics, was used in PyRx software [ 42 ] as the scor- 

ing algorithm for molecular docking virtual screening operations. 

Some molecular descriptors commonly used in absorption, distri- 

bution, metabolism, and elimination (ADME) analysis were calcu- 

lated using the FAF-Drugs4 webserver [ 43 ]. 

2.7.2. Molecular dynamics simulation studies Scheme 1 

Desmond’s Schrodinger tool was used to perform molecular dy- 

namics (MD) simulation studies, which led to the understanding 

of the binding of ligand-protein complex in the simulated phys- 

iological solvent-based system [ 44 , 45 ]. EGFR pdbID: 1M17 trun- 

cated to remove C and N terminal loops. The fixed structure of 

the EGFR (residues: 684-951) was used for molecular dynamics. 

The Molecular Dynamic simulation is performed for 20ns in all 

chemicals using Desmond under the isothermal-isobaric ensem- 

ble at temperatures and pressures set at 300K and 1.013 bar, re- 

spectively. TIP4PEW was used as a solvent model. The bound- 

ary is set to 8 ̊A in the form of a box that is orthorhombic. NaCl 

salt at 0.15M was added, Cl-counter ions were added to neutral- 

ize the system. The recording interval trajectory, every 25 ps and 

10 0 0 frames were captured throughout simulation. Root means 

square deviation (RMSD) calculated by all complex protein com- 

binations. The RMSD shows a moderate change in the location of 

selected atoms in atoms by comparisons made with the trajectory 

framework. 

3. Results and discussion 

3.1. Chemistry 

5-(Naphthalen-1-yl)-methyl-1,3,4-thiadiazole-2-amine ( 3 ) was 

prepared by slowly adding naphthalene-1-acetic acid ( 1 ) with stir- 

ring to a suspension of thiosemicarbazide ( 2 ) in sulfuric acid at 

60-70 °C for 8 h and cooled to room temperature, added to water, 

and made basic with an ammonia solution. Different 6-substituted 

2-(naphthalen-1-yl)-methylimidazo[2,1- b ][1,3,4]thiadiazoles ( 5a-g ) 

were obtained by reacting 3 with α-bromo ketones ( 4 ) in ethyl al- 

cohol by heating for 12 h and neutralizing with aqueous sodium 

carbonate. The electrophilic substitution reaction was performed at 

the 5 th position of the imidazothiadiazoles ( 5 ) to get compounds 

6a-g, 7a-g , and 8a-g ( Scheme 1 ). 

Infrared spectroscopy exhibited characteristic C-H stretching vi- 

brations in the range of 3129-30 0 0 cm 

−1 . Aliphatic C-H stretch- 

ing vibrations were seen between 2999 and 2850 cm 

−1 and C = O 

stretching vibrations between 1720 and 1640 cm 

−1 for deriva- 

tives 5g, 6g, 7a-g , and 8g . The derivatives of SCN ( 8a-g ) exhibited 

stretching vibrations between 2170 and 2150 cm 

−1 . 

Protons of the imidazole at C 5 were exhibited at 8.92-8.49 

ppm for derivatives 5a-g in their 1 H NMR spectra, which confirms 

the reaction between aminothiadiazole ( 3 ) and the respective 2- 

bromoketone ( 4 ) derivatives. Substitution at the C 5 position of im- 

idazothiadiazole was confirmed by the absence of the C 5 -H proton 

in the respective derivatives ( 6a-g, 7a-g , and 8a-g ). 

The presence of a formyl proton was observed for compounds 

7a-g at 10.09 and 9.94 δ ppm for their respective proton NMR, 

which confirms the Vilsmeier-Haack reaction on the imidazothia- 

diazole derivatives ( 5a-g ). 

All the compounds containing aromatic proton signals exhibited 

prominent multiplet signals between 8.55 and 6.97 δ ppm. The 

methylene proton (C2 of imidazothiadiazole) was seen between 

5.05 and 4.85 δ ppm as a singlet. Methoxy protons of derivatives 

5 
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Fig. 2. 3D interactions between the 1m17 receptor and compounds a) co-ligand, b) 5c , c) 5g , and d) 6g . 

5g, 6g, 7g , and 8g were observed as singlets between 3.80 and 3.75 

δ ppm. Methyl protons for derivatives 5d, 6d, 7d , and 8d appeared 

as singlets between 2.35 and 2.30 δ ppm. Chemical characteriza- 

tion of the synthesized compounds is given in Table 1 . 

3.2. Cytotoxicity study 

Evaluation of the cytotoxic activity of 5-(naphthalen-1-yl)- 

methyl-6-aryl-imidazo[2,1 -b ][1,3,4]-thiadiazole derivatives was per- 

formed with leukemia murine and human cell lines. 

The cytotoxicities of the 27 derivatives of imidazo[2,1- 

b ][1,3,4]thiadiazoles and standards melphalan and levamisole were 

studied by screening using the CEM, HeLa, and L1210 cells. Among 

the series of 5a-g against these three cell lines, only 5g exhibited 

equipotent activity against L1210 [2.1 μM] and HeLa cells [4.0 μM] 

in comparison to standard melphalan [2.13 μM], and it was very 

much potent in comparison to levamisole [206 μM to > 250 μM]. 

The remaining derivatives ( 5a-f ) were poor in cytotoxicity for all 

three cell lines tested. Introduction of bromine at the 5 th position 

of imidazothiadiazole gave 5-bromo derivatives 6a-g in good yield. 

Among these 5-bromo derivatives, only 6g emerged as the most 

potent cytotoxic compound against L1210 [3.4 μM] and HeLa cells 

[4.5 μM]. This clearly reveals that 2H-chromen-2-one-3-yl substi- 

tution was preferred over the phenyl group at the 6 th position of 

the parent fused heterocyclic ring. The remaining 5-bromo deriva- 

tives failed to emerge as cytotoxic compounds against the tested 

cell lines. Formyl group substitution was introduced at the 5 th po- 

sition by Vilsmeier-Haack reaction on the imidazothiadiazole fused 

ring to give compounds 7a-g in good yields. Most of these formyl 

derivatives became good cytotoxins against all three cell lines in 

the range of 4.4-9.7 μM in comparison to the standard drug mel- 

phalan [1.4-2.13 μM]. Introduction of the thiocyanate (–SCN) group 

was carried out at the C 5 position of the imidazothiadiazole fused 

ring, which resulted in the formation of 5-thiocyanate compounds 

8a-g . Thiocyanate-derivative imidazothiadiazoles were moderately 

cytotoxic against all three cells, especially against HeLa cells. Com- 

pound 8e (IC 50 : 9.8 μM) emerged as having the most potent cyto- 

toxic activity against cervix carcinoma cells. 

Table 2 

Antiproliferative effects of the compounds on L1210, CEM and HeLa cells. 

Compound 

IC 50 
∗ (μM) 

L1210 CEM HeLa 

5a 116 ± 6 138 ± 13 87 ± 2 

5b 94 ± 49 108 ± 33 78 ± 13 

5c > 250 111 ± 20 ≥ 250 

5d > 250 > 250 > 250 

5e 131 ± 20 111 ± 7 120 ± 36 

5f 116 ± 15 121 ± 6 117 ± 52 

5g 2.1 ± 0.8 ∗∗ 80 ± 5 ∗∗ 4.0 ± 3.1 ∗∗

6a ≥ 250 136 ± 84 > 250 

6b 120 ± 13 82 ± 12 79 ± 14 

6c 94 ± 14 71 ± 0 66 ± 18 

6d 113 ± 21 77 ± 2 81 ± 8 

6e 70 ± 10 51 ± 5 75 ± 2 

6f 71 ± 54 64 ± 17 85 ± 4 

6g 3.4 ± 1.5 54 ± 6 4.5 ± 0.8 

7a 9.7 ± 0.1 7.9 ± 1.6 8.2 ± 0.8 

7b 5.0 ± 0.5 5.4 ± 0.3 4.6 ± 0.4 

7c 4.8 ± 0.3 4.9 ± 0.4 4.4 ± 0.5 

7d 127 ± 4 113 ± 3 86 ± 14 

7e 4.9 ± 0.5 5.0 ± 0.0 7.7 ± 0.2 

7f 107 ± 21 95 ± 11 74 ± 12 

7g NT NT NT 

8a 57 ± 39 44 ± 34 13 ± 8 

8b 66 ± 0 40 ± 21 13 ± 6 

8c 79 ± 31 51 ± 0 27 ± 6 

8d 82 ± 11 42 ± 20 25 ± 5 

8e 62 ± 35 53 ± 1 9.8 ± 1.9 

8f 126 ± 4 103 ± 5 70 ± 5 

8g 16 ± 3 70 ± 10 28 ± 22 

Melphalan 2.13 ±0.02 1.4 ±0.4 NT 

Levamisole 206 > 250 > 250 

In general, the 5-thiocyanate derivatives exhibited moderate 

and the 5-formyl derivatives exhibited good cytotoxicity in com- 

parison to the positive controls, melphalan and levamisole. 

Electrophiles such as bromine, formyl, and thiocyanate groups 

were substituted at the 5 th position and aryl groups at the 6 th po- 

sition of the 2-(naphthalen-1-ylmethyl)-imidazothiadiazole fused 

ring, respectively, to understand the structure-activity relationship 
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Fig. 3. 2D interactions between 1m17 receptor and compounds a) co-ligand b) 5c , c) 5g , and d) 6g . 

Fig. 4. Root mean square deviation (RMSD) plot of ten different ligands seen during Molecular Dynamics simulation (MD) run for the protein backbone (blue) and the 

ligands (red) 7b, 7c, 7e, 7f, 7g , and 8g . 

(SAR). The presence of the bromine atom did not produce much 

improvement in cytotoxic activity against all three cell lines tested 

except for compound 5g against L1210 leukemia cells [2.1 μM] 

and against HeLa cervix carcinoma cells [4.0 μM]. Compound 5g 

emerged as equipotent with the standard drug melphalan. This 

was due to the presence of 2 H -1-benzopyran-2-one-3-yl at the C 6 

position of the imidazothiadiazole-fused ring. Formyl group sub- 

stitution at C 5 of the imidazothiadiazole-fused ring provided good 

cytotoxins as many of these compounds became potent except 7d 

and 7f . The third set of modifications done by thiocyanate substi- 

tution at the C 5 position of the imidazothiadiazole-fused ring gave 

compounds with moderate cytotoxicity against all three cell lines 

tested. Among these thiocyanate derivatives, only compound 8e 

proved to be a good cytotoxin against HeLa cells [9.8 μM] ( Table 2 ). 

3.3. Molecular docking and calculation of physicochemical and ADME 

properties 

Table 3 shows the molecular weight (MW), human oral absorp- 

tion percentage, indicator of hydrophobicity (logP), topological po- 

lar surface area (tPSA), and violation of Lipinski’s rule of five (Ro5) 

[46] calculated for all compounds. The Ro5 was developed by Lip- 

inski et al . as a guide to designing molecules that can be used 

orally and it has had a notable impact on drug discovery strate- 

gies. Four key parameters were selected for 90% of the molecules 

studied that could be taken orally: 

• A molecular weight (MW) below 500 Da 
• A calculated octanol-water coefficient (CLogP) smaller than 5 
• No more than 5 hydrogen bond donors 
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Table 3 

The pharmacological properties of virtual screening and rationally designed compounds. 

Compounds Binding Affinity 

(kcal/mol) 

MW logP tPSA Rotatable 

Bonds 

Flexibility HBD HBA Lipinski 

Violation 

Solubility 

(mg/L) 

Solubility 

ForecastIndex 

Oral 

Bioavailability 

VEBER 

Fsp 3 

5a -9.0 341.43 5.72 58.43 3 0.1 0 3 1 1046.22 Reduced 

Solubility 

Good 0.05 

5b -8.9 375.87 6.34 58.43 3 0.1 0 3 1 629.48 Reduced 

Solubility 

Good 0.05 

5c -8.8 420.32 6.41 58.43 3 0.1 0 3 1 511.31 Reduced 

Solubility 

Good 0.05 

5d -9.1 355.46 6.08 58.43 3 0.1 0 3 1 819.85 Reduced 

Solubility 

Good 0.09 

5e -8.8 371.45 5.69 67.66 4 0.13 0 4 1 1069.18 Reduced 

Solubility 

Good 0.09 

5f -9.1 386.43 5.54 104.25 4 0.13 0 6 1 1093.8 Reduced 

Solubility 

Good 0.05 

5g -10.3 409.46 5.71 88.64 3 0.09 0 5 1 812.93 Reduced 

Solubility 

Good 0.04 

6a -9.2 420.32 6.74 58.43 3 0.1 0 3 1 415.33 Reduced 

Solubility 

Good 0.05 

6b -8.9 454.77 7.37 58.43 3 0.1 0 3 1 244.05 Reduced 

Solubility 

Good 0.05 

6c -8.6 499.22 7.43 58.43 3 0.1 0 3 1 195.83 Reduced 

Solubility 

Good 0.05 

6d -9.0 434.35 7.11 58.43 3 0.1 0 3 1 321.02 Reduced 

Solubility 

Good 0.09 

6e -8.8 450.35 6.71 67.66 4 0.13 0 4 1 418 Reduced 

Solubility 

Good 0.09 

6f -9.1 465.32 6.57 104.25 4 0.13 0 6 1 422.06 Reduced 

Solubility 

Good 0.05 

6g -10.3 488.36 6.74 88.64 3 0.09 0 5 1 310.69 Reduced 

Solubility 

Good 0.04 

7a -9.0 369.44 5.51 75.5 4 0.13 0 4 1 1184.03 Reduced 

Solubility 

Good 0.05 

7b -8.9 403.88 6.14 75.5 4 0.13 0 4 1 703 Reduced 

Solubility 

Good 0.05 

7c -8.7 448.34 6.2 75.5 4 0.13 0 4 1 570.42 Reduced 

Solubility 

Good 0.05 

7d -9.0 383.47 5.88 75.5 4 0.13 0 4 1 916.81 Reduced 

Solubility 

Good 0.09 

7e -8.8 399.46 5.48 84.73 5 0.16 0 5 1 1198.47 Reduced 

Solubility 

Good 0.09 

7f -9.2 414.44 5.34 121.32 5 0.15 0 7 1 1217.01 Reduced 

Solubility 

Good 0.05 

7g - - - - - - - - - - - - - 

8a -9.1 398.5 6.61 107.52 4 0.13 0 4 1 533.37 Reduced 

Solubility 

Good 0.05 

8b -9.7 432.95 7.24 107.52 4 0.13 0 4 1 314.71 Reduced 

Solubility 

Good 0.05 

8c -8.7 477.4 7.3 107.52 4 0.13 0 4 1 253.66 Reduced 

Solubility 

Good 0.05 

8d -9.4 412.53 6.98 107.52 4 0.13 0 4 1 411.89 Reduced 

Solubility 

Good 0.09 

8e -9.0 428.53 6.58 116.75 5 0.16 0 5 1 536.91 Reduced 

Solubility 

Good 0.09 

8f -8.5 443.5 6.44 153.34 5 0.15 0 7 1 543.88 Reduced 

Solubility 

Good 0.05 

8g -9.7 466.53 6.61 137.73 4 0.11 0 6 1 401.48 Reduced 

Solubility 

Good 0.04 

Melphalan -5.8 305.2 -0.69 71.01 8 0.53 3 4 0 125389.7 Good Solubility Good 0.46 

Levamisole -6.0 204.29 1.84 40.9 1 0.06 0 2 0 19086.31 Good Solubility Good 0.36 

Co-ligand -7.2 393.44 3.19 74.73 10 0.36 1 7 0 8316.35 Reduced 

Solubility 

Good 0.27 

• No more than 10 hydrogen bond acceptors 

The results in Table 3 indicate that other compounds having ex- 

perimental activity besides the co-ligand violate the Ro5. Another 

important value is the tPSA (recommended value: ≤140 Å 

2 ) [47] , 

and this value was within the recommended range for all com- 

pounds except 8f . On the other hand, Fsp 

3 (fraction of saturated 

carbons) is a newer index indicating drug similarity [48] . Lover- 

ing et al . [49] pointed out that a decreasing Fsp 

3 value leads to 

increased CYP inhibition effect. The Fsp 

3 values of all compounds 

were found to be lower than those of the co-ligand, melphalan, 

and levamisole. 

In addition, Table 3 shows the pharmacological properties of 

the compounds as well as their binding affinities, and compounds 

5g, 6g, 7a, 7b, 7c, 7e and 8e found to be effective in in vitro stud- 

ies, and exhbited the highest binding affinity results compared to 

the co-ligand, melphalan, and levamisole. Similarly, in vitro study 

showed that the docking score of compound 5c , which had the 

lowest activity, was also low. 
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Table 4 

Prominent molecular interactions towards 1m17 EGFR receptor domain. 

Compound Hydrogen bond Hydrophobic Interactions Others (Ionic, Water) 

5a Met769 Leu694, Ala719, Leu820, Met769 Leu694, Cys773 

5b Met769 Leu694, Val702, Ala719, Leu820, Met769 Leu694, Cys773 

5c Met769 Leu694, Ala719, Met742, Leu820 Met769 

5d – Leu694, Ala719, Met742, Leu820 Leu694, Met769 

5e Met769 Leu694, Ala719, Lys721, Met742, Leu820 Leu694, Lys704, Pro770, Glu780 

5f – Leu694, Phe699, Val702, Ala719, Met742, Leu820 Gln767, Met769 

5g Met769 Leu694, Val702, Ala719, Leu820 Leu694 

6a – Leu694, Ala719, Lys721, Leu768, Leu820 –

6b – Leu694, Val702, Leu768, Leu820 –

6c – Leu694, Phe699, Val702, Leu820 Leu694, Met769 

6d Met769 Leu694, Ala719, Met742, Leu820 Met769, Pro770 

6e – Leu694, Val702, Leu768 Lys721, Glu738, Asp831 

6f Lys721 

Leu694, Phe699, Val702, Leu820, Lys721 Lys721, Thr766, Gln767, Met769, Asp831 

6g Met769 

Leu694, Val702, Ala719, Phe771, His781, Leu820 Leu694 

7a Met769 Leu694, Val702, Ala719, Leu820 –

7b Met769 Leu694, Val702, Ala719, Lys721, Leu820 Lys721, Met769 

7c Met769 

Leu694, Val702, Ala719, Leu764, Leu768, Leu820 –

7d Met769, Lsy721 Leu694, Val702, Ala719, Leu820 Lys721, Met769, Asp831 

7e Met769 Leu694, Ala719, Lys721, Met742, Leu820 Lys704, Met769, Pro770 

7f Met769 Val702, Ala719, Met769, Leu820 Leu694 

7g Thr830 Leu694, Ala719, Lys721, Met742, Leu768 Lys721, Thr830, Asp831 

8a Met769, Cys773 Leu694, Phe699, Leu820 Cys773, Asp776 

8b Met769 Leu694, Ala719, Lys721, Met742, Leu820 Cys773, Asp776 

8c – Leu694, Lys721, Leu768 Ser696, Met769 

8d Met769, Cys773 Leu694, Ala719, Lys721, Met742, Leu820 Pro770, Cys773, Asp776 

8e Met769 Leu694, Ala719, Lys721, Met742 Met769, Lys704, Pro770, Asp776 

8f Met769 Leu694, Phe699, Leu820 Leu694, Met769, sp776 

8g Met769, Thr830 Val702, Ala719, Leu768, Leu820 Arg817, Thr830, Asp831 

Fig. 5. Protein ligand contact for the compounds 7b, 7c, 7e, 7f, 7g, and 8g . 

The properties are PhysChem and FAFDrugs filters. HBD: hydro- 

gen bond donor; HBA: hydrogen bond acceptor; tPSA: topological 

polar surface area; LogP: indicator of hydrophobicity. 

In molecular docking studies, the X-ray crystal structure 

(1m17) of EGFR was used as a target and [6,7-bis(2-methoxy- 

ethoxy)quinazoline-4-yl]-(3-ethynyl phenyl)amine, the inhibitor of 

this crystal structure, was used as the co-ligand. The 1m17 receptor 

and all compounds were prepared for docking operations using the 

protein and ligand preparation wizards in the PyRx package. Dock- 

ing operations were performed using similar protocols to our pre- 

vious study [50] for all compounds, the co-ligand molecules, and 

standards melphalan and levamisole, and the docking scores of all 

compounds are shown in Table 3 . The 3D interactions between the 

receptor and 5c, 5g, 6g , the co-ligand, and standards melphalan 

and levamisole are shown in Fig. 2 . 

Figure 3 shows the 3D representation of the co-ligand settling 

in the active binding sites of the target protein and compounds 5g 

and 6g , which had high docking scores, and compound 5c , which 

had a low docking score. Finally, as shown in Fig. 2 , all 4 ligands 

were also observed to be oriented parallel to each other at receptor 

binding sites. 

Molecular Dynamics (MD) simulation studies provide an under- 

standing of the molecular complex of protein-ligand complex in- 

teractions and their stability in simulated physiological conditions, 

employing a Desmond Maestro module. MD simulations were per- 

formed on all synthesized compounds. The frame was taken dur- 
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Fig. 6. Protein ligand timeline for the compounds 7b, 7c, 7e, 7f, 7g, and 8g . 

ing the 25 ps simulation and kept in trajectory and was followed 

by the production of 10 0 0 frames in each combination over a sim- 

ulation time of 25 ns. The ‘Ligfit Episode’ shows the RMSD (Root 

Mean Square Deviation) structure of ligand and protein structure. 

In all compounds, protein-ligand interactions or contacts are ob- 

served; in particular the interaction was three types or otherwise 

four types: hydrogen bonds, hydrophobic intercations, ionic bridges 

and water ( Table 4 ). Most of the compounds showed strong hy- 

drogen bond interaction with residue MET769, except for the com- 

pounds 5d, 5f, 6a-c, 6e and 8c . In addition to Met769, compounds 

8a and 8d formed hydrogen bond with residue CYS773, 7d with 

residue LYS73 and 8g with residue THR830. Concerning hydropho- 

bic interactions, residues LEU694, ALA719, and LEU820 were the 

commonly involved binding with most of the compounds. Besides 

these there were some ionic and water bridge interactions ob- 

served for most of the compounds ( Fig.S1 ). Among the performed 

molecular dynamics-based simulation studies, the enzyme com- 

plex with the compounds 7b, 7c, 7e, 7f, 7g , and 8g showed more 

stable binding based on RMSD plot shown in Figs. 4–6 and ob- 

served interactions. 

4. Conclusions 

Cytotoxic activities for 28 compounds and two standards were 

tested against L1210, CEM, and HeLa cells. Among these com- 

pounds, 5g, 6g, 7a, 7b, 7c , and 7e emerged as the most potent. 

Overall, formyl substitution was preferred at the 5 th position of 

the imidazo[2,1- b ][1,3,4]thiadiazole nucleus as most of the formyl 

compounds were cytotoxic to all three tested cell lines. The order 

of potency at the 5 th position was CHO > SCN > Br > H. The potency 

of these compounds was supported by a docking study against the 

1m17 EGFR receptor. In molecular docking studies, it was observed 

that all compounds had higher docking scores than [6,7-bis(2- 

methoxy-ethoxy)quinazoline-4-yl]-(3-ethynylphenyl)amine, an in- 

hibitor of the 1m17 receptor. Molecular dynamics simulation study 

of the synthesized compounds led to the selection of 6 potent 

compounds ( 7b, 7c, 7e, 7f, 7g, and 8g ) with the good enzyme 

binding property. These in silico study was supported by in vitro 

results showed that compounds 7b, 7c, and 8g were most cytotoxic 

among tested compouds against all three cell lines tested. However 

further in vivo and other biochemical study required to strengthen 

these compounds as molecules. 
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Qualitative and Quantitative Study of Intermolecular
Interactions in Imidazo[2,1-b] [1,3,4] Thiadiazoles
Ammankallu Sowmya,[a] Gudibande N. Anil Kumar,*[a] Sujeet Kumar,[b] and Subhas S. Karki[b]

The crystal structures of three Imidazo [2, 1-b] [1, 3, 4]
thiadiazole derivatives were determined by single crystal x-ray
diffraction method. All compounds are crystallized under
monoclinic crystal system, P21 space group. In solid-state, the
crystal structures are primarily stabilized by C� H…O hydrogen
bonds. The chloro and bromo substituted structures exhibits
sigma hole involved S…O and S…N non-bonding interactions.
A detailed analysis of crystal packing with the evaluation of
interaction energies of molecular pairs extracted from both

PIXEL and quantum chemical methods were presented in
detail. In addition, Hirshfeld 2D fingerprint plots are used to
estimate intermoleular interactions quantitatively. The iso-
structurality present in the crystal packing was investigated
using XPAC analysis. The molecular electrostatic potential
(MEP) was mapped to identify the reaction sites of the
molecules. Further nonlinear optical properties are calculated
using Density functional theory.

1. Introduction

Thiadizole derivatives have exhibited attractive pharmacolog-
ical properties and biological activities.[1] Particularly, Imidazo
Thiadizole derivatives achieved special importance because of
their uses in drug industry especially in the remedy of
antitumor, anti-tubercular, antimicrobial, antifungal, anticonvul-
sant, analgesic, anti-inflammatory, aesthetic, and cytotoxic
activities.[2–6] Drug design requires all the basic knowledge of
intermolecular interaction and also the reactive sites in the
molecule. Determination of crystal structure, provides complete
information on packing modes, interactions among the mole-
cules in the solid state. Hence the nature of strong as well as
weak interactions plays a significant role in design of new
solids.[7] By studying the precise geometry and electrostatic
properties one can predict the active site interaction between
inhibitor and receptor. It is observed that presence of halogen
atoms alters the packing of crystal structure as well as the
interaction energy. In view of this we have undertaken in
detailed analysis of intermolecular interactions in thiadizole
derivatives namely 2-(4-methoxybenzyl)-6-phenylimidazo[2,1-
b][1,3,4]thiadizole (TDZ1), 6-(4-Chlorophenyl)-2-[(4-meth-
oxyphenyl)methyl]imidazo[2,1-b][1,3,4] thiadiazole (TDZ2). 6-(4-
Bromophenyl)-2-[(4-methoxyphenyl) methyl] imidazo[2,1-b]
[1,3,4] thiadiazole(TDZ3) [Scheme 1]. The compounds show

weak hydrogen bonds like C� H…X (X= O, N, S, halogens and
π-electrons) and also unconventional noncovalent interactions
like sigma hole interactions involving Sulfur atom.[8] The
interactions with Sulfur involving positive potential have been
investigated in terms of protein stability whereas less explored
in crystal engineering. Due to increasing interest towards
understanding these interactions in solids, quantitative inves-
tigation of these interactions using various computational tools
provides a platform for evaluating the role of different atom
contacts that contribute towards crystal packing.[9–11]

2. Results and Discussion

2.1. Crystal structures and ESP maps

The ORTEP plots of all three structures are shown in Fig1 and
corresponding crystal data in Table1. In the three molecules
TDZ1, TDZ2, and TDZ3 dihedral angle between the meth-
oxybenzyl ring and mean plane of imidazo thaiadiazole moiety
were 77.25(2)°, 83.98(4)°, and 84.19(3)° respectively. Also the
phenyl, chlorobenzyl, bromobenzyl rings were making dihedral
angle of 8.98(2)°, 3.06(3)° and 3.45(2)° respectively with mean
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Scheme 1. Chemical scheme of TDZ compounds.
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plane of imidazo thaiadiazole ring. &&Dear author please
mention Figure 1&&

In all the compounds, delocalization of sulfur atom lone
pair was observed and it is reflected in the variation S� C bond
and C� S� C bond angles from normal values in imidazo[2,1-

b][1,3,4]thiadiazole moiety [C� S=1.82 Å; C� S� C=87.0°].[12] In
TDZ1, the deviation was S1� C9=1.736(3) Å; S1� C8=1.759(4)
Å, C8� S1� C9= 87.73(2)° while TDZ2 shows deviation of
S1� C10=1.740(5)Å; S1� C9= 1.727(5); C9� S1� C10=88.39(4)°
whereas, in TDZ3 S1� C9=1.732(5) Å; S1� C10= 1.751(5) Å;
C9� S1� C10=87.61(2)° &&Dear author please mention Ta-
ble 1&&

ESP maps shows how the total charge in the molecule is
distributed. The positive (blue colour) and negative regions
(red colour) in ESP map shows electrophilic and nucleophilic
attack sites and hence chemical reactivity of the compound
can be predicted.[13] From the Figure 2, it is noticed that chloro
(TDZ2) and bromo (TDZ3) substituted molecules shows more
electronegative sites than TDZ1 which may be due to presence
of electronegative halogen atoms. Further ESP map helps to
confirms presence of chalcogen interactions of the type S…O
and S…N interactions in all three molecules. (Figure 3).

2.2. Crystal packing and energetics

All the three compounds consist of different intra and inter
molecular interactions. The robustness of these interactions are
measured in terms of interaction energy which is calculated
using PIXEL method, later it is evaluated by BSSE counterpoise-
corrected DFT method at basis sets B3LYP/6-31G(d,p) using
Grimme’s D2 dispersion correction[14–17][Table 2]. Various inter-
molecular interactions between molecular pair as shown in
supplementary section figures.

Most stable molecular contact in TDZ1 results from C� H…N
[d H7B…N3 = 2.572(2)Å], interactions. They contribute energy of
� 48.8 kJ/mol which is dispersive in nature. Motif B shows
presence of S…N [d S1…N1:3.368(2)Å; Vdw radii S…N= 3.35 Å]
interactions which is ∼0.02 Å longer than the sum of the van
der Waals radii of sulfur and nitrogen with energy of � 40.6 kJ/Figure 1. ORTEP diagram of molecules with atomic labelling scheme drawn

at 50 % probability level. (Below) Overlay diagram of molecules.

Table 1. Crystallographic data and refinement parameters.

TDZ1 TDZ2 TDZ3

Chemical formula C18H15N3OS C18H14ClN3OS C18H14BrN3OS
Formula weight 321.40 355.83 400.29
Crystal system Monoclinic Monoclinic monoclinic
space group P21 P21 P21

Temperature (K) 296 296 296
a (Å) 9.3554 (6) 8.1937 (7) 8.3591(12)
b (Å) 5.7058 (3) 5.5151 (5) 5.4698(10)
c (Å) 14.7126 (8) 18.7241 (18) 18.712(3)
α (°) 90 90 90
β (°) 98.979 (6) 100.584 (9) 101.023(8)
γ (°) 90 90 90
V (Å3) 775.73 (8) 831.73 (13) 839.8(2)
Z 2 2 2
No. of measured, independent and observed [I >2σ(I)] reflections 3183, 2171, 1866 3463, 2149, 1905 10122, 3823, 2969
R[F2 >2σ(F2)],
wR(F2), S

0.036, 0.096, 1 0.044, 0.128, 1.01 0.041, 0.100, 0.98

No. of reflections 2171 2149 3823
No. of parameters 211 219 218
Δ1max, Δ1min

(e Å� 3)
0.15, � 0.19 0.15, � 0.22 0.34, � 0.46

Flack paramter 0.08(12) � 0.13(15) 0.020(8)
CCDC Number 1489501 1495633 1937439
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mol. Motif C includes C� H…Cg1 [d H14…Cg1= 3.632(4)Å, Cg1
includes C1� C6] interaction whose energy being � 32.1 kJ/mol.

Motif D of TDZ2 provides total interaction energy of
� 38.2 kJ/mol and it comprises of non-covalent S…O interac-
tion which is ∼0.2 Å shorter than the sum of the van der Waals
radii of sulfur and oxygen. [d S1…O1 =3.129(3) Å; Vdw radii S…
O=3.32 Å]. Motif E was supported by C� H…Cg interaction
involving C11� H11 A…Cg2 (Cg2 includes C1� C6) [dH11B…Cg2 =

3.172(5)Å].It provides energy of � 30.79 kJ/mol towards stabili-
zation of structure. Dispersive natured hydrogen bond C� H…N
interaction [dH6…N2 = 2.619(2)Å] contribute energy of � 15.2 kJ/
mol.

TDZ 3 is primarily stabilized by S…O shorter than the sum
of sulfur and oxygen van der Waals radii [d S1…O1 =3.152(2)Å;
Vdw radii S…O= 3.32 Å] interactions (motif G) with interaction
energy being � 37.3 kJ/mol. Motif H consist of C� H…Cg [d
H11 A…Cg3=3.088(6)Å, Cg3 consist of C1-C6] interaction with
energy of � 29.4 kJ/mol. Motif I consist of classical hydrogen
bond C� H…N [d H6…N2 = 2.607(3)Å] interaction which
provides energy of � 16 kJ/mol towards crystal stabilization.

2.3. Hirshfeld Surface Analysis and Finger print plots

Hirshfeld Surface Analysis and finger print plots[18,19] are the
visualizing tool which helps to understand the intermolecular
interactions compounds. On the basis of van der wall radii
Hirshfeld surface is mapped on dnorm and shape index property
Figure (3). In hirshfeld surface positive dnorm, Negative dnorm and
dnorm zero are represented with by dark blue and red and white
colour.2D-fingerprint plots presents division of Hirshfeld surface
into contribution of different intermolecular interaction in
crystal structure.

TDZ1 shows maximum percentage of H…H (41.8 %) inter-
actions whereas TDZ2 and TDZ3 shows shows 31.6 % and
31.1 % of H…H interaction respectively. H…H interaction
occupies the middle of fingerprint plots. Next comes the C� H
interactions in which TDZ1 Shows 16.5 % and TDZ2, TDZ3
shows 15.2 %. H…N interactions in TDZ1, TDZ2, TDZ3 are
respectively 4.5 %, 6.4 % and 5 %.

The chalcogen S…N interaction is more in TDZ 1 (2.8 %)
and it is 0.7 % in TDZ 2 and TDZ 3. The S…O interaction is
found to be absent in TDZ1 and it is 0.9 % in case of TDZ2 and
TDZ3. The C…C interaction in TDZ2 and TDZ3 are 1.4 % and
1.1 % respectively and is again absent in TDZ1 which shows
there is no Cg…Cg interaction in TDZ1. Along with these S…H
and O…H contribute a small percentage in total Hirshfeld
surface. The static deformation density maps calculated using
crystal explorer show the anisotropic electron-density distribu-
tion around the S atom and the corresponding molecular
graphs also confirms the S…O and S…N interactions.

Figure 2. MEP Plots of molecules with σ holes.

Table 2. List of intermolecular interaction energies (kJ/mol).

motif symmetry centroid distance
(Å)

Ecol Epol Edis Erep E tot E tol

(BSSE
CPGD2 IE)

Important Interactions
TDZ1

A � x+ 1, y� 1=2, � z+1 5.147 � 17.4 � 7.1 � 50 25.6 � 48.8 � 51.33 C7� H7B…N3
B x, y� 1, z 5.706 � 12.7 � 5.9 � 43.9 21.9 � 40.6 � 41.04 S1…N1
C � x+ 2, y� 1=2, � z+1 7.331 � 0.7 � 4.6 � 45.4 18.6 � 32.1 � 31.75 C14� H14….Cg1

TDZ2

D � x+ 1, y� 1=2, � z+1 9.78 � 16.6 � 6.1 � 39.6 24 � 38.2 � 39.03 S1…O1
E x� 1, y, z 8.194 � 8.3 � 4.4 � 37.9 20.6 � 30.1 � 30.79 C11� H11 A…Cg1
F x� 1, y� 1, z 9.8 � 5.5 � 1.9 � 14.4 6.6 � 15.2 � 14.72 C6� H6…N2

TDZ3

G � x+ 1, y� 1=2, -z 11.233 � 16.2 � 5.5 � 38.5 22.9 37.3 � 39.03 S1…O1
H x� 1, y,z 8.359 � 8.4 � 4.4 � 37.5 21 � 29.4 � 32.76 C11� H11 A…Cg1
I x� 1, y� 1, z 9.99 � 5 � 2.3 � 16.2 7.5 � 16 � 15.48 C6� H6…N2

BSSE CP=Basis set superposition error with counterpoise Grimme’s D2 dispersion corrected interaction energies in kJ/mol.
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2.4. FMO and global reactivity descriptors

&&Dear author please mention Figure 4 and Figure 5&&The
intramolecular charge transfer from a donor to acceptor moiety
within molecule is characterized by the excitation of an
electron from occupied orbital (HOMO) to unoccupied orbital
(LUMO). The intramolecular charge transfer of the compounds
with molecular orbitals is shown in Figure 6. The ionization
potential (I) and electron affinity (A) expressed through orbital
energies as I = � EHOMO and A= � ELUMO. The calculated HOMO
and LUMO energy gap (~E), ionization potential (I), electron
affinity (A), chemical potential(μ), global hardness (η), softness
(σ) and electrophilicity index (ω) of the molecule have been
computed using B3LYP/6-311G(d) level using Gaussian09[20,21]

and are listed in Table 3.
From Figure 6 the HOMO and LUMO orbitals of the

molecules are mainly localized with large electron density
projection on imidazo thiadiazole and substituted phenyl
groups. The LUMO has less electron concentration on methoxy
benzyl group. The energy gap of thiadiazole and the related
chemical descriptors listed in Table 3. indicates semi hardness
property of the molecules indicating charge transfer interac-
tions within the molecule. The TDZ3 molecule exhibits large
bandgap of 6.4805 eV indicating high stability due to bromine
substitution. The chlorine substitution not significant as the
band gap of TDZ2 is found to be least 4.5521 eV where as for
TDZ1 it remains at 4.9819 eV. The electrophilicity and electro-
negativity values imply the tendency of the molecules to
donate electron during chemical reactions leading to chemical
reactivity. Thus, TDZ3 molecule with bromine substituent
shows higher stability compared to other molecules.

Figure 3. Hirshfeld plots, deformation density plots for corresponding molecular graphs indicating S … N interaction in TDZ1 and S…O interactions in TDZ2
and TDZ3 compounds.

Table 3. Calculated FMO parameters at B3LYP/6-31G(d) level.

Chemical parameters(in eV) TDZ1 TDZ2 TDZ3

EHOMO (I) 7.9004 6.1333 7.8756
ELUMO (A) 2.9181 1.5812 1.3951
EHOMO –LUMO gap (~ E) ~ E= I–A 4.9819 4.5521 6.4805
Electronegativity (χ) χ= (I +A)/2 5.4095 3.8572 4.6353
Chemical hardness (η ) η= (I–A)/2 2.4911 2.2760 3.2402
Softness (S) (eV� 1) S=1/η 0.2007 0.4393 0.3086
Electrophilicity index (ω ) ω=μ2/2η 2.9363 3.2685 3.3155
Chemical Potential (μ ) μ=-(I+A)/2 � 5.4095 � 3.8572 � 4.6353

Table 4. Polarizability and First order hyper-polarizability components of
molecules.

TDZ1 TDZ2 TDZ 3

α0 41.17 × 10� 24 44.08 × 10� 24 47.17 × 10� 24

αxx 29.6752 31.2214 31.8996
αxy 0.67257 4.10211 � 4.05523
αyy 35.4804 32.6414 33.5928
αzx � 10.06 9.15212 � 8.82887
αzy 8.19318 1.10239 0.80075
αzz 60.1777 70.8631 76.0298
bo 12.42 × 10� 30 9.36 × 10� 30 17.29 × 10� 30

βxxx 0.62582 � 2.9913 3.05589
βxxy � 1.5544 � 0.9676 � 1.08588
βyxy 0.96687 � 0.123 0.224345
βyyy � 2.6577 � 0.123 � 0.924428
βxxz � 2.0084 � 1.2402 � 1.82365
βyxz 0.71087 0.13412 � 0.018475
βyyz � 0.8338 0.07738 � 0.282173
βzxz 3.69689 � 1.4673 1.88876
βzyz 1.13728 3.36757 4.10687
βzzz � 7.8105 � 7.6404 � 14.4125

[a] all values are in esu. [b] For Urea αo =78 × 10� 24; βo =0.31 × 10� 24 esu.
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2.5. NLO studies

The polarizability and hyper-polarizability indicates the re-
sponse of a molecule in an applied electric field. The linear
polarizability and hyper-polarizability helps to get the relation-
ship between the molecular structure and its nonlinear optical
property. To possess a strong NLO property the compound
must crystallize in non-Centro symmetric space group with
strong donor and acceptor pair of atoms. Or else it must
possess good π conjugation system. Because donor and
acceptor pair provide good ground state charge asymmetry

and π conjugation system helps in redistribution of electric
charges under the influence of electric field.[22]

The NLO properties including hyper polarizability for the all
compound are calculated in gas phase using computational

Figure 4. Two dimensional fingerprint plots of TDZ1, TDZ2, TDZ3 showing all
interactions.

Figure 5. Relative contribution of various intermolecular contacts in TDZ1,
TDZ2 and TDZ3.

Figure 6. Molecular orbitals for HOMO and LUMO of TDZ1, TDZ2, TDZ3 with
Iso values 0.002 a.u.
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methods with Urea being a prototypical molecule whose linear
polarizability and hyper-polarizability values are taken as cut off
values for comparative study. Polarizability and hyper-polar-
izability values of title of compound are calculated using
Gaussian09 program at DFT B3LYP/6-31 +G(d,p) level of theory.
Mathematical formula used to calculate Polarizability and
hyper-polarizability are discussed in literature.[23] The calculated
parameters are given in Table 4.

Here all the compounds crystallize in non-centro symmetric
space group with strong donor and acceptor pair. It was found
that linear polarizability of TDZ2 is larger compared to TDZ3
value whose value is more than that of TDZ1. This may be due
to the presence of highly electronegative halogen atom. In all
three compounds highest values of hyper polarizability is

observed along βzzz direction. The values of linear polarizability
and static hyper-polarizability of TDZ1 it is found to be 41.17 ×
10� 24 esu and 12.421 × 10� 30 esu respectively, In TDZ2 the
values are 44.08 × 10� 24 esu and 9.368 × 10� 30 esu, where as in
TDZ3 values are 47.17352 × 10� 24esu and 17.2921 × 10� 30 esu
respectively. In all the cases, these values are higher than that
of Urea which is considered as standard. Hence, we can
conclude that all the three compounds exhibit potential NLO
properties.

2.6. Topological Analysis (QTAIM Analysis)

Topological analysis was carried out for selected molecular
pairs using AIMALL[24] to study the nature of non-covalent
interactions. We have considered (3,–1) bond critical points
which are present between all selected pairs. The evaluated
parameters include electron density (1c), Laplacian (r21), local
potential energy (Vb), Kinetic energy density (Gb) at Bond critical
point (BCP). The value of 1 and r21 at BCP confirm that the
presence of non-covalent S…O and S…N interactions. In case
of S…N interaction the value of Laplacian (r21) is found to be
maximum for TDZ3 molecule [1c =0.0338 e/Å3;r21=0.4328 e/
Å5] whereas it is almost same in case of TDZ1 and TDZ2
[Table 5]. For all pair of molecules in all the compounds
calculated Laplacian (r21) is found to be positive and Vb/Gb<1
which shows the closed shell nature of interactions.[25] The
interactions further confirmed by the two-dimensional Lap-
lacian plots, where the VSCC and VSCD regions present on
both S…N and S…O contacts are suitably oriented to facilitate
the formation of these interactions (Figure 7)

2.7. Analysis of Isostructural features using XPAC

The presence of alike packing arrangement in crystal structure
can be analysed using XPAC 2.0.[26] XPAC method helps to find
the similar motif in two-crystal structure. The same type motifs
which are to be compared in crystal structures are termed as
“supramolecular constructs” (SC). XPAC analysis also provides

Figure 7. Two-dimensional Laplacian plots around the bonding region drawn
on a logarithmic scale (contours in e/Å3 ).

Table 5. The topological parameters at the bond critical point for the various intermolecular interactions in TDZ molecules.

Compound Interaction 1 (e/Å3) r21 (e/Å5) V G jVb j /Gb E� 1=2 V
(kJ/mol)

TDZ1 S1…N1 0.033 0.432 � 7.88 9.83 0.80 � 3.94
TDZ 2 S1…O1 0.066 0.859 � 18.44 20.93 0.88 � 9.22
TDZ 3 S1…O1 0.036 0.819 � 17.79 20.05 0.88 � 8.89

Table 6. XPAC Analysis.

Structures TDZ TDZ1 vs TDZ2 TDZ2 vsTDZ3

Dimensionality 1D 3D
Dissimilarity Index (X) 11.5 1.2
Stretch Parameter (D)Å 0.19 0.15
Δα (angles, deg) 4.6 0.5
Δ1 (planes, deg) 10.5 1.1
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the value of dissimilarity index (X) which defines how far the
structures differs from original perfect geometry.

From Crystal packing analysis there found some similarity in
arrangements of molecule, hence it is quantitatively verified
whether there exist 1D, 2D or 3D similarity between molecules.
From the analysis it observed TDZ1 and TDZ2 shows 1D
supramolecular constructs (SC) with dissimilarity index X =11.5
and Stretch parameter D=0.19 Å. The 3D supramolecular
constructs (SC) are observed with dissimilarity index X =1.2
and stretch parameter D =0.15 Å between TDZ2 and TDZ3
(Table 6). XPAC analysis shows that TDZ1 and TDZ3 does not
show any similarity in molecular arrangement.

The comparison of molecular packing all structures were
also calculated using CrystalCMP program.[27] The dendrograms
are calculated from a similarity matrix using weighted pair
group method with arithmetic mean (WPGMA) method. In
Figure 8, Dendrograms with pale green and yellow colour
indicates almost similar packing between TDZ2 and TDZ3. The
red colour indicates dissimilar packing of TDZ1 compared to
other molecules. Further, the similarity PSab values for TDZ2
and TDZ3 is 0.17 for TDZ1 it is 10.9. This analysis shows the
packing modes of TDZ1 compound are differ from other two
compounds.

3. Conclusion

In present study we have reported crystal structures of three
biologically active imidazo [2,1-b][1,3,4] thiadiazole derivatives
via single crystal x-ray diffraction to explore the nature of weak
intermolecular interactions in solid-state. The effect of halogen
substitution revealed the presence of weak interactions S…O,
S…N, C� H…Cl/Br in the solid state. The calculated interaction
energy of each pair of molecules and QTAIM analysis also

confirms the presence of these interactions in solid state with
standard topological parameters. Theoretical DFT studies shows
that all compounds exhibit NLO properties.

Supporting Information Summary

Details of experimental section theoretical methods and addi-
tional tables with figures are given in supporting information.
Deposition Number(s) 1495633 (for TDZ1), 1489501 (for TDZ2),
1937439 (for TDZ3), contain(s) the supplementary crystallo-
graphic data for this paper. These data are provided free of
charge by the joint Cambridge Crystallographic Data Centre
and Fachinformationszentrum Karlsruhe Access Structures serv-
ice www.ccdc.cam.ac.uk/structures.
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Synthesis, characterization, and biological
evaluation of some 4-((thiophen-2-yl-
methylene)amino)benzenesulfonamide
metal complexes
E. Vijaya Sekhar1 , Subhas S. Karki2 , Javarappa Rangaswamy3, Mahesh Bhat1 and Sujeet Kumar2*

Abstract

Background: Sulfonamides (sulfa drugs) and the metals like mercury, copper, and silver bear antimicrobial properties.
The discovery of broad-spectrum antibiotics such as penicillins, cephalosporins, and fluoroquinolones has reduced their
use. However, in some instances these drugs are the first-line treatment. The metal-based sulfonamide (e.g., silver
sulfadiazine) is considered as first choice treatment in post-burn therapy while the use of silver nanoparticle-cephalexin
conjugate to cure Escherichia coli infection explains the synergistic effect of sulfa drugs and their metal conjugates.
With growing interest in metal-based sulfonamides and the Schiff base chemistry, it was decided to synthesize
sulfonamide Schiff base metal complexes as antioxidant and antimicrobial agent.

Results: The Fe (III), Ru (III), Co (II), Ni (II), Cu (II), Pd (II), Zn (II), Cd (II), and Hg (II) metal complexes of 4-((thiophen-2-
ylmethylene)-amino)-benzenesulfonamide (TMABS) were prepared and studied for thermal stability, geometry, and
other electronic properties. The ligand TMABS (Schiff base) and its metal complexes were screened in-vitro for 2,2-
diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging and antimicrobial properties against Gram-positive (+ve)
Bacillus subtilis (MTCC-441), Staphylococcus aureus (MTCC 7443), Gram-negative (-ve) Escherichia coli (MTCC 40),
Salmonella typhi (MTCC 3231), and fungal strains Aspergillus niger (MTCC-1344) and Penicillium rubrum by agar well
diffusion method. Results summarized in Tables 3, 4, and 5 represent the inhibitory concentration (IC50) in micromole
(μM). The zone of inhibition (ZI) in millimeter (mm) represents antimicrobial properties of TMABS and its metal
complexes.

Conclusions: The synthesized sulfanilamide Schiff base (TMABS) behaved as a neutral and bidentate ligand
coordinating with metal ions through its azomethine nitrogen and thiophene sulfur to give complexes with
coordination number of 4 and 6 (Fig. 3). The nucleophilic addition of sulfanilamide amino group (–NH2)
group to carbonyl carbon (>C=O) of benzaldehyde gave sulfanilamide Schiff base (imine) (Fig. 2). All the
metal complexes were colored and stable at room temperature. With IC50 of 9.5 ± 0.1 and 10.0 ± 0.7 μM, the
Co, Cu, and Pd complexes appeared better antioxidant than the ligand TMABS (155.3±0.1 μM). The zone of
inhibition (ZI) of Hg (28 mm) and Ru complexes (20 mm) were similar to the ligand TMABS (20 mm) against
Aspergillus niger (MTCC-1344) as in Figs. 4, 5, and 6. None of the synthesized derivatives had shown better
antimicrobial properties than the standard streptomycin sulfate and fluconazole.

Keywords: Sulfanilamide, Schiff base, In vitro, Antioxidant, Antimicrobial
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1 Background
Gerhard Domagk introduced prontosil (1) in 1932 as an
anti-streptococcal agent. Later, Ernest Fourneau reported
its in vivo conversion to active metabolite sulfanilamide
(2) (Fig. 1). The sulfanilamide derivatives used to treat dis-
eases like influenza, meningitis, and urinary tract infec-
tions [2] were soon phased-out from the clinic. The
bacteriostatic nature, narrow spectrum, rapid microbial
resistance, dose-dependent systemic toxicity, and discov-
ery of broad-spectrum antibiotics (β-lactams and fluoro-
quinolones) restricted sulfanilamide to topical applications
only. Use of silver-sulfadiazine (a metal conjugate) to treat
post-burn infections is an example of it [2].
Schiff bases are chemically imine or azomethine (-HC=

N) with greater chemical and physical stability [3]. Easy to
synthesize and excellent chelating property make Schiff
bases an important tool in developing organometallic
complexes of multiple geometry. Apart from catalyst in
synthetic chemistry [4, 5], the Schiff bases and their metal
complexes were also studied for antioxidant, antibacterial,
antifungal, anticancer, anti-inflammatory, antimalarial,
and DNA binding properties [6–10].
In this context, thiophene-2-carbaldehyde Schiff base

of sulfanilamide (TMABS) and its metal complexes were
synthesized and screened in vitro for the antioxidant and
antimicrobial properties.

2 Methods
2.1 Chemicals and apparatus
Analytical grade reagents and solvents purchased from
Sigma-Aldrich and Merck Chemicals (India) were
used without further purification. Synthesis of 4-
((thiophen-2-ylmethylene)-amino)-benzenesulfonamide
(TMABS) was confirmed by thin layer chromatog-
raphy (TLC) on a pre-coated Aluchrosep silica gel
60/UV254 plates (Sd Fine-Chem Ltd., India). Melting
point (Mp) of ligand TMABS was recorded in an
open capillary tube and reported uncorrected. The
Fourier transform infrared (FTIR) spectra were re-
corded in potassium bromide (KBr) between 4000 and
450 per centimeter (cm−1) on PerkinElmer 100 FTIR
spectrophotometer. The liquid chromatography-mass
spectrometry (LCMS) spectrum of ligand TMABS was
recorded in positive mode on triple-quadrupole

LCMS-6410 from Agilent Technologies. The elec-
tronic spectra of metal complexes were recorded on
ultraviolet-visible (UV-vis) spectrophotometer (Perki-
nElmer) while the carbon, hydrogen, and nitrogen
(CHN) elemental analyses of ligand and its metal
complexes were done on PerkinElmer 240 CHN
analyzer. The conductivity of metal complexes (molar
conductance, Ω−1 cm2mol−1) were measured in
dimethylformamide (DMF) at 10−3 mole (M) using
Digisun (D-1909) digital conductivity meter. Gouy
balance calibrated with Hg[Co(NCS)4] at 28 degree
Celsius (°C) was used to measure magnetic suscepti-
bility (μeff) in Bohr Magneton (BM). Electron spin res-
onance (ESR) spectrum of TMABS-Cu (II) was
recorded in dimethylformamide (DMF) at 9.5 giga-
Hertz (GHz) using WIN-EPR spectrophotometer (Bru-
ker) at liquid nitrogen temperature (LNT). Thermo-
gravimetric analysis of Ru (III), Ni (II), Cu (II), Pd
(II), and Zn (II) complexes were recorded using ther-
mal analysis instrument (TAI) SDT Q 600 between 0
and 700 °C.

2.2 Antioxidant property
2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging study
was done to evaluate antioxidant property of ligand
TMABS and the metal complexes. Dimethyl sulfoxide
(DMSO) was used as a solvent and butylated hydroxya-
nisole (BHA) as reference standard.

2.3 Bacterial and fungal strains
The four pathogenic bacterial strains of Gram-positive
(+ve) Bacillus subtilis (MTCC-441), Staphylococcus aureus
(MTCC-7443), Gram-negative (-ve) Escherichia coli
(MTCC 40), Salmonella typhi (MTCC-3231), and two
fungal strains of Aspergillus niger (MTCC-1344) and Peni-
cillium rubrum were used for antimicrobial screening.

2.4 Culture medium and solvent
Culture medium in Tables 1 and 2 were used to inoculate
the bacterial and fungal strains. DMSO was used as a solv-
ent while streptomycin sulfate and fluconazole as standard
against bacterial and fungal strains, respectively.

Fig. 1 Prontosil conversion to sulfanilamide [2]
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3 Experimental part
3.1 Chemistry
3.1.1 Synthesis of 4-((thiophen-2-
ylmethylene)amino)benzenesulfonamide [TMABS]
The ligand TMABS was prepared refluxing 0.1 M of
thiophene-2-carbaldehyde (4) and 4-aminobenzene sul-
fonamide (5) in 50 milliliters (mL) of methanol and 0.5
mL of glacial acetic acid for 3 hours (h) (Fig. 2). The pre-
cipitated yellow mass (6) was filtered, washed with water,
and recrystallized from methanol [11, 12].

3.1.2 General procedure for synthesis of TMABS metal
complexes
Chloride salts of Fe (III), Ru (III), Co (II), Cu (II), Pd (II),
and Hg (II) and acetate salts of Ni (II), Zn (II), and Cd
(II) were used to prepare respective ligand-metal com-
plexes. The Fe (III), Ru (III), and Cu (II) complexes were
prepared refluxing 1:2 metal-ligand ratio, while 1:1 ratio
was refluxed in anhydrous methanol for 3 h to get Co
(II), Ni (II), Pd (II), Zn (II), Cd (II), and Hg (II) com-
plexes. The precipitated solid was filtered; washed suc-
cessively with water, hot methanol, and ether; and dried
under vacuum over fused calcium chloride (CaCl2) [11,
12] (Fig. 3).

3.2 Biology
3.2.1 Antioxidant activity

3.2.1.1 DPPH radical scavenging assay Compounds in
micro-molar (μM) concentration (10, 50, 100, 200, and
500) were prepared using DMSO as solvent. One milli-
liter test solution was added into a volumetric flask (10
mL) containing 4 mL of 0.1 millimole (mM) DPPH. The
final volume was adjusted to 10 mL with DMSO. The
resulting solution was shaken vigorously and incubated
at 28 °C in dark for 20 min. Any change in absorbance
was measured at 517 nanometers (nm) using UV-vis
spectrophotometer. Decrease in absorbance (A) and
DPPH scavenging property (in %) were calculated using
following formula:
Radical scavenging activity (%) = [(Ao – A1)/Ao ×100]

where Ao is the absorbance of control (DPPH) and A1 is
the absorbance of test compounds. The inhibitory con-
centration (IC50) values were calculated using linear re-
gression algorithm and expressed in μM [13].

3.2.2 Antimicrobial activities

3.2.2.1 Antibacterial screening The antibacterial
screening of newly synthesized ligand and its metal com-
plexes were done by agar well diffusion method using
24-h old culture of Staphylococcus aureus (MTCC
7443), Bacillus subtilis (MTCC441), Escherichia coli
(MTCC 40), and Salmonella typhi (MTCC 3231) in ster-
ilized agar media as per literature (Table 1). The test
compounds were dissolved in DMSO to get the concen-
tration of 5g/mL. Twenty milliliters of sterilized agar
media was poured into each pre-sterilized Petri dish. Ex-
cess of the suspension was decanted and the plates were
incubated at 37 °C for 1 h. About 60 mL of 24-h old cul-
ture suspension was poured and neatly swabbed with
pre-sterilized cotton swabs. Wells were prepared using
6-mm sterile cork-borer to which 80 microliters (mL) of
test solutions (5g/mL) was added. The plates were incu-
bated further for 24 h at 37 °C. After 24 h of incubation,
the zone of inhibition (ZI) in millimeter (mm) was mea-
sured and compared with streptomycin sulfate (5g/mL).
Each experiment was repeated in triplicate [14, 15].

3.2.2.2 Antifungal screening Antifungal screening of
ligand (TMABS) and its metal complexes was carried
out against Aspergillus niger (MTCC-1344) and Penicil-
lium rubrum in sterilized agar media (Table 2) by agar
well diffusion method. In brief, suspension of fungal
strains (in 3 mL of saline solution) mixed with 20 mL of
sterile agar media was poured into Petri plates. The Petri
plates were dried at 37 °C for 1 h. Wells were made on
these seeded agar plates using 6-mm sterile cork borer.
One hundred milliliters of test solutions (5g/mL in
DMSO) was added to each well. The Petri dishes were
prepared in triplicate and maintained at 25 °C for 72 h.
The ZI (in mm) was measured and compared with flu-
conazole [15, 16].

4 Results
4.1 Synthesis and spectral data
See Additional file 1 for thermal and electronic spectral
characterization.

Table 1 Composition of bacterial culture medium

Ingredients Quantity

Peptone 10 g

Beef extract 10 g

NaCl 5 g

Agar 20 g

Distilled water To 1000 mL

Table 2 Composition of fungal culture medium (Asthana and
Hawker’s medium)

Ingredients Quantity

D-glucose 5 g

KNO3 3.5 g

KH2PO4 1.75 g

MgSO4 0.75 g

Agar 20 g

Distilled water To 1000 mL
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4.1.1 Synthesis of 4-((thiophen-2-
ylmethylene)amino)benzenesulfonamide [TMABS]
Prepared by adopting the procedure mentioned in Sec-
tion 3.1: yield 82%, yellow solid, molecular formula
C11H10N2O2S2, Mp 140–142 °C, Rf value 0.65 (n-hex-
ane/ethylacetate: 6/4, (v/v)). m/z: 267.1 (266.34).
IR (KBr, cm−1): 1590 (-HC=N), 1578 (-C=C, ar.), 1362

(-SO2, asy.), 1197 (-SO2, sym.), 763 (-C-S).
Microanalysis
Obtained: C, 49.50%; H, 3.58%; N, 10.45%.
Calculated: C, 49.61%; H, 3.78%; N, 10.52%.

4.1.2 Synthesis of 4-((thiophen-2-
ylmethylene)amino)benzenesulfonamide-metal complexes

4.1.2.1 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Fe complex
Obtained by adopting the procedure mentioned in Sec-
tion 3.2: yield 81%, brown solid, molecular formula
[Fe(C11H10N2O2S2)2Cl2]Cl, molar conductance 47
Ω−1cm2mol−1, magnetic susceptibility (μeff) 5.86 B.M.
IR (KBr, cm−1): 1607, (-HC=N), 1583 (-C=C, ar.), 1376

(-SO2, asy.), 1203 (-SO2, sym.), 755 (-C-S).
Microanalysis
Obtained: C, 37.60%; H, 2.82%; N, 8.00%.
Calculated: C, 38.03%; H, 2.90%; N, 8.06%.

4.1.2.2 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Ru complex
Synthesized by adopting the procedure mentioned in
Section 3.2: yield 80%, brown solid, molecular formula
[Ru (C11H10N2O2S2)2 Cl2]Cl, molar conductance 54
Ω−1cm2mol−1, magnetic susceptibility (μeff) 1.80 B.M.
IR (KBr, cm−1): 1601 (-HC=N), 1580 (-C=C-, ar.), 1370

(-SO2, asy.), 1197 (-SO2, sym.), 753 (-C-S).
Microanalysis
Obtained: C, 35.22%; H, 2.70%; N, 7.42%.
Calculated: C, 35.70%; H, 2.72%; N, 7.57%.

4.1.2.3 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Co complex
Synthesized by adopting the procedure mentioned in Section
3.2: yield 70%, rose red solid, molecular formula [Co(C11H10-

N2O2S2)]Cl2, molar conductance 9 Ω−1cm2mol−1, magnetic
susceptibility (μeff) 4.88 B.M.
IR (KBr, cm−1): 1600 (-HC=N), 1595 (-C=C-, ar.), 1373

(-SO2, asy.), 751 (-C-S).
Microanalysis
Obtained: C, 39.68%; H, 3.00%; N, 8.28%.
Calculated: C, 39.88%; H, 3.04%; N, 8.46%.

4.1.2.4 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Ni complex

Fig. 2 Synthetic route for the preparation of TMABS (4-((thiophen-2-ylmethylene)amino)benzenesulfonamide) [1]

Fig. 3 General structures of synthesized metal complexes
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Synthesized by adopting the procedure mentioned in
Section 3.2: yield 70%, gray solid, molecular formula
[Ni(C11H10 N2O2S2)](OAc)2, molar conductance 11
Ω−1cm2mol−1, magnetic susceptibility (μeff) 2.34 B.M.
IR (KBr, cm−1): 1609 (-HC=N), 1579 (-C=C-, ar.), 1362

(-SO2, asy.), 1198 (-SO2, sym.), 750 (-C-S).
Microanalysis
Obtained: C, 43.88%; H, 3.60%; N, 7.78%.
Calculated: C, 44.02%; H, 3.69%; N, 7.90%.

4.1.2.5 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Cu complex
Synthesized by adopting the procedure mentioned in
Section 3.2: yield 80%, pale green solid, molecular for-
mula: [Cu(C11H10N2O2S2)2]Cl2, molar conductance 14
Ω−1cm2mol−1, magnetic susceptibility (μeff) 1.78 B.M.
IR (KBr, cm−1): 1608 (-HC=N), 1579 (-C=C-, ar.), 1366

(-SO2, asy.), 1198 (-SO2, sym.), 746 (-C-S).
Microanalysis
Obtained: C, 39.22%; H, 2.96%; N, 8.28%.
Calculated: C, 39.61%; H, 3.02%; N, 8.40%.

4.1.2.6 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Pd complex
Synthesized by adopting the procedure mentioned in
Section 3.2: yield 75%, dark green solid, molecular for-
mula [Pd(C11H10N2O2S2)]Cl2, molar conductance 12
Ω−1cm2mol−1, magnetic susceptibility (μeff, B.M) nil.
IR (KBr, cm−1): 1600 (-HC=N), 1580 (-C=C-, ar.), 1376

(-SO2, asy.), 1179 (-SO2, sym.), 750 (-C-S).
Microanalysis
Obtained: C, 36.94%; H, 2.80%; N, 7.72%.
Calculated: C, 37.22%; H, 2.84%; N, 7.89%.

4.1.2.7 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Zn complex
Synthesized by adopting the procedure mentioned in
Section 3.2: yield 70%, light yellow solid, molecular for-
mula [Zn(C11H10N2O2S2)](OAc)2, molar conductance 13
Ω−1cm2mol−1, magnetic susceptibility (μeff, B.M) nil.
IR (KBr, cm−1): 1608 (-HC=N), 1579 (-C=C-, ar.), 1376

(-SO2, asy.), 1198 (-SO2, sym.), 748 (-C-S).
Microanalysis
Obtained: C, 43.44; H, 3.44%; N, 7.70%.
Calculated: C, 43.60%; H, 3.66%; N, 7.82%.

4.1.2.8 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Cd complex
Synthesized by adopting the procedure mentioned in
Section 3.2: yield 75%, yellow solid, molecular formula
[Cd(C11H10N2O2S2)](OAc)2, molar conductance 12
Ω−1cm2mol−1, magnetic susceptibility (μeff, B.M) nil.
IR (KBr, cm−1): 1604 (-HC=N), 1581 (-C=C-, ar.), 1372

(-SO2, asy.), 1197 (-SO2, sym.), 750 (-C-S).

Microanalysis
Obtained: C, 40.40%; H, 3.28%; N, 7.22%.
Calculated: C, 40.92%; H, 3.43%; N, 7.34%.

4.1.2.9 4-((Thiophen-2-
ylmethylene)amino)benzenesulfonamide-Hg complex
Synthesized by adopting the procedure mentioned in
Section 3.2: yield 82%, white solid, molecular formula
[Hg(C11H10N2O2S2)]Cl2, molar conductance 10
Ω−1cm2mol−1, magnetic susceptibility (μeff, B.M) nil.
IR (KBr, cm−1): 1614 (-HC=N), 1582 (-C=C-, ar.), 1366

(-SO2, asy.), 1197 (-SO2, sym.), 751 (-C-S).
Microanalysis
Obtained: C, 32.52%; H, 2.48%; N, 6.90%.
Calculated: C, 32.86%; H, 2.51%; N, 6.97%.

4.2 Biological study
The TMABS and its metal complexes were screened for
antioxidant and antimicrobial properties. Table 3 repre-
sents antioxidant results while the antimicrobial properties
are summarized in Figs. 4, 5, and 6 and Tables 4 and 5.

5 Discussion
The metal complexes of TMABS were stable, non-
hygroscopic, and decomposed gradually at the higher
temperature (at room temperature) without melting.
The complexes were sparingly soluble in methanol,
freely in DMSO, and insoluble in water. Elemental ana-
lysis report show Fe (III), Ru (III), and Cu (II) with 2:1
while, Co (II), Ni (II), Pd (II), Zn (II), Cd (II), and Hg (II)
complexes with 1:1 metal-ligand stoichiometric ratio. All
metal complexes behaved non-electrolyte in DMF ex-
cept, Fe (III) and Ru (III) [17]. The magnetic study re-
ports find Fe (III), Ru (III), Co (II), and Cu (II)
complexes paramagnetic while Ni (II), Pd (II), Zn (II),
Cd (II), and Hg (II) complexes as diamagnetic in nature.

Table 3 Radical scavenging property of ligand and their metal
complexes

Sl. No. Compound Scavenging activity (IC50 μM)

1 TMABS 155.3±0.1

2 Fe-TMABS 68.5±0.5

3 Ru-TMABS 55.2±0.3

4 Co-TMABS 9.5±0.1

5 Ni-TMABS 78±0.2

6 Cu-TMABS 10±0.2

7 Pd-TMABS 10±0.7

8 Zn-TMABS 123±0.2

9 Cd-TMABS 255±0.6

10 Hg-TMABS 278±0.1

11 BHA 12±0.1

Each value represents mean ± SD (n = 3)
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Biological data suggest them good antioxidant and mild
antimicrobial in nature.

5.1 Thermal data
Thermograms of Ru (III), Ni (II), Cu (II), Pd (II), and Zn
(II) complexes show them stable at 28 °C. However, the
loss in weight with decomposition at elevated temperature
was observed. The Ru (III) complex decomposed at 250,
Ni (II) at 170, Cu (II) at 286, Pd (II) at 301, and the Zn (II)
complex decomposed at 315 °C in a gradual manner.

5.2 IR spectral data
The IR spectra of TMABS and its respective metal com-
plexes showed transmittance peaks for azomethine group
(-CH=N-) between 1614 and 1590 cm−1. Lower shift in
the position of -CH=N- peaks of metal complexes com-
pared to TMABS ligand indicates the coordination of azo-
methine nitrogen with metal ions [18]. Further, the
transmittance peaks of TMABS-SO2 at 1197 (sym.) and
1362 cm−1 (asy.) remained unchanged in complexes
(1203–1197 cm−1), indicating free nature of SO2 [19]. The
shift of TMABS -C-S- peak from 763 to 760 to 746 cm−1

indicates its involvement in coordination with metal ions
[20]. Based on IR spectral data, it can be concluded that
the ligand TMABS is neutral, bidentate in nature and co-
ordinating with respective metal ions via its azomethine
nitrogen and thiophene sulfur.

5.3 Electronic spectral data
The TMABS-Fe (III) complex had shown three bands at
12,500, 15,600, and 20,000 cm−1 representing 6A1g→

4T1g

(G), 6A1g→
4T2g (G), and 6A1g→

4Eg (G) transitions of
high spin octahedral geometry.
The Ru (III) complex revealed bands in the range

of 11,640–22,600 cm−1 for 2T2g→
4T1g,

2T2g→
4T2g,

and 2T2g→
2A2g, transition of octahedral geometry

[21].
The Co (II) complex had shown three bands at 12,080,

15,680, and 19,650 cm−1 assigned to the transitions 4A2

(F)→4T2 (F), 4A2 (F)→4T1 (F), and 4A2 (F)→4T1(P) of
tetrahedral geometry [22].
The Ni (II) complex had shown bands in the range

of 15,150–21,800 cm−1. The Cu (II) complex had re-
vealed another broad peak in the region 15,000–21,
500 cm−1 that could be assigned to the transitions
2B1g→

2B2g and 2B1g→
2Eg of a square-planar geom-

etry [23].
The Pd (II) complex had shown three peaks around

16,100, 18,200, and 23,800 cm−1 which could be assigned
for the transitions 1A1g→

1A2g,
1A1g→

1B1g, and
1A1g→

1Eg of square-planar geometry [24].
The Zn (II), Cd (II), and Hg (II) complexes did not

show any d-d band in their electronic spectra. Based
on analytical, conductance, and infrared spectral data,
the tetrahedral geometry is assigned. It is the most
preferred geometry for a tetra-coordinated d10 type
system.

Fig. 4 Antimicrobial activity of TMABS against Bacillus subtilis (BS) and Staphylococcus aureus (SA)

Fig. 5 Antimicrobial activity of TMABS against Escherichia coli (E. coli) and Salmonella typhi (ST)
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Based on electronic spectral and other data, the Fe
(III), Ru (III), and Cu (II) complexes were assigned
octahedral; Ni (II) and Pd (II) complexes were
assigned to square planar; and the Co (II), Zn (II), Cd
(II), and Hg (II) complexes a tetrahedral geometry.

5.4 ESR spectrum
The ESR spectrum of Cu (II) complex was anisotropic
in nature with g|| >g⊥ indicating the presence of un-
paired electron in dx

2
−y

2 orbital giving 2B1g as the
ground state [25].

5.5 Antioxidant property
The antioxidant property of the ligand and their metal
complexes were evaluated by DPPH method. Among
screened complexes, the Co-TMABS, Cu-TMABS, and,
Pd-TMABS showed maximum radical scavenging prop-
erty with IC50 value 9.5±0.1, 13±00.2, and 10±07 μM re-
spectively, as in Table 3.

5.6 Antimicrobial properties
Ligand (TMABS) and its metal complexes were
screened for their antioxidant and antimicrobial prop-
erties by agar well diffusion method against Bacillus
subtilis, Staphylococcus aureus (Gram +ve), Escheri-
chia coli, Salmonella typhi (Gram -ve), and fungal
strains Penicillium rubrum and Aspergillus niger. The
ZI (in mm) in Tables 4 and 5 showed Hg (II) and Ru
(II) complexes are better antimicrobial agents com-
pared to others with 10–18 and 18–28 mm ZI against
bacterial and fungal cells respectively. However, none
of the synthesized molecules showed antimicrobial
properties better than the reference streptomycin sul-
fate (22–28 mm ZI) and fluconazole (38–52 mm ZI).

6 Conclusions
Based on the foregoing discussion, it was concluded
that the ligand TMABS acts in a neutral bidentate
manner coordinating with metal ions through its
azomethine nitrogen and thiophene sulfur. The Fe
(III), Ru (III), and Cu (II) complexes were found

Fig. 6 Antimicrobial activity of TMABS against Aspergillus niger (AN) and Penicillium rubrum (PR) (note: (1) TMABS, (2) Fe-TMABS, (3) Ru-TMABS, (4)
Cu-TMABS, (5) respective reference standards, and (6) represents Hg-TMABS in Figs. 4, 5, and 6)

Table 4 Antibacterial activity of TMABS and its complexes

Zone of inhibition (mm)

Gram positive Bacteria Gram negative Bacteria

Sl. No. Compounds B. subtilis S. aureus E. coli S. typhi

1 TMABS 12 20 -- --

2 Fe-TMABS 10 10 -- --

3 Ru-TMABS 14 14 12 12

4 Co-TMABS -- -- -- --

5 Ni-TMABS -- -- -- --

6 Cu-TMABS 10 10 -- --

7 Pd-TMABS -- -- -- --

8 Zn-TMABS -- -- -- --

9 Cd-TMABS -- -- -- --

10 Hg-TMABS 12 18 14 10

11 Streptomycin sulfate 28 32 22 26
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octahedral, while Ni (II) and Pd (II) complexes as
square planar and Co (II), Zn (II), Cd (II), and Hg
(II) complexes tetrahedral in geometry. With IC50 of
9.5 ± 0.1 and 10.0 ± 0.7 μM, the Co, Cu, and Pd
complexes appeared better antioxidant than the lig-
and TMABS (155.3±0.1 μM). The zone of inhibition
(ZI) of Hg (28 mm) and Ru complexes (20 mm)
were similar to the ligand TMABS (20 mm) against
Aspergillus niger (MTCC-1344). None of the synthe-
sized derivatives showed improved antimicrobial
properties over streptomycin sulfate and fluconazole.
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Abstract: Gastroretentive bilayer tablets of calcium car-
bonate (CC) were developed using D-optimal mixture
design. The effect of formulation factors such as levels
of HPMC K100 M (X1), sodium bicarbonate (X2), and
HPMC E15 LV (X3) on responses like floating lag time
(R1) and release of CC at 1 h (R2) and 6 h (R3) was eluci-
dated. The optimized formulations developed by numer-
ical optimization technique were found to have short
floating lag time (2.85 ± 0.98 min), minimum burst
release (27.02 ± 1.18%), and controlled yet near complete
release (88.98 ± 2.75%) at 6 h. In vivo radiographic studies
in rabbits indicated that optimized batch displayed a
mean gastric retention time (GRT) of 5.5 ± 1 h which
was significantly prolonged (P < 0.05) compared to the
conventional tablets that displayed a GRT of less than 1 h.
The studies proved that the gastroretentive tablets can be
a promising platform to improve bioavailability of nutri-
ents having absorption window in upper gastrointestinal
tract.

Keywords: calcium carbonate, floating tablets, gastro-
retentive tablets, mixture design, optimization

1 Introduction

Calcium is the major component of the skeletal system
which accounts for about 1–2% of the adult body weight
(1). The recommended dietary allowance (RDA) of cal-
cium varies from 800 to 1,300mg/day for adolescents,
1,000mg/day for adults, and 1,200mg/day for elderly.
Globally, more than 800 million people are undernour-
ished and about 3.5 billion people are at risk of calcium
deficiency due to inadequate dietary supply (1). It has
been estimated that more than 6% of global mortality
and morbidity burdens are associated with undernour-
ishment and micronutrient deficiencies. Approximately,
90% of those at risk of calcium deficiency were found to
reside in Africa and Asia and nearly 75–100% of Indians
are found to be calcium-deficient. Sensitive population
include children, elderly pregnant patients, and post-
menopausal syndrome (PMS) women. Calcium deficiency
can retard growth and cognitive development, impair
immunological functioning, and increase the risks of
noncommunicable diseases including skeletal, cardio-
vascular, and metabolic disorders (2). Calcium deficiency
may lead to brittle or weak bones, bone fractures, delays
in children’s growth and development, problems with
proper blood clotting, weakness and fatigue, heart pro-
blems involving blood pressure and heart rhythms,
osteoporosis (3), etc.

Oral calcium is considered to be the first line therapy
for calcium deficiency (4,5). Calcium supplementation (6)
is currently done by conventional tablets containing cal-
cium salts such as CC or calcium citrate (7). Calcium car-
bonate is the least expensive and most widely used salt of
calcium. Nearly 85% of all calcium supplements sold in
the US contain CC. However, only about 30% of the avail-
able elemental calcium is actually absorbed and bioavail-
able following oral administration (8). The likely reason
for the poor bioavailability is that calcium absorption is
pH-dependent, site-specific, and limited by the carrier-
mediated transport (7). The soluble calcium normally is
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well-absorbed from the duodenum due to the presence of
carrier protein ‘calbindin’ at active absorption sites (9).
However, conventional calcium tablets exhibit poor bio-
availability as they may quickly cross the absorption sites
allowing a fraction of the dose to be absorbed. Moreover,
the conventional tablets are likely to saturate the carrier
proteins located in the duodenum and therefore hamper
the complete absorption of the whole dose of calcium
resulting in poor oral bioavailability. In this context, there
is a need to develop a gastroretentive drug delivery system
(GRDDS) for CC that has the potential to overcome the
above-mentioned limitation of the conventional tablets
as no such product is available in the Indian as well as
the globalmarket. The GRDDS, by virtue of its buoyancy, is
likely to be retained proximal to the absorption site and
stays afloat in the gastric fluid in which CC is known to
possess a good solubility. Various technologies have been
developed for gastroretention of the drug delivery systems
which include low density or floating systems (<1 g/cm3)
that remain buoyant above the gastric contents, high den-
sity systems (>1 g/cm3) that are retained at the antrum of
the stomach, bioadhesive systems that adhere to the gas-
tric mucosa, and expandable systems that swell or unfold
to a large size to prevent the passage of the dosage form
through the pyloric sphincter, magnetic, and superporous
systems (10,11).

The development of GRDDS tablet for CC seemed
quite challenging considering its high dose (200mg)
and high density (∼2.71 g/cm3). To meet the challenge,
we aim to develop a gastroretentive system for CC using
a D-optimal design. The GRDDS tablets are first of its
kind that have both floating and bioadhesive properties
for site-specific delivery of calcium in the upper part of
the gastrointestinal tract. In this context, the objective
of the work was to model the effect of the composition
of the bilayer tablets, namely, the proportion of binder
(Hydroxypropyl methyl cellulose E15 LV), matrix mate-
rial (Hydroxypropyl methylcellulose K100 M), and
effervescent agent (sodium bicarbonate) on dissolution
and floating lag time. In addition, we plan to validate
the polynomial models by preparing the optimized
formulation with the most desirable attributes using
regression analysis and analysis of variance (ANOVA).
Finally, image analysis of the optimized bilayer tablet
formulation in rabbits to assess the in vivo gastroreten-
tion would be the integral part of the investigation.
The present work would be the ‘first of its kind’ as,
to the best of our knowledge, no extensive work has
been undertaken to develop a bilayer GRDDS for
calcium.

2 Materials and methods

2.1 Materials

Calcium carbonate (confirming to IP) and barium sulfate
(X-ray grade) were purchased from Loba Chemie Pvt. Ltd,
Mumbai. Sodium bicarbonate, potassium dihydrogen
orthophosphate, sodium hydroxide pellets, hydrochloric
acid, and talc were supplied from S.D. Fine Chemicals,
Mumbai. Magnesium stearate was supplied by Central
Drug House Pvt. Ltd, New Delhi. Hydroxypropyl methyl
cellulose K100 M and hydroxypropyl methyl cellulose E15
LV were supplied by Colorcon Asia Pvt. Ltd, Goa.

2.2 Methodology

2.2.1 Fourier transform infrared spectrometry

Infrared spectrophotometry is a useful analytical tech-
nique utilized to check the chemical interaction between
the formulations. The sample was powdered and inti-
mately mixed with 10mg of powdered potassium bro-
mide (KBr). The powdered mixture was taken in a diffuse
reflectance sampler and the spectrum was recorded by
scanning in the wavelength region of 4,000–400 cm−1

in an FTIR spectrophotometer (Jasco 460 plus, Japan).
The IR spectrum of the CC was compared with that of
the physical mixture of check for any interaction of CC
with any of the excipients used.

2.2.2 Preparation of gastroretentive floating bilayer
tablets of CC: design of experiment (DoE)

A 3-factor 3-level D-optimal mixture design generated in
Design Expert Software (version 10.0.6.0) was employed
to study the effect of critical formulation on the product
attributes of the floating bilayer tablets. The experimental
design contained three factors or components, namely,
the amounts of HPMC K100 M (X1), sodium bicarbonate
(X2), and HPMC E 15 LV (X3). The sum of three compo-
nents would be 100 where the proportions of X1, X2, and
X3 were found to range from 50.00% to 79.00%, 20.00%
to 49.00%, and 1.00% to 3.00%, respectively. The effect
of formulation variables on responses like friability (R1),
floatation time (R2), percent release at the end of 1 h (R3),
and at the end of 6 h (R4) was systematically investigated.
The compositions of formulations as per D-optimal
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mixture and the constraints set on each component are
shown in Table 1.

The bilayer tablets contained two layers, i.e., an effer-
vescent floating layer and CC layer. All the ingredients
were passed through a 250 µm sieve. The floating layer
was prepared by direct compression of the blend of
HPMC K100 M and sodium bicarbonate. Calcium carbo-
nate layer was produced by wet granulation method. In
brief, CC was blended with a solution of HPMC E15 LV in
water. The quantity of HPMC E15 LV to be incorporated
was predetermined by the experimental design. The wet
mass was passed through a 12 mesh sieve of aperture size
1.67 mm and the wet granules produced were dried
at 60°C for 30min in a hot air oven. The dried granules
were passed through the same sieve to break the lumps.
The blend of the floating layer and dried granules of
CC were separately lubricated with magnesium stearate
(1.5% w/w) and talc (2.5% w/w) for 2–3 min. The lubri-
cated blends were finally compressed to bilayer tablets
weighing 420 mg on a bilayer tablet rotary press
(Cronimach, Ahmedabad, Gujarat) using a 9 mm dia-
meter die to a hardness of 5–7 kg/cm2. The formulation
variables employed to produce 16 batches of bilayer
tablets as per the experimental design are portrayed in
Table 2.

2.3 Evaluation of floating bilayer tablets:

2.3.1 Weight variation

Weight variation of the bilayer tablets from each batch was
determined as per official method (12). Twenty tablets were
selected at random and individual weight of the bilayer
tablets was determined in an analytical balance (Model

220A XB, Precisa, Switzerland). The weights were recorded
in mg; the mean and standard deviation values were com-
puted. The average weight of the bilayer tablets and the
acceptable limit were deduced.

2.3.2 Thickness and diameter

Tablet thickness and diameter of ten randomly selected
bilayer from each batch were determined (13). The values
were recorded in mm using a digital caliper (Mitutoyo
digimatic caliper, Mitutoyo Corporation, Kawasaki, Japan).
The mean and standard deviation of the thickness and
diameter were calculated.

2.3.3 Hardness

The resistance of tablets to shipping or breakage under
conditions of storage, transportation, and handling before
usage depends on their hardness. Hardness of ten ran-
domly selected bilayer tablets from each batch was mea-
sured using a Stokes Monsato hardness tester (M/s Cambell
Electronics, India) (14). The hardness was measured in
terms of kg/cm2. The mean and standard deviation values
were computed.

2.3.4 Friability

The friability of bilayer tablets was determined by fol-
lowing the official procedure (15). Friability was deter-
mined by subjecting twenty randomly selected tablets
of each batch to abrasion in automated USP friabilator
(Electrolab, Mumbai, India) for 100 rotations. The de-dusted
tablets were weighed and % friability was calculated using

Table 1: Independent variables showing experimental ranges of the D-optimal mixture design

Independent variables Low value (%) High value (%)

A: Fraction of HPMC K100 M (% w/w) 50 79
B: Fraction of sodium bicarbonate (% w/w) 20 49
C: Fraction of HPMC E15 LV (% w/v) 1 3

Dependent variables Constraints

Y1: Friability (%) Minimize
Y2: Floating lag time (min) Minimize
Y3: Drug release at 1 h (%) Minimize
Y4: Drug release at the end of 6 h (%) Maximize
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equation (1) for each batch of bilayer tablets and expressed
as mean of 3 determinations. The tablets which tend to lose
less than 1% of their weight are generally considered
acceptable.

2.3.5 Content uniformity

Content uniformity test was performed as per USP proce-
dure by random sampling ten tablets from each batch
(16). The tablets were crushed and allowed to equilibrate
with pH 1.2 buffer for 24 h. Subsequently, the solutions
were filtered through (0.45 μm, Millipore) and suitably
diluted to determine the content of CC using a flame photo-
meter (Systronics, Flame photometer 128, Ahmedabad,
Gujarat).

2.3.6 Floating lag time

The time required for the tablet to rise to the surface
and remain afloat was considered as floating lag time
(17). To record the floating lag time, the bilayer tablets
were transferred to the dissolution medium taken in
USP Type II dissolution apparatus in 900 mL of pH
1.2 buffer kept at 50 rpm and 37 ± 0.5°C. The floating
lag time and floating lag time of bilayer tablets were
recorded in triplicate for each batch of bilayer tablets
produced.

2.3.7 In vitro release studies

The dissolution studies of the bilayer floating tablets were
performed for a period of 6 h in USP dissolution apparatus-2
(Electrolab, Mumbai, India) at a paddle speed of 50 rpm in
900mL of pH 1.2 buffer maintained at 37 ± 0.5°C (18). About
5mL of samples were withdrawn at 1, 2, 3, 4, 5, and 6 h and
immediately replaced with same amount of fresh dissolu-
tion medium maintained at the same temperature in order
to maintain the sink condition. The aliquots sampled were
filtered through 0.45 µ filters and analyzed using a flame
photometer to determine the amount of CC released at dif-
ferent time points. The dissolution data recorded in tripli-
cate was analyzed to calculate percentage cumulative cal-
cium released at different time intervals.

2.3.8 In vitro release kinetics

In order to investigate the kinetics and mechanism of
release of calcium from prepared tablets, the release
data were examined using zero-order kinetic (19), first-
order kinetic (20), and Higuchi kinetic (21).

For the zero-order kinetic, data obtained were plotted
as cumulative amount of calcium released versus time
whereas for the first-order kinetic, the obtained data were
plotted as log cumulative calcium remaining versus time.
For Higuchi kinetic, the obtained data were plotted as cumu-
lative percentage calcium release versus square root of time.

Table 2: Composition of the model formulations (in mg) as per D-optimal mixture design

UN Actual wt. of X1a Actual wt. of X2a Actual wt. of X3a CaCO3 Mg stearate Talc Total wt.

F1 77 73.41 3.59 250 6 10 420
F2 98.95 52.75 2.33 250 6 10 420
F3 119.61 30.8 3.61 250 6 10 420
F4 121.66 30.8 1.55 250 6 10 420
F5 97.79 51.59 4.65 250 6 10 420
F6 77 75.46 1.55 250 6 10 420
F7 97.79 51.59 4.65 250 6 10 420
F8 98.95 52.75 2.33 250 6 10 420
F9 91.89 60.57 1.55 250 6 10 420
F10 90.86 58.52 4.65 250 6 10 420
F11 109.34 41.58 3.1 250 6 10 420
F12 119.61 30.8 3.61 250 6 10 420
F13 98.95 52.75 2.33 250 6 10 420
F14 106.77 45.69 1.55 250 6 10 420
F15 87.78 63.14 3.1 250 6 10 420
F16 77 73.41 3.61 250 6 10 420

aX1, X2, and X3 represent the amounts of HPMC K100 M, sodium bicarbonate, and HPMC E15 LV, respectively. X3 was used as 8% w/v and as
binding solution in the bilayer tablets.
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2.3.9 Stability study

The optimized formulation was covered in aluminium
foil and subjected to Real time stability condition for
6 months at 25 ± 2°C/60 ± 5% RH. The samples were
analyzed at 1, 3, and 6 months against the tablets on
day “0” for physical characteristics, floating lag time,
and Dissolution till 6 months.

2.3.10 In vivo X-ray imaging studies

In vivo animal studies were performed in normal rabbits
using X-ray imaging technique for evaluating the gastro-
retentive potential of the optimized tablet formula-
tion as per the protocol approved by the Institutional
Ethical Committee (IE-52, dated 12/10/2019) at in vivo
Biosciences, Magadi Road, Bengaluru, India. Unisex rab-
bits of New Zealand white strain weighing 2–2.5 kg were
housed under standard laboratory conditions at 25 ± 2°C
and 55 ± 5% RH with standard diet and tap water ad
libitum (two groups of animals with four animals in
each group were used for the studies). Prior to initiation
of the studies, the animals were kept overnight under
fasting condition in order to avoid difficulties during ima-
ging. The first group of animals were orally administered
with optimized batch of bilayer tablet formulation con-
taining barium sulfate as a marker, while the control group
of animals were orally treated with conventional tablets
containing the same marker. The animals were held in the
upright position for imaging to locate the position of both
control and floating tablets in the GI tract under X-ray
machine (Skanray Model: Microskan DR) at predetermined
time intervals like 0, 2, 4, and 6 h, respectively.

2.3.11 Statistical analysis

The data generated during the in vitro and in vivo studies
were statistically analyzed by ANOVA in GraphPad 5.0
Instat demo version software (GraphPad Inc. CA, USA).
The probability value (P) of less than 0.05 was considered
to be significant.

3 Results and discussion

The aim of the investigation was to produce bilayer
tablets that were able to float at least for a period of 6 h

and at the same time ensure complete dose of the CC in
the stipulated floating time of 6 h. Considering this, initi-
ally, we developed an effervescent floating matrix tablet
of CC using HPMC K4M as a matrix material, sodium
bicarbonate as effervescent agent, and HPMC E15LV as
a binder. Even though the effervescent matrix tablets of
CC were found to float for the period of 6 h, the release of
calcium was substantially hampered even in sink condi-
tions at pH 1.2, allowing a fraction of the calcium dose to
be released in the stipulated time span of 6 h. Considering
this, we planned to separate the floating layer from the CC
layer in order to ensure a floating time of 6 h and at the
same time ascertain a near complete release of calcium in
a controlled fashion in pH 1.2 in the stipulated floating
time. In order to systematically accomplish our goals,
we planned to develop and optimize the formula or the
composition of the bilayer floating effervescent floating
tablet of CC using a D-optimal design. Mixture experi-
mental designs are generally used to analyze the impact
of formulation variables on the responses. D-optimal
design is a mixture design that is used to evaluate the
effect of changes in the composition on the responses and
allows statistical optimization of the formulation with
least number of experiments. The design comprises of a
total of 16 points including 6 points for the modelling, 5
points to estimate lack of fit, and 5 points to estimate the
pure experimental error (22). The buoyant layer was pro-
duced by direct compression of the blend of HPMC K100 M
and sodium bicarbonate. On the contrary, CC layer was
produced by wet granulation method using an aqueous
solution of HPMC E15 LV as binder.

3.1 Drug-excipient compatibility studies

3.1.1 Fourier transform infrared spectroscopy

The FTIR spectrum of CC, the physical mixture of the CC
with the other excipients used, and the bilayer tablet are
portrayed in Figure 4a–c, respectively. The IR spectrum
of CC displayed the characteristic absorption peak at
1,796 cm−1 that can be assigned to –C═O stretching. In
addition, an intense band owing to the OH stretching
was probably due to the moisture content in the com-
pound. Similarly, the IR spectrum of the physical mixture
depicted the broad band that can be assigned to OH
stretching along with the characteristic absorption peak
at the same position, though the peak intensity differed
indicating the absence of any interaction between CC and
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other excipients in the physical admixture. Likewise, the
IR spectra of CC bilayer tablet did not reveal any significant
shift in the peaks, though the intensity of the peak decreased
indicating absence of any interaction between CC and other
excipients during the tablet processing, thereby proving the
integrity of CC in the bilayer tablet.

3.2 Characterization of tablets

All the batches of the bilayer tablets were found to comply
with official tests for content uniformity and weight varia-
tion. The average diameter of different batches of tablets was
found to range from 8.82 ± 0.09mm to 8.89 ± 0.06mm. The
average thickness of different batches of tablets was found to
range from4.31± 0.12mm to 4.42 ±0.07mm. The variation of
the hardness and friability ranged from 4.27 ± 0.38 kg/cm2 to
7.53±0.19kg/cm2and0.02±0.01 kg/cm2 to 2.77 ± 0.64 kg/cm2

for different batches of bilayer floating tablets. The hardness
of the tablets was just sufficient to not hamper the complete
release of CC as observed with some batches. The release of
CC from most formulations was found to follow first-order
kinetics. The mechanism of the release could be character-
ized to follow Higuchi diffusion model.

3.3 Data analysis of the D-optimal mixture
design

The design expert® v-10 software was used to systemati-
cally analyze the experimental data obtained and gen-
erate mathematical models that define the relationship
between the proportions of the three components (X1,
X2, and X3) and the four responses, namely, friability,
floating lag time (FLT), Rel1h, and Rel6h.

3.3.1 Model fitting and evaluation of the responses: Y1,
Y2, Y3, and Y4

The experimental data were analyzed by fitting the data
to the Scheffe polynomial equations (23). These equations
are modified from the general polynomial equations to
lack intercept and squared terms in order to fit the mix-
ture designs. An attempt was made to fit the four responses,
namely, Friability, FLT, Rel1h, and Rel6h, simultaneously
quadratic, special cubic and cubic models, and statistically
analyze the data by performing ANOVA. The statistical
parameters used to analyze and select the best fit model

included p value of the model (must be <0.05), lack of fit
(needs to be insignificant), coefficient of determination (R2),
adjusted R2, and predicted R2 adequate precision and resi-
dual sum of squares (PRESS). The backward elimination
procedure was employed to eliminate the insignificant terms
from the models and include only the significant ones.

On eliminating the insignificant terms, the sequential p
values for the four responses were found to be <0.0001,
indicating the models generated were significant. Likewise,
the lack-of-fit was insignificant (p > 0.05) for the three
models analyzed as the p values for Y1, Y2, Y3, and Y4
were found to be <0.0001. Moreover, the selected models
showed high R2 values displaying a strong correlation
between the adjusted R2 and the predicted R2. A high
signal to noise ratio that exceeded 4 suggested an ade-
quate signal.

The actual responses and polynomial equations for
friability, FLT, Rel1h, and Rel6h in terms of the actual
factors that are used as predictive models are represented
in Tables 3 and 4.

The terms like X1X2 in the polynomial equation repre-
sent the nonlinear interaction between the factors on the
response. A positive value signs of the coefficients in the
interaction terms indicate a synergism where each factor
potentiates the effect of the other. On the other hand,
a negative sign indicates an antagonist effect where
each factor counteracts the effect of the one factor. The
curvilinear lines reveal nonlinearity, suggesting an inter-
action between the two factors on the response, whereas
straight lines rule out interaction of the two factors on the
response.

3.3.2 Friability

A friability limit of less than 1% is considered to be accep-
table for compressed tablets as per the pharmacopoeia
(15). However, effervescent tablets may have different
limits for friability. The friability of the bilayer gastro-
retentive tablets was found to range from 0.02 ± 0.01%
for F12 to 2.77 ± 0.64% for F14 displayed in Table 3. Most
of the batches of bilayer tablets produced were found to
comply with the friability test except batches F4, F6, F9,
and F14. The batches F4, F6, F9, and F14 exceeded
the friability limit as they displayed friability values of
2.53 ± 0.31%, 2.64 ± 0.28%, 2.68 ± 0.18%, and 2.77 ± 0.64%,
respectively. Coincidentally, the hardness of these batches
failed to cross 4.5 kg/cm2. The high friability values can be
directly related to the low binder levels as it is observed that
all the four batches were found to contain low binder levels
(1% w/w).
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The statistical analysis indicated that of the three
factors, the influence of X3 was greatest, followed by
X2, whereas the effect of X1 was found to be the least.
The amount of HPMC E15 LV (X3) had a high negative
coefficient (−17897.32) that implies the factor was found
to have a substantial negative impact on friability. This
decrease in friability can be explained on the basis of
decrease in binder concentration produced tablets with
low hardness. It was observed that the CC layer and not
the buoyant layer was the major contributor to the tablet

friability. It is a common consensus that the hardness of
the tablets was found to increase as the binder amounts
increased (24). It could be concluded that the friability
could be minimized merely using moderate to high levels
of HPMC E15 LV. The negative impact of the binder on the
friability was clearly visible in the 3D Plots captured in
Figure 1a.

Of the three factors studied, HPMC K100 M and
sodium bicarbonate were found to display a low positive
coefficient values of 0.18 and 0.32, signifying a negligible
influence on the friability. The possible reason for the
poor effect noted with the two factors could be the fact
that HPMC K100 M and sodium bicarbonate are the com-
ponents of buoyant layer and not the CC layer.

3.3.3 Floating lag time

The FLT of the bilayer tablets was found to range from
2.85 ± 0.18min for F9 to 36.55 ± 0.47 min for F15. The
values are captured in Table 3 and representative pictures
are portrayed in Figure 2. Leaving out batches F4, F6, F9,
and F14 that failed to comply with the friability test, the
batches F1, F5, F7, F15, and F16 were associated with high
FLT exceeding 30min, whereas the batches F3, F11, and
F12 were more than 10min. Rest of the batches, namely,
F2, F6, F8, F10, and F13, displayed acceptable lag time
that was less than 10min. A short lag time is preferable as

Table 3: Response parameters of the model formulations of floating bilayer tablets of CC prepared as per D-optimal mixture design

RUN X1 (% w/w)a X2 (% w/w)a X3 (% w/w)a Friability FLT (min) % Rel1h % Rel6h

F1 50 47.67 2.33 0.02 ± 0.01 38.47 ± 2.16 22.74 ± 0.57 81.85 ± 2.17
F2 64.25 34.25 1.5 0.25 ± 0.03 6.12 ± 0.40 38.75 ± 0.63 87.48 ± 2.41
F3 77.67 20 2.33 0.03 ± 0.01 12.47 ± 0.15 22.47 ± 0.35 82.41 ± 1.28
F4 79 20 1 2.53 ± 0.31 3.59 ± 0.21 53.85 ± 2.58 86.33 ± 2.57
F5 63.5 33.5 3 0.13 ± 0.02 37.88 ± 0.74 15.87 ± 2.54 54.20 ± 0.58
F6 50 49 1 2.64 ± 0.28 4.14 ± 0.08 54.82 ± 2.13 86.56 ± 1.55
F7 63.5 33.5 3 0.15 ± 0.02 37.54 ± 0.42 16.49 ± 0.31 54.08 ± 0.63
F8 64.25 34.25 1.5 0.25 ± 0.03 6.57 ± 0.26 36.07 ± 2.65 87.22 ± 1.19
F9 59.67 39.33 1 2.68 ± 0.18 2.85 ± 0.18 56.60 ± 1.59 82.29 ± 0.88
F10 59 38 3 0.10 ± 0.01 6.55 ± 0.57 15.01 ± 0.45 56.12 ± 2.03
F11 71 27 2 0.44 ± 0.10 17.31 ± 0.09 31.95 ± 2.89 86.31 ± 1.75
F12 77.67 20 2.33 0.02 ± 0.01 12.76 ± 0.60 21.70 ± 1.26 81.24 ± 0.27
F13 64.25 34.25 1.5 0.25 ± 0.03 4.74 ± 0.81 37.28 ± 1.87 88.72 ± 0.92
F14 69.33 29.67 1 2.77 ± 0.64 4.99 ± 0.96 55.61 ± 1.28 88.57 ± 2.80
F15 57 41 2 0.40 ± 0.10 36.55 ± 0.47 26.19 ± 1.54 85.19 ± 1.29
F16 50 47.67 2.33 0.03 ± 0.01 36.42 ± 3.59 24.85 ± 1.42 82.08 ± 1.45

Each data point represents mean ± S.D (n = 3).
aX1, X2, and X3 represent the amounts of HPMC K100 M, sodium bicarbonate, and HPMC E15 LV, respectively. X3 was used as 8% w/v and as
binding solution in the bilayer tablets.

Table 4: Summary of ANOVA for the response parameters of the
model formulations of bilayer tablets prepared as per D-optimal
mixture design

Response F-value p-value R2 Adj R2 % C.V.

Y1 1544.43 <0.0001 0.9996 0.9989 2.81
Y2 160.02 <0.0001 0.9959 0.9896 4.36
Y3 527.56 <0.0001 0.9987 0.9968 2.68
Y4 125.72 <0.0001 0.9843 0.9765 2.41
Regression equations of the fitted model containing only the
significant terms:
√Friability = + 0.18*X1 + 0.32*X2 − 17897.32*X3
In FLT = + 0.24*X1 + 1.19*X2 − 25289.06*X3
Rel1h = + 0.40*X1 + 4.38*X2 − 64542.84*X3
Rel6h = + 0.74*X1 + 0.88*X2 − 1539.69*X3

Y1, Y2, Y3, and Y4 represent friability, floating lag time (FLT),
release at 1 h, and at 6 h, respectively.
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prolonged lag time could eventually lead to system
failure due to unanticipated or accidental rapid gastric
clearance by the peristaltic action of the stomach and
forcible gastric housekeeping waves. Generally, batches
with high FLT contained higher levels (≥2%) of binder
HPMC E15 LV. Mathematical modelling of the experi-
mental data suggested that the three factors investigated
were found to have a substantial influence on FLT.
Among the three factors explored, the effect of X3 was
the most, followed by X2, while the effect of X1 was found
to be the least. The amounts of HPMC E15 LV had a
highest negative coefficient value (25289.06), which
implies that the factor has most significant influence
on floatation lag times. This can be related to the fact
that higher binder amounts could result in more compact
tablets with reduced porosity. The decreased tablet
porosity is likely to substantially hinder the penetration
of dissolution medium into the tablet matrix, which in
turn would delay the generation of carbon dioxide that

may be required to initiate floatation (25). It could be
summarized that the FLT could be minimized merely
using moderate levels of HPMC E15 LV. The negative
impact of the binder on the friability is clearly visible in
the 3D Plots captured in Figure 1b. In contrast, the
amounts of sodium bicarbonate with a positive coeffi-
cient value of 1.19 were found to display a mild impact
on the FLTs. The positive effect of bicarbonate can likely
be attributed to the ability to generate carbon dioxide
by a reaction of sodium bicarbonate and gastric fluid
that would be efficiently entrapped in the polymeric gel
layers, thereby decreasing FLTs (26). Of the three factors
investigated, the amount of HPMC K100 M was found to
have minor effect with a positive coefficient of 0.24. The
positive effect can be attributed to HPMC K100 M, a high
viscosity hydrophilic material that could form a layer of
strong gel matrix in the gastric fluids (27). The strong gel
barrier in turn effectively entraps the carbon dioxide lib-
erated in situ, thereby reducing the tablet density below

Figure 1: Response surface plots depicting the interaction effects of dependent factors on a Y: friability (a), FLT (b), % release at 1 h (c), and
% release at 6 h (d).
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unity to confer the tablet buoyant (28). However, the FLT
in the present study was invariably affected by composi-
tion of the carbonate layer rather than the floating layer.

3.3.4 Release at 1 h

The percentage calcium release at the end of first hour was
found to range from 15.87 ± 2.54% for F5 to 55.61 ± 1.28%
for F14 as per Table 3. The dissolution profiles of the
model formulation were presented in Figure 3. The three
formulation factors investigated were found to have a
significant influence on the release of calcium at the

end of 1 h. Among the three factors, the effect of X3 was
most significant, followed by X2, while the effect of X1
was found to be the least. The batches F4, F6, F9, and F14
were deemed to be unsuitable as they were found to
exhibit a burst release of 53.85 ± 2.58%, 54.82 ± 2.13%,
56.60 ± 1.59%, and 55.61 ± 1.28%, which coincidentally
corresponded well with the high friability values of
2.53 ± 0.31, 2.64 ± 0.28, 2.68 ± 0.18, and 2.77 ± 0.64,
respectively. The binder concentration displayed high
negative coefficient (64542.84) indicating it had most sig-
nificant effect on the release of calcium at 1 h. On the
contrary, higher binder levels produced more compact
tablets that effectively prevented the initial burst release.

Figure 2: Photographs depicting the side view of bilayer tablets of CC in pH 1.2 buffer at 1 h (a), 2 h (b), 4 h (c), and 6 h (d).
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Literature citations in the past have indicated that
increase in binder concentrations in the matrix tablets
substantially reduced the burst release during the first
hour (29). In contrast, sodium bicarbonate with a coeffi-
cient of 4.38 was found to display a mild positive effect on
the release at 1 h. The tendency of bicarbonate to produce
effervescence that renders the tablet porous could be
the likely reason for the better calcium release at 1 h.
Previous reports have indicated that increase in the bicar-
bonate amounts would increase the drug release from
matrix tablets (30). In summary, the burst release could
be minimized by using moderate to high levels of HPMC
E15 LV. The negative effect of the binder on the burst
release is clearly evident in the 3D Plots captured in
Figure 1c.

Of the three factors investigated, HPMC K100 M was
found to have a negligible influence on the release at 1 h.
The likely reason for the same would be that HPMC
K100M was not a part of the matrix in the CC layer.
The rest of the batches that were devoid of initial burst
release can be considered to be more suitable as they
displayed a controlled pattern of calcium release.

3.3.5 Release at 6 h

The percentage calcium release by 6 h was found to range
from 54.08 ± 0.63% for F7 to 88.72 ± 0.92% for F13 as is
presented in Table 3. The total of 12 batches including
F1–F3, F5, F7, F8, F10–F13, F15, and F16 that were devoid
of initial burst release were found to display a controlled
pattern of calcium release. The batches F4, F6, F9, and
F14 were found to exhibit a burst release exceeding
50% as they displayed low hardness and high friability.
However, the subsequent release of calcium from these
tablets appeared to be retarded. The likely reason for the
retarded release could be that the dissolution media that
has been already saturated with the dissolved CC (>50%
CC in dissolved state) is less likely to create a sink condi-
tion to generate the concentration differential for further
dissolution of CC from the matrix tablet.

The three factors investigated were found to signifi-
cantly influence the release at 6 h. Of the three factors
investigated, the influence of X3 was the most, followed
by X2, whereas the effect of X1 was found to be the least.
The amount of binder HPMC E15 LV (X3) had a high
negative coefficient (−1539.68) that implies the factor
was found to have the considerable influence on the
release at 6 h. An increase in the concentration of binder
effectively controlled the release of calcium from the
matrix tablets. The negative influence of the binder could
be explained by the fact that higher binder amounts pro-
duced compact and denser tablets that displayed con-
trolled release of calcium during 6 h. The results also
imply that the release rate could be modulated by merely
varying the concentration of the binder HPMC E15 LV.
HPMC E15 LV alone is reported to effectively control the
drug release from the matrix tablets (31). To conclude, the
complete release of calcium could be ensured by just
using moderate levels of HPMC E15 LV. The negative
influence of the binder on the release at 6 h is clearly
observed in the 3D Plots captured in Figure 1d. On the
contrary, sodium bicarbonate with a coefficient of 0.88
was found to exert a mild positive influence on the
release at 6 h. The ability of bicarbonate to render the
tablet porous, especially in those with lower binder levels,
might be the probable reason for the higher release
observed (32). Of the three factors studied, HPMC K100 M
was found to have a negligible influence on the calcium
release at 6 h. As described earlier, the poor impact of
HPMCK100M could be due the fact that the highmolecular
weight polymer did not constitute the matrix material in CC
layer.

Figure 3: Comparative cumulative amount of calcium release from
bilayer tablets of batches F1–F8 (a) and F9–F16 (b).
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At the end of the studies, it could be concluded that
the batches F2, F8, and F13 that contained moderate
amount of binder were found to be most suitable formu-
lations as they were found to comply with the official
friability limits, devoid of the initial burst effect, dis-
played a short FLT, and resulted in a controlled yet com-
plete release of calcium by 6 h.

3.4 Optimization

A numerical optimization technique using the desirability
approach was employed to develop two new floating
bilayer tablet formulations with the desired responses.
The compositions of the optimized batches of floating
bilayer tablet along with predicted and experimental

Figure 4: FTIR Spectrum of CC (a), physical mixture (b), and bilayer tablet (c).
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values for the response parameters are portrayed in
Table 5. The prediction error for the response para-
meters was found to range from −14.29 to +12.50.
The low values of prediction errors prove the validity
of the mathematical models generated by ANOVA
and regression analysis. The in vitro calcium release
from the optimized formulation of bilayer tablets was
found to follow first-order kinetics.

3.5 Stability study

The results of real time stability studies for optimized
formulation batch carried out as per ICH guidelines
did not show any physical change in the tablets during
the study period. The characteristic peaks of CC were
clearly evident in the spectra of the tablets too, proving
the integrity of CC and at the same time ruling out the
possibility of any chemical interaction between CC and
other excipients used in the formulation. The represen-
tative spectra of CC and tablet mixture are captured in
Figure 4. No significant difference was noted in the

content uniformity, FLT, burst release, and the amount
released at 6 h proving the stability of the formulation
(Table 6).

3.6 In vivo radiographic studies

The representative images of the in vivo radiographic stu-
dies (33) with the bilayer floating tablets are captured in
Figure 5. The in vivo studies revealed that the mean gas-
tric retention time for the tablets from the optimized
batch correlated well with the in vitro floating time. The
studies indicated that the bilayer floating tablets from the
optimized batch remained in the stomach for a mean
period of 5.5 ± 1.0 h in rabbits which was significantly
higher (p < 0.05) than the conventional tablets that dis-
played a mean gastric retention time of less than 2 h. The
bilayer tablets by virtue of the floating properties were
found to be well-retained in the stomach, despite the
action of peristalsis and forcible housekeeping waves
compared to the conventional tablets. As the tablets are
well-retained in the stomach proximal to the absorption

Table 6: Responses of the optimized formulation on real time stability studies (25°C, 60% RH)

Condition Time point Content uniformitya (%) Floating lag time (min)a Release at 1 h (%)a Release at 6 h (%)a

25°C/60% RH Initial 94.56 ± 0.81 2.89 ± 1.87 27.28 ± 0.73 88.81 ± 1.54
1 M 96.01 ± 0.93 3.02 ± 0.98 25.81 ± 1.85 86.37 ± 2.03
3M 95.41 ± 0.57 2.96 ± 0.31 26.09 ± 1.54 88.41 ± 1.45
6M 94.85 ± 0.62 2.99 ± 2.53 27.44 ± 1.29 88.56 ± 1.30

aEach data point represents mean ± S.D (n = 3).

Table 5: Composition of the optimized formulations and comparison of experimental values of the response parameters with the predicted
values

Composition (X1:X2:X3)a Responsesb Predicted value Experimental valuec Prediction error %

77.96:20:2.04 Y1 0.08 0.07 ± 0.81 −14.29
Y2 2.73 2.91 ± 0.57 +6.19
Y3 27.30 28.73 ± 0.85 +4.98
Y4 87.58 87.10 ± 1.69 −0.55

55.43:43.07:1.49 Y1 0.07 0.08 ± 0.49 +12.50
Y2 8.50 9.13 ± 0.24 +6.90
Y3 34.80 36.41 ± 1.12 +4.42
Y4 88.70 88.05 ± 1.96 −0.74

aX1, X2, and X3 represent the amounts of HPMC K100 M, sodium bicarbonate, and HPMC E15 LV, respectively. X3 was used as 8% w/v and as
binding solution in the bilayer tablets. bY1, Y2, Y3, and Y4 represent friability, floating lag time (FLT), release at 1 h, and at 6 h, respectively.
cEach data point represents mean ± S.D (n = 3).
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window and probably release the contents in a controlled
manner, they are less likely to saturate the calcium trans-
porters situated in the duodenal region of the gastro-
intestinal tract and therefore may exhibit a superior
bioavailability compared to the conventional tablets.

4 Conclusion

Floating bilayer tablets of CC were successfully devel-
oped employing D-optimal design. Of the three formula-
tion factors investigated, the levels of HPMC E15 LV
used as a binder in the CC layer significantly affected
the friability, FLT, and release of calcium. The batches
F2, F8, and F13 that contained moderate to high amount
of binder were found to be most suitable as they were

complied with the official friability limits, devoid of the
initial burst effect, displayed a short FLT, and resulted in
yet a controlled and complete release of calcium by 6 h.
Numerical optimization technique was successfully
employed to develop optimized formulations by setting
constraints on the responses. The experimental data for
the optimized formulations were found to agree well with
those predicted by the polynomial models proving the
validity of the models generated. In vivo radiographic
studies of the optimized bilayer tablet formulations in
rabbits revealed that floating tablets were found to be
retained in the stomach for 5.5 ± 1 h. The studies collec-
tively proved that bilayer gastroretentive tablets posses-
sing floating properties would be highly promising drug
delivery platform for nutrients and therapeutic agents
with absorption window in the upper part of the gastro-
intestinal tract.

Figure 5: Radiographic images portraying the bilayer floating tablet containing barium sulfate as a radio opaque marker in the stomach of
rabbits at 0 h (a), 2 h (b), 4 h (c), and 6 h (d); the tablet is pointed by a circle.
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Abstract

The manuscript represents synthesis of pH and salt responsive hydrogel based on guar gum
as a renewable substrate for drug delivery of natural anticancer drug i.e. curcumin. Initially
acrylic acid grafted guar gum (GG-g-PAA) hydrogel was obtained in the presence of
ammonium persulphate as a redox initiator. Structural stability of grafted copolymer was
improved using N, N-methylenebisacrylamide as a crosslinker with simultaneous loading
of curcumin as a natural anticancer drug. Delivery rate of curcumin from GG-g-PAA was
studied by UV spectrophotometer. The neat and drug loaded hydrogels were characterized
using FTIR, NMR, TGA, and SEM techniques for their structural, morphological, and
thermal behaviours. Swelling of the hydrogels and water diffusion properties were studied
in salt and aqueous solutions of different pH. Finally, the fabricated hydrogel matrices were
tested for curcumin release studies to understand the release kinetic. The results indicated
that the prepared renewable source based hydrogel can be used in drug delivery of
curcumin as a natural medicine. As curcumin and guar gum are products of agricultural
food crops viz. turmeric and guar, the current research can be a good contribution towards
preparation of an eco-friendly drug delivery system based on agriculture products.
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Hydrogels are three dimensional polymeric networks comprising of hydrophilic and
hydrophobic materials interlinked with each other by physical forces or chemical bonding,
which are responsible for absorption and swelling in the presence of water or water based
fluid or water soluble active ingredients [1, 2, 3].Ability of hydrogels to absorb water is
mainly due to the presence of hydrophilic groups, such as hydroxyl(–OH), carboxyl(–
COOH), amide(–CONH ), sulfonic (–SO ), etc. in their structures. In hydrogels, polymeric
chains are either cross-linked structures obtained by covalent bonds or physically interlinked
by electrostatic or dipole–dipole interactions between hydrophilic groups [4].

AQ2

Nowadays, hydrogels based on individual or combination of homo and copolymers have
increased the requirements in different sectors like medicine, pharmaceutical, control drug
delivery, wound healing, etc. Even, these materials have application in an environment sector
to remove dye and heavy metal ions from waste industrial water and soil softener as well as
to improve the fertility in horticulture and agricultures fields.

In today’s world, overall prerequisite and use of natural polymers or their derivatives have
increased due to their advantages over synthetic counterparts such as vinyl monomers like,
acrylic acid, acrylamide, itaconic acid, and methacrylic acid. For example guar gum (GG) is
grafted with itaconic acid for the preparation of hydrogels sensitive to acid (1.2) and base
(7.4) pH. In such grafting reactions of GG, the initiator plays vital role such as ceric
ammonium sulfate is more effective than potassium persulfate [5].Gum acacia is natural
polymer crosslinked with acrylamide to form hydrogel, which are useful for dual release of
curcumin and 4‐aminoquinoline as antiprotozoal malaria drug. The release condition was
maintained at pH 7.4 i.e. at human blood pH (simulated intestinal fluid) and at 37 °C human
body temperature [6].

Recently the researchers and technologists have focused on the development of hydrogel
materials of agricultural and animal origins as renewable raw materials [7]. Different types of
water soluble polyhydroxy polysaccharides are notable renewable source based hydrogels,
which includes chitosan, cellulose derivatives, lignin, gum, cotton, chitin, sodium alginate,
and starch. Thus, natural polymers and their derivatives are appropriate initial materials for
the preparation of smart hydrogels [4, 8].The GG is high molecular weight polymer having
excellent functionality with ready water solubility. GG is favourable over other renewable
materials due to its requirement in lower quantity to form highly viscous solution.GG is
widely utilized in industrial sector because of their nontoxic, easy handling, fast
biodegradation, and high chemical reactivity. More specifically GG is considered as an eco-
friendly, biocompatible, and non-hazardous polymer in the field of pharmaceutical,
cosmetics, drug, as a surface sizing agent in paper industry and textile industry as well as
viscosity improver in syrups or soups due to low cost, easy availability, and water holding

2 4
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properties [9].Even GG has been utilized as a renewable material for the preparation of smart
or intelligent hydrogels and also for water purification treatment, flocculants, and removal of
heavy metals [10].

Drastic changes in environment, ecosystems, and radical change in life style are responsible
for uncontrolled cell proliferation or development of tumours and tremendous increase in a
number of cancer patients all over the world [11]. As a consequence, number of drugs have
been developed to treat the cancer patients but few are potential synthetic drugs available for
the treatment of cancers for examples 5-flurouracil, Cis-platin, Rituximab, etc [9]. These
drugs have their drawbacks such as vomiting, nausea, dysentery, and loss in hair, lowering in
working capability of liver and bone marrows. Hence, it is very much necessary to overcome
such drawbacks of synthetic drugs and their delivery system by selecting their natural form
with natural drug delivery system.

Curcumin is polyphenol which have several benefits for health and medicine with USFDA
recognition [12]. Curcumin is a hydrophobic fine bright yellow colour powder derived from
the Curcuma longa (turmeric), a member of a ginger belongs to Zingiberaceae family. Main
constituents of turmeric are curcuminoids, curcumin, dimethoxy curcumin, and
bisdemethoxycurcumin, which are directly used for free-radical scavenging and quenching
purposes. However, curcumin is biomedically more important material as an antiseptic
,antiviral, anti-oxidant, and anticancer in its pure form [13]. Curcumin possess ability to bind
metals, specifically for the iron and copper, and acts as an iron chelators [14]. The
applications of curcumin as a medicine can be found long back in and around Asia at ancient
times in Ayurveda [15]. Even in the recent era, its applications are based on their excellent
performance with special applications for scaffolds and implants in tissue engineering [16].

Majority of curcumin drug delivery systems are developed using non-renewable based
hydrogels [17] and only limited work has focused on biobased hydrogel specifically to
chitosan with genipin and sodium salts [16, 18] as well as sodium alginate as a natural
polymer utilized for the preparation curcumin-β-cyclodextrin inclusion complex from
nanocomposite poly(N-isopropylacrylamide/sodiumalginate) hydrogels for hydrophobic drug
delivery such as curcumin (https://doi.org/10.1002/app.47554).

The manuscript explains the preparation sequence of new guar gum and acrylic acid based
hydrogels with loaded different percent of curcumin as a renewable source based anticancer
drug. The prepared hydrogels were characterized by FTIR, NMR, TGA, SEM, XRD, etc. and
swelling study was carried in double distilled water, salt solution, and different pH solutions
in an aqueous media. The release study of curcumin from biobased hydrogel was done by an
UV spectroscopy.

Materials and Methods
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Guar gum was purchased rom Spark Chem. Laboratory Pvt. Ltd., India. Acrylic acid (AA)
was purchased from Lobachemie Pvt. Ltd., India. Sodium hydroxide (NaOH) and N, N-
methylenebisacrylamide (MBA) were purchased from Spectrochem Pvt. Ltd., India.
Ammonium persulphate (APS) was purchased from Himedia Laboratories Pvt. Ltd., India.
Sodium lauryl sulphate (SLS) was obtained from Merck India, whereas curcumin used in the
study was of commercial grade. All the raw materials utilized in the study were analytical
grade and used without any further purification.

Preparation of Acrylic Acid Grafted Guar Gum Copolymer Hydrogels
For the preparation of acrylic acid grafted guar gum copolymer (GG-g-PAA), initially double
distilled water (12 mL) was charged in a reactor as a medium and purged with N gas and
stirred at the rate of 300 rpm. After 10 min, acrylic acid (10 g) and 50% NaOH solution (4 g)
were slowly added to partially neutralized acrylic acid with maintaining less than 30 °C
temperature with the help of water bath in ice. This resulted into the clear and colourless
liquid mixture having pH in between 5 and 6 and formations of sodium acrylates to minimize
the allergic nature of acrylic acid after the salt formation. Subsequently, GG powder (0.2 g)
was added to the flask under stirring to attain complete solubility. Then, MBA (1 mL, 1%
solution in DDW) as a crosslinker and APS (1 mL 10% solution in DDW) as an initiator were
added into the reaction mixture and the temperature was raised in between 60 and 70 °C
within 15–20 min and kept constant for 3 h to carry free radical polymerization. This caused
grafting of acrylic acid over GG and started to become a gel in the presence of crosslinker.
The product was washed several times by double distilled water to remove unreacted
monomer and soluble impurities. The above procedure was repeated to prepare curcumin
loaded hydrogels by immediate addition of APS. The amount of curcumin was varied as 0.0,
0.5, 1.0, 2.0 and 4.0% on the monomer basis and the samples were coded as G0.0, G0.5,
G1.0, G2.0, and G4.0, respectively.

The following are keto and enol forms of curcumin [19].

The general reaction scheme of grafting acrylic acid onto GG to form hydrogel in three
dimensional matrices is as given in Fig. 1.

2
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Fig. 1

Preparation of GG-g-PAA copolymer hydrogels

Characterization
The FTIR spectrum was obtained by the Shimadzu Spectrophotometer instrument using KBr
with frequency range from 400 to 4000 cm .The FE-SEM images were taken on S-4800,
Jeol, JSM 6360 and JSM 5400) under voltage condition in the range of 0.5–30 kV. The
samples were gold coated prior to their analysis. XRD data was collected on a
Panalytical.sX.PertPro, instrument consisting vertical theta–theta goniometer having range of
10–40 °C, using 2θ radiation of Cu K-alpha-1, whereas nickel metal was used as beta filter.
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The FT-NMR spectra were recorded using a Cryo- magnet Spectrometer Bruker with 400
MHz in the presence of D O as a solvent and TMS as an internal standard. The thermo
gravimetric analysis (TGA) was done using a Perkin Elmer TGA 4000 instrument with
heating of a sample from 40 to 700 °C with a rate of 20 °C min  under nitrogen atmosphere.
The UV Spectroscopy data was collected using an Instrument Cary 60under the Dual Beam
Mode in the range of 800 to 200 nm.

The release study was done using an orbital incubator shaker. The study was performed on
the series no. 66476, volts-230, size of the instruments 8 × 250 mL conical flask, watts 500,
model-BTI-39, Amp-5, and RMP 150 at 37 °C.The Simulated Gastric fluid (SGF) was
prepared by dissolving NaCl (3.102 g) in 1500 mL and 3% SLS solution in DDW. After the
complete dissolution of NaCl, the pH was adjusted to 1.2 by 0.1 N HCl solutions. The
Simulated Intestinal Fluid (SIF) solution was prepared using phosphate buffer that was
prepared by dissolving disodium hydrogen phosphate (2.38 g), potassium dihydrogen
phosphate (0.19 g), and NaCl (8.0 g) in sufficient amount of 3% SLS solution prepared in
DDW. After complete dissolution, solution contents were makeup to1000 mL.

Results and Discussion

Preparation of Curcumin GG-g-PAA Hydrogel
Prepared renewable source-based GG-g-PAA hydrogels was embedded with the curcumin as
a natural anti-cancer drug. Total 5 different formulations were prepared with variation of
curcumin as 0, 0.5, 1, 2, and 4% (Table 1).

Table 1

The detail composition of hydrogels with curcumin

Composition of hydrogels
with curcumin Sr. no.

Guar
gum
(g)

AA+50%
NaOH (g)

MBA 1%
solution 1
mL

APS 10%
solution 1
mL

Curcumin
(%)

G0.0 0.2 10 + 4 0.01 0.1 0.0

G0.5 0.2 10 + 4 0.01 0.1 0.5

G1.0 0.2 10 + 4 0.01 0.1 1.0

G2.0 0.2 10 + 4 0.01 0.1 2.0

G4.0 0.2 10 + 4 0.01 0.1 4.0

AQ3

FTIR Analysis of Guar Gum and Hydrogels
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Figure 2 indicates FTIR spectra of guar gum, GG-g-PAA hydrogel, and curcumin loaded GG-
g-PAA. FTIR spectrum of GG shown the absorption bands at 891, 1084, and 1420 cm  for –
C–O–, –C–OH, and –C–H stretching’s, respectively. Similarly bands appeared at 3267
(broad) and 2928 cm  were recorded as characteristic absorption bands for symmetric
stretching of –O–H and –C–H stretching of –CH  and –CH  groups, respectively, which
matched with the earlier result (Fig. 3) [20].

Fig. 2

FTIR of (a) GG, (c) G0.0, (b) G4.0 hydrogels

Fig. 3

H NMR spectra of Guar Gum
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The FTIR of GG-g-PAA was studied to find out the grafting of acrylic acid onto the guar gum
surface. The spectrum of GG-g-PAA showed the increase in the –C–O–H absorption
frequency from 891to 986 cm .The spectrum shown appearance of new peak at 1308 cm as
a result of –C–O–C– stretching with disappearance of 1084 cm  (–C–OH stretching) as seen
in GG. The FTIR spectrum of PAA appeared with a prominent absorption at 1769 cm
related to the −C=O stretching of carboxylic acid. In addition, there were peaks appeared at
2903 and 3017 cm due to –C–H stretching of –CH and –CH  groups [21]. Thus, the
presence of −COOH group and transformation of –OH functional groups to –C–O−C–
confirmed grafting of AA on GG to form GG-g-PAA.

The FTIR spectrum of GG-g-PAA hydrogel with trapped curcumin molecules shown the –C–
O–C– stretching frequency at 1308 cm . The absorption band seen at 1514 cm was due to –
C=C–vibration of olefinic group as well as interactions of –O–H group of curcumin with the
–COOH group of PAA. The free phenolic –O–H stretching of curcumin was observed at 3724
and appearance of the peak at 3028 cm  was assigned to the –C–H stretching of aromatic
ring. And the FTIR spectrum of PAA was a prominent band occurred at 1769 cm  associated
with -COO carbonyl stretching [22].

−1 −1
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The frequency range changed from 891(–C–O) to 1308 (–C–O–C–) of the GG and GG-g-PAA
confirmed successful grafting of AA onto the GG. The appearance of characteristic band at
1514 cm responsible for interactions –OH group of curcumin with the –COOH group
indicated curcumin insertion. Thus, FTIR study revealed grafting of PAA on GG and loading
of curcumin into the hydrogels matrices.

H- NMR of Guar Gum and Acrylic Acid Grafted Guar Gum Copolymer
Sample
The H NMR of GG powder and the GG-g-PAA graftedcopolymerwere recorded without
crosslinker and represented in Figs. 4 and 5, respectively.

Fig. 4

H NMR spectra of GG-g-PAA polymer

Fig. 5
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Swelling study of hydrogel in double distilled water for 24 h

H-NMR analysis of the purified guar gum in D O showed a peak at δ = 1.24 to 1.26 ppm for
(a) –CH methylene protonsattached to –O– group and 1.84 to 2.15 ppm appeared due to (b)
8 protonsof(–C–O–H) alcohol substituetedto GG at side wise attached to the cyclic ring
carbon. The peaks appeared in between 3.49 and 3.76 ppm were in response of
methyleneprotons (c) attachedto carbons in cyclic ring formation having alcohol opposite
side of such protons. The peaks appered in the range of 3.83 to 4.13 were due to the –CH
protons (d), which are attached to cyclic carbon ring attached on side and teminal side –O–H
fuctional groupused in grafting purpose [23].

H-NMR spectra of GG-g-PAA polymercarried in D O is shown in Fig. 5. The peak apeared
in between 1.24 and 1.26 ppm were assigned for –CH methylene protons. Peaks appeared in
between 1.81 and 2.74 and 3.73 to 4.31 ppm were for –OH and methylene protons (c)
respectively. Peaks at 5.69, 5.71, and 5.72 ppm were due to the protons of ethylene attached
to opposite side (trans) of the carbonyl carbon group of acrylic acid, which were more
shielded than cis side. The peaks observed at 5.87, 5.89, and 5.91 were for 1-ethylene –

1
2

2
−

2

1
2
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C(=O)O–trans to carboxylic acid but attached to geminal groups. The peaks observed in
between 6.03 and 6.08 and 6.11–6.35 ppm were for proton of cis of –C(=O)O– of carboxylic
acid attached to side of unsaturation [24, 25]. H-NMR study of GG and GG-g-PAA
confirmed the structures of GG and grafting of acrylic acid as proposed in reaction schemes.

Swelling of Hydrogels
At initial level, formation and stability of hydrogels were studied by keeping the samples in
water for 24 h. It was expected that if hydrogels are formed properly, samples will not
dissolve instead swelled only. If opposite is the case, viscous solution will be formed, which
is known as organogel [26]. It is highly desirable that the samples should possess the three-
dimensional structure with porosity to store solvent. Hence, the water absorption of GG-g-
PAA hydrogels and GG-g-PAA with curcumin loaded hydrogels was studied in double
distilled water, 0.9% NaCl solution, and different pH solutions. The primary results indicated
swelling with high water holding and insolubility of grafted copolymer , which confirmed
crosslinking of the samples and formation of hydrogel. The percent water absorption in three
different media is estimated by the Eq (1).

HG = hydrogel, HG  = swollen hydrogel sample, HG  = dry hydrogel sample.

In Double Distilled Water
In swelling study of the prepared hydrogel, samples were deep into the double distilled water
for 24 h and their results are graphically represented in Fig. 5. The results indicated swelling
was decreased with increase in the loading of drug due to increase in the physical crosslink
between hydrogels and curcumin. Thus, it can be stated that increase in percent of curcumin
decreased the porosity of the hydrogel matrices and directly affected on swelling behaviours
of the hydrogels. The obtained results are correlating with the literature i.e. incorporation of
drug or nutrient increases crosslinking and thermal stability of the hydrogel system [10].

In 0.9% NaCl Solution
Swelling of GG-g-PAA hydrogels was studied for 24 h in a salt solution and results are
graphically represented in Fig. 6. Here also, swelling behaviour of the hydrogels was similar
to the observation noted in the case of distilled water that is on increase in the concentration
of curcumin from G0.0 to G4.00 hydrogels absorption rate was decreased. However, the
values of swelling were lower in the case of salt solution than water, which is in good
agreement with the previous result i.e. presence of salt ion decreases absorption capacity of

1

Water Absorption =  × 100
HGwet

HGdry

wet dry
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hydrogels due to the counter ion effect [27]. Thus, it can be concluded that the swelling
behaviour of hydrogels the salt solution matched with the previous results.

Fig. 6

Swelling study of hydrogel in 0.9% NaCl solution for 24 h

Indifferent pH Solutions
The swelling of GG-g-PAA hydrogels in 3, 6, 7, 9, and 12 pH phosphate buffer solutions was
studied for 24 h. Results of the study are graphically presented in Fig. 7. On increase in the
pH of solutions from 3 to 9; there was increase in the swelling capacity that decreased further
at pH 12. Normally, the observation is in agreement with common trend i.e. acid and amide
based hydrogels are pH sensitive and possess least absorption capacity at either acidic or
basic conditions. However, highest water absorption seen to pH 9 solution instead of 7 may
be due to presence of guar gum hydrogels that could have made more gap or porosity as
compared to hydrogels of acrylic acid and acrylamide alone [24]. Thus, it was observed that
best water absorption range of pH in between 7 and 9 for the prepared hydrogels i.e. it
includes both slightly acidic and basic conditions [7].
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Fig. 7

Swelling study of hydrogels at different pH solution for 24 h

FE-SEM
The surface morphological study of GG, curcumin, GG-g-PAA hydrogel, and curcumin
loaded GG-g-PAA hydrogel samples was carried using FE-SEM and selected images are
shown in Fig. 8. Surface morphology of the GG was found to be smooth as shown in Fig. 8a,
due to the hydrophilic nature. The curcumin was found to be discontinued particles of rod
shape Fig. 8b. The grafted GG-g-PAA hydrogel was smoother than GG as there was
improvement in its hydrophilic nature due to incorporation of grafted acrylic acid polymer
[28] Fig. 8c. As per Fig. 8d, the GG-g-PAA curcumin loaded hydrogel was more dense and
rough than non-loaded part. Even separated rod shaped curcumin particles were seen in the
grafted polymer. Thus, the result of morphological study indicated proper distribution of
curcumin in the polymer, which is suitable for best release mechanism.

Fig. 8
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SEM images of a GG, b curcumin, c G0.0, d G4.0 curcumin hydrogels samples

XRD of Hydrogel Samples
X-ray crystallography was used to study getting pertaining to the atomic as well as molecular
construction of hydrogel. The XRD graph of the guar gum natural polysaccharide molecules,
GG-g-PAA hydrogels, and GG-g-PAA curcumin loaded hydrogels are shown in Fig. 9. The
X-ray diffraction pattern of functional GG showed two prominent 2θ peaks viz. 17.5 and
20.0.Both the peaks found in GG were comparatively sharper than the peaks observed for
GG-g-PAA and GG-g-PAA curcumin loaded hydrogels i.e. 21.5 and 21.8, respectively.
Therefore, it can be seen that the GG was major with amorphous nature and slightly
crystalline [29], which is more than rest of the two samples. Almost same amorphous and
crystalline nature reported to both grafted samples indicated that even after addition of
curcumin, there was no more change in crystalline behaviour of material [30, 31, 32].

Fig. 9
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X-ray diffractogram of GG, G0.0 hydrogel, and G4.0 curcumin loaded hydrogel

Thermal Stability of Curcumin, GG, and GG-g-PAA Hydrogel
The thermal stability study of hydrogels was completed on TGA. The resultant TGA thermo
grams are shown in the Fig. 10. Curcumin went through four steps of thermal degradation in
between 50 and 530 °C. The first step of thermal degradation of curcumin occurred in
between 50 and 256 °C with percent 14.80% weight loss because of moisture and inter
molecular interactions of molecules. The second step of thermal degradation occurred in
between 256 and 345 °C with 43.93% weight loss due to loss of Keto-Enol unsaturated
moiety. In the third step, aromatic dihydroxy benzene of curcumin molecule degraded with
18.25 of weight loss in the range of 345 to 450 °C, while fourth step of degradation was
occurred due to residual degradation upto 20% and in between temperatures 450 and 518 °C.
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Fig. 10

TGA of curcumin, GG, G0.0, and curcumin loaded hydrogels (G0.5, G1.0, G2.0 and G4.0)

A TGA curve of GG showed mainly two distinct zones with total weight loss of 98%. The
first step showed 16.3% weight loss in between 40 and 150 °C due to the presence of
moisture as a result of physical binding of hydrophilic hydroxyl groups with water. Second
step of the thermal degradation of GG resulted in 81.45% weight loss in between 300 and 350
°C due to breakdown of main polymer backbone, whereas residual part degraded sluggishly
up to 550 °C. Thethermal stability study of GG-g-PAA hydrogels, with incorporated different
% of curcumin (G0.0, G0.5, G1.0, G2.0 and G4.0) was also carried by TGA. The % weight
loss study of the crosslinked polymer of GG-g-PAA showed four steps of thermal
degradation. The first step was observed in between 40 and 270 °C with 8 to 16% weight loss
due to the presence of moisture. The second step of degradation was observed in between 260
and 448 °C due to breakdown of main polymer backbone. Third step was observed in
between 421 and 654 °C with 12 to 15% weight loss due to breakdown of polymer. A last
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step was sluggish and found in between 615 and 700 °C with weight loss of 11 to 14% as a
result of residual degradation [2, 33].

UV Spectroscopy: The Vitro Release Study
The curcumin release from G0.0, G0.5, G1.0, G2.0 and G4.0 hydrogels was studied at 37 °C
temperature with continuously shaking with the help of orbital incubator shaker instrument
and at pH 1.2 and 7.4 as maintained by phosphate buffer solutions of 3% sodium lauryl
sulphate (SLS) aqueous solution [14]. The aliquot of release sample was withdrawn by 2 h
interval time, for this 10 mL sample was withdrawn from 100 mL of the release media and
makeup with same amount of phosphate buffer of SLS solution. The supernatant solutions
were analyzed for drug release in a UV spectroscopy in between 800 and 200 nm. The four
different % of curcumin loaded samples tested were G0.5, G1.0, G2.0 and G4.0 with 0.5, 1.0,
2.0 and 4.0% loading of curcumin, respectively into the prepared hydrogels for 12 h as an
effective time for targeted molecules to cure. Fast with continuously drug release is beneficial
for cancer treatment. The first stage of carcinoma is initialization of the tumour cells; at the
situation it is important to start dosing of curcumin treatment. The fast and continuous release
is effective towards control of unwanted cell growth. Figures 11 and 12 are representing
study done related to release of curcumin from GG-g-PAA hydrogel samples. All the samples
showed largest release of the curcumin at initial time, which decreased with the time. The
G0.5 sample favoured maximum amount of curcumin release at pH = 7.4 as well as 1.2. The
drug release sequence was G0.5 > G1.0 > G2.0 > G4.0 that indicated percent release of
curcumin decreased with increase in its percentage in the hydrogel. The above results
concluded that the curcumin release depends on the loading of the drug molecules because
higher the drug molecules higher will be crosslinked density and lower will be the rate of
release of drug and vice versa is the situation. So at low loading drug with basic conditions is
favoured that is pH = 7.4 than the pH = 1.2.

Fig. 11

Cumulative release of curcumin from hydrogel samples at pH = 1.2
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Fig. 12

Cumulative release of curcumin from hydrogel samples at pH = 7.4
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In comparisons of both pH solutions, the release of curcumin was higher in the 7.4 pH
solution than the pH 1.2 solutions. The maximum amount of the curcumin released was found
within 6 to 8 h as expected [14, 34].

The above Figs. 13 and 14 are showing the percentage of curcumin release at pH 7.4 and 1.2
as adjusted using phosphate buffer solutions of SLS. The pH 7.4 showed higher release of
curcumin in initial 4 h as compared to later 2 h. In which the lower concentration of curcumin
loaded i.e. G0.5 sample released maximum curcumin from the matrices. The release of
curcumin from the pH 1.2 solutions shown slow rate at staring 4 to 6 h and maximum release
was observed at 8 h time. The release of GG-g-PAA hydrogels at the pH = 7.4 was more
favourable than the pH = 1.2. And in percent wise, minimum amount of drug loaded sample
was more favourable for both pH conditions [14, 35, 36].

Fig. 13

Fractional % of curcumin release in time interval from hydrogels at pH = 7.4 and 37 °C
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Fig. 14

Fractional % of curcumin release in time interval from hydrogels at pH = 1.2and 37 °C
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Drug Release Kinetics
The drug release kinetics was studied to find out the probable mechanisms of curcumin as
anticancer drug release from the hydrogels samples viz. G0.5, G1.0, G2.0 and G4.0. The
release data was tried to fit into the kinetics model such as Peppas–Sahlin. The Peppas–
Sahlin equation (2) was used to calculate the coupled effects of Fickian diffusion and Case II
transport.

Here, k  and k  the diffusion and relaxation rate constants were estimated with Eq. 2. The ‘m’
is exponent coefficient of the Fickian diffusion. The ratio of relaxation (R) and Fickian (F)
contributions are derived from the Eq. (3).
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Where, R and F are the relaxations of polymer matrix and Fickian diffusion, respectively.

Based on the Peppas Sahlin model, curcumin release parameters estimated at pH1.2 and 7.4
and 37 °C for G0.5, G1.0, G2.0 and G4.0 hydrogels are represented in Table 2

Table 2

The Peppas Sahlin model curcumin release parameter estimated at pH1.2 and 7.4 and 37 °C.

 G0.5 G1.0 G2.0 G4.0

Papper shalin model pH = 1.2 release

 K 0.000562 0.000229468 0.001370082 0.004655

 K 0.000562 0.000229468 0.001370082 0.004655

 m 1.756434 1.78940745 1.108716626 0.667876

 R 0.927934 0.917346 0.989736 0.996433

Papper shalin model pH = 7.4 release

 K 0.008025 0.014842978 0.011054181 0.011948

 K 0.008025 0.014842978 0.011054181 0.011948

 M 0.855741 0.499343015 0.724571585 0.794896

 R 0.998912 0.979126 0.977838 0.977226

The above data explained well-fitting of corresponding parameters such as R , k , k  and m
values in Peppas Sahlin mathematical model. The data concluded that as the R  value is in
between of 0.5 and 1, the release mechanism is of anomalous transport type.

The values of R/F ratio greater than one (1) as per Figures 15 and 16 indicated that the
overall release process of relaxations of the polymer chains were playing an important
functions in release mechanisms of the curcumin as an anticancer drug [34, 37].

Fig. 15

Plots of R/F versus Time (h) into pH = 7.4 solution
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Fig. 16

Plots of R/F versus Time (h) into pH = 1.2 solution
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Conclusions
The acrylic acid was grafted on guar gum as a natural polysaccharide molecule in the
presence of APS as a thermal initiator and MBS as a crosslinker for dimensional stability of
hydrogels matrixes. Curcumin as a natural anticancer active molecule was in situ loaded into
the GG-g-PAA hydrogels matrices in 0.5, 1.0, 2.0, and 4.0%. The grafting of acrylic acid on
guar gum was confirmed using spectral techniques such as FTIR and NMR. The XRD study
showed that slight increase in the crystalline nature of loaded hydrogel with increase in the
percent curcumin. Similarly, surface morphology studied by SEM demonstrated proper
distribution of curcumin and surface roughness with loading of curcumin in hydrogel.
Enhanced thermal stability was seen to the loaded hydrogels over pure GG. Finally, the
swelling and release study concluded that the GG-g-PAA hydrogel system was excellent
water holding material in acidic and basic mediums and salt solution too. The release
mechanism represented anomalous transport type. Thus, the present study demonstrated good
drug carrier system based on natural and renewable sourced based hydrogel and drug.
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Abstract
Background Cancer is an ongoing worldwide health problem. Although chemotherapy remains the mainstay therapy for 
cancer, it is not always effective and has detrimental side effects. Here, we present piperidone compounds P3, P4, and P5 
that selectively target cancer cells via protein- and stress-mediated mechanisms.
Methods We assessed typical apoptotic markers including phosphatidylserine externalization, caspase-3 activation, and 
DNA fragmentation through flow cytometry. Then, specific markers of the intrinsic pathway of apoptosis including the 
depolarization of the mitochondria and the generation of reactive oxygen species (ROS) were investigated. Finally, we 
utilized western blot techniques, RT-qPCR, and observed the cell cycle profile after compound treatment to evaluate the 
possible behavior of these compounds as proteasome inhibitors. For statistical analyses, we employed the one-way ANOVA 
followed by Bonferroni post hoc test.
Results P3, P4, and P5 induce cytotoxic effects towards tumorigenic cells, as opposed to non-cancerous cells, at the low 
micromolar range. Compound treatment leads to the activation of the intrinsic pathway of apoptosis. The accumulation of 
poly-ubiquitinated proteins and the pro-apoptotic protein Noxa, both typically observed after proteasome inhibition, occurs 
after P3, P4, and P5 treatment. The stress-related genes PMAIP1, ATF3, CHAC1, MYC, and HMOX-1 were differentially 
regulated to contribute to the cytotoxic activity of P3–P5. Finally, compound P5 causes cell cycle arrest at the  G2/M phase.
Conclusion Taken together, compounds P3, P4, and P5 exhibit strong potential as anticancer drug candidates as shown 
by strong cytotoxic potential, activation of the intrinsic pathway of apoptosis, and show typical proteasome inhibitor 
characteristics.

Keywords Leukemia · Anticancer · Apoptosis · Proteasome inhibitor · Piperidone · Cancer
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Introduction

Cancer is the second leading cause of death worldwide and 
in the United States (U.S.) [1, 2]. In the U.S., disparities 
in cancer incidence are influenced by both socioeconomic 
status and race/ethnicity [3]. Moreover, several behavioral 
risk factors are associated with developing cancer, including 
smoking, diet, obesity, physical inactivity, and the absence 
of preventative care [3]. Therapies for the disease are rap-
idly evolving. In recent years, several treatments, includ-
ing monoclonal antibody and Chimeric Antigen Receptor 
(CAR) T-cell therapy, have been explored with benefits that 
can resolve many facets of the disease [4, 5]. Nevertheless, 
chemotherapy remains the mainstay therapy for cancer [6]. 
It is typical for cancer cells to become resistant to current 
chemotherapeutic agents [6, 7]. Chemotherapy can also 
result in off-target toxicity of healthy cells [7]. Therefore, 
it is necessary to investigate new therapies to target cancer 
cells specifically.

Piperidones have been extensively studied in our labora-
tory as tumor-selective cytotoxic agents [8–11]. Previously, 
we reported two piperidone compounds, P1 and P2, which 
efficiently killed tumorigenic cells by apoptosis [8]. We 
detected several genes essential to these compounds' cyto-
toxic activity, and these were PMAIP1, ATF3, CHAC1, MYC, 
and HMOX-1 [8]. These genes play a role in generating the 
cytotoxic effects induced by P1 and P2. Protein analysis 
revealed the accumulation of poly-ubiquitinated proteins, 
characteristic of proteasome inhibition [12]. In addition, the 
induction of the BH3-only pro-apoptotic protein Noxa (the 
product of PMAIP1), which is known to accumulate during 
proteasome inhibition, was detected after compound expo-
sure [8, 13]. We concluded that these compounds induce 
apoptosis through proteotoxic stress that is developed by 
the accumulation of misfolded/unfolded proteins character-
istic of proteasome inhibition [8]. Proteasome inhibitors are 
therapeutic agents that can selectively target cancer cells 
[14]. This type of targeted therapy may alleviate the issues 
currently observed with chemotherapy [5].

Here, we present the characterization of three related 
piperidones (P3, P4, and P5; Fig. 1). In prior studies, P3, 
P4, and P5 showed potential as anticancer agents since they 
reduced the proliferation of human and murine leukemia 
cells at low micromolar concentrations [15]. Furthermore, 

tumor-selective cytotoxicity was observed towards oral cell 
carcinoma and leukemia cancer cells as opposed to non-can-
cerous cells (gingival fibroblasts, pulp cells, and periodontal 
ligament fibroblasts) [15]. In the current study, we investi-
gate P3, P4, and P5's cytotoxic activity towards more cancer 
(lymphoma, leukemia, breast cancer, and colon cancer) and 
non-cancerous cell lines (fibroblasts and breast epithelial 
cells). Structural similarities can indicate a similar mode of 
action, as is the case with several compounds containing ɑ, 
β unsaturated keto moieties which behave as inhibitors of 
proteasome-associated deubiquitinases [16]. Therefore, we 
investigated the potential of these compounds to behave as 
proteasome inhibitors as we did with P1 and P2.

Materials and methods

Compound synthesis

Compounds were obtained from our collaborator’s library 
at the University of Saskatchewan. The compounds were 
prepared by a literature procedure [15]. In brief, a Mannich 
reaction was undertaken between 4-hydroxybenzaldehyde, 
formaldehyde, and the appropriate amine hydrochloride to 
afford the desired 3,4-disubstituted aryl aldehyde, which was 
condensed with 4-piperidone to give the desired products.

Cell culture

All cell lines were obtained commercially from ATCC 
(American Type Culture Collection). Several cancer and 
non-cancerous cell lines were used for this analysis. Hema-
tological cancer cell lines included CCRF-CEM (Acute 
Lymphoblastic Leukemia; CCL-119), HL-60 (Acute Mye-
locytic Leukemia; CCL-240), Jurkat (Acute Lymphocytic 
Leukemia; TIB-152), K562 (Chronic Myelogenous Leuke-
mia; CCL-243), KCL22 (Chronic Myelogenous Leukemia; 
CRL-3350), and Ramos (Burkitt’s Lymphoma; CRL-1596), 
which were cultured under the same conditions with RPMI-
1640 medium. Solid tumor cancer cell lines included MDA-
MB-231 (Adenocarcinoma; HTB-26) cultured in DMEM 
medium, HT-29 (Colorectal Adenocarcinoma; HTB-38) 
cultured in McCoy’s 5A medium, and COLO 205 (Colo-
rectal Adenocarcinoma; CCL-222) cultured in RPMI-1640 
medium. Non-cancerous cell lines included Hs27 (No dis-
ease, foreskin; CRL-1634) cultured in DMEM medium and 
MCF-10A (Fibrocystic Disease; CRL-10317) cultured in 
DMEM/F12 medium supplemented with 20 ng/ml epider-
mal growth factor, 0.5 µg/ml hydrocortisone, and 10 µg/ml 
insulin. Additionally, all media used for cell culture was 
supplemented with 10% heat-inactivated fetal bovine serum 
(FBS), and a mixture of 25 µg/ml amphotericin B, 1,000 
U/ml penicillin, and 1,000 µg/ml streptomycin. The HL-60 
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cell line was supplemented with 20% FBS and the same 
antibiotic mixture described. All cell lines were grown in an 
incubator supplemented with 5%  CO2 at 37 °C.

Differential nuclear staining (DNS) assay

Cytotoxic activity was evaluated through the DNS assay [17, 
18]. This assay involves labeling live and dead cells with 
two nucleic acid intercalators, Hoechst 33342 and propid-
ium iodide (PI). Hoechst 33342 stains all cells (healthy and 
dead), but PI stains only dead or dying cells with a compro-
mised cell membrane [17, 18]. For the experiment, each cell 
line was plated at a density of 10,000 cells per well (96-well 
plate) in 100 µl media and placed in the incubator overnight 
under cell culture conditions. Cells were then treated with 
varying concentrations of the compound of interest for 48 h. 

Two hours before incubation elapsed, 10 µl of a dye mix-
ture consisting of phosphate-buffered saline (PBS), Hoechst 
33342 (1 μg/ml final; Invitrogen, H1399), and PI (1 μg/ml 
final; Invitrogen, P1304MP) was added to each well. The 
IN Cell 2000 analyzer, a high-content analyzer (HCA), was 
used to image the plates (GE Healthcare). For quantitative 
analysis, images were segmented through the IN Cell Ana-
lyzer Workstation 3.2 software (GE Healthcare). Cytotoxic 
concentration 50%  (CC50) values were calculated using a 
linear interpolation method previously described [19].  CC50 
is defined as the concentration of compound needed to kill 
50% of the cell population [19]. Each plate had the same 
set of controls that included 1% v/v DMSO as vehicle con-
trol, 1 mM hydrogen peroxide  (H2O2) as a positive control 
for death, and untreated cells as a negative control. Each 
compound concentration and each control were assessed in 

Fig. 1  Structures of a P3, b P4, 
and c P5
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triplicate. The selective cytotoxicity index (SCI) is defined 
as a compound's ability to preferentially kill cancer cells as 
opposed to non-cancerous cells [20]. SCI was calculated 
using the following equation:  CC50 of the non-cancer cell 
line/CC50 of the cancer cell line [20].

Concentrations for cell death induction

For the experiments conducted, the concentrations used 
correspond to either  CC50 or  CC50 × 2 in the specified cell 
line. In HL-60, compound P3 has a  CC50 of 1.7 µM and 
a  CC50 × 2 of 3.4 µM, compound P4 has a  CC50 of 2 µM 
and a  CC50 × 2 of 4 µM, and compound P5 had a  CC50 of 
2 µM and a  CC50 × 2 of 4 µM. For the cell cycle analysis, 
lower concentrations were used to observe the effects of the 
compound as the cell divides over a longer period (72 h). 
Therefore, we used a  CC10 and a  CC30 concentration. The 
concentrations used for P3 treatment were 0.34 µM  (CC10) 
and 1.02 µM  (CC30), for P4 treatment were 0.4 µM  (CC10) 
and 1.2 µM  (CC30), and for P5 treatment were 0.4 µM  (CC10) 
and 1.2 µM  (CC30).

Annexin V‑FITC assay

The annexin V-FITC assay was used to evaluate the induc-
tion of apoptosis (Beckman Coulter; IM3546) [21]. HL-60 
cells were seeded at a density of 100,000 cells in 1 ml com-
plete medium. Cells were treated with the three compounds 
of interest for 24 h. Concentrations used for P3 were 1.7 µM 
and 3.4 µM, for P4 were 2 µM and 4 µM, and for P5 were 
2 µM and 4 µM. Controls used were a vehicle control (0.1% 
v/v DMSO), an apoptosis-inducing positive control (1 mM 
 H2O2), and an untreated cell negative control. Following 
treatment, cells were collected and stained with both PI and 
annexin V-FITC according to the manufacturer’s instructions 
(Beckman Coulter; IM3546). Samples were immediately 
read by flow cytometry (Gallios; Beckman Coulter). Data 
analysis was accomplished with Kaluza software (Kaluza 
Analysis Software; Beckman Coulter).

Caspase‑3 assay

The activation of caspase-3 was detected using the fluoro-
genic NucView 488 caspase-3 substrate, which identifies 
active caspase-3 within live cells (Biotium; 30029). The per-
centage of cells emitting a green fluorescent signal, observed 
through flow cytometry, were counted as cells with active 
caspase-3. HL-60 cells were plated in a 24-well plate at a 
density of 100,000 cells/1 ml/well. Cells were treated for 
8 h with P3 at 1.7 µM and 3.4 µM, P4 at 2 µM and 4 µM, 
and P5 at 2 µM and 4 µM. The same controls as mentioned 
previously were used (0.1% v/v DMSO, 1 mM  H2O2, and 
untreated cells). After incubation, samples were collected 

and stained according to the manufacturer’s protocol. Sam-
ples were then analyzed via flow cytometry (Gallios & 
Kaluza Analysis Software; Beckman Coulter).

Mitochondrial membrane potential (ΔΨm) 
polychromatic assay

The cationic JC-1 (5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylben
zimidazolylcarbocyanine iodide) dye can be used to monitor 
mitochondrial membrane potential (Invitrogen; M34152). 
A red signal (JC-1 aggregates) indicates an intact polarized 
mitochondrial membrane, while a green signal (JC-1 mon-
omers) indicates a depolarized mitochondrial membrane. 
HL-60 cells were plated in a 24-well plate (100,000 cells/
well) and treated with P3 (1.7 µM and 3.4 µM), P4 (2 µM 
and 4 µM), and P5 (2 µM and 4 µM) for 5 h. A vehicle, 
positive, and negative control (as previously described) were 
included as well. Following incubation, cells were collected 
and stained per the manufacturer’s instructions with a final 
concentration of 2 µM JC-1 dye. Samples were then exam-
ined utilizing flow cytometry (Gallios; Beckman Coulter). 
Analysis of the subsequent data was completed using Kaluza 
software (Kaluza Analysis Software; Beckman Coulter).

Reactive oxygen species (ROS) assay

Reactive oxygen species (ROS) generation can be quanti-
fied using the 6-carboxy-2',7'-dichlorodihydrofluorescein 
diacetate (carboxy-H2DCFDA) dye (Invitrogen; Molecu-
lar Probes, C400) [19, 22]. This non-fluorescent dye shifts 
to a green fluorescent form as oxidation, induced by ROS, 
occurs within the cell. Therefore, a green fluorescent signal, 
corresponding to the oxidized form of carboxy-H2DCFDA, 
indicates ROS generation. Cells (HL-60) were plated over-
night at a density of 100,000 cells in 1 ml. The next morning, 
cells were treated with P3 at 1.7 µM and 3.4 µM, P4 at 2 µM 
and 4 µM, and P5 at 2 µM and 4 µM for 18 h. Samples were 
collected, centrifuged at 262g for 5 min, and re-suspended 
in 1 ml PBS to remove the complete medium. Then, cells 
were loaded with a final concentration of 10 µM carboxy-
H2DCFDA dye for 45 min at 37 °C. Following incubation 
with dye, cells were centrifuged at 262g for 5 min and re-
suspended in 500 µl PBS. Then, samples were processed 
using flow cytometry (Gallios; Beckman Coulter). Data 
analysis was completed with the Kaluza software (Kaluza 
Analysis Software; Beckman Coulter). Controls used were 
the same as mentioned before (0.1% v/v DMSO, 1 mM 
 H2O2, and untreated cells) with an additional unstained (not 
loaded with dye) control to observe the normal population 
of cells.
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Cell cycle analysis with NIM‑DAPI

The phases of the cell cycle can be visualized through flow 
cytometry by measuring the amount of DNA content of cells 
[23]. The DNA intercalating fluorophore 4, 6-Diamidino-
2-phenylindole (DAPI) can be used to stain DNA. Cells 
can be permeabilized and stained using a nuclear isola-
tion medium (NIM)-DAPI solution (Beckman Coulter) to 
quantify DNA content [17, 19]. HL-60 cells (100,000 cells/
ml) were treated with 0.34 µM and 1.02 µM of P3, 0.4 µM 
and 1.2 µM of P4, and 0.4 µM and 1.2 µM of P5 for 72 h. 
Controls included were a vehicle (0.1% v/v DMSO), posi-
tive (1 mM  H2O2), and negative (untreated cells) control. 
Subsequently, cells were collected in flow cytometry tubes 
and centrifuged at 262g for 5 min. Then, the supernatant 
was removed, and the cell pellet was re-suspended in a mix-
ture of 100 µl of PBS and 200 µl of NIM-DAPI. Samples 
were immediately read and analyzed through flow cytometry 
(Gallios & Kaluza Analysis Software; Beckman Coulter). 
Approximately 10,000 events were acquired per sample. 
Data are represented as plots that display peaks (Fig. 6e) 
which represent fragments of DNA (Sub-G0/1 phase), cells 
before they replicate DNA  (G0/1 phase), active replication 
of DNA (S phase), and post-replicative stage while entering 
mitosis  (G2/M phase) [23].

Western blot

HL-60 cells (3,000,000) were treated with P3 (3.4 µM), P4 
(4 µM), P5 (4 µM), and a vehicle control (0.3% v/v PEG-
400) for 8 h. Then, 70 µl of 2 × Laemmli buffer (120 mM 
Tris–HCl, 0.1% β-mercaptoethanol, 4% SDS, 20% glycerol, 
and 0.02% v/v bromophenol blue) were added to dry cell 
pellets and boiled for 10 min at 100 °C to extract protein. 
The NanoDrop 1000 system (Thermo Fischer) was used to 
quantify protein content. A concentration of 100 µg protein 
in a final volume of 25 µl was loaded per lane on a 10% SDS 
polyacrylamide gel. Proteins were separated for 1 h at 100 V, 
then transferred by wet transfer to a polyvinylidene fluo-
ride (PVDF) membrane for 1 h at 100 V. Membranes were 
blocked overnight at 4 °C in a 5% milk/TBS-T (Tris-Buff-
ered Saline-0.001% Tween) solution. Then, membranes were 
incubated with primary antibody for 1 h at room tempera-
ture. Primary antibodies used were mouse monoclonal anti-
ubiquitin (1:1,000 dilution; Santa Cruz Biotech, sc-8017) 
and mouse monoclonal anti-Noxa (1:1,000; Thermo Fis-
cher, MA1–41000) diluted in a 5% Bovine Serum Albu-
min (BSA)/TBS-T solution and a mouse monoclonal anti-β 
actin conjugated to horseradish peroxidase (1:25,000 dilu-
tion; Sigma-Aldrich A3854) diluted in a 5% milk/TBS-T 
solution. The secondary antibody used was polyclonal goat 
anti-mouse conjugated to horseradish peroxidase (1:10,000 
dilution; Thermo Scientific) diluted in TBS-T. Images were 

obtained using the Thermo Fischer iBright 1500 instrument 
in the Genomic Analysis Core Facility at the Border Bio-
medical Research Center (BBRC) at the University of Texas 
at El Paso (UTEP). The final figure shows blots that were 
cropped to focus on the area of interest. Original, unedited 
blots can be found in Supplementary File 2. Densitometry 
analysis was accomplished using the Image Studio Lite (LI-
COR) software.

Reverse transcriptase real‑time polymerase chain 
reaction (RT‑qPCR)

A total of 1,000,000 HL-60 cells (plated at a density of 
200,000 cells per ml) were treated with P3 (3.4 µM), P4 
(4 µM), P5 (4 µM), and a vehicle control (0.3 v/v PEG-400) 
for 6 h. After the incubation period elapsed, cell pellets were 
washed by centrifuging at 262g for 5 min and re-suspend-
ing in 1 ml of PBS. Dry cell pellets were used for RNA 
extraction. RNA was extracted immediately according to the 
manufacturer’s instructions of the RNeasy Mini Kit (Qiagen; 
74104). A QIAshredder was used to lyse the cells, and the 
optional DNase I digestion was also accomplished. Three 
biological replicates were used for each treatment. RNA was 
stored at -80 ºC overnight, then the RNA was used to syn-
thesize cDNA using the  RT2 HT First Strand Kit (Qiagen; 
330,411). The amount of RNA used per sample was 500 ng, 
which was quantified using a NanoDrop ND-1000 system 
(ThermoFisher Scientific). RNA was diluted using RNase-
free water to obtain the desired concentration (500 ng) in 
9 µl. As per the manufacturer’s protocol, we incubated 9 µl 
of the sample with 6 µl GE2 (gDNA elimination buffer) 
for 5 min at 37 °C, then we added 6 µl BC4 Reverse Tran-
scriptase Mix and incubated for 15 min at 42 °C, 5 min at 
95 °C and, finally, a 4 °C hold. Then, 91 µl of RNase-free 
water was added to each sample for a final concentration of 
4.5 ng/µl. The generated cDNA was then stored at − 20 °C. 
An iCycler Thermal Cycler (Bio-Rad; 582BR) was used to 
carry out real-time polymerase chain reactions (qPCR). Each 
qPCR reaction (25 µl total volume) contained the following 
components: 12.5 µl  RT2 SYBR Green (Qiagen; 330512), 
3.5 µl forward (sense) primer (Bioneer), 3.5 µl reverse (anti-
sense) primer (Bioneer), 1.5 µl nuclease-free water, and 4 µl 
cDNA template. For each reaction, samples were tested in 
triplicate (technical replicates) along with a negative control 
(nuclease-free water). Three independent experiments were 
conducted for each gene. For data analysis, gene expression 
levels were normalized to the housekeeping gene (ACTB) 
and quantified using the comparative  Ct method  (2−∆∆Ct). 
Fold change differences were calculated by comparing gene 
expression levels of compound treatment versus vehicle 
control. PCR cycles and details of primer sequences were 
obtained from a published methodology (see Supplementary 
Table 1) [8].
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In silico screening

The compounds were prepared using the Ligprep interface 
of the Schrodinger software [24] with an OPLS3 force field 
at a pH 7 ± 2 using Epik [25]. The other options were set to 
the default of the Schrodinger software. The preparation of 
proteins was done as previously described [26]. Protein’s 
crystal structures were obtained from the Protein Data Bank 
(PDB) (https:// www. rcsb. org/). For UCHL5 PDB: 3RII, 
4UEM, and 4UF5 were used, and for USP14 PDB: 2AYN, 
2AYO, and 6IIN were used. Receptor grid generation was 
defined by using the Sitemap tool in the Schrodinger soft-
ware [27], the best scoring sites were selected for the recep-
tor grid generation tool in maestro 11.5. Molecular docking 
was performed using the Glide tool on maestro 11.5 [28] 
using the standard precision (SP) algorithm. Finally, molec-
ular mechanics (MM-GBSA) of the docked compounds was 
performed using the Prime tool on maestro 11.5 [29].

Statistical analysis

The data obtained were analyzed using Microsoft Excel® 
and an online calculator (https:// astat sa. com/ OneWay_ 
Anova_ with_ Tukey HSD/). Data are presented as the 
mean value (n = 3, except where noted) for each experi-
ment ± standard deviation (SD). Statistically significant dif-
ferences between treatment and control groups were assessed 
by one-way analysis of variance (ANOVA), followed by 
Bonferroni post hoc test. For all analyses, a p-value ≤ 0.05 
was considered significant.

Results

Tumor selective cytotoxicity is observed 
with treatment of P3, P4, and P5

The DNS assay was utilized to measure the cytotoxic ability 
of compounds P3, P4, and P5. The compounds of interest 
were tested at a 48-h time point in nine cancerous cell lines 
and two non-cancerous cell lines. After these assays, we 
calculated the cytotoxic concentration at which 50% of the 
cell population is dead  (CC50) for each compound in each 
cell line. The average  CC50 values of P3–P5 towards the 
nine tumorigenic cell lines listed in Table 1 are 2.26 µM, 
1.91 µM, and 1.52 µM, respectively. The most sensitive cell 
line to P3 and P4 treatment was HL-60 and to P5 treatment 
was CCRF-CEM, both hematological cancer cell lines. An 
important feature of candidate cytotoxins is to exert a greater 
cytotoxic effect on neoplasms than on normal cells. There-
fore, P3–P5 were screened against non-malignant Hs27 and 
MCF-10A cells where the results are presented in Table 1. 
We observed selective cytotoxicity (SCI above 1) towards 
cancerous cells as opposed to non-cancerous cells with the 
treatment of all three compounds (Table 1). The average 
 CC50 values for P3–P5 towards Hs27 and MCF-10A are 
4.99, 3.83, and 3.84 µM, respectively, indicating the normal 
cells' greater tolerance to P3 than to P4 and P5. Melphalan 
is an established anticancer drug whose efficacy towards 
the nine tumorigenic cell lines is presented in Table 2. Our 
compounds of interest revealed improved cytotoxicity when 
compared to the cytotoxicity of melphalan. P3, P4, and P5 
are 7.88, 9.32, and 11.7 times, respectively, more potent 

Table 1  CC50 determination of compounds P3, P4, and P5 on various cancerous and non-cancerous cell lines

a CC50 values in µM
b Selective Cytotoxicity Index (SCI) was calculated using the following equation:  CC50 of non-cancer cells divided by the  CC50 of the cancer cell 
line. Values above 1 indicate selective cytotoxicity of the compound towards cancer cells
c SCI calculated using MCF-10A  CC50 (breast epithelial). All others using Hs27

Cell line Disease P3 P4 P5
aCC50 SD bSCI CC50 SD SCI CC50 SD SCI

CCRF-CEM Acute lymphocytic leukemia (ALL) 0.87 0.02 9.47 0.75 0.02 5.48 0.65 0.06 8.42
COLO 205 Colorectal adenocarcinoma 4.66 0.38 1.77 2.79 0.29 1.48 0.80 0.14 6.87
HL-60 Acute promyelocytic Leukemia 0.59 0.05 13.92 0.64 0.07 6.51 0.74 0.01 7.47
Hs27 None 8.23 0.49 – 4.13 0.27 – 5.50 0.89 –
HT-29 Colorectal adenocarcinoma 0.89 0.09 9.21 0.79 0.06 5.26 1.93 0.08 2.85
Jurkat Acute T-cell leukemia 0.96 0.03 8.57 0.97 0.02 4.26 0.91 0.02 6.05
K562 Chronic myelogenous leukemia (CML) 9.05 0.93 0.91 8.37 0.92 0.49 4.25 0.99 1.29
KCL22 Chronic myelogenous leukemia (CML) 0.87 0.10 9.44 0.93 0.14 4.47 1.57 0.22 3.49
MCF-10A Fybrocystic disease 1.75 0.21 – 3.52 0.17 – 2.18 0.13 –
MDA-MB-231c Adenocarcinoma 1.52 0.13 1.15 0.99 0.08 3.55 1.74 0.07 1.26
Ramos Burkitt’s lymphoma 0.94 0.08 8.75 1.00 0.10 4.13 1.06 0.13 5.19

https://www.rcsb.org/
https://astatsa.com/OneWay_Anova_with_TukeyHSD/
https://astatsa.com/OneWay_Anova_with_TukeyHSD/
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than melphalan, which exhibited an average  CC50 value of 
17.8 µM.

Compounds P3–P5 induce the cell death mechanism 
of apoptosis, specifically the intrinsic pathway 
of apoptosis

To investigate the induction of apoptosis, we examined 
phosphatidylserine externalization and the activation of cas-
pase-3. Phosphatidylserine is exposed as a cell goes through 
apoptosis [30]. Annexin V-FITC can bind to exposed phos-
phatidylserine to quantify the percentage of apoptotic cells 
[30]. Treatment with P3–P5 caused a significant increase of 
Annexin V-FITC-positive cells in comparison to the DMSO 
control, as assessed by one-way ANOVA (F6,14 = 129.10, 
p < 0.0001). Bonferroni post hoc analysis revealed sig-
nificant differences between P3, P4, and P5 treatment ver-
sus the DMSO control (Fig. 2a). A significant increase 
of ~ 23%, ~ 32%, and ~ 30% Annexin V-FITC-positive cells, 
respectively, after P3, P4, and P5 treatment at the  CC50 
concentration was observed (Fig. 2a). Increasing the dose 
of compounds P3 and P4 induced a significant increase 
of ~ 49% and ~ 46% Annexin V-FITC-positive cells, respec-
tively, in comparison to DMSO (Fig. 2a). Caspase-3 is an 
executioner caspase involved in the apoptosis cascade [30]. 
The percentage of cells with active caspase-3, indicated by 
a green fluorescent signal, can be determined using flow 
cytometry and a caspase-3/fluorogenic dye substrate. Analy-
sis by one-way ANOVA revealed significant differences in 
caspase-3 activation between treatment and control groups 
(F6,13 = 3.60, p = 0.03). P3- and P4 treatment increased cas-
pase-3 activation in ~ 27% and ~ 19% of cells, respectively, 
as compared to DMSO (Fig. 2b). However, the post hoc 
analysis revealed a significant increase only after P5 treat-
ment with ~ 49% of cells showing active caspase-3 (Fig. 2b).

The intrinsic and extrinsic pathways are the two main 
pathways of apoptosis [30]. The intrinsic pathway involves 
cellular stress, the generation of ROS, and changes in the 
mitochondrial membrane potential (ΔΨm) [31]. Utilizing the 

JC-1 dye, the mitochondrial membrane potential was moni-
tored [31]. The monomer form of the JC-1 dye, emitting a 
green fluorescent signal, indicates depolarized mitochondrial 
membrane potential [31]. A significant difference in the per-
centage of cells with depolarized mitochondrial membrane 
potential between P3- and P4-treatment groups and DMSO 
(F4,10 = 7.06, p = 0.006), as well as between P5 treatment 
and DMSO (F2,6 = 11.53, p = 0.009) was observed. Bonfer-
roni post hoc analysis revealed a significant increase in the 
cell population with a depolarized mitochondrial membrane 
of ~ 5% after P3 treatment at 1.7 µM, ~ 5% after P4 treat-
ment at 2 µM, ~ 6% after P4 treatment at 4 µM, and ~ 10% 
after P5 treatment at 4 µM in comparison to DMSO (Fig. 3a, 
b). ROS generation was evaluated using the dye carboxy-
H2DCFDA [22]. The oxidized form of carboxy-H2DCFDA, 
green fluorescent signal, indicates ROS production [22]. Sig-
nificant differences, assessed by one-way ANOVA, between 
compound treatment groups and the DMSO control were 
observed in the percentage of green-positive or ROS-pro-
ducing cells (F6,14 = 50.77, p < 0.0001). Post hoc analysis 
revealed a significant increase of ~ 34%, ~ 46%, and ~ 38% 
of cells positive for ROS production after P3, P4, and P5 
treatment, respectively (Fig. 4). Additionally, treatment with 
twice the concentration of P3, P4, and P5 displayed signifi-
cant differences of 54%, ~ 53%, and ~ 65% of cells positive 
for ROS production, respectively, as compared to DMSO 
(Fig. 4). Finally, dose dependence was observed after P3 and 
P5 treatment (Fig. 4).

Cellular modulations characteristic 
of proteasome inhibition, including accumulation 
of poly‑ubiquitinated proteins and the protein 
Noxa, are observed after P3–P5 treatment 
in leukemia cells

Next, we investigated proteasome inhibition by visualiz-
ing the accumulation of poly-ubiquitinated proteins [12]. 
Western blot analysis revealed the accumulation of high-
molecular-weight poly-ubiquitinated proteins after treatment 

Table 2  Cytotoxic evaluation 
 (CC50) of melphalan in various 
cancerous cell lines

Cell line Disease Melphalan

CC50 (µM) SD

CCRF-CEM Acute lymphocytic leukemia (ALL) 3.17 0.62
COLO 205 Colorectal adenocarcinoma 20.40 0.67
HL-60 Acute promyelocytic leukemia 1.57 0.27
HT-29 Colorectal adenocarcinoma 21.07 1.86
Jurkat Acute T-cell leukemia 1.91 0.23
K562 Chronic myelogenous leukemia (CML) 19.63 0.55
KCL22 Chronic myelogenous leukemia (CML) 81.28 5.65
MDA-MB-231 Adenocarcinoma 9.23 1.68
Ramos Burkitt’s lymphoma 2.05 0.39
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Fig. 2  Treatment with P3, P4, 
and P5 causes the induction 
of apoptosis in HL-60 cells. a 
The annexin V-FITC assay was 
employed to detect phosphati-
dylserine externalization. The 
percentage of cells emitting 
a fluorescent signal from the 
annexin V-FITC complex bound 
to phosphatidylserine was con-
sidered apoptotic. HL-60 cells 
were treated with the indicated 
concentrations for 24 h. b A 
complex containing a caspase-3 
substrate attached to a DNA 
dye was used to evaluate the 
activation of caspase-3. A green 
fluorescent signal is emitted 
when caspase-3 cleaves the 
DNA dye from the caspase-3 
substrate. The percent of cells 
with active caspase-3, i.e., 
green fluorescence signal, was 
detected after 8-h treatment 
with compounds of inter-
est. c Representative plots 
from flow cytometer analysis 
(approximately 10,000 events 
per sample) depicting Annexin 
V-FITC and propidium iodide 
(PI) staining. The following 
controls were included: a vehi-
cle control (0.1% v/v DMSO), 
an apoptosis-inducing positive 
control (1 mM  H2O2), and a 
negative control of untreated 
cells. The data represent the 
mean ± SD (n = 3, except for 
DMSO in (b) where n = 2). 
One-way ANOVA followed by 
Bonferroni post hoc test were 
used to assess significant dif-
ferences between the treatment 
groups and the vehicle control 
(*p < 0.05, ***p < 0.0001)
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with P3 (0.54-fold), P4 (0.45-fold), and P5 (0.64-fold) when 
compared to vehicle control (Fig. 5a and Supplementary File 
1). The pro-apoptotic protein Noxa is known to accumu-
late under conditions involving proteasome inhibition [32, 
33]. P3 treatment induced a 2.54-fold increase, P4 treatment 
induced a 1.58-fold increase, and P5 treatment induced a 
1.96-fold increase when compared to vehicle control (0.3% 
v/v PEG-400; Fig. 5b).

Proteasome inhibitors are known to cause cell cycle 
arrest [34]. Therefore, we investigated the cell cycle profile 
after compound treatment. The Sub-G0/1 phase corresponds 
to cells with DNA fragmentation [23]. One-way ANOVA 
analysis revealed significant differences in the percentage 
of cells with DNA fragmentation between compound treat-
ment groups and the DMSO control (Fig. 6a) (F6,13 = 11.36, 
p = 0.0002). Post hoc analysis revealed a significant increase 
of 11% of cells with DNA fragmentation after P5 treat-
ment (0.4 µM). No significant differences were observed 
between treatment and control groups in the  G0/1 phase 

(F6,13 = 2.74, p = 0.06). The S phase displayed significant 
differences between compound treatment and control groups 
(F6,13 = 18.08, p < 0.0001). Post hoc analysis revealed a sig-
nificant decrease in the percentage of cells in the S phase 
after P3, P4, and P5 treatment at double the  CC50 concentra-
tion as compared to DMSO (Fig. 6c). Significant differences 
were observed between the compound treatment and control 
group in the  G2/M phase (F6,13 = 13.16, p < 0.0001). Post 
hoc analysis revealed a significant increase in the percentage 
of cells (~ 9%) arrested at the  G2/M phase after P5 treat-
ment (0.4 µM) when compared to the DMSO vehicle control 
(Fig. 6d). Increasing the dose of P5 (threefold) also led to 
a significant increase in cells arrested at the  G2/M phase.

P3–P5 causes the differential expression of genes 
important to their cytotoxic activity

Finally, we examined the differential expression of PMAIP1, 
ATF3, CHAC1, MYC, and HMOX-1, which were discovered 
in the transcriptome analysis of the compounds (P1 and P2) 
that we previously characterized [8]. We sought to investi-
gate the aforementioned genes because we believe they are 
related to processes relevant to the activity of these types of 
piperidones. These processes include the generation of stress 
that exploits the stress phenotype of cancer cells to induce 
apoptosis in malignant cells, and not normal cells [35]. The 
PMAIP1 gene and its encoded protein Noxa are important 
apoptotic mediators [36]. ATF3 is inducible after subject-
ing cells to oxidative and endoplasmic reticulum (ER) stress 

Fig. 3  Compounds P3, P4, and P5 cause mitochondrial membrane 
potential depolarization that leads to the activation of the intrinsic 
pathway of apoptosis. The JC-1 dye was utilized to observe changes 
in mitochondrial membrane potential (ΔΨm). The monomer form 
of the JC-1 dye, indicating depolarized mitochondria, emits a green 
fluorescent signal that is visualized through flow cytometry. a, b Bars 
(mean ± SD, n = 3) represent the percentage of the HL-60 cell popula-
tion with depolarized mitochondria after 5-h treatment with P3, P4, 
and P5. Controls included vehicle (0.1% v/v DMSO), an apoptosis-
inducing positive control (1 mM  H2O2), and untreated cells. Signifi-
cant differences between compound treatment and the vehicle control 
were assessed by one-way ANOVA followed by Bonferroni post hoc 
analysis (*p < 0.05 and **p < 0.01)

Fig. 4  Generation of ROS is observed after treatment with com-
pounds P3, P4, and P5 further verifying the activation of the intrin-
sic pathway of apoptosis. Reactive oxygen species (ROS) were 
detected via oxidation of the carboxy-H2DCFDA dye which emits 
a green fluorescent signal when ROS are generated. The percentage 
of cells (HL-60) positive for ROS accumulation after 18-h incuba-
tion with compounds P3, P4, and P5 is shown in the bar graph. An 
unstained control was used as a baseline and subtracted from each 
treatment value. Data are presented as a means ± SD (n = 3). A vehi-
cle control (0.1% v/v DMSO), a positive control (1 mM  H2O2), and 
a negative control of untreated cells were used for this experiment. 
One-way ANOVA test followed by Bonferroni post hoc analysis were 
employed to assess significant differences of the treatment groups 
compared to the vehicle control (***p < 0.0001)
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[37]. CHAC1 plays a role in the unfolded protein response 
(UPR), which occurs as a response to ER stress and is also 
pro-apoptotic [38, 39]. HMOX-1 is over-expressed after 
oxidative stress [40]. Overexpression of MYC helps cancer 
cells maintain their unregulated proliferative characteris-
tics, and its down-regulation can reverse this effect [41]. 
We obtained the following fold-change differences after a 
comparative analysis of the normalized gene expression 
levels of compound-treated versus vehicle-treated samples. 
P3 treatment induced fold-change differences of 200.73 for 
PMAIP1, 45.32 for ATF3, 117.09 for CHAC1, and 737.96 for 
HMOX-1 (Fig. 7a, b). MYC was not detected after P3 treat-
ment. P4 treatment induced fold-change differences of 61.38 
for PMAIP1, 123.50 for ATF3, 85.47 for CHAC1, -7.17 

for MYC, and 2234.25 for HMOX-1 (Fig. 7a, b). Finally, 
P5 treatment induced fold-change differences of 79.50 for 
PMAIP1, 204.56 for ATF3, 106.96 for CHAC1, -4.15 for 
MYC, and 2464.89 for HMOX-1 (Fig. 7a, b).

Discussion

In this study, we evaluated novel piperidone compounds 
P3, P4, and P5 (Fig. 1) to determine if they have similar 
cytotoxic properties as those previously published. The 
structures of P3–P5 differ only in the nature of the heter-
ocyclic ring attached to the arylmethylene groups. These 
heterocycles are the pyrrolidine (P3), piperidine (P4), and 
morpholine (P5) groups. The pKa values of pyrrolidine, 
piperidine, and morpholine are 11.31, 11.12, and 8.50, 
respectively [42]. Hence, there will be more molecules of 
P5 existing as the free bases than is the case with P3 and 
P4, which may facilitate penetration of the cell membranes 
leading to greater toxicity. Such was the case, as P5 was 
the most toxic compound towards the nine cancerous cell 
lines (Table 1). Given the strong cytotoxic effects of these 
compounds on cancerous cells, we additionally examined 
the effects on non-malignant cells. Preferential cytotoxicity, 
denoted by SCI values above 1 (Table 1), towards cancer 
cells as opposed to non-cancerous cells was observed. Of the 
three compounds, P3 displayed the highest selectivity (SCI 
above 8) in most cell lines, except the colon COLO 205 and 
breast MDA-MB-231 cancer cell lines. Melphalan, a chemo-
therapeutic agent used in treating multiple myeloma (MM), 
leukemia, lymphoma, and other cancers, was tested in con-
cert with the compounds of interest as a positive control 
[43]. Melphalan displayed significantly higher  CC50 values 
than P3, P4, and P5 (Table 2), indicating that it has lower 
cytotoxicity than the piperidone compounds. Collectively, 
we believe P3–P5 are three potent compounds that are far 
more cytotoxic to cancer cells as opposed to non-cancer cells 
and with improved activity to that of a current chemotherapy 
drug.

Cytotoxic cancer therapies typically induce apoptosis 
[36, 44]. Thus, we decided to investigate if compounds 
P3–P5 induce apoptosis. A hallmark of apoptosis is the 
externalization of phosphatidylserine and the activation of 
the executioner caspase, caspase-3 [30]. Flow cytometry 
analysis revealed both phosphatidylserine externalization 
and caspase-3 activation after treatment with the piperidone 
compounds (Fig. 2). Although a significant increase of cas-
pase-3 activation was not observed after P3 and P4 treat-
ment, apoptosis can occur in a caspase-independent man-
ner when the inner mitochondrial matrix is permeabilized 
[31]. Cells undergoing apoptosis display the morphological 
characteristic of DNA fragmentation [30]. P3–P5 caused 
DNA fragmentation of leukemic cells, identified as cells 

Fig. 5  The accumulation of poly-ubiquitinated proteins and the pro-
apoptotic protein Noxa is observed after treatment with P3–P5. Leu-
kemic HL-60 cells were treated with vehicle (V; 0.3% v/v PEG-400), 
P3 at 3.34 µM, P4 at 4 µM, and P5 at 4 µM for 8 h. a An accumula-
tion of high-molecular-weight poly-ubiquitinated proteins is observed 
after compound (lane 2–lane 4) treatment. b Increased Noxa protein 
expression is evident (lane 2–lane 4) following treatment with com-
pounds. Actin was used as a housekeeping (protein loading) control. 
The identifiers for each lane are as follows: lane 1 = vehicle (V), lane 
2 = P3, lane 3 = P4, and lane 4 = P5. Blots were cropped to focus on 
the area of interest. Original, unedited blots can be found in Sup-
plementary File 2. The data presented are of one biological replicate 
(n = 1)
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in the Sub-G0/1 phase (Fig. 6a). As previously mentioned, 
there are two main pathways of apoptosis: the intrinsic and 
extrinsic pathways [30]. The intrinsic pathway of apoptosis 
involves the mitochondria [30]. Mitochondrial membrane 
permeabilization causes a loss of the membrane potential 
(ΔΨm), which commits cells to apoptosis [31]. We observed 

mitochondrial membrane depolarization after treatment 
with compounds P3–P5 (Fig. 3). Additionally, ROS can 
play a role in initiating the intrinsic apoptosis cascade by 
being released after mitochondrial membrane depolariza-
tion [31, 45]. Treatment with the three compounds led to a 
large increase in ROS production (Fig. 4). Gene expression 

Fig. 6  The cell cycle is disrupted with the treatment of compounds 
P3, P4, and P5. The phases of the cell cycle were visualized by 
measuring DNA content using NIM-DAPI and flow cytometry. a–d 
Graphs represent the percentage of HL-60 cells treated with P3, P4, 
and P5 for 72 h at the indicated concentrations. a Treatment with P3, 
P4, and P5 causes DNA fragmentation as observed by an increase in 
the cell population's percent in the Sub-G0/1 phase compared to vehi-
cle control. b The  G0/1 phase was not affected in a statistically signifi-
cant manner after compound treatment. c There is a decrease of cells 

in the S phase after compound treatment. d Compounds P4 and P5 
cause cell cycle arrest at the  G2/M phase. e Representative histograms 
from flow cytometer analysis (approximately 10,000 events per sam-
ple) displaying the DNA content distribution after NIM-DAPI stain-
ing which corresponds to the different phases of the cell cycle. Data 
represent the mean ± SD (n = 3, except treatment P5 at 1.2 µM which 
is n = 2). Significant differences between the treatment groups and the 
vehicle control were assessed with the one-way ANOVA followed by 
the Bonferroni post hoc analysis (*p ≤ 0.05, **p ≤ 0.01)
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analyses also corroborate the induction of the intrinsic path-
way of apoptosis. Compound treatment revealed the up-
regulation of PMAIP1 and CHAC1, as previously detected 
with compounds P1 and P2 (Fig. 7) [8]. PMAIP1 is known 
as one of thirteen important genes for drug-induced intrin-
sic apoptosis [36]. CHAC1 promotes apoptosis through the 
apoptosis-inducing factor-poly(ADP-ribose) polymerase 
(AIF-PARP) signaling cascade, which is essential in the 
intrinsic pathway of apoptosis [31, 39]. From these results, 
we can deduce that apoptosis, more specifically the intrinsic 
pathway of apoptosis, is the cell death mechanism induced 
by P3–P5 treatment.

Proteasome inhibition is an approach to exert tumor-
specific therapeutic effects [46]. Bortezomib, the first clini-
cally approved proteasome inhibitor, causes the accumula-
tion of poly-ubiquitinated proteins, the accumulation of the 
pro-apoptotic protein Noxa, and gene expression alterations 
[47]. We previously discovered that piperidone compounds 
P1 and P2 induced these same cellular modulations; there-
fore, we investigated if the same was observed with P3–P5 
treatment. As in our previous study, an accumulation of 
high-molecular-weight poly-ubiquitinated proteins with 
the treatment of P3–P5 was observed (Fig. 5a). Noxa is 
required for the activity of proteasome inhibitors in chronic 
lymphocytic leukemia (CLL), melanoma, and myeloma cells 
[33, 48, 49]. Cancer cells rapidly degrade Noxa due to its 
anti-proliferative characteristics, but proteasome inhibition 
can allow Noxa to accumulate [13]. The current evaluation 
revealed the accumulation of Noxa (~ 1.5, ~ 2, and ~ 2.5-
fold differences), respectively, after P3–P5 treatment when 

compared to vehicle control (Fig. 5b). In addition to the 
components evaluated for P1 and P2, we examined the gen-
eration of ROS and cell cycle arrest after P3–P5 treatment to 
further investigate proteasome inhibition. ROS accumulate 
at early stages after treatment with proteasome inhibitors, as 
observed with Bortezomib in multiple myeloma cells [50]. 
Treatment with P3–P5 (Fig. 4) revealed a large accumula-
tion of ROS. Proteasome inhibition can cause the accumu-
lation of cell cycle regulators that cause cell cycle arrest to 
reverse certain inherent characteristics of cancer cells [34]. 
For example, proteasome inhibitors can revert the function 
of tumor suppressor p53 resulting in an arrest at the  G2/M 
phase [34]. Bortezomib causes cell cycle arrest at the  G2/M 
phase in non-small-cell lung cancer cells, colorectal cancer, 
and chronic myeloid leukemia (CML) [14, 34]. Another pro-
teasome inhibitor, MG-132, causes  G2/M cell cycle arrest in 
cervical and gastric cancer [34]. Analysis of the cell cycle 
profile after compound treatment revealed cell cycle arrest 
in the  G2/M phase with the treatment of P5 (Fig. 6d). It is 
not clear why P3 and P4 did not cause cell cycle arrest at the 
 G2/M phase, but it may be related to the lack or down-regu-
lation of c-Myc expression (as shown in Fig. 7), which is an 
important gene for the proper function of the cell cycle [41]. 
Further analysis would have to be accomplished to under-
stand this mechanism. Based on our data, we can deduce that 
our compounds behave as proteasome inhibitors.

Since we observed similar cytotoxic activity of com-
pounds P3–P5 to that of P1 and P2, we decided to inves-
tigate if the same genes (PMAIP1, ATF3, CHAC1, MYC, 
and HMOX-1) were differentially regulated. Proteasome 

Fig. 7  RT-qPCR data reveal differential regulation of genes impor-
tant to the cytotoxic activity of P3–P5. PMAIP1, ATF3, CHAC1, 
MYC, and HMOX-1 have roles in apoptosis, more specifically, stress-
mediated cell death. a, b HL-60 cells were treated for 6  h with P3 
(3.34 µM), P4 (4 µM), and P5 (4 µM). The fold-change differences of 
compound treatment relative to vehicle control (0.3% v/v PEG-400) 

are displayed on the y-axis. Each bar represents the mean fold change 
of three independent experiments (± SD). The comparative  Ct method 
 (2−∆∆Ct) was used to calculate gene expression and fold-change val-
ues. Gene expression levels were normalized to the housekeeping 
gene actin (ACTB). Data for HMOX-1 are of two independent experi-
ments



Three novel piperidones exhibit tumor-selective cytotoxicity on leukemia cells via protein…

1 3

inhibitors can drive a cancerous cell to apoptosis by con-
tributing to the endogenous stress phenotype [51]. The 
aforementioned genes are important to the development of 
proteotoxic stress, which can occur after proteasome inhi-
bition, and the response of the cell to this stress [46, 49, 
51, 52]. The same trend that was previously observed with 
compounds P1 and P2 of gene expression (up-and down-
regulation) was also observed with the current piperidone 
compounds (Fig. 7). However, one difference was the lack 
of detectable expression of MYC after P3 treatment (Fig. 7). 
Repression of MYC results in the reversal of tumorigenesis 
in various in vivo mouse models, including T-cell acute 
lymphoblastic leukemia, hepatocellular carcinoma, osteosar-
coma, among others [41]. Therefore, the down-regulation or 
complete loss of the MYC oncogene can reverse the uncon-
trolled replicative characteristic of cancer cells. In the case 
of compound P3, the lack of MYC expression can provide an 
additional therapeutic advantage that must be further evalu-
ated. In addition to the importance of these proteins/genes 
in generating the stress to cause apoptosis, some modulate 
Noxa which we believe may be key to the activity of P3–P5. 
The Noxa promoter has ATF3 and MYC binding sites, which 
can regulate its expression [53]. These gene expression anal-
yses reinforce proteasome inhibition activity induced by our 
compounds.

We hypothesize that the molecular targets of the com-
pounds of interest are deubiquitinating enzymes found within 
the 19S regulatory particle of the proteasome. Prior studies 
have shown that b-AP15, with a similar structure to piperi-
dones P3–P5, shows inhibitory activity towards UCHL5 and 
USP14 and not towards other deubiquitinating enzymes found 
within the proteasome [54]. Through combined molecular 
docking and molecular mechanics, we evaluated the potential 
of our compounds to bind to the deubiquitinating enzymes 
UCHL5 and USP14. Although there is no consensus of thresh-
old cutoff for docking studies, predicted binding energies are 
used to rank ligand–protein interactions [55, 56]. However, 
docking alone should not be used to predict the affinity of 
a ligand-substrate interaction [57]. Molecular mechanics is a 
follow-up analysis to molecular docking predictions [55, 58]. 
When used in combination, these are reliable predictive tools 
of ligand–protein interactions [58]. Successful use of these 
tools includes the scoring of various chemotherapeutic agents 
such as paclitaxel, gemcitabine, and cisplatin to investigate 
the protein MDR1 which contributes to multi-drug resistance 
[59]. In our studies, we performed molecular mechanics using 
Prime MM-GBSA from Schrodinger to calculate and rank the 
compounds based on binding affinity (kcal/mol) to improve the 
confidence of protein–ligand interactions observed in molecu-
lar docking experiments conducted with the Glide software. 
Since UCHL5 and USP14 could have many possible binding 
sites for these compounds, we explored various binding sites 
using sitemap generation included in Schrodinger. Sitemap 

ranks the likelihood of regions within a protein to be consid-
ered active binding sites. We took the best scoring sitemaps 
and performed docking and subsequent molecular mechanics 
simulations. Compound P2, which we evaluated in a previ-
ous study, was also included in these molecular docking and 
molecular mechanics studies since the current evaluation of 
P3–P5 was accomplished as a follow-up study [8]. The top 
scores (i.e., most negative) for UCHL5 (PDB: 4UEM) were 
for sitemap 2 (see Supplementary Fig. 2). The docking scores 
and binding affinities, respectively, to UCHL5 for P2 are -5.61 
and -68.83 kcal/mol, for P3 are -5.12 and -65.44 kcal/mol, 
for P4 are -5.23 and-74.15 kcal/mol, and for P5 are -4.96 and 
-62.89 kcal/mol. Supplementary Fig. 2 displays the docking 
data of P2, P3, P4, and P5 bound to sitemap 2 of UCHL5. The 
top scores for USP14 (PDB: 6IIN) were for a known inhibi-
tor site (see Supplementary Fig. 3). The docking scores and 
binding affinities, respectively, to USP14 are the following: P2 
− 7.21 and − 45.64 kcal/mol, P3 -6.18 and -51.67 kcal/mol, 
P4 -5.86 and − 57.16 kcal/mol, and P5 − 5.16 and -58.45 kcal/
mol. Supplementary Fig. 3 displays the docking data of P2, P3, 
P4, and P5 bound to the inhibitor site of UCHL5. From these 
data, we can predict that the piperidones being investigated 
bind to deubiquitinases UCHL5 and USP14. Based on docking 
scores, P2 displayed favorable results for having the strongest 
interaction with UCHL5 and USP14. However, the more reli-
able molecular mechanics analysis revealed that P4 and P5 
had the best binding affinity to UCHL5 and USP14, respec-
tively. In vitro data supporting inhibition of the proteasome, 
i.e., the accumulation of poly-ubiquitinated proteins (Fig. 6a), 
the up-regulation of Noxa (Fig. 6b), and the differential regula-
tion of genes important to this activity (Fig. 7), supports the 
interaction of P4 with UCHL5. The in vitro results are also 
in concert with P5 binding USP14 to inhibit the proteasome 
since it displayed the highest fold-change increase (0.64) of 
poly-ubiquitinated proteins (Fig. 5a), up-regulation of Noxa 
(Fig. 5b), up- and down-regulation of important proteasome 
inhibition-related genes (Fig. 7), and finally cell cycle arrest 
at the  G2/M phase (Fig. 6d). This was in addition to the strong 
apoptotic induction of P5 which had the lowest  CC50 average 
against tumorigenic cell lines and a significant increase in the 
percentage of cells with phosphatidylserine externalization, 
caspase-3 activation, mitochondrial membrane depolarization, 
and DNA fragmentation. In the future, biochemical experi-
ments need to be performed to conclude that the deubiquit-
inating enzymes UCHL5 and USP14 are the actual targets of 
these compounds.

Conclusions

The behavior of compounds P3, P4, and P5 is in concert 
with the behavior of the previously published compounds 
P1 and P2 [8]. We observe apoptosis as the cell death 
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mechanism activated by these compounds, specifically, the 
activation of the intrinsic pathway of apoptosis. Investigation 
of the mechanism by which these compounds induce apop-
tosis leads us to believe that the piperidone compounds can 
cause proteasome inhibition that leads to proteotoxic stress. 
There is a strong correlation between the genes and proteins 
affected by these compounds to that of proteasome inhibi-
tors. These compounds appear to inhibit deubiquitinating 
enzymes within the proteasome as other similarly structured 
compounds do [16]. Given that clinically approved protea-
some inhibitors can eventually become ineffective, these 
compounds could resolve resistance issues by targeting dif-
ferent components of the proteasome in combination with 
currently approved proteasome inhibitors [16, 60]. In con-
clusion, we have discovered that compounds P3, P4, and P5, 
display strong potential as anticancer agents to be explored 
in the future.
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ABSTRACT

Background: Dementia is characterized as a clinical syndrome which shows progressive deterioration and impairment in the 
activities of daily living. It has been said that at present around 36 million people around the globe suffer from dementia. Dementia 
is said to have various complications which can lead to alterations in the patient’s mood, emotional ability and quality of life (QOL). 
Its proven that more than about 50% of the patients who suffer from dementia show one or more depressive symptom such as 
sadness, anxiety, irritation, agitation, retardation, sleep problems, less social interaction and decrease in their interests. Emotional 
intelligence (EI) is the capability of the individual to understand and manage people and act accordingly in human relationships. 
Empathy is one of the most important components in the structure of EI. It has been said that individuals with greater levels of EI 
have a greater ability to express emotions.

Objectives: To evaluate the difference of Emotional Intelligence in the elderly subjects with/without dementia in Belagavi city.

Methods and Materials: 100 subjects were recruited in the study. They were divided into two groups, one group consisted of 
subjects with dementia and another without dementia, using the Blessed Dementia Rating scale. Geriatric depression scale and 
the Assessing emotions scale were used as the outcome measures in the study. The values were obtained and analysed. 

Results: SPSS version 23 was used in statistical analysis. Demographic data in relation to outcome measure was also analysed. The 
non-parametric independent t test was used as both the groups were unmatched. The values obtained from the GDS and the AES 
were analysed and then compared.

Conclusion: The result obtained in the present study showed that there is a significant difference in the emotional intelligence in 
subjects with or without dementia. It can be concluded that subjects with dementia had a higher level of depression and a lower 
level of emotional intelligence.
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INTRODUCTION 

It has been proven that patients with Dementia of 
the Alzheimer’s type have a defect in the ability 
to recognize facial cues as well as emotional cues 
and distinguish between them and thus it leads to 
issues with such patients to process emotions [1]. 
Patients suffering from dementia not only show 
physical symptoms but also symptoms related to 
mental health. The frontotemporal lobe dementia 
(FTD) is said to be a neurodegenerative disorder. 
It shows behavioural changes like personality 

change, behavioural disturbance, etc. Patients 
who present with FTD show positive results 
in impairment of emotional processing [2]. 
Dementia is characterized as a clinical syndrome 
which shows progressive deterioration and 
impairment in the activities of daily living. It has 
been said that by the year 2050 the rate of people 
with dementia will rise up to 115.4 million and 
that the number will double in every twenty 
years [3].

Dementia significantly reduces the survival 
rate of an individual. It has been proven that 
the end of life care given and received by the 
patients suffering from dementia is very poor, 
thus Advanced Care Planning (ACP) was taken 
into consideration by many countries overseas. 
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It has a various number of programs which help 
in establishing communication and the patient’s 
involvement about his current and future life 
decisions [4]. Dementia is said to have various 
complications which can lead to alterations in 
the patient’s mood, emotional ability and quality 
of life (QOL). There are different symptoms 
which are associated with dementia. Depression 
and apathy are the most prevalent symptoms in 
dementia, although their association is complex. 
Its proven that more than about 50% of the 
patients who suffer from dementia show one 
or more depressive symptom such as sadness, 
anxiety, irritation, agitation, retardation, sleep 
problems, less social interaction and decrease in 
their interests [5].

Emotional intelligence (EI) is the capability of 
the individual to understand and manage people 
and act accordingly in human relationships. It is 
the person’s ability to understand the intensions, 
motivations and the desires of other individuals 
and work effectively with others. It is to 
understand oneself, work effectively considering 
one’s desires, fears, and capacities and thus 
regulates one’s own life. EI has two types’ 1–Trait 
EI and 2–Ability EI. Trait EI deals with emotions 
related to self-perception which is measured 
by the help of self-report. Ability EI deals with 
emotions related to cognitive abilities which are 
measured using maximum performance tests [6]. 
EI has various components like understanding 
emotions and perceiving the same. It has been 
said that individuals with greater levels of EI 
have a greater ability to express emotions.

It is necessary to study about the emotional 
issues and misbalances an individual with 
dementia suffers with because the patient 
himself will be too confused to understand his/
her state. When this is done in the early stages 
of dementia it becomes significantly easier to 
help the patient and to provide him/her with the 
needed intervention. As patients suffering with 
dementia tend to forget things and get confused 
easily they develop a tendency to get depressed 
and upset. These symptoms are not only due to 
what the patient is suffering from within but he/
she also tends to get depressed and anxious due 
to the problems they feel they create for their 
care givers. It is necessary to study about the 
emotional intelligence of such patients and help 
them receive the necessary help in the earliest 
duration possible [7].

MATERIALS AND METHODOLOGY

This was an observational study with non–
probability sampling design. The duration 
of the study was one year. Ethical clearance 
was obtained from the Institutional Ethical 
Committee. After finding the suitability as per 
the inclusion criteria subjects were selected 
to participate in the study. 121 participants 
were assessed for the eligibility in the study. 
100 individuals were enrolled in the study 
based on the following inclusion and exclusion 
criteria. Informed consent form was obtained 
from all the participants before commencing the 
intervention.

Inclusion criteria were as follows: (i) Subjects 
with age ≥ 60 years, (ii) Individuals with 
dementia (score on the blessed dementia scale 
≥ 4) and without dementia (iii) Individuals who 
are able to read, understand and write. The 
subjects were recruited from the community and 
old age homes. This was an observational study 
with an open ended sample size.

Exclusion criteria were as follows: (i) No other 
neurological condition, (ii) Severe cognitive 
impairment, (iii) Subjects residing outside 
Belagavi 

Outcome measure: Geriatric Depression Scale: 
GDS is a 30-item questionnaire with possible 
answer of yes/no. This questionnaire can 
be filled in a weekly interval. The GDS is a 
valid and reliable tool to measure the level of 
depression in the geriatric possible. It can rate 
the individual as normal, mildly depressed and 
severely depressed. This scale is considered 
simple to administer without occupying a lot of 
the therapist’s as well as the patient’s time [8]. 

The assessing emotions scale: This is a 33 item 
questionnaire which helps in assessing the ability 
of the individual to identify, understand, harness 
and regulate emotions both in themselves and in 
others. The items are rated from 1–5 (1–Strongly 
disagree and 5–Strongly agree) with a total score 
of 165. Higher the score, higher is the value of 
emotional intelligence [9]. 

Procedure: The study consisted of 100 subjects. 
47 females and 53 males who were assessed 
for dementia using the Blessed Dementia 
Scale. Subjects were assessed for the level of 
depression they were suffering from using the 
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Geriatric Depression Scale which can be used 
in the primary stages of dementia. After these 
subjects were divided into two groups, Group 
A consisted of subjects with dementia and 
Group B consisted of subjects without dementia. 
Then each subject’s emotional intelligence 
was assessed using The Assessing Emotions 
Scale questionnaire. The subjects were made 
to understand the questionnaire completely in 
the language they found easy. Once the subjects 
were done filling the questionnaire the data 
collected was compared to find out the level of 
difference of EI between both the groups. These 
outcome measures were subjective and were 
dependent on the individual’s mood, behavior 
and emotional balance.

STATISTICAL ANALYSIS

Demographic data was explained using mean, 
standard deviation and percentage. Statistical 
analysis was done using statistical package 
of social science (SPSS) version 23. The non – 
parametric Independent t–test was used to check 
the difference in emotional intelligence between 
both the groups. The level of significance for the 
entire test was set at 0.05.

RESULTS

The study included 100 subjects, 47 females and 
53 males which showed that the number of males 

the study included was higher. Demographic 
data was analysed (Table 1) Both the groups 
did not differ significantly by height (158.12 ± 
7.80 vs. 159.16 ± 9.74, p=0.556), weight (66.95 
± 8.36 vs. 66.38 ± 5.54, p=0.700) and BMI (26.79 
± 2.98 vs. 26.36 ± 3.20, p =0.494) The mean age 
of subjects without dementia was 67.31 ± 4.78 
and the mean age of subjects with dementia 
was 73.45 ± 6.65 which shows that there was 
significant difference with regards to age in both 
the groups.

Analysis of the Blessed Dementia Scale evaluates 
the subjects for dementia using the blessed 
dementia scale. The scores of both groups 
significantly varied (2.76 ± 1.14 vs. 14.02 ± 6.12, 
p=0.001). The scores of geriatric depression scale 
were significantly different in both the groups 
with higher depression seen in group of subjects 
with dementia (16.98 ± 3.47 vs. 22.41 ±2.79, 
p=0.001). Similar result was seen in Assessing 
Emotions Scale where higher scores indicate 
better emotional intelligence. The scores varied 
significantly in both the group (115.62 ± 18.51 
vs. 80.03 ± 11.82, p=0.001) (Table 2). The level 
of depression was significantly high in subjects 
with dementia whereas the subjects without 
dementia had better EI.

DISCUSSION

The present study was designed to compare the 

Variable Group Mean SD t–value p-value
Age Without dementia 67.31 4.78 5.372 0.001*

With dementia 73.45 6.65
Height Without dementia 158.12 7.8 0.59 0.556

With dementia 159.16 9.74
Weight Without dementia 66.95 8.36 0.387 0.7

With dementia 66.38 5.54
BMI Without dementia 26.79 2.98 0.687 0.494

With dementia 26.36 3.2
Variable Group Number  

Gender Males Without dementia 21
With dementia 26

Females Without dementia 21
With dementia 32

Table 1: Demographic statistics of age, height, weight, BMI and gender.

Variable Group Mean SD t–value p -value
Blessed Dementia Scale Without dementia 2.76 1.14 11.755 0.001*

With dementia 14.02 6.12
GDS Without dementia 16.98 3.47 8.384 0.001*

With dementia 22.41 2.79
AES Without dementia 115.62 18.51  0.001*

With dementia 80.03 11.82

Table 2: Analysis of blessed dementia scale, geriatric depression scale and assessing emotions scale.
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difference in the values of emotional intelligence 
in subjects with subacute stroke with or without 
dementia. The dementia rating scale was used to 
divide the subjects into two groups based on their 
dementia level. The Geriatric Depression scale 
and the Assessing Emotions scale were used to 
rate the level of depression in the subjects and 
understand their emotional variations. The GDS 
and AES values showed statistical significance.

The study showed no significant difference 
between height, weight, BMI and gender. 
There was a significant difference between the 
groups with regards to age. This showed that 
comparatively subjects with increasing age show 
changes related to dementia sooner.

Seignourel et al. conducted a study which spoke 
about anxiety in dementia. The study suggested 
that the level of anxiety is much greater in patients 
with vascular dementia than Alzheimer’s. It also 
suggested that the level of anxiety decreases 
with an increase in the stage of dementia [10]. 
The present study also concluded that patients 
with dementia show higher level of depression 
when compared to patients without dementia. 
Depression plays a significant role in affecting 
the quality of life of the patient. It lowers their 
self-esteem, moral and also de-motivates them. 
This can have a drastic effect on their emotions.

Allender et al. conducted a study where he 
evaluated the capacity of evaluating emotional 
cues and cognitive functioning in patients with 
dementia. He made two groups; the groups of 
patients with Dementia type of Alzheimer’s and 
the other control group. Both the groups were 
made to identify emotional cues in a form of 
intervention. The study resulted that subjects 
in the first group were comparatively poor 
in identifying emotional cues as to that of the 
second group [1]. The present study concluded 
that subjects with dementia had a lower level 
of EI which states that their coping mechanism 
related to emotions is lower when compared 
to subjects without dementia. As the subjects 
were sub-acute stroke patients who were also 
diagnosed with depression, in our opinion this 
can cause changes in the level of their EI scores. 
Subjects with dementia have a poor EI score 
when compared to the ones without dementia.

A study was conducted by Da Silva et al. to assess 
the probability of developing dementia in the 

subjects associated with affective disorders. 
This was a systematic review in which many 
studies were taken into consideration. Maximum 
number of studies showed that subjects who 
suffered from depression have a higher risk of 
developing dementia. The study concluded that 
depression acts as a prodrome as well as a risk 
factor for the development of dementia [11]. 
The present study showed that the subjects 
from both the groups had depression but the 
level of depression in subjects with dementia 
was significantly higher when compared with 
subjects without dementia. 

Patients suffering from dementia not only face 
issues with their memory but the problem also 
starts associating with their emotions. They 
start feeling burdensome on the care takers and 
are depressed with life. Emotional intelligence 
is where the person can co-relate his/her 
emotions, understand, manage and thus decide 
how he/she needs to act in the society. This is a 
very subjective matter and the level of EI keeps 
on changing according to the subject’s mood or 
his/her feelings. 

The advantages of doing this study was to 
understand the difference between the similar 
age group but with or without a particular 
problem. This can help the subjects understand 
their emotional capabilities and the triggers. 
This in turn can help them deal with their 
problems and emotional misbalance with a new 
perspective. 

The limitation of this study was that the scales 
are subjective and the mood in which the subject 
fills the questionnaire also varies from time to 
time. Thus this can also give us results of the 
current situation only.

CONCLUSION

The result obtained in the present study 
showed that there is a significant difference in 
the emotional intelligence in sub-acute stroke 
patients with or without dementia. It can be 
concluded that subjects with dementia had a 
higher level of depression and a lower level of 
emotional intelligence. Thus having a disease 
which can further deteriorate your physical, 
mental and social capability can have a greater 
effect on the level of emotional intelligence.
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Abstract: 
Background: Perceived stress is related to increase the risk of causing metabolic disease like diabetes 

mellitus. The lifetime prevalence of stress is 35% in the young aged population. Elevated serum cortisol 

levels and cognitive decline in terms of memory and attention in Type 2 DM individuals are seen and 

have been associated with many factors including lifestyle changes, dietary habits, work stress and 

physical inactivity. 

Aim: The aim was to evaluate the effectiveness of combination of music therapy and Benson’s relaxation 

therapy in type 2 Diabetes Mellitus patients on stress, cortisol levels. 

Methods: 33 adults were recruited in the study. A consecutive 5 days session of Combined Music therapy 

and Benson’s relaxation therapy was given to the subjects for 30 minutes on each day. The outcome 

measures used in the study were Serum cortisol levels, PSS, MoCA and GSR Biofeedback machine. All 

the outcome measures were assessed at the beginning and at the end of the intervention.  

Results: The results stated that there was a statistical noteworthy change in the serum cortisol levels. 

Improvements were also seen in the parameters of PSS, MoCA scores and GSR Biofeedback readings. 

(p<0.05) 

Conclusion: This study concluded that a 5 days Combined music therapy and Benson’s relaxation 

therapy intervention showed positive improvement in stressed out type 2 DM individuals in terms of their 

serum cortisol levels, Perceived Stress scale, Montreal Cognitive Assessment scores and GSR 

Biofeedback readings. 

 

Keywords: Combined music therapy and Benson’s relaxation therapy, Type 2 DM, serum cortisol levels, 

stress 

I. Introduction 

Stress is the nonspecific response of the body to any demand.
[1] 

The prevalence was 35% in middle-aged 

Diabetics due to work, physical inactivity and the disease itself.
[2]

 T2D accounts 80%–90% of the cases.
[3]

 

Stress, high cortisol levels and cognitive decline were linked with DM.
[4,5,6]  

The Indian traditional classical music and Benson’s relaxation therapy helps to calm the body and mind 

for a healthy life.
 [7, 8]   

Thus, present study assesses the effect of combined music therapy and Benson’s relaxation therapy in 

type 2 DM patients on stress, cortisol levels and also assesses for stress, cognition, autonomic response 

function using PSS, MOCA and GSR Biofeedback respectively. 

II. Methods 

Study Design and Ethics: It was a pre-post experimental study analysing the combined effect of music 

therapy and Benson’s relaxation therapy on stress, cortisol levels, cognition and autonomic response. An 
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independent review committee approved the study protocol. Written informed consent form, approved by 

the ethics committee, was obtained from all the study participants. 

Study Setting: Participants were recruited from Tertiary health care hospital in Belagavi from April 2019 

to March 2020. 

Participants:  The inclusion criteria were age between 20-40 years, willing to participate in the study, 

Diagnosed type 2 diabetes mellitus with HbA1c levels ranging between 6.5% or more and duration of 6 

years, Perceived stress scale score ranging from 13 and above, on medication for type 2 diabetes mellitus 

and able to follow commands. Participants having any type 1 diabetes mellitus, uncontrolled type 2 

diabetes mellitus (sugar levels 100mg/dl or more), any neurological conditions like multiple sclerosis, 

stroke etc and cancer were excluded. 

Sample Size: It had a sample size of 33 with convenience type of sampling. 

 

Outcome variables: 

1. Total Cortisol Serum- Cortisol is the major glucocorticoid regulated by ACTH which is secreted 

in a circadian rhythm. In certain diseases, such as Addison’s disease and Cushing disease and 

condition like stress affects the amount of cortisol secretion. The test is used as a diagnostic 

measure and as a way to assess the functioning of the adrenal and pituitary glands. Normal serum 

cortisol ranges from 6 and 23 micrograms per decilitre (mcg/dL). 
[9]

 

2. The Perceived Stress Scale- It is a psychological instrument and it is a self-reported measure 

which assesses the degree to which the responded has perceived situation within the past month 

as stressful. The test/retest reliability of the scale is 0.85.
[10]

 

3. Montreal Cognitive Assessment Scale- It is a widely used screening assessment for detecting 

cognitive impairment with 30-point test administered in approximately 10 minutes MoCA had a 

good internal consistency with a Cronbach's Alpha of 0.715 the curve was 0.761 for MoCA 

(95%CI 0.672-0.849) and a sensitivity of 97.8% and a specificity of 67.2 % and r =0.757.
[11]

 

4. Galvanic Skin Resistance Biofeedback- It measures the conductance of the skin. Stress produce 

sweat and is been measure through copper electrodes. A passive test measures the current that is 

generated by the person's body itself. The feedback from this is the measured galvanic skin 

response.
[12]

 

III. Procedure 

After obtaining ethical clearance, people between 20-40 years were screened. All the participants were 

explained about the nature and process of the study. As per the inclusion criteria, a total of 50 participants 

were screened; 17 were excluded as 10 were above the age of 40 years, 2 ladies were pregnant, and 2 

were suffering from type 1 Diabetes Mellitus and 3 individuals refused to participate in the study. Thus, 

33 participants were finally recruited in the study. Demographic data of each participant were obtained. 

For the purpose of age group-wise and gender-wise comparison and analysis; data collected was 

segregated accordingly for age into two groups. Group 1 having <= 30 years of age, Group 2 having 31-

35 years of age and Group 3 having 36-40 years of age. 

IV. Statistical Analysis 

The descriptive and quantitative data in the study did follow normal distribution. The test for normality 

for the data set was done using Kolmogorov-Smirnov test. The homogeneity of the data was checked 

using the Independent t- Test for the age, weight, height and BMI distribution in the present study. 

Dependent t-Test was administered for all the before and after outcome measures in terms of Serum 

cortisol levels, Perceived stress scale, Montreal cognitive assessment scale and galvanic skin resistance 

biofeedback were measured. Statistical significance was set at two-tailed p-value < 0.05. All statistical 

analyses were conducted with Statistical Package for Social Sciences (SPSS) software version 21. 

  



Turkish Journal of Physiotherapy and Rehabilitation; 32(3) 

ISSN 2651-4451 | e-ISSN 2651-446X 

http://www.turkjphysiotherrehabil.org/   8459 

V. Results 

Subjects were recruited from April 2019 to March 2020. Evaluations and Interventions were carried out 

from April 2019. Figure 1 shows the flow chart and table 1 shows the sample characteristics. Table 1 

describes the socio- demographic characteristics. The mean age was 35.21± 5.22 years showing that there 

were more participants of age ranging between 30- 40 years and 63.64% of the sample being women. The 

mean BMI of the participants were 25.88±3.94 which showed the study participants were falling in 

overweight category according to the Asian criteria based BMI. 

Table 2 shows the changes over 5 days of intervention in serum cortisol levels, perceived stress levels, 

cognition and autonomic response function. Changes in the assessed parameter were influenced by the 5 

days of intervention as of the initial assessment value. Significant changes were noted in the serum 

cortisol levels which showed reduction with P = 0.001, perceived stress scale scores reduction was noted 

with p-value= 0.001, MoCA scores were improved suggesting improvement in cognition with p= 0.001 

and autonomic response function assessed using GSR biofeedback showed improvements with p=0.001 

which showed all the outcomes had statistical significance. 

VI. Discussion 

There is an existence of exponential variety of treatment techniques used for managing stress and type 2 

dm. Numerous physiotherapeutic approaches are applicable in managing stress in return tackling type 2 

dm. Two amongst those effective approaches are music therapy and Benson’s relaxation therapy. Hence 

the aim of the current experimental study was to assess the combined effect of music therapy and 

Benson’s relaxation therapy in type 2 diabetes mellitus patients on cognition, autonomic function, stress 

and cortisol levels. In the present study, the age taken into consideration was 20- 40 years. Subjects 

having their PSS scores more than 13, diagnosed type 2 diabetes for 6 years, on medications and able to 

understand commands were enrolled in the study. As there was significant research done for prevalence 

of stress in type 2 diabetic patients aging upto 40 years, hence the age selected for the present study was 

20-40 years. Sendhilkumar M and Tripathy TP reported prevalence of stress being 35% in 30-40 years 

aged type 2 diabetic patients.
[2] 

Patel PA and Patel PP stated that high stress levels of 37% were noted in 

homemaker women then in males.
[13]

 In this study, when statistical analysis was done for within group, it 

showed reduction in serum cortisol levels, perceived stress scale scores (PSS), improvement in the MoCA 

scores of cognition and GSR Biofeedback readings of autonomic response function with p=0.001
*  

showing statistical significance. According to a study done by Khoshkhou F and Bakhshipour A to assess 

the effectiveness of the combined music therapy and relaxation therapy on blood biochemical characters 

and blood pressure on type 2 diabetic patients. It had assessed the blood pressure, total cholesterol, 

triglyceride, HbA1c and fasting blood glucose levels before and after the study which concluded stating 

that combination of these therapies is a feasible and effective treatment on diabetes. 
[14] 

The perceived stress was mainly due to professional job demands, family issues, unhealthy dietary habits 

and physical inactivity.
[2]

 The cognition in terms of memory, attention, executive functions are affected in 

relation to the duration and extent of type 2 diabetes occurring due to hippocampal affection and stress 

causing release of adrenal steroids and excitatory amino acids leading to neuronal loss.
[15]

 According to a 

study done by Ciaco IE which stated that classical music helps in alteration of neuromediators i.e. 

epinephrine which in a way stimulates β- cells in organs and reverses the levels back to normal for a 

stipulated period.
[16]

 Kellie fowler stated that Benson’s relaxation therapy has a physiological response 

which runs in the opposite direction of flight – or fight response which reduces metabolism, heart rate, 

blood pressure, rate of breathing and produces slower brain waves inducing relaxation by releasing 

dopamine.
[8] 

In present study, outcomes measure for stress levels was serum cortisol levels, having a normal range 

from 6-23 micrograms per decilitre. 
[9] 

Perceived stress was measured by perceived stress scale with its 

reliability being 0.85. 
[10]

 Cognition was assessed using Montreal cognitive assessment (MoCA) which 

had a reliability of 0.757
[11]

 and lastly, autonomic response function was measured using GSR 

biofeedback machine whose reliability couldn’t be commented upon due dearth in literature. 
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The above results have shown effective changes in serum cortisol levels, perceived stress scale, Montreal 

cognitive assessment and GSR biofeedback machine. Therefore, combination of Music therapy and 

Benson’s relaxation therapy had positive effect on stress, cortisol levels, perceived stress levels, cognition 

and autonomic function response.  

The strength of the study was the novel notion wherein combination of Indian traditional classical music 

therapy (Raga Darbari) and Benson’s relaxation therapy was administered for only 5 days for 30 minutes 

in young 20-40 years aged Type 2 Diabetes Mellitus individuals. Assessment of Serum cortisol levels was 

the key indicator in the study for the better confirmation of results. 

Limitations of the study were that the duration of medications and education profile of the patients was 

not considered in the study. There was difficulty in convincing the patients for the intervention protocol 

and managing timings as it was targeted in working age group population. 

The clinical implication was that combination of music therapy with Benson’s relaxation therapy gave 

positive changes in coping up stress in young type 2 diabetic patients and aided in improving cognition 

and autonomic response function. 

Future recommendation for the study: This study could be repeated with involvement of HbA1c levels, 

lesser duration of the disease, non-obese population and the dosage of medications which the patients are 

consuming which could be added in the combined intervention literature. 

VII. Conclusion 

It sums up that combined effect of this intervention had fruitful outcome in terms of reduction of stress 

levels, cortisol levels, improvement in cognition and autonomic response function in shorter duration of 

time. 
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Total Number of Participants Screened 

N = 50 

33 Participants were included in the study 

Pre-intervention scores of serum Cortisol levels, PSS, 

MOCA and GSR Biofeedback were recorded 

Combined Benson’s relaxation therapy and music 

therapy was given for 5 consecutive days 

 

Post intervention scores of the outcomes were recorded 

Data analysed for 33 patients 

17 EXCLUDED 

10 – Age above 40 years 

2 –Pregnant Women 

2 – Type 1 DM 

3 – Refused to participate 
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*Table 1- Demographic characteristics 

PARTICULAR MEAN SD 

AGE 35.21 5.22 

HEIGHT 163.54 6.47 

WEIGHT 68.70 9.18 

BMI 25.88 3.94 

*Table 2 - Comparison of pre-test and post-test of the outcome measures by Dependent t 

test 

Outcome 

measures 

Treatment Mean SD Mean 

Diff. 

SD 

Diff. 

% of 

effect 

t-value p-

value 

Serum 

cortisol 

Pre-test 101.72 19.51 
25.33 12.92 24.90 11.265 0.001* 

Post-test 76.39 18.92 

PSS Pre-test 23.52 4.69 
9.33 4.56 39.67 11.758 0.001* 

Post-test 14.18 3.90 

MoCA Pre-test 20.61 3.44 
-5.64 3.15 27.36 10.277 0.001* 

Post-test 26.24 3.46 

GSR 

biofeedback 

Pre-test 209.30 53.53 -

353.45 
111.74 168.87 18.171 0.001* 

Post-test 562.76 113.85 
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A Study Using Ultrasonography as an Assessment Tool 
to Compare the Effectiveness of a Structured Land and 
Aquatic Based Exercise Program on Overweight and Obese 
Health‑Care Professionals: A Randomized Clinical Trial

Dhaval Chivate, Monali Gandhi, Glenda Mendes, Shreya Gosavi
Department of Sports Physiotherapy, KAHER Institute of Physiotherapy Belagavi, Karnataka, India

Original Article

Context: Overweight and obesity being a health hazard for people of any age and profession requires an 
effective treatment protocol for weight loss. The benefits of land and aquatic exercises on obesity have 
been researched individually. Clinical trials are lacking where effectiveness of a structured exercise program 
in water and on land was compared for weight loss on health care professionals.
Aim: The present study aims to compare the effectiveness between structured land and aquatic-based 
exercises on anthropometric measures, serum lipid level, and body fat.
Settings and Design: A randomized clinical trial was conducted at the tertiary health-care center of Belagavi.
Materials and Methods: Thirty-two overweight or obese health care professionals were recruited for the 
study. Participants were divided into two groups, i.e., aquatic and land exercise group. An exercise program 
for 6 days a week for 3 week was performed. The study outcomes included were ultrasonographic assessment 
of abdominal obesity along with blood triglyceride and cholesterol levels.
Statistical Analysis used: SPSS Version 23.0 was used for analysis. Pre and post data were compared and 
analyzed using paired t-test.
Results: Statistically significant reduction in body fat percentage with respect to anthropometric 
measurements, serum lipid levels, and fat thickness was observed in both the groups. However, there was 
a greater change in the mean difference of the aqua group as compared to the land group which suggests 
structured exercises in water are more effective than on land.
Conclusions: The current study concludes that a structured exercise program for 3 weeks in water for 
overweight and obese health-care professionals showed better outcomes compared to land exercises.

Keywords: Aquatic exercises, Circuit training, Land exercises, Obesity, Overweight, Ultrasonography imaging, 
Weight loss
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INTRODUCTION

As defined by the World Health Organization “Overweight 
and Obesity are defined as abnormal or excessive fat 
accumulation that may impair health.”[1] India ranks third 
in the world with a maximum number of  people suffering 
from overweight or obesity, which is caused due to a complex 
interplay of  numerous factors which include biological 
causes, genetic factors, psychological, environmental, social, 
and cultural factors.[2‑4] This leads to numerous comorbidities 
such as complications of  the cardiovascular, respiratory, 
endocrine, musculoskeletal system as well as psychological 
disturbances.[5,6] A common trait seen in Indians, 18 years 
and above, particularly young adults such as medical students, 
is a nutritional transition to fast food dietary habits from a 
typical carbohydrate diet.[7] For Asian population, the body 
mass index (BMI) cutoff  for overweight is 23.0–24.9 kg/m2, 
while that for obesity is >25.0 kg/m2.[8]

According to ACSM guidelines, a minimum requirement of  
60 min/day would be sufficient when relying on exercise 
alone for weight loss.[9] Land‑based and aquatic‑based 
exercises given in the form of  circuit training protocols 
have proven to be effective in the prevention of  weight 
gain, initial weight loss of  the entire body as well as in 
isolated body segments along with weight maintenance.[10] 
However, there continues to be a dearth of  knowledge on 
the effects of  a structured exercise program comparing the 
beneficial effects observed through a land‑ or aquatic‑based 
exercise protocol performed on overweight and obese 
health‑care professionals.

Land‑based form of  exercises has proven to be effective 
in the prevention of  weight gain, initial weight loss, and in 
weight maintenance. However, the unique hydrodynamic 
properties of  water are also effective as well as enjoyable 
for overweight and obese individuals. Aquatic exercises 
assist in supporting the body weight thereby reducing 
the musculoskeletal stress as compared to traditional 
weight‑bearing physical activities. The higher specific heat 
of  water along with its thermoregulatory characteristics 
permits efficient heat dissipation and yields greater 
progression in the training intensity or duration as compared 
to land‑based exercises in overweight and obese individuals. 
Due to this, they suffer from lesser heat stress.[11]

Ultrasonography imaging has proven to be effective and is 
considered to be as reliable as a dual X‑ray absorptiometry 
in measuring the subcutaneous fat thickness.[12,13] Various 
anthropometric measurements such as BMI and waist–hip 
ratio (WHR) are considered to be a quick screening measure 
for assessment of  obesity. Literature has reported that 

overweight and obese subjects have substantially higher 
serum lipids relative to individuals of  underweight or average 
weight and are thus considered a good predictor for obesity.

Overweight and obesity is one of  the health hazards for 
people of  any age and profession that requires an effective 
and efficient treatment protocol to curb its progress. 
Previous literature has stated the beneficial effects of  land 
and aquatic exercises on obesity and has been researched 
individually. There is a paucity of  evidence available on 
the effect of  structured exercise protocol using land 
and water‑based exercise protocol for overweight and 
obese health‑care professionals; the current study aims 
at evaluating the effectiveness of  land‑ and aquatic‑based 
exercises on serum lipid levels and fat reduction levels and 
also to compare the effectiveness between the land and 
aquatic exercises on the similar components.

MATERIALS AND METHODS

The study was a randomized clinical trial on overweight 
and obese health‑care professionals. The study was 
approved by the Institutional Research and Ethics 
Committee. The trial is registered with the Clinical Trial 
Registry‑India (CTRI/2020/05/025042). Written informed 
consent was obtained from all the subjects who were 
recruited for the study.

Obese and overweight health‑care professionals between 
the age group of  18 and 25 years were screened for 
inclusion and exclusion criteria. Individuals were informed 
about the aims and procedure of  the study and were 
included if  the range of  BMI was between 23.0 and 
24.9 kg/m2 (overweight) and 25.0–29.9 kg/m2 (obese). 
Individuals were excluded if  they gave a history of  
exercise‑induced asthma, presence of  open wound or 
hemorrhage, use of  ongoing medications that would 
affect the lipid metabolism, menstruation, history of  
gastrointestinal infection, and hydrophobia.

The sample size calculated was 32, based on the previous 
literature considering effect size with α value 0.05 and 
β value 0.80.[14] Subjects were randomly allocated into 
two groups using lottery method with 16 subjects in 
each, namely Group A, i.e., aquatic‑based circuit exercise 
program, and Group B i.e., land‑based circuit exercise 
program. All subjects were informed about the purpose of  
the study at the beginning of  their intervention [Figure 1].

The outcome measures used in the current study were BMI 
Kg/m2, WHR, subcutaneous fat thickness, and complete 
lipid diagnostic test.
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The BMI was measured at baseline and on completion 
of  the program which was calculated using the formula 
weight (kgs) divided by height2 (meter). The weight and 
height were measured using a calibrated weighing scale and 
a stadiometer to the nearest 0.5 kg and 0.5 cm, respectively, 
with the subject lightly dressed and barefooted.

For WHR, a standard measuring tape was used to measure 
the waist circumference (midpoint between the lower 
margin of  the last palpable rib and the top of  the iliac 
crest) and hip circumference (around the widest portion of  
the buttocks). The measurement was taken during the end 
of  a normal expiration with the participant in a standing 
position. The two values were divided and a ratio was 
obtained which was compared with the standard values.

A certified radiologist performed the instrument‑assisted 
ultrasonography imaging. The subjects were made to lie on 
the assessment couch. They were then draped such that 
only their abdominal region was visible. The measurements 
were taken before and after the intervention. The two sites 
used to measure the thickness were the supraumbilical and 
infraumbilical regions. The measurement was done from the 
epidermal layer to the point just above the rectus abdominis 
aponeurosis and it was recorded in cm [Figure 2].

To associate the risk of  developing any metabolic disorders with 
overweight and obesity, the lipid profile of  all the participants 

was recorded. The total cholesterol and triglyceride levels were 
recorded before the commencement of  the exercise program. 
Similar recordings were made following the intervention.

Table 1 indicates exercise and dosage, along with exercise 
progression for both the study groups.

In the current study, common tailor‑made exercise 
protocol was given to the subjects in the aquatic exercise 
group [Figure 3] and also to the subjects in the land exercise 
group [Figure 4] for a duration of  3 weeks, 6 sessions per week 
with a progressive increase in the intensity, respectively.[15] The 
intervention was administered in a swimming pool and fitness 
center for the aquatic and land groups, respectively. The 
temperature of  the water was between 20° and 25° during 
the course of  the training program. The target heart rate of  
each subject was calculated using Karvonen’s Formula to set 
the intensity of  exercise. The target heart rate was 95.6–121.2 
beats/min for the given population and the intensity was 
maintained at 50%–60% of  heart rate maximum according 
to ACSM criteria for moderate to high‑intensity exercises.

The participants performed a warm‑up session of  5 min prior 
to the intervention which consisted of  the upper limb and 
lower limb stretching where each stretch was maintained for 
30 s for 3 repetitions each along with spot jogging for a minute.

Statistical analysis of  the present study was done using the 
The Statistical Package for the Social Sciences software 
version 23.0 (SPSS for windows, Armonk, NY: IBM 
corp,USA) to verify the results obtained. Normality 
distribution was assessed using the Kolmogorov–
Smirnov test. Comparison of  the difference in pre‑ and 
post‑between the groups was done by paired t‑test. 
P < 0.05 was considered statistically significant.

Figure 2: Subcutaneous fat thickness measurement using instrument 
assisted ultrasonographyFigure 1: Consort chart
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RESULTS

The mean age of  the subjects in Group A was 23.0093 ± 0.89 
years and in Group B was 22.62 ± 1.20 years [Table 2] which 
showed to be homogeneous.

There was a statistically significant difference in the values 
of  the mean difference of  aqua (1.7263 ± 0.34999) and 
land (0.4500 ± 0.14142) groups when compared for 
between‑ and within‑group analysis with respect to BMI 
using paired sample t‑test. However, P value for both 

Table 1: Exercise chart
Name of the exercise Exercise intensity Exercise 

duration 
(1st week)

Exercise 
duration 

(2nd week)

Exercise 
duration 

(3rd week)

Rest interval 
between each 

exercise

Arm raising exercise Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min
Toe touch exercise Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min
Sidekick exercise Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min
High knees Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min
Elbow to knee exercise Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min
Air/aqua cycling exercise Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min
Skipping Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min
Spot jogging Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min
Jumping jacks Moderate intensity (50%-60% of HRmax) 30 s 45 s 60 s 1 min

Figure 3: Aquatic circuit training exercise
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groups was 0.001. The mean difference of  between‑ and 
within‑group comparison of  aqua (0.0431 ± 0.01662) and 
land (0.0331 ± 0.02701) group, respectively, with respect to 
WHR of  the subjects in the study is illustrated in Table 3. 
The values obtained clearly interpret a greater reduction 
in the WHR of  subjects in the aqua group compared to 
that of  the land group.

The values of  mean differences with respect to reduction 
in fat percentage at supra‑ and infraumbilical level using 
ultrasonography imaging are presented in Table 4. The 
within‑group mean difference of  supraumbilical region for 
aqua (0.2500 ± 0.08165) and land (0.1187 ± 0.11087) group 
shows a greater reduction in fat percentage in the aqua 
group compared to land group. Similarly, for infraumbilical 
region the mean difference of  aqua (0.2312 ± 0.10145) and 
land (0.1312 ± 0.08732) showed a significant improvement 
in the aqua group compared to the land group. However, 
the between‑group analysis of  the supraumbilical area for 
both the groups was found to be significant with P value 
0.001. The between‑group analysis of  infraumbilical area 

for both the groups was also found to be significant, with 
P value 0.006.

The mean differences of  the total cholesterol levels 
and triglyceride levels of  the subjects in the aqua and 
land groups, respectively, are analyzed and presented 
in Table 5. The within‑group mean difference in total 
cholesterol levels showed a significant improvement in 
the aqua group (10.5625 ± 5.68001) as compared to the 
land (5.4375 ± 2.15928) group. Similarly, there was a 
statistically significant difference in the mean difference in 
triglyceride levels in the aqua (18.8750 ± 12.48399) group 
as compared to the land (10.5625 ± 4.24215) group. These 
values conclude that there was a greater reduction in body 
fat in the aqua group compared to the land group when 
given a structured exercise training program.

DISCUSSION

The present randomized clinical trial was performed 
to evaluate the efficacy of  a standardized land‑ and 
aquatic‑based exercise regimen on overweight and obese 
health‑care workers. This research has been undertaken to 
raise awareness of  obesity and its potential complications.

The results of  the statistical analysis showed that, 
relative to the group receiving land workouts, the group 
receiving standardized water exercise programs showed a 
marginally better reduction in their body weight in terms 

Table 3: Comparison of within and between the two study groups with respect to body mass index and waist hip ratio
Groups Mean±SD

BMI W:H
Pretest Posttest Difference Pretest Posttest Difference

Land 28.81±3.52 28.36±3.45 0.4500±0.14142 0.9019±0.0906 0.8688±0.07856 0.0331±0.02701
Aqua 27.93±4.39 26.20±4.36 1.7263±0.34999 0.9106±0.0695 0.8675±0.07954 0.0431±0.01662
Percentage of changes in land 12.728# P=0.001* 4.905# P=0.001*
Percentage of changes in aqua 19.729# P=0.001* 10.397# P=0.001*
t 0.630 1.555 13.542 0.306 0.045 1.261
P 0.534 0.131 0.001* 0.762 0.965 0.219

*Significant at 5% level, #Applied paired sample t‑test. All values in absolute form (ignored negative sign for statistical convenience). BMI: Body mass 
index, W:H: Waist hip ratio, SD: Standard deviation

Table 4: Comparison of within and between the two study groups with respect to supra‑ and infraumbilical using 
ultrasonography
Groups Mean±SD 

Supraumbilical Infraumbilical
Pretest Posttest Difference Pretest Posttest Difference

Land 2.6688±0.73095 2.5500±0.79415 0.1187±0.11087 2.7187±0.73414 2.5875±0.74285 0.1312±0.08732
Aqua 2.6750±1.32439 2.4250±1.32187 0.2500±0.08165 2.7688±1.25630 2.5375±1.23498 0.2312±0.10145
Percentage of changes in land 4.284#W P=0.001* 6.012# P=0.001*
Percentage of changes in aqua 12.247# P=0.001* 9.118# P=0.001*
t 0.017 0.324 3.813 0.137 0.139 2.988
P 0.987 0.749 0.001* 0.892 0.891 0.006*

*Significant at 5% level, #Applied paired sample t‑test, All values in absolute form (ignored negative sign for statistical convenience). SD: Standard 
deviation

Table 2: Summary of the demographic data and the baseline 
characteristic
Factors Groups

Group A Group B

Gender
Male 93.8% 6.3%
Female 93.8% 6.3%
Mean Age (years) 23.0093±0.89 22.62±1.20
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of  WHR, body fat percentage, and triglyceride levels. 
The mean age of  subjects included in this study ranged 
from 22 to 24 years because, according to Ferguson, 
Asian Indians represent a common characteristic of  a 
nutritional change from a traditional carbohydrate diet 

to fast‑food dietary habits, which essentially involves 
young adults 18 years and above studying in different 
educational fields.[7] This transition in dietary habits puts 
younger adults at the risk of  developing overweight and 
obesity.

Table 5: Comparison of within and between the two study groups with respect to total cholesterol and triglycerides levels
Groups Mean±SD

Total cholesterol levels Triglyceride levels
Pretest Posttest Difference Pretest Posttest Difference

Land 165.0625±16.6510 159.625±17.4159 5.4375±2.15928 143.9375±38.91952 133.375±39.7624 10.5625±4.24215
Aqua 162.3750±15.7432 151.812±16.8452 10.5625±5.68001 126.8125±34.50453 107.937±33.0241 18.8750±12.48399
Percentage of 
changes in land

10.073# P=0.001* 9.960# P=0.001

Percentage of 
changes in aqua

7.438# P=0.001* 6.048# P=0.001

t 0.469 1.290 3.374 1.317 1.969 2.522
P 0.642 0.207 0.003* 0.198 0.059 0.021*

*Significant at 5% level, #Applied paired sample t‑test. All values in absolute form (ignored negative sign for statistical convenience). SD: Standard 
deviation

Figure 4: Land circuit training exercises
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It has been reported that overweight and obese subjects 
have comparatively higher serum lipids and percentage 
of  body fat when compared to underweight or average 
weight individuals and thus becomes a better predictor 
of  obesity following the gold standard measures to assess 
overweight and obesity. The amount of  percentage change 
in body fat and the changes in the total cholesterol and 
triglyceride levels in the current study were measured using 
ultrasonography and serum blood lipid profile as a primary 
outcome for assessment.

In a study performed by Nikkilä et al., aerobic fitness along 
with a fitness program shows positive effects on blood 
cholesterol levels. The primary reason could be an increase 
in the lipoprotein lipase activity secondary to exercising, 
thereby breakdown of  triglycerides is accelerated, resulting 
in the transfer of  cholesterol and other substances into 
high‑density lipoprotein.[15] This justifies the relative 
changes in the mean differences in total cholesterol levels 
and levels of  triglycerides in the blood post 3 weeks 
of  structured exercise intervention in land and water 
performed in the current study.

The current study showed a decline in the BMI and WHR 
after the 3 weeks of  organized circuit exercise activity in 
land and water. The explanation for this reduction may 
be similar to Meredith‑Jones et al.’s report. According to 
Meredith‑Jones et al., moderate‑to‑high circuit training 
exercises help to reduce body fat as there is a decrease 
in leptin levels and an increase in ghrelin levels that send 
negative feedback and increase the secretion of  dietary 
hormones from the hypothalamus.[16] According to a 
recent study, the aerobic capacity of  an obese individual 
can be improved using a circuit‑based deep water running 
program.[17] There were similar responses seen in the 
subjects performing exercises in the aquatic group in 
the present study. This was displayed by their ability to 
perform the circuit exercises with a shorter rest interval 
between sets as compared to the participants in the land 
exercise group. This, in turn, led to the increased number 
of  durations of  the exercises performed by the participants 
in each successive week in the aquatic group as compared 
to the land group.

Circuit training is a form of  body conditioning or endurance 
or resistance training using moderate to high intensity. 
According to ACSM guidelines and the new perspective 
study, it is essential to increase the energy expenditure in 
a weight loss program.[18] In the present study as per the 
ACSM guidelines, a structured circuit training exercise 
program was formed and practiced by the overweight and 
obese health‑care professionals for 6 days a week for 3 

consecutive weeks. The 3‑week circuit training program 
helped in increasing the lipid metabolism by breaking the 
fat molecules and in turn decreasing the insulin resistance 
in the blood. This confirms the use of  a circuit training 
program in the reduction of  body fat along with its positive 
effects on serum lipid levels.[19]

Studies claimed that higher intensity exercises have 
been successfully used in mobilizing abdominal fat. The 
mechanism for this is mediated by inducing the secretion 
of  lipolytic hormones, favoring a large negative energy 
expenditure as well as facilitating greater postexercise 
energy expenditure along with fat oxidation.[20]

The prevalence of  sustaining injuries such as sprains, 
strains, dislocations, falls as well as lower extremity 
fractures increase with increasing BMI and high‑intensity 
unstructured, unsupervised exercises.[21] The latest research 
aimed at using a standardized circuit training program 
in the land as well as in water for overweight and obese 
health‑care professionals where the postintervention 
statistical analysis revealed that the group performing 
water exercises showed better results change compared 
with the land group. The primary reason could be an 
increase in the aerobic capacity of  the subjects in water 
in conjunction with an increase in caloric expenditure. 
Another reason could be the properties of  water and the 
depth of  immersion of  the subject in the water while 
performing the exercises.

According to de Goeij and Honkoop along with the 
increase in the aerobic capacity, the water depth also 
influenced the energy expenditure. Deeper immersion 
affected by the physical properties of  water which include 
buoyancy and viscosity as well as the control of  movements 
affect the caloric expenditure which was visible in the 
participants in the current study as well.[22] The depth of  
immersion also governs the off‑loading of  body weight. 
By immersing the subjects in shoulder‑deep water, around 
85% of  bodyweight depending on the position of  arms was 
off‑loaded.[23] This property negated the effects of  injuries 
associated with increased BMI and high‑intensity training 
which was particularly used in this study.

Exercising is viewed as a safe and pleasant fitness 
experience in an aquatic environment.[24,25] The perception 
of  exercise benefits increased among the participants in 
the aquatic training group, because exercising in water 
reduced the embarrassment which was faced by obese 
and overweight subjects while performing exercises on 
land and thus increased the zeal and enthusiasm in each 
successive session.[26,27] Therefore, involvement in aquatic 
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therapy resulted in higher weight loss along with beneficial 
effects on blood cholesterol and triglyceride levels among 
overweight and obese health‑care workers.

The limitations of  this study include the defined dietary 
changes that were not documented. The availability 
of  a medical professional/expert in carrying out the 
necessary diagnostic procedures and the unavailability of  
a temperature‑controlled pool for aqua therapy sessions 
were a continuous dependence.

The future scope of  the present study is that the circuit 
training exercise program in water can be conducted in a 
temperature‑regulated aqua therapy pool. This will also 
incorporate all the beneficial effects of  exercising in a 
heated pool on fat reduction and metabolic activities in the 
body. The immersion level of  the body in the aqua therapy 
pool can be more markedly defined. Aquatic therapy 
exercises in conjunction with Pilates can be performed, 
and a diet plan can be tracked.

CONCLUSIONS

Our data suggest that both the intervention groups, i.e., 
the aqua group and the land group showed a significant 
reduction in their body weights and in their percentages 
of  abdominal fat thickness as analyzed by the outcome 
measures which were taken post the 3 weeks of  their circuit 
training exercise intervention. However, a more marked 
reduction was observed in Group A, i.e., the aqua group 
as compared to Group B, i.e., the land group which was 
proven statistically. Hence, the current study concludes that 
the circuit training exercise program in water for 3 weeks 
is more effective for weight loss in overweight and obese 
health‑care professionals as compared to the circuit training 
exercise program on land.
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Application of Matrix Rhythm Therapy (MaRyThe©) for the 
Treatment of Decubitus Ulcer in Cancer

Varsha Huddar, Renu Pattanshetty
Department of Oncology Physiotherapy, KAHER Institute of Physiotherapy, Belagavi, Karnataka, India

Case Report

INTRODUCTION

Decubitus ulcer is a tissue injury caused by constant 
pressure and friction at weight‑bearing areas in the 
body. This may be due to reduced blood circulation to 
particular weight‑bearing area.[1] Dry skin with decreased 
blood circulation is more susceptible for increased skin 
injury. It makes things worse when a cancer patient 
is suffering  with decubitus ulcer, resulting in delayed 
or nonhealing ulcer.[2] Many physiotherapy treatment 
options in cancer treatment are red flags, suggesting 
metastasis due to increased cellular activity.[3] Matrix 
Rhythm Therapy (MaRyThe©) is a new approach that 
uses the concept of  micromassage in various medical 

conditions along with exercises.  It works at cellular level 
by enhancing blood supply which aids in wound healing 
and inducing relaxation.[4,5] Any disturbance such as injury, 
inflammation, or edema to tissue is said to interrupt the 
normal tissue rhythm which may cause further loss of  
function, pain, and reduced oxygen at the injured site. 
This reduced oxygen in the cell is said to hamper the 
energy production by the mitochondria.[6] MaRyThe© is 
said to restore the good tissue resonance. We found no 
literature suggesting the use of  MaRyThe© in treatment 
of  decubitus ulcer in patients suffering from cancer. Using 
this principle of  enhance healing with MaRyThe©, the 
present case report investigated if  MaRyThe© could help 
reduce the size of  decubitus ulcer, thereby decreasing 
pain.

There are many physiotherapy treatment options available to treat decubitus ulcer in normal individuals. 
However, for cancer patients, no useful modality has been proved beneficial to treat the same. Matrix 
Rhythm Therapy (MaRyThe©) is a new therapeutic approach, with minimum or no side effects, that has 
demonstrated to restore the good tissue resonance and proved relatively safe to be used in cancer patients 
for pain relief. This case report presents a 65-year-old female suffering from rectal cancer, who underwent 
low anterior resection procedure, with complaints of difficulty to walk and a large bed sore on a sacral 
area. Twelve sessions of MaRyThe© demonstrated a significant improvement in terms of reduction in pain 
and decubitus ulcer size and improved ambulation.

Keywords: Cancer, decubitus ulcer, matrix rhythm therapy, pain
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CASE REPORT

A 65‑year‑old female, who presented with complaints of  
pain from ulcer and difficulty to ambulate, was referred for 
physiotherapy rehabilitation on an inpatient basis. She gave 
a history of  rectum carcinoma (CA) with clinical staging 
T3N1M0. She underwent low anterior resection surgery 
followed by ten fractions of  radiation therapy for the same. 
No family history of  cancer was reported. She gave a past 
history of  wedge compression fracture of  T12 vertebra 
with disc bulge and nerve compression at multiple levels 
from T11‑L1 disc with rod fixation with pedicle screw 
at T11‑L1 level, for which she was advised bed rest. The 
patient had a history of  lower limb weakness, with added 
health burden postsurgery and radiation for CA rectum 
rendering her immobile for many days which lead to 
decubitus ulcer. The patient gave a history of  immobility 
for 4 months post her spinal surgery. She was referred to 
oncology physiotherapy during her stay in hospital for 
decubitus ulcer treatment and for Informed consent was 
obtained from the subject to participate in the present case 
study and to publish the findings with the hidden identity.

Physiotherapy evaluations were done taking patients 
consent and revealed restricted movements in lower limbs, 
difficulty in getting up from the bed, standing and walking 
without support, and muscle weakness. Pain assessment 
was done using the visual analog scale (VAS) with scoring 
8/10. Pain aggravated with activities such as turning and 
getting up from bed which was mainly in sacral area. 
Pain was burning and pricking in nature, relieved with 
rest and medications. On examination, she had Grade 3 
decubitus ulcer [Figure 1] at sacral area, which measured 
5 cm × 5 cm × 4 cm depth (using cotton tip and ruler 
method)[7] with punched out edge, pink granular base and 

with patchy yellowish discoloration, suggesting nonhealing 
ulcer of  infectious type. The Functional Independence 
Measure (FIM) score was 73/126, suggesting an assistance 
required for her daily activities, the Functional Assessment 
of  Cancer Therapy‑General (FACT‑G) score was 51.6/108, 
suggesting a reduced quality of  life (QOL), and Pressure 
Ulcer Scale for Healing (PUSH) score was of  11/17 
suggesting a severity of  decubitus ulcer. Respiratory 
assessment revealed the use of  accessory respiratory 
muscles and dull note on the right on the upper, middle, 
and lower lung fields on percussion with crepitus heard 
over the lower lung fields on auscultation.

The patient’s hospitalization phase lasted for 15 days. She 
was given MaRyThe© for decubitus ulcer on alternate 
days and exercises that included general mobility exercises, 
strength training for lower limbs, balance training, and 
hourly positional change on a regular basis. MaRyThe© 
was given with subject lying down in a side lying position 
on the treatment couch, and the therapist was standing 
at the side of  bed facing pressure ulcer. The area to be 
treated was healthy (around the decubitus ulcer) that was 
well exposed, and powder was applied around the ulcer to 
prevent friction caused by the probe. Longitudinal strokes 
of  MaRyThe© were applied into the soft tissue around the 
decubitus ulcer. A total of  12 MaRyThe© sessions were 
given lasting for 60–75 min.

Outcome measures
Pre and post treatment outcome measures were noted in 
terms of  PUSH,[8] VAS for pain, FIM Scale (FIMS) for 
functional assessment, and QOL by FACT‑G.[9]

RESULTS

Results showed a significant improvement in terms of  
decreased VAS score from 8 to 2 posttreatment and 

Figure 2: Post 12 sessions of MaRyThe showing much healed ulcerFigure 1: PreMaRyThe treatment decubitus ulcer (1)
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PUSH scores from 11 to 5 posttreatment. Decubitus 
ulcer size from 5 cm × 5 cm × 4 cm pretreatment was 
reduced to 1.5 cm × 2 cm × 2 cm [Figure 2]. A significant 
improvement was seen in FIMS and FACT‑G,[9] with FIMS 
score improved from 73/123 to 95/123 and FACT‑G 
improved from 51.6/108 to 54.4/108 postintervention, 
physical well‑being component of  FACT‑G showed a better 
improvement as compared to other components [Table 1]. 
All outcome variables showed clinically significant results.

DISCUSSION

The main objective of  this case report was to check if  
MaRyThe© could enhance healing in cancer patient with 
decubitus ulcer. The results showed a clinically significant 
improvement in terms of  reduction in pain, size of  
decubitus ulcer, improvement in QOL, and functional 
activity. A study suggested that MaRyThe© could change 
and help in removal of  metabolic waste products at cellular 
level, thereby helping in increasing micro blood circulation 
in the tissues. The healing effect may be explained by the 
presence of  a magnet in the vibrator head[4] that may be a 
possible explanation to the healing process in the present 
case. Magnetic field has shown to improve blood circulation 
and reducing pain in connective tissue and muscles, 
thereby aiding relaxation, transfer of  nutrition, removal 
of  metabolites, and oxygen transport.[10]

Application of  MaRyThe© in chronic dysfunction 
like deep foot ulcer has shown to enhance healing and 
reducing pain.[11] The effectiveness of  MaRyThe© may 
have a greater influence in normalizing the tissue function 
that may aid the injured tissues to regain the normal 
functioning.[6] This explanation may aid in understanding 
the healing process in the present case scenario too. The 

therapy has shown to allow the cell metabolism of  the 
tissue to be reactivated with depth‑effective rhythmical 
micro‑extensions and the contracted areas of  the 
musculature that may be inductively relaxed, causing 
reduction in edema and improving extensibility of  soft 
tissues and enhanced healing.[4]

CONCLUSION

The present case suggests MaRyThe© as an important 
physical therapy option in the treatment of  decubitus 
ulcer in cancer patients, highlighting the reduction in ulcer 
size and decreasing pain, thereby improving QOL and 
functional independence. Case series studies or a small 
clinical trial would enhance the clinical significance and 
MaRyThe© role in the treatment of  cancer survivors with 
decubitus ulcer.
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Association of Foot Posture with Lumbar Lordosis Angle in 
Teachers
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INTRODUCTION

Weight of  the body constantly exerts pressure on the foot, 
in long‑standing position, which may lead to alterations 
in the foot and affects postural stability due to eversion 
observed at the foot and internal rotation of  the tibia and 

femur.[1,2] Prolonged standing over a period of  time causes 
micro‑trauma to the feet and leads to rotatory movement 
at the subtalar joint with the calcaneum moving medially 
and inferiorly and everting itself.[3] This causes various 
overuse injuries such as patellofemoral syndrome,[4] plantar 
fasciitis,[5] and mechanical low back pain.[6] Internal rotation 

Context: Anatomical alteration in the alignment of the foot leads to changes in proximal joints that in 
turn cause mechanical variations in the spine. Changes in the lower kinematic chain can have functional 
consequences in the form of low back pain and may be seen in professions requiring long-standing. This is 
often an unexplored, under-evaluated component of low back pain and hence proves its need.
Aim: To study the relationship between ankle-foot complex and lumbar spine, and also to determine the 
association between Foot Posture and Lumbar Lordosis angle in teachers.
Settings and Design: Data for the observational study were collected from school and college teachers of 
Belagavi city.
Materials and Methods: Foot posture of 200 teachers in the age group of 20–50 years was assessed using 
Chippaux Index and Foot Posture Index-6 (FPI-6). Lumbar curvature was measured using Flexi curve ruler 
and angle was calculated. Functional limitation was assessed using Low Back Pain Rating Scale and Modified 
Oswestry Low Back Pain Disability Questionnaire.
Statistical Analysis Used: Spearman’s rank correlation and t-test were used for analysis.
Results: Statistically significant association was noted between FPI-6, lumbar angle, Low back pain scores, 
and Modified Oswestry score with P = 0.0001. Gender comparison of the outcome measures did not reveal 
any significant relationship.
Conclusion: Alteration in foot posture leads to changes in lumbar lordosis angle, which in turn may cause 
low back pain.
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of  the femur leads to posterior movement of  the head of  
the femur and shifting of  the pelvis posteriorly. To maintain 
postural balance, trunk shifts anteriorly and so does the 
Centre of  Mass of  the body which forces the pelvis to 
tilt anteriorly thus increasing lumbar lordosis. A certain 
amount of  adduction of  the knees may also be seen.[1,7] 
A lateral tilt of  the pelvis is seen in cases of  unilateral 
eversionof  calcaneum leading to differences in the length 
of  the lower limb which on further progression might 
show lumbar scoliosis.[7]

A common complaint among individuals in professions 
requiring long‑standing hours is low back pain. On 
evaluation, it may not reveal any objective change in 
the spine but pain can persist. Hence, evaluation of  the 
kinematic chain becomes important to rule out other 
factors leading to mechanical changes causing pain. Due 
to the demand of  the profession in school and college 
teachers, early detection of  foot posture changes becomes 
necessary in them to help in finding a possible link to the 
presence of  back pain and to plan preventive/corrective 
measures to reduce morbidity and improve the quality of  
life. This study was undertaken to bridge the gap in the 
knowledge related to this connection between foot posture 
and back pain.

The objectives of  the study were to evaluate foot posture 
using Chippaux Index and Foot Posture Index‑6 (FPI‑6) 
and lumbopelvic angle using lumbar lordosis angle in 
teachers and to determine the association between foot 
posture and lumbar lordosis with respect to presence or 
absence of  low back pain and functional limitations, if  any, 
as consequence of  these changes.

MATERIALS AND METHODS

Two Hundred asymptomatic teachers (without any 
pre‑diagnosed low back condition) in the age group of  
20‑50 years from primary, secondary, and higher secondary 
schools and from junior and professional colleges were 
evaluated after obtaining an ethical clearance for the 
protocol from the Institutional Ethical Committee. As 
there were no available statistics for sample size calculation, 
the sample was kept open‑ended. Foot posture of  all 
the teachers was examined using FPI‑6[8] and Chippaux 
Index. [9] Lumbar lordosis angle[10,11] was measured 
in standing position using Flexi curve ruler and was 
further calculated by plotting it on graph paper using the 
formula (Lordosis angle = 4 arc tan 2 h/l).[10,11]

Visual Analog Scale (VAS), ModifiedOswestry Disability 
Questionnaire (MODQ),[12] and Low back Rating 

Scale (LBPRS)[13] were administered to study the presence 
and severity of  back pain and functional limitation.

FPI‑6 involves 6 different components, which were 
individually graded and the net result was documented for 
both feet. Palpation of  the bones and tendons foot was 
done to grade the individuals as having supinated (−2), 
partial supinated (−1), neutral (0), partial pronated (1+) 
and pronated (2+) foot. Footprints of  both feet were taken 
of  all subjects to calculate the Chippaux index using the 
formula Chippaux Index = narrow area/widest area × 100. 
For measuring the lumbar lordosis, the subject was made 
to stand barefoot maintaining erect posture. The curvature 
obtained by placing a flexi curve ruler from the lower 
border of  D12 to the lower border of  L5 was traced on 
graph paper, following which its theta angle was calculated 
using the formula 4arctan 2 h/l. The severity of  back pain 
was scored using the 10 cm VAS. Back endurance, physical 
disability and overall mobility were scored using LBPRS 
which has a total score of  130 with minimum score of  
60 required to categorize a subject with the presence of  
pain and back problems. Greater the score, greater is the 
severity of  pain. MODQ score was used to evaluate the 
percentage of  disability an individual encounters while 
performing everyday activities, where a greater percentage 
indicates more disability.

The association between Foot Posture and Lumbar lordosis 
angle with presence or absence of  Low Back pain was 
determined using Spearman’s rank correlation method. 
Gender comparison of  different variables was studied using 
t‑test, while one‑way ANOVA was used for comparing age 
and body mass index (BMI).

RESULTS

A total of  48 male and 152 female teachers with a mean age 
of  37.03 ± 8.22 years and mean BMI 25.07 ± 4.21 kg/m2 
formed the sample of  this study [Table 1]. Comparison 
of  FPI‑6 scores of  both sides with average lumbar 
lordotic angle among different categories of  teachers 
showed a strong association, P < 0.05 [Table 2]. 
FPI‑6, LBP rating scale and Modified Oswestry score 
among teachers also revealed a positive correlation 
P < 0.05 [Tables 3 and 4]. LBP Rating Scale and MODQ 

Table 1: Demographic data
Variables n

Female teachers 152
Male teachers 48
Mean age (years) 37.03
Mean BMI (kg/m2) 25.07

BMI: Body mass index
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scores, by Spearman’s rank correlation method, revealed 
a significant relation with BMI [Table 5]. Age, years of  
service, no. of  classes/week, and average lumbar angle 
showed a strong correlation between the genders with 
female teachers engaging more classes per week and 
having a greater lordotic angle than male teachers. Mean 
age and years of  service was found to be greater in male 
teachers (P < 0.05) [Table 6].

DISCUSSION

The present study aimed at evaluating an association 
between foot posture changes and secondary alterations in 
lumbar lordotic angle leading to low back pain in school and 
college teachers. 200 asymptomatic teachers of  Belagavi 
city, in the age group of  20‑50 years, were evaluated.

Low back pain is common complaint among individuals 
engaging in standing for long periods, such as teachers, due 
to the constant mechanical load placed on the entire lower 
extremity and spine for prolonged periods of  time. Any 
deviations/alterations in any one component of  the lower 
kinematic chain can cause secondary alignment changes in 
the higher components leading to structural and functional 
deviations and finally causing pain and disability. This leads 

to loss of  working days, low productivity and also poor 
quality of  life.

A study on 56 subjects in the age group of  18‑40 years for 
evaluating pelvic tilting associated with flat foot revealed 
that the presence of  bilateral or unilateral flat foot causes 
anterior pelvic tilting and lateral pelvic tilting, respectively, 
which is more significant in the sagittal plane.[14] Similar 
correlation between pronated foot and changes in lumbar 
spine curvature was also noted in our study population.

Pronation of  the foot causes an increased anterior pelvic 
tilt as demonstrated in a study on bilaterally induced 
hyperpronation of  the foot using medially tilted wedges 
causing an increase of  the anterior pelvic tilt and calcaneal 
eversion inclination in healthy subjects.[1] A similar trend 
was seen in this study with 75% of  the teachers with 
pronated foot reported having low back pain.

Nonneutral postures can occur due to changes in the foot 
alignment secondarily causing spinal curvature alterations 
which, in the long run, could lead to the presence of  low 

Table 2: Correlation between foot posture index (right and 
left sides) and average lumbar angle
Groups Variable Average lumbar angle (°)

n Spearman R t P‑level

Total FPI right 200 0.6321 11.4780 0.0001*
FPI left 200 0.6983 13.7287 0.0001*

Preprimary 
and primary

FPI right 36 0.5021 3.3854 0.0018*
FPI left 36 0.7149 5.9623 0.0001*

Secondary FPI right 69 0.6670 7.3280 0.0001*
FPI left 69 0.6996 8.0136 0.0001*

PUC FPI right 43 0.5267 3.9670 0.0003*
FPI left 43 0.6806 5.9477 0.0001*

Professional FPI right 51 0.7485 7.9819 0.0001*
FPI left 51 0.7067 7.0636 0.0001*

*P<0.05. PUC: Preuniversity course, FPI: Foot posture index

Table 5: Correlation between body mass index, Low back 
Rating Scale and modified oswestry disability questionnaire 
scores scores
Groups Variable BMI

n Spearman R t P‑level

Total LBPRS 200 0.3333 4.9748 0.0001*
MODQ 200 0.4470 7.0310 0.0001*

Preprimary 
and primary

LBPRS 36 0.1821 1.0797 0.2879
MODQ 36 0.3032 1.8554 0.0722

Secondary LBPRS 69 0.3958 3.5273 0.0008*
MODQ 69 0.5306 5.1243 0.0001*

PUC LBPRS 44 0.5879 4.7099 0.0001*
MODQ 44 0.6462 5.4873 0.0001*

Professional LBPRS 51 0.2136 1.5307 0.1323
MODQ 51 0.2452 1.7706 0.0829

*P<0.05. MODQ: Modified oswestry disability questionnaire scores, 
PUC: Preuniversity course, LBPRS: Low back Rating Scale, BMI: Body 
mass index

Table 4: Correlation between foot posture index (right and 
left sides) and modified oswestry disability questionnaire 
scores (%)
Groups Variable MODQ scores (%)

n Spearman R t P

Total FPI right 200 0.3333 4.9748 0.0001*
FPI left 200 0.4470 7.0310 0.0001*

Preprimary 
and primary

FPI right 36 0.1821 1.0797 0.2879
FPI left 36 0.3032 1.8554 0.0722

Secondary FPI right 69 0.3958 3.5273 0.0008*
FPI left 69 0.5306 5.1243 0.0001*

PUC FPI right 44 0.5879 4.7099 0.0001*
FPI left 44 0.6462 5.4873 0.0001*

Professional FPI right 51 0.2136 1.5307 0.1323
FPI left 51 0.2452 1.7706 0.0829

*P<0.05. PUC: Preuniversity course, FPI: Foot posture index, MODQ: 
Modified oswestry disability questionnaire scoresTable 3: Correlation between foot posture index (right and left 

sides) and Low back Rating Scale scores
Groups Variable LBPRS scores

n Spearman R t P level

Total FPI right 200 0.4160 6.4364 0.0001*
FPI left 200 0.4492 7.0739 0.0001*

Preprimary 
and primary

FPI right 36 0.2506 1.5093 0.1405
FPI left 36 0.2839 1.7267 0.0933

Secondary FPI right 69 0.5523 5.4230 0.0001*
FPI left 69 0.5541 5.4478 0.0001*

PUC FPI right 43 0.4742 3.4490 0.0013*
FPI left 43 0.5494 4.2106 0.0001*

Professional FPI right 51 0.3519 2.6586 0.0105*
FPI left 51 0.3483 2.6270 0.0114*

*P<0.05. PUC: Preuniversity course, LBPRS: Low back Rating Scale, 
FPI: Foot posture index
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back pain and functional disability as reported by Smith 
A et al.[15] due to the changes in mechanical loading on the 
spine.

Alteration of  the medial longitudinal arch leads to changes 
in lumbar curvature, where women with collapsed arch 
were commonly found to have an increased lumbar 
curvature and lumbar arch leading to low back pain.[16] The 
plantar arch position was not evaluated in our study, but it 
was noted that the presence of  pronated foot was greater 
in female teachers who also demonstrated an increased 
lumbar lordosis and the presence of  low back pain.

Standing for long hours to teach can cause micro‑trauma 
to the feet, alteration at the subtalar joint and calcaneum. 
The teachers in our study, mainly secondary school and 
preuniversity teachers, showed foot posture deviations 
and associated changes in the lumbar spine along with 
pain. This could probably be due to longer duration and 
a greater number of  teaching hours engaged by them as 
compared to other categories included in the study. Female 
teachers demonstrated more changes in the lumbar spine as 
compared to the male which could be because the female 
teachers in our sample engaged a greater number of  classes.

The results of  this study indicate that assessment of  foot 
posture is important and necessary in an individual with the 
complaint of  low back pain, especially in professions requiring 
standing for long hours. This component should be looked 
into to provide better management of  the pain in the long run.

Generalization of  results with respect to category and 
gender of  teachers was not possible due to unequal 
distribution. The teachers from schools and colleges were 
not available at a single point of  time, as they were either 
engaged in class or on leave, which is a limitation of  the 
study. Entire lower extremity kinematic chain analysis to 
study the influence of  each component on the spine and 
use of  objective methods of  lumbar lordosis measurement 
like radiographs may be used for better quantification.

CONCLUSION

Foot posture changes lead to changes in the lumbar spine 
curvature in teachers. Lumbar curvature changes are 
associated with low back pain. Foot posture assessment 
should be included as a necessary component in the 
evaluation of  an individual presenting with low back pain 
and a related occupational history of  prolonged standing.
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ABSTRACT
Background: Neural tissue mobilization is a movement-based intervention aimed at restoring homeostasis in and 
around the nervous system. However, there are limited studies on the effects of contralateral lower extremity neural 
mobilization in lumbar radiculopathy. 
Aim/Objective: To compare and evaluate the immediate effect of neural slider mobilization on contralateral versus 
ipsilateral lower extremity pain and hip range of motion (ROM) during straight leg raise (SLR) in unilateral lumbar 
radiculopathy. 
Methods: Thirty-six individuals with subacute and chronic back pain during SLR, resulting from unilateral lumbar 
radiculopathy in the sciatic nerve and its branches, were randomized to two groups: ipsilateral and contralateral. They 
received a single session of neural slider mobilization in the ipsilateral and contralateral lower extremity, respectively. 
The numeric pain rating scale was used to measure pain, and for hip flexion ROM during straight leg raise digital 
goniometer was used for assessment.
Results: Pre- and post-treatment values showed a statistically significant difference within the groups in terms of 
pain (P=0.00001 for both ipsilateral and contralateral group). However, there was no significant difference between 
the groups (P=0.00001). For hip ROM during SLR, a significant difference was found within as well as between the 
groups (P=0.00088 for the ipsilateral group and P=0.3476 for the contralateral group; and between-group comparison 
P=0.00047).
Conclusions: Both the ipsilateral and contralateral slider neural mobilization technique was effective in reducing lower 
extremity pain. However, the ipsilateral neural mobilization technique was superior to the contralateral technique in 
reducing pain. Ipsilateral slider neural mobilization alone showed improvement in hip ROM during SLR. 
Keywords: neural mobilization, lumbar radiculopathy, pain, and straight leg raise.
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INTRODUCTION 
Lumbar radiculopathy can be defined as low back pain 
radiating to one or both the extremities with spinal nerve 
root involvement, depending on the affected dermatome. 
The lifetime prevalence of radiculopathy ranges from 2.2% 
to 34%. A herniated disk and lateral canal stenosis are the 
two most common causes of radiculopathy, with the other 
causes being lumbar spinal stenosis, spondylolisthesis, and 
tumors [1]. Direct compression of the nerve roots and the 
inflammatory and ischemic mechanisms involving the roots 
and dorsal root ganglia cause intervertebral disc herniation 
symptoms. The intervertebral discs affected mostly are 
L4-5 and L5-S1, leading to L5 or S1 radiculopathies [2].
Various physical therapy forms such as traction, stretching, 
strengthening exercises, warm water fomentation, 
modalities like interferential therapy with varying degrees 
of success [3, 4]. Neurodynamics is an effective method for 
assessing and treating pain syndromes. It aims to restore 
the dynamic balance between the relative movements of 
neural tissue and the surrounding mechanical interfaces, 
reducing pressure on neural tissue and improving the 
nervous system’s functioning [5]. The nervous system 
performs three primary mechanical functions to aid normal 
movement: withstand tension, slide in its container, and be 
compressible. Failure of this protective mechanism leads to 
neural edema, fibrosis, ischemia, and hypoxia, which may 
cause altered neurodynamics [5].
A nerve’s ability to stretch and slide may be disrupted due to 
nerve compression. Further prolonged compression gives 
rise to sequel of intraneural events that may ultimately lead 
to impaired nerve sliding [6,7]. Neurodynamic sliders and 
tensioners cause excursion and tension of neural tissues, 
respectively, which can be used to resolve abnormal 
mechanosensitivity caused by nerve compression [8,9]. 
A slider is used to produce significant movement in the 
nerves without generating much tension or compression 
by applying longitudinal force at one end of the nerve while 
tension at the other. A tensioner activates viscoelastic, 
movement-related, and physiological functions in the 
nervous system. It is applied to neural tissues by increasing 
the distance between each end of the nerve tract [8,9]. 
Previous studies performed on hamstring flexibility, 
carpal tunnel syndrome, and cervical radiculopathy have 
shown that applying the contralateral neural mobilization 
technique helps reduce tension in the ipsilateral nerve root 
[4,10,11,12]. 
However, contralateral neural mobilization on the 
ipsilateral lower extremity in lumbar radiculopathy is 
unknown. Hence, this study was undertaken to analyze 
the efficacy of contralateral versus ipsilateral neural 
mobilization in patients with lumbar radiculopathy. It was 
hypothesized that ipsilateral neural mobilization, which is 
painful in lumbar radiculopathy patients, may benefit from 
contralateral neural mobilization. 
Materials and Methods
Study Design 
This was a single-blinded, randomized clinical trial. The 

Institutional Research and Ethics Committee approved the 
study. It is registered under Clinical Trial Registry - India 
with trial number CTRI/2019/02/017515.
Setting and timescale
This study was conducted at tertiary care Hospital, Belagavi, 
Karnataka, India, from September 2018 to February 2019. 
Determination of sample size 
The sample size calculation was done based on the study 
done by Mahmoud S. Asal et al. [10] and determined as 
a minimum of 18 subjects in each group using the single 
mean sample size formula with α set at 5% and β at 95%.
Study Participants
A total of 36 subjects who were aged between 25-60 years,  
diagnosed with subacute or chronic-stage low back pain 
with unilateral radiculopathy involving the sciatic nerve 
and its branches with positive SLR, with a minimum 
pain intensity of 4 as shown on the Numeric Pain Rating 
Scale (NPRS), and those willing to participate in the 
study were included in the study. Patients diagnosed with 
rapidly progressing neurological symptoms; extruded disc; 
dementia or other cognitive impairment; inflammatory 
or other specific disorders of the spine such as ankylosing 
spondylitis, Paget’s disease, vertebral collapse, rheumatoid 
arthritis, spondylolisthesis, severe osteoporosis, spine 
spinal tuberculosis; intermittent claudication; diabetic 
neuropathy; stenosis; sacroiliac joint pathology; 
previous spinal surgery; previous spinal injury causing 
radiculopathy; pathology of the hip, knee, and ankle; severe 
pain (NPRS>7); more than one nerve root involvement; 
muscular involvement such as Piriformis syndrome; red 
flags such as trauma, cancer, and infection; and pregnant 
women were excluded from the study; All the study 
participants read and signed the informed consent form 
before the start of the study.
The subjects who met the inclusion criteria were randomly 
assigned to two groups by lottery method. Subjects in 
group-1 (ipsilateral group) received ipsilateral slider 
neural mobilization with conventional treatment, whereas 
group-2 (contralateral group) received contralateral slider 
neural mobilization with conventional treatment (Figure 
1).

Figure 1: CONSORT diagram
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Outcome measures
All the selected subjects underwent a pretreatment and 
post-treatment assessment for pain using NPRS [13,14] 
and hip ROM during SLR using a goniometer [15]. For 
the ipsilateral group, both intervention and assessment 
were done on the affected side. In contrast, for the 
contralateral group, an assessment was done of the 
affected side, but treatment was given to the unaffected 
side.
Intervention
Subjects in both groups received conventional treatment, 
which consisted of transcutaneous electrical nerve 
stimulation (TENS) and hydro-collator pack application. 
Conventional TENS with two channels was applied for 
20 min. The patient lied down in the prone position, and 
one electrode was placed on the involved nerve root and 
other electrodes along the course of the nerve [16]. After 
that, moist heat was applied for 15 min [17]. Following 
conventional treatment, both groups received one session 
of neural slider mobilization each: the ipsilateral group 
received neural mobilization on the affected side, and the 
contralateral group received neural mobilization on the 
unaffected side. 
Slider neural mobilization [8] was given for three sets of 
1 session following structural differentiation as performed 
by the SLR test. The first set consisted of 5 repetitions, 
the second set of 10 repetitions, and the third set of 15 
repetitions with a break of 2 minutes / 120 seconds between 
sets [8]. The distal slider for the sciatic nerve incorporated 
the foot into dorsiflexion when the hip was in neutral. The 
knee was kept in an extended position with the patient 
lying supine on a bed, head resting on a pillow. The 
therapist stood on the side where the lower extremity was 
mobilized and placed one hand over the posterior aspect of 
the patient’s leg, and the other hand held the patient’s foot 
under its plantar surface [8].
 For the peroneal nerve, the patient was placed supine on 
a bed with their head resting on a pillow, and the therapist 
stood on the side where the lower extremity was mobilized. 
The distal slider incorporated the movements of knee 
flexion and plantar flexion/inversion. The therapist held 
the limb at its hip and flexed the knee to 90°, where he 
placed the medial aspect of his near arm around the medial 
and/or posterior aspects of the patient’s leg (almost using 
his armpit to grip the leg). His other hand held the dorsum 
of the patient’s forefoot [8].
Distal slider neural mobilization of the posterior tibial 
nerve was done in the hip and knee flexed to 90º, and toes 
extended with the patient in a supine position, head resting 
on a pillow. The therapist stood on the side where the lower 
extremity was mobilized. He held the limb at the hip and 
flexed the knee to 90°, where he placed the medial aspect 
of his arm around the medial and/or posterior aspects of 
the patient’s leg and stabilized the calcaneus with his palm. 
His other hand held the patient’s foot on its plantar surface, 
placing his hand under the forefoot with fingers spreading 
to the toes. The therapist’s thumb then passed around the 

foot’s medial surface toward the dorsum of the foot, taking 
a firm but comfortable hold [8].
Statistical analysis 
Data were analyzed using statistical software R version 
3.6.0 and Excel. Continuous variables were represented as 
mean ± standard deviation. Frequency tables represented 
categorical variables. A Chi-square test was used to analyze 
categorical data (age and gender). For the mean comparison 
of pain and hip ROM (SLR), an independent/paired t-test 
was used. The significance level was set at 5%.
RESULTS
Demographic data
The study included 36 subjects aged 41.28±10.02 years, with 
18 subjects in each group (viz., ipsilateral and contralateral 
lower extremity group, respectively, as shown in Table 1.

Table 1: Distribution of age and gender in the study 
(N=36)

Variable Sub-category Number of subjects n (%)

Age (yrs.)

<30 6 (16.66)

30-40 11 (30.56)

41-50 12 (33.33)

51-60 7 (19.44)

Gender
Male 20 (55.56)

Female 16 (44.44)

The t-test showed no significant difference in the mean age 
between the two groups, as shown in Table 2 (P=0.8964). 
Also, the Chi-square test did not show any relationship 
between age and gender. 

Table 2: Distribution of age and gender over the groups

Variable
Group

P-value
Ipsilateral Contralateral

Age (yrs.) 41.5±10.58 41.06±9.73 0.8964

Gender
Male 9 11

0.5023
Female 9 7

Effect of treatment on HIP ROM (SLR) within groups:
Paired t-test was used to compare the mean of pre-and 
post-hip ROM (SLR). The mean of post-hip ROM (SLR) 
was significantly greater than pre-hip ROM (SLR) in the 
ipsilateral group. There was no significant increase in 
the hip ROM (SLR) score in the contralateral group. In 
the ipsilateral group, the hip ROM (SLR) increased by 
10.98% after treatment, but in the contralateral group, the 
percentage increment was negligible (Table 3).

Table 3: Comparison of pre-and post-hip ROM (SLR)

Group
Hip ROM (SLR)

P-value Mean of percentage 
incrementPre Post

Ipsilateral 34.67±4.01 39.33±5.36 0.00088L 10.98%

Contralateral 33.11±5.28 33.22±5.5 0.3476L 0.15%

ROM: Range of motion
SLR: Straight leg raise
Effect of treatment on the hip ROM (SLR) between 
groups
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The Mann-Whitney test showed a significant difference 
(P=0.0004689) in hip ROM during SLR between the groups, 
with the difference in mean of post-hip ROM (SLR) being 
significantly more for the ipsilateral (4.67±5.35) group 
compared to the contralateral group (0.11±1.18) (Figure 
2).

Figure 2: Comparison of pre-hip ROM (SLR) and post-
hip ROM (SLR) between two groups.

Effect of treatment on the numeric pain rating score 
within groups:
The NPRS was comparatively small after treatment. The 
pre-test pain score was significantly greater than the post-
test pain score (P<0.00001 was significant for the paired 
t-test). In the ipsilateral group, the pain score was reduced 
by 33.89% after treatment. In the contralateral group, the 
reduction was 17.43% after treatment (Table 4).

Table 4: Comparison of pre- and post-numeric pain 
rating score

Group
NPRS

P-value Mean percentage 
reductionPre Post

Ipsilateral 6.67±1.61 4.44±1.95 <0.00001G 33.89%

Contralateral 6.72±1.6 5.44±1.1 <0.00001G 17.43%

G: Greater
NPRS: Numeric pain rating score
Effect of treatment on the numeric pain rating scores 
between groups
A two-sample t-test was used to compare the mean 
difference between the post-pain score and pre-pain scores 
over the two groups. There was significantly (P=0.017) less 
pain in the ipsilateral group (-2.22±1.48) compared to the 
contralateral group (-1.28±1.1) (Figure 3). 

Figure 3: Comparison of NPRS between groups.

DISCUSSION
The purpose of this study was to compare and evaluate 
the immediate effect of distal slider neural mobilization 
on contralateral versus ipsilateral lower extremity hip 
range of motion and pain during SLR in unilateral lumbar 
radiculopathy. This study demonstrated that there was a 
significant difference in pain reduction within the groups,  
with no significant difference found between the groups in 
terms of pain intensity there was a significant difference 
in hip ROM improvement during SLR in favor of the 
ipsilateral neural mobilization technique. 
The pain reduction following the ipsilateral neural 
mobilization technique could decrease intraneural 
edema and circulatory stasis as it decreases intraneural 
pressure [6,7]. The slider technique reduces the abnormal 
mechanical sensitivity caused by nerve compression in 
lumbar radiculopathy by producing excursion in the nerve 
without generating much tension [8,9].  In this study, the 
slider neural mobilization technique was performed in the 
supine position. Sitting in a slump position involves lumbar 
flexion, which would further worsen the pain symptoms 
due to a narrowing of the intervertebral foramen, leading 
to the nerve compression. 
This study’s results are consistent with those of previous 
studies using ipsilateral neural mobilization in subjects 
with sciatica. A study was conducted by Anikwe EE [16] 
on acute sciatica using nerve flossing technique, which was 
given for two weeks during six treatment sessions including 
conventional therapy in the study group while the control 
group received only conventional therapy like cryotherapy, 
soft tissue manipulation (stroking and effleurage) to the 
painful areas, four-channel TENS, and reverse SLR actively 
in a prone position. The study concluded that both groups 
improved the pain score and passive SLR value significantly 
[16]. Another study done by Haris Colakovic17 in subjects 
with radicular low back pain concluded that subjects in 
the study group receiving neural mobilization and lumbar 
stabilization showed better visual analog scale scores and 
SLR scores than the control group who received active 
ROM exercises and lumbar stabilization [17]. 
The contralateral distal slider neural mobilization also 
helped reduce pain, which could be attributed to the 
relationships between the angles of nerve roots and spinal 
cord movement. The cervical and lumbar nerve roots 
diverge from the spinal cord at an angle. This angle contains 
two component vectors, horizontal and vertical. The 
vertical vector produces spinal cord movements necessary 
to reduce tension in the contralateral nerve root. As the 
contralateral neurodynamic test is performed, forces enter 
the spinal cord through the contralateral nerve roots. The 
vertical component force passing along the contralateral 
nerve roots causes the spinal cord to descend in the canal. 
The spinal cord’s downward movement is most likely less 
but is sufficient to transmit a reduction of tension through 
the vertical component of the ipsilateral nerve root [8]. 
Previous studies that have used the contralateral 
neural mobilization technique in patients with cervical 
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radiculopathy showed improvement in pain reduction and 
increased ROM in the cervical spine, and improved elbow 
ROM. Therefore, the study concluded that the contralateral 
slider neural mobilization technique is clinically efficacious 
in treating cervical radiculopathy patients [11]. However, 
our study’s result is not in agreement with that study in 
terms of increasing ROM, which could be because of the 
study being conducted to find only the immediate effect 
of the neural mobilization technique. There may be an 
improvement in increasing the ROM with more sessions 
as in the previous study. It could also be because of the 
technique itself, as the assessment was done on the ipsilateral 
side, and treatment was given to the contralateral side. At 
this time, the reason for not obtaining the improvement in 
ROM is still not apparent. 
Limitations: Follow-up assessment was not taken into 
consideration to know the carry-over effect. The sample size 
was small to extrapolate the result to a larger population. 
CONCLUSIONS
This study’s findings provide evidence that both ipsilateral 
and contralateral slider neural mobilization techniques 
resulted in pain reduction. Hence, they can be used in the 
treatment of patients with unilateral lumbar radiculopathy. 
However, concerning the hip ROM during SLR, only the 
ipsilateral neural mobilization technique was helpful. 
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INTRODUCTION

Cancer is the leading cause of  death globally in the 

21st century, with variation in the frequency of  tumor 
occurrence with respect to location and histology.[1,2] Indian 
males present with low rates of  gastric cancer and the 
females are positioned at the 9th rank.[3]

Context: There has been an increase in the incidence of gastrointestinal and gynaecological cancers and 
advancement in surgeries has made surgical treatment more for these participants more feasible. 
Aim: To evaluate the effect of structured early mobilization programs in postoperative gastrointestinal and 
gynaecological cancer patients on 30second chair stand test, functional assessment of cancer therapy-general 
(FACT-G) and length of hospital stay.
Settings and Design: This was a clinical trial conducted at tertiary care hospital on gastrointestinal and 
gynecological cancer patients.
Materials and Methods: Participants diagnosed with gastro-intestinal (n = 23) and gynaecological (n = 17) 
cancers who underwent surgery were included in the study. Lower extremity strength was assessed using 
30 s chair stand test and the quality of life (QOL) was assessed using the FACT-G Scale. Length of hospital 
stay was noted from the postoperative day 1 till the day of discharge. 
Statistical Analysis Used: Wilcoxon Test and Spearman’s rank correlation coefficient test were used for 
analysis.
Results: Early mobilization program in postoperative gastro-intestinal and gynecological surgery participants 
showed improvement in the lower extremity strength in terms of 30 s chair stand test (P = 0.001). Moreover, 
improvements were also observed in the components of QOL viz., physical (P = 0.004), social (P = 0.041) 
and functional (P = 0.004) components.
Conclusion: The study findings demonstrate improvement in lower extremity strength in terms of 30 s 
chair stand test and QOL according to FACT-G.

Keywords: Thirty seconds chair stand test, early mobilization, gastro-intestinal cancer, gynaecological 
cancer, length of hospital stay
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Gynecological cancers have shown to account for 19% of  
the recently predicted new cancer cases globally. In the year 
2002, 2.9 million deaths had occurred among women. In 
the developing countries, 80% of  females suffered from 
cervical cancers, whereas two‑third of  females suffered 
from cancer of  the uterus in the developed world.[4] Cancer 
of  uterine‑cervix presents with major health problems 
among females, with it being the number one in India 
and the second commonly occurring malignant tumor 
in the world.[5] In gynecological cancers, surgery is often 
preferred as the first treatment option and it is not only 
used for diagnostic purposes, but in many cases, it is the 
most essential therapy for these gynecological cancer 
patients and also for patients having gastro‑intestinal 
cancers. Surgery plays a very important role in deciding 
the prognosis of  patients in terms of  duration and quality 
of  the continuity of  the patient’s life. Intra‑operative 
and postoperative complications of  a surgical procedure 
have an important effect on the immediate postoperative 
duration and quality.[6]

Surgery for gastric cancer patients has shown to have 
high‑risk due to stresses and complications caused 
following the surgery. Morbidity among radical gastrectomy 
patients ranges from 20%–46% to 0.8%–10% of  mortality 
is observed in these patients.[7]

The readmission rates of  patients who have undergone 
gastrointestinal operations are much higher than those with 
other types of  medical conditions or nongastrointestinal 
operations. A much greater understanding now exists 
in the pathogenesis of  the disease, thus adding to more 
compelling prevention strategies over the years. One 
such cost‑effective strategy for disease prevention is the 
incorporation and maintenance of  regular physical into 
individual’s day‑to‑day routines.[8]

Patients are not always mobilized early since there are no 
specific guidelines which are specifically performed in patients 
who have undergone such surgeries. Failure to commence 
early mobilization leads to inadequate pain management and 
other problems leading to a lack of  motivation to perform any 
physical activity. All these factors lead to a lack of  follow‑up 
by increasing patients’ length of  hospital stay. There are 
minimal guidelines available to postoperative patients during 
their hospital stay, which can be a contributing factor to 
their sedentary state, resulting in increased deconditioning 
and prolonged their recovery phase.[9] The present study 
hypothesized that early mobilization will help in reduction in 
hospital stay and improvement in the quality of  life (QOL) 
in such postoperative patients.[7]

MATERIALS AND METHODS

Study design and setting
This experimental study was conducted in a tertiary care 
hospital. Ethical clearance was obtained by the Institutional 
Ethical Review Committee before the commencement 
of  the study. Participants were then screened as per the 
inclusion and exclusion criteria. All male and female 
participants in the age group of  18–60 years diagnosed with 
gastrointestinal and gynecological cancers (Stage 1, 2, or 
3 as per TNM staging) and who had undergone surgeries, 
willing to participate in the study were included. Participants 
with any comorbid medical illness or psychiatric illness that 
would impede completion or interfere with the treatment 
protocol, evidence of  distant metastasis, and currently 
undergoing radiotherapy treatment were excluded from 
the study [Figure 1].

Description of the participants
Forty adult male and female participants who had 
undergone surgery for gastro‑intestinal (n = 23) and 
gynecological (n = 17) cancer were included in the study.

Procedure
Each participant was explained the purpose of  the study in 
vernacular language and a consent was taken from them. 
The demographic data of  all participants were noted.

All participants were administered the functional assessment 
of  cancer therapy‑general (FACT‑G) Questionnaire and the 
number of  hospitalization days and 30 s chair stand test 
were assessed on day 1 and at the time of  hospital discharge.

Intervention protocol/exercise protocol
The intervention or the exercise protocol was administered 
to all the participants till the day of  the discharge [Annexure 
1].

Outcome measures
Number of days of hospitalization after surgery
It was termed as the time spent in the hospital from the 
date of  surgery up to the date of  discharge.

Thirty‑seconds chair stand test
The participants had to sit at the back of  their chair, with 
both feet in contact with the ground and with arms across 
their chest. They were then instructed to perform sit to 
stand and vice versa for 30 s.[10]

Functional assessment of cancer therapy‑general questionnaire
QOL was assessed using FACT‑G questionnaire. This 
questionnaire consists of  33 questions under four 
sub‑domains, i.e., Physical, Social, Emotional, and 
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Functional well‑being. The FACT‑G Questionnaire 
demonstrates high coefficients of  reliability and validity 
with the Cronbach’s alpha of  the total scale is 0.89, and 
subscales range from 0.82 to 0.69.[11]

Statistical analysis
Statistical analysis was performed using SPSS version 21 
(IBM Corp. Released 2012. IBM SPSS Statistics for 
Windows, Version 21.0. Armonk, NY: IBM Corp). Nominal 
data, including demographic data of  all participants, were 
analyzed for simple frequency and percentage. With a study 
power of  80%, probability values of  <0.05 (P ≤ 0.05) 
were considered statistically significant Comparison of  
30 s chair stand test and FACT‑G in all participants was 
made using the Wilcoxon Test and comparison of  the 
two cancer groups in terms of  QOL using the individual 
components of  FACT‑G Scale was done by Spearman’s 
rank correlation coefficient.

RESULTS

The present study included 40 participants, including both 
male and female participants who underwent surgery 
for gastro‑intestinal and gynecological cancers [Table 
1]. All of  them received structured early mobilization 

program following surgery till their discharge. The 
comparison of  30 s chair stand test and QOL among all the 
participants showed statistical significance with P = 0.001 
[Table 2]. The 30 s chair stand test showed a significant 
improvement (P = 0.001) after the study. All components 
of  QOL showed statistical improvements (P = 0.001) 
except for the emotional component [Table 3].

DISCUSSION

The impact of  prehabilitation on the recovery of  functional 
exercise capacity in patients undergoing colorectal resection 
for cancer have been well documented. It is believed that 
the preoperative period may represent a more appropriate 
time than the postoperative period for intervention. The 
intervention of  moderate aerobic and resistance exercises, 
nutritional counseling, and relaxation exercises initiated 
either 4 weeks before the surgery or immediately after 
surgery has proved to be beneficial. A decrease in hospital 
stay with a structured early mobilization program has also 
proved to be. However, using a large sample size would 
provide a piece of  better evidence to prove the same.[12]

Surgical stress responses increase cardio‑vascular demands 
is a known fact.[13] Regaining physically in the postoperative 
cancer population is important since their independence 
and QOL are essential for surgical recovery and physical 
function. Treatments after chemo or radiotherapy are 
largely dependent on the functional status of  the patient.[7] 
The result of  the present study is consistent with the results 
of  the above‑mentioned study, which included structured 
early mobilization protocol.

Postoperative patients are at high risk of  long periods 
of  bed rest, which has been associated with poor pain 
management, insulin resistance, loss of  lean muscle mass, 
and amelioration of  surgical stress response, which is 
detrimental for their health status, slowing down the 
recovery process. To initiate strategies for minimizing bed 
rest in postoperative phase, an early mobilization program 
favouring enhanced recovery after surgery is always 
beneficial. The benefits offered to the patients immediately 
postoperatively, a structured early mobilization program 
that initiated immediately within 24 h after the surgery was 
implemented in the present study. Reducing complications 
after surgery and improving overall outcomes including 
QOL.[8]

Core strengthening exercises have shown to greatly 
influence the exercise prescription in many ways. Core 
strengthening exercises not include only a single body 
segment but involves the body as the centre of  all 

Table 1: Demographic profile of all the participants (n=40) in 
the study
Particulars Categories Frequency, n (%)

Gender Male 15 (37.5)
Female 25 (62.5)

Age (years) 18-28 0 (0)
29-38 2 (5)
39-48 5 (12.5)
49-58 10 (25)
59-68 13 (32.5)
69-78 10 (25)

BMI (kg/m2) ≥25 5 (12.5)
≤25 35 (87.5)

Length of hospital stay (days) ≥5 35 (87.5)
≤5 5 (12.5)

Type of 
cancers (gynecological[17] 
and GI[23] cancer)

CA cervix 5 (12.5)
CA endometrium 1 (2.5)
CA ovary 11 (27.5)
CA colon 5 (12.5)
CA gist 1 (2.5)
CA esophagus 2 (5.0)
CA duodenum 2 (5.0)
CA pancreas 2 (5.0)
CA periampulary 2 (5.0)
CA stomach 9 (22.5)

Distribution of cancer stage T1N0M0-IA 1 (2.5)
T1N1M0-IB 1 (2.5)
T2N0MO-IB 5 (12.5)
T2N1M0-II 10 (25)
T2N2MO-IIIA 12 (30)
T3N1MO-IIIA 4 (10)
T3N2MO-IIIB 5 (12.5)
T4N2M2-IV 2 (5.0)

BMI: Body mass index, GI: Gastrointestinal
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functional movements of  the upper as well as lower 
extremities.[14] This was the reason for including core 
strengthening exercises in the present. Improvement in 
the muscle strength was observed in the lower extremity 
in the present study suggesting that resistance training 
using thera band has shown to be beneficial in improving 
muscle strength and maintaining body composition in 
cancer patients undergoing neoadjuvant and adjuvant 
therapy in the early rehabilitation phase.[15] Using 30 s 
chair stand test as an outcome measure for lower limb 
strength has proved beneficial in community‑residing 
older adults.[11]

Measuring QOL is gaining importance in cancer care. The 
functional assessment of  cancer therapy questionnaire 
with the colorectal module FACT‑Colorectal and 
EuroQol (EQ‑5D) questionnaire has demonstrated 
that higher the TNM stage of  the tumor, greater is the 
association with an increased state of  postoperative anxiety 
and poorer emotional well‑being.[13] These results are in 
consistence with results of  the present study as well.

The improvements in the individual components of  
QOL viz., physical, social, and functional components 
have demonstrated statistical significance. This could be 

the effect of  early mobilization on the removal of  the 
indwelling catheter, which is inserted postoperatively 
to prevent postoperative urinary retention. The urinary 
catheter is known to causes discomfort, pain, and anxiety 
to the patient. Interfering with the physical functioning 
of  the patient.[16]

Contradictory to the results of  the present study, the 
effect of  early mobilization and diet after laparoscopic 
colon surgery has shown no improvement in the length of  
hospital stay after the rehabilitation program. The length 
of  hospital stay was not a significant post structured early 
mobilization program in gastro‑intestinal and gynecological 
patients. This may be explained within the time to discharge 
vary among countries because of  differences in the 
health‑care services, including Indian set up. However, in 
a country like India, patients may wish to get discharged 
sooner due to a lack of  medical insurance coverage.[17] 
However, in a developing country like India, there is a 
focus on reducing postoperative stay and hence the medical 
costs to optimize the utilization of  health care resources.

In the present study, the maximum distribution was seen in 
the age group of  59–68 years (32.5%) that. The age‑specific 
incidence rate for gynecological cancers increases from 
35 years of  age and reaches a peak between the ages of  
55 and 64.[18] Similar age trend was noticed among a study 
conducted in the gastro‑intestinal cancer population in 
which the mean age group was between 50 and 70 years, 
suggesting gynecological and gastro‑intestinal cancers 
are more common among the older age group.[19] In 
addition, treatment for the older population is frequently 
discontinued as the physicians feel that the older population 
will not be able to tolerate the side effects of  cancer 
treatment therapies.[20]

One of  the reasons for low body mass index (BMI) could 
be cancer cachexia, which is associated and most commonly 

Table 2: Comparison of 30 s chair stand test and functional assessment of cancer therapy‑general in participants with gynecological 
(n=17) and gastro‑intestinal (n=23) cancers in the study
Variable Group Time Mean±SD Z P

30 s chair stand test (s) Gynecological cancers Pretest 3.94±1.29 3.647 0.001*
Posttest 9.05±1.51

GI cancers Pretest 3.47±1.20 3.993 0.001*
Posttest 8.13±2.73

Combine Pretest 3.67±1.24 5.391 0.001*
Posttest 8.52±2.32

FACT-G Gynecological cancers Pretest 67.76±12.40 3.642 0.001*
Posttest 51.82±6.78

GI cancers Pretest 70.65±13.70 4.217 0.001*
Posttest 52.17±6.69

Combine Pretest 69.42±13.14 5.385 0.001*
Posttest 52.02±6.65

*Level of significance P≤0.05 by Wilcoxon test. SD: Standard deviation, GI: Gastrointestinal, FACT-G: Functional Assessment of Cancer Therapy-
General

Table 3: Comparison of the two cancer groups in terms of quality 
of life using individual components of functional assessment 
of cancer therapy‑general scale
Gynecological 
cancers (n=17)

GI 
cancers (n=23)

r P

Physical-pre Physical-pre 0.654 0.004*
Physical-post Physical-post 0.172 0.510
Social-pre Social-pre -0.109 0.676
Social-post Social-post 0.501 0.041*
Emotional-pre Emotional-pre 0.080 0.760
Emotional-post Emotional-post 0.083 0.753
Functional-pre Functional-pre 0.660 0.004*
Functional-post Functional-post -0.120 0.647

*Level of significance P≤0.05 by Spearman’s rank correlation 
coefficient. GI: Gastrointestinal
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seen in gastrointestinal, lung, and prostate cancer patients.
[8] Most of  the participants in the present study had a BMI 
of  ≤25, suggesting cancer cachexia as a common symptom 
in such patients.

Due to late diagnosis, the absence of  highly curative 
chemotherapy and a high degree of  molecular heterogeneity 
in ovarian tumors, there has been a steady rise in these 
tumors. A similar observation was made in the present 
study in which the ovarian cancer participants were the 
highest in number (n = 11).[21] Within the gastro‑intestinal 
group, majority of  the participants suffered from cancer 
of  the stomach (n = 9). Cancers of  the stomach are mostly 
related to diet and food preservation, such as high intake 
of  salt‑preserved foods and dietary nitrate or low intake of  
fruit and vegetables.[22] Diet has also been shown to play a 
major role in gastric carcinogenesis. In India, the risk factors 
for stomach cancers include Helicobacter pylori infection, 
salted tea, pickled food, rice intake, spicy food, soda, 

tobacco, and alcohol as risk factors for gastric cancer.[23] 
Although the risk factors of  the same were not studied, the 
above‑mentioned risk factors may be the causative factors 
for the same. Majority of  participants in the present study 
were in the cancer Stage III. Studies have shown that in 
India, two‑thirds of  the patients are affected with cancer, 
usually presenting in its advanced stages. This is largely 
due to the scarcity of  infrastructure, lack of  health‑care 
providers, illiteracy, and lack of  awareness among the 
general population regarding the effects and use of  tobacco 
and leading to a delay in seeking medical attention.[24,25]

CONCLUSION

To conclude, the results of  the present study have 
demonstrated significant improvements in terms of  
improved lower extremity strength and QOL using a 
structured early mobilization program implemented 
immediately postoperatively in gynecological and 

Figure 1: CONSORT flow chart of participant recruitment process for the study

Total number of participants screened for eligibility in a span of 1 year
(n = 72)

Total Excluded n = 12
•  Refused to participate (n = 4)
•  Episodes of severe vomiting (n =  2)
•  Severely fatigued (n = 6)

Participants gave consent to participate in the study and fulfilled the inclusion
criteria  (n = 60)

Demographic data was recorded; administration of Functional Assessment of Cancer
Therapy- General Questionnaire and assessment of 30s Chair stand were assessed

before administration of the intervention protocol and intervention in the form of
breathing, stretching, resistance exercises and ambulation was initiated within

24hours post-surgery until the day of discharge. (n = 60)

Dropouts n = 20
•  Shifted to ICU (n = 10)
•  Refused to participate in 2nd

   phase (n = 5)
•  Complained of chronic fatigue and
   didn’t want to participate in 3rd

   phase (n = 5)

Assessed for outcome measures in all participants in terms of Hospitalization stay,
FACT-G and 30s chair stand test.

n = 40

Data of a total of 40 participants was included for statistical analysis.
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gastro‑intestinal Cancers. Although the study included 
a small sample size with a heterogeneous population, 
similar studies may be carried out in a larger population 
with different cancer populations in a similar clinical 
setting.
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ANNEXURE

Annexure 1: Early mobilization protocol 

FIRST PHASE

This phase included routine chest physiotherapy postoperatively, which consisted of  nebulization and airway clearance 
techniques (including the active cycle of  breathing techniques).

Supervised exercises were performed 2 times/day.

(POD 1).

Stretching (neck, shoulder, wrist, ankle).

Triceps stretching
Position of  the participant: Sitting.

Procedure: In sitting with the opposite side hand elbow and shoulder extension was performed by the participant to 
stretch the triceps. The stretch was held for 15–30 s.

Flexor compartment muscles of forearm stretching
Position of  the participant: Sitting.

Position of  the therapist: The therapist stood beside the participant.

Procedure: The therapist grasped the participants left arm to prevent shoulder movement after which she grasped 
participant’s right hand and fingers. Participants elbow was extended along with the hand and fingers, which provided a 
stretch to the whole flexor compartment. The stretch was held for 15–30 s.

STERNOMASTOID STRETCHHING

Position of  the participant: Sitting.

Position of  the therapist: Therapist was standing behind the participants head.

Procedure: The therapist held the participants head with both the hands (one below the occiput and other below the 
chin) and performed the opposite action of  the sternomastoid, i.e., opposite side flexion and same side rotation and 
extension of  the neck. The stretch was held for 15–30 s.

Tendo‑achilles stretching
Position of  the participant: Supine lying.

Position of  the therapist: The therapist stood beside the patient.

Procedure: The therapist held the lower thigh region of  the participant with her left hand and flexed the knee. The 
therapist’s right hand held the heel in the neutral position and slowly extended the participants knee with the left hand 
and dorsiflexed with the right hand. The stretch was held for 15–30 s.

Dorsiflexors stretching
Position of  the participant: Supine lying.

Position of  the therapist: The therapist stood beside the patient.
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Procedure: Therapist placed her left hand and held the leg. The right hand held the foot and stretch was applied to the 
dorsiflexors. The stretch was held for 15–30 s.

Core exercise (pelvic tilt: Isometric contraction).

Pelvic tilt
Position of  the participant: crook Lying.

Procedure: Participant attained a crook lying position, with hands placed at the side of  the bed. The participant was 
asked to pull the pelvis towards the bed while isometrically contracting it. Participant had to hold this position for 10 s.

10 repetitions × 1 set was performed.

Resistance exercise using yellow theraband.

Resistance to the shoulder, arm, thigh and calf  was provided using the theraband and the participant had to perform 
movement against the resistance of  the theraband. Initially, a yellow theraband was used and was gradually progressed.

(12 repetition × 3 sets using yellow theraband and progressing gradually).

THE SECOND PHASE

This phase included routine chest physiotherapy post‑operatively, which consisted nebulization and airway clearance 
techniques (including the active cycle of  breathing techniques).

Supervised exercise (twice/day).

(POD 1 ~ 3).

Stretching (neck, shoulder, wrist, ankle).

Triceps stretching
Position of  the participant: Sitting.

Procedure: In sitting with the opposite side hand elbow and shoulder extension was performed by the participant to 
stretch the triceps. The stretch was held for 15–30 s.

Flexor compartment muscles of forearm stretching
Position of  the participant: Sitting.

Position of  the therapist: The therapist stood beside the participant.

Procedure: The therapist grasped the participants left arm to prevent shoulder movement after which she grasped 
participant’s right hand and fingers. Participants elbow was extended along with the hand and fingers, which provided a 
stretch to the whole flexor compartment. The stretch was held for 15–30 s.

Sternomastoid Stretching
Position of  the participant: Sitting.

Position of  the therapist: Therapist was standing behind the participant’s head.

Procedure: The therapist held the participants head with both the hands (one below the occiput and other below the 
chin) and performed the opposite action of  the sternocleidomastoid, i.e., opposite side flexion and same side rotation 
and extension of  the neck. The stretch was held for 15–30 s.
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Tendo‑achilles stretching
Position of  the participant: Supine lying.

Position of  the therapist: The therapist stood beside the patient.

Procedure: The therapist held the lower thigh region of  the participant with her left hand and flexed the knee. The 
therapist’s right hand held the heel in the neutral position and slowly extended the participants knee with the left hand 
and dorsiflexed with the right hand. The stretch was held for 15–30 s.

Dorsiflexors stretching
Position of  the participant: Supine lying.

Position of  the therapist: The therapist stood beside the patient.

Procedure: Therapist placed her left hand and held the leg. The right hand held the foot and stretch was applied to the 
dorsiflexors. The stretch was held for 15–30 s.

Core exercise (pelvic tilt: Isometric contraction).

Pelvic tilt
Position of  the participant: Crook lying.

Procedure: Participant attained a crook lying position, with hands placed at the side of  the bed. The participant was 
asked to pull the pelvis towards the bed while isometrically contracting it. Participant had to hold this position for 10 s.

10 repetitions × 1 set was performed.

Resistance exercise using theraband.

Resistance to the shoulder, arm, thigh and calf  was provided using the theraband and the participant had to perform 
movement against the resistance of  the theraband. Initially, a yellow theraband was used and was gradually progressed.

(12 repetition × 3 sets using yellow theraband and progressing gradually).

THE THIRD PHASE

This phase included routine chest physiotherapy post‑operatively, which consisted of  nebulization and airway clearance 
techniques (including the active cycle of  breathing techniques).

One supervised and one unsupervised exercise.

Ambulation (paced plain ground walking) without discomfort (POD 3 ~ discharge).

Stretching (neck, shoulder, wrist, ankle).

Triceps stretching
Position of  the participant: Sitting.

Procedure: In sitting with the opposite side hand elbow and shoulder extension was performed by the participant to 
stretch the triceps. The stretch was held for 15–30 s.

Flexor compartment muscles of forearm stretching
Position of  the participant: Sitting.
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Position of  the therapist: The therapist stood beside the participant.

Procedure: The therapist grasped the participant’s left arm to prevent shoulder movement after which she grasped 
participant’s right hand and fingers. Participants elbow was extended along with the hand and fingers, which provided a 
stretch to the whole flexor compartment. The stretch was held for 15–30 s.

Sternocleidomastoid stretching
Position of  the participant: Sitting.

Position of  the therapist: Therapist was standing behind the participants head.

Procedure: The therapist held the participant’s head with both the hands (one below the occiput and other below the 
chin) and performed the opposite action of  the Sternocleidomastoid i.e., opposite side flexion and same side rotation 
and extension of  the neck. The stretch was held for 15–30 s.

Tendo‑achilles stretching
Position of  the participant: Supine lying.

Position of  the therapist: The therapist stood beside the patient.

Procedure: The therapist held the lower thigh region of  the participant with her left hand and flexed the knee. The 
therapist’s right hand held the heel in the neutral position and slowly extended the participants knee with the left hand 
and dorsiflexed with the right hand. The stretch was held for 15–30 s.

Dorsiflexors stretching
Position of  the participant: Supine lying.

Position of  the therapist: The therapist stood beside the patient.

Procedure: Therapist placed her left hand and held the leg. The right hand held the foot and stretch was applied to the 
dorsiflexors. The stretch was held for 15–30 s.

Core exercise (pelvic tilt: Isometric contraction).

Pelvic tilt
Position of  the participant: Crook lying.

Procedure: Participant attained a crook lying position, with hands placed at the side of  the bed. The participant was 
asked to pull the pelvis towards the bed while isometrically contracting it. Participant had to hold this position for 10 s.

repetitions × 1 set was performed.

Resistance exercises using yellow theraband.

Resistance to the shoulder, arm, thigh and calf  was provided using the theraband and the participant had to perform 
movement against the resistance of  the theraband. Initially, a yellow theraband was used and was gradually progressed.

(12 repetition × 3 sets using yellow theraband and progressing gradually) Walking and sitting activities were continued.

Supervised balance exercise (once/day).

In standing, he following balance exercises were performed in supervision of  a therapist and each exercise was performed 
for 10 repetitions.
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One leg standing.

One leg calf  raise.

Hip adduction

Hip abduction.

Hip flexion with knee bent.

Hip extension.

The quality of  life questionnaire, length of  hospital stay and 30s chair stand test were assessed before the beginning of  
intervention and on the last day of  intervention.
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Original Article

INTRODUCTION

Low back pain (LBP) is any discomfort or pain felt in the 
body which is localized between the costal margins and 

above the inferior gluteal fold ranging from the first lumbar 
vertebra to anywhere between till the first sacral vertebra.[1,2] 
Nonspecific low back pain (NSLBP) is the pain which is 
not linked to any pathology in specific, like in the cases of  
inflammatory disorders, infections, tumors, osteoporosis, 
radiculo‑arthropathies, and fractures.[2]

Background and Objective: Trigger points in the myofascial system form the major reason for pain and 
tenderness in nonspecific low back pain (NSLBP). These points can be treated using manual therapy 
techniques such as integrated neuromuscular inhibition technique (INIT). Due to lack in the literature about 
its effect in NSLBP condition, the present study was undertaken to evaluate the effects of INIT on trigger 
points in patients with NSLBP.
Materials and Methods: Forty-four patients with NSLBP were randomly assigned to either of the two study 
groups using envelope method. Group A (n = 22) was treated with stretching and strengthening exercises, 
whereas Group B (n = 22) was treated with INIT. Both the groups received hot moist pack and therapeutic 
ultrasound as common treatment. Five consecutive sessions of intervention were given over 5 days. Outcome 
measures in terms of pain pressure threshold (quadratus lumborum [QL] and erector spinae [ES]), lumbar 
range of motion (ROM), and disability were measured at baseline and end of the fifth session of treatment.
Results: The within-group analysis showed a reduction in pain, improved ROM, and disability in both the 
study groups (P < 0.001). However, the between-group analysis reported that INIT was more effective than 
the control group in terms of reducing trigger point tenderness of QL (P = 0.0011) and ES (P = 0.0001) as 
well as reducing functional disability (P = 0.0481) but not the ROM (P > 0.05).
Conclusion: The present study concluded that INIT is superior to stretching and strengthening exercises 
in reducing trigger point tenderness and better functionality in patients with nonspecific low back pain.

Keywords: Erector spinae, Ischemic compression, Muscle energy technique, Quadratus lumborum, Strain 
counterstrain
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The estimated prevalence of  NSLBP is 23% and 
incidence of  11%–22% in the general population.[1] 
Studies say that nearly 50% of  the population at the age 
of  30 years will have experienced a significant incidence 
of  LBP.[3] LBP is a worldwide problem with a lifetime 
prevalence of  84%.[2]

It is said that trigger points form the major part of  pain 
suffered by people with musculoskeletal dysfunction.[4] 
NSLBP is one such condition in which trigger points are 
formed in paraspinal muscles such as erector spinae (ES) 
and quadratus lumborum (QL).[5] The presence of  trigger 
points could be due to repetitive loading on the muscle 
tissue. One of  the probable causes of  the formation 
of  these trigger points is the presence of  dysfunctional 
endplates, which causes a decrease in the sarcomere 
length of  the muscle fiber. These trigger points need to 
be released or treated to avoid further aggravation of  
symptoms. Trigger points can be categorized as either 
active or latent. Active trigger points are those that cause 
pain at rest or with activity of  the muscle containing the 
trigger point. According to the authors, a latent trigger 
point does not cause pain but may cause restricted 
movement and weakness of  the muscle containing the 
trigger point.[6]

Literature suggests that trigger points can be treated 
effectively with various manual therapy techniques such as 
ischemic compression (IC),[5] positional release technique/
strain counterstrain (SCS) technique,[7] deep transverse 
friction massage,[7] and muscle energy technique (MET)[8] in 
patients with LBP, thereby resulting in deactivating trigger 
points and reducing pain intensity. However, controversies 
do exist in the literature.[8]

Although clinical trials have been conducted to study 
the efficacy of  individual techniques that include MET, 
IC, and SCS techniques in neck and myofascial pain 
syndrome, it was hypothesized that a combination of  
the three techniques may be more effective in treating 
the trigger points as suggested by Leon Chaitow. This 
method is termed as an integrated neuromuscular 
inhibition technique (INIT). Chaitow and Crenshaw state 
that the combination of  IC, MET, and SCS produces the 
most effective, targeted approach to trigger point release. 
They suggested that the benefit of  this technique lies in 
its multifaceted approach. It allows for delivery of  the 
techniques in a single coordinated manner.[4] Effectiveness 
of  INIT was examined in a comparative study against 
postisometric relaxation maneuver to deactivate the taut 
bands in the neck region, particularly the trapezius muscle, 
and found that INIT had better improvement, concluding 

that a combination of  the three techniques has a better 
outcome.[9]

Further, there occurs a vacuum in literature about the use 
of  combination of  the three techniques, which is known 
as INIT method of  management in patients with NSLBP 
necessitating additional research to be carried out to fill 
the gap in literature. Hence, the objective of  the present 
study was to evaluate the effects of  INIT on severity trigger 
points of  QL and ES in patients with NSLBP.

MATERIALS AND METHODS

Study design
The study was a randomized controlled trial that was 
performed on voluntary participants with lower back pain 
at a tertiary care hospital, Belagavi, Karnataka. The research 
had been approved by the institutional research and ethics 
committee. Before the beginning of  the study, a written 
informed consent was obtained from all participants.

Participants and randomization
Individuals between 18 and 35 years of  age with NSLBP 
were screened for inclusion and exclusion criteria. 
Individuals were informed about the aims and procedure 
of  the study. They were included if  they had NSLBP in 
the past 3 months, the presence of  trigger points in the 
low back region, reduced lumbar range of  motion (ROM), 
and a minimum score of  10% on the Modified Oswestry 
Disability Questionnaire (MODQ). Individuals were 
excluded if  they had any history of  recent spinal surgeries, 
vertebral fractures, lumbar radiculopathy, pregnancy, 
diagnosed with any recent systemic illnesses or infections, 
and diagnosed with any other comorbid conditions related 
to the spine such as prolapsed intervertebral disc.

After screening 80 participants, a total of  44 participants 
were included in the study and randomly allocated using 
envelope method to Control Group A (stretching and 
strengthening exercise along with conventional therapy) 
and Experimental Group B (INIT along with conventional 
therapy) [Figure 1].

Measurement of treatment outcomes
Pain was assessed using pressure algometer. The trigger 
points were identified bilaterally by the therapist using 
palpation method on the ES and QL muscles, and the 
analog pressure pain algometer was applied vertically at 
approximately 2 kg/cm/s to these points slowly. The 
participant was instructed to report forthwith verbally 
when the sense of  pressure changed to a sense of  pain. 
The reading was recorded on the pressure algometer in the 
unit of  pounds (lbs).[10]
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MODQ was used to assess to what extent back pain 
has affected the functional capacity of  the participant. 
This scale consists of  10 items in the form of  daily 
living tasks with each item scoring from 0 to 5, where 
0 is no difficulty in performing that activity and 5 is 
inability to perform that activity. The participants had 
been advised to answer the questionnaire by marking 
every item with the most suitable response. In case 
of  language barrier, the questions were translated and 
explained to the participant in their vernacular language 
and their response was noted.[11]

Modified Schober’s test was used to assess the flexion 
and extension ROM of  the lumbar spine. The posterior 
superior iliac spine was located and marked with a midpoint. 
A point 10 cm above from the midpoint was labeled, 
and another point was marked 5 cm below the midpoint. 
The participant was then asked to bend forward, and the 
movement of  lumbar flexion was reported as the distance 
between the two points. The participant was then asked 
to bend backward, and the distance was reported as a 
movement of  lumbar extension.[12]

To determine lumbar side flexion (ROM), the finger‑to‑floor 
test was used. In this, the participant was standing with the 
arms by the side. The measurements were taken from the 
tip of  the middle finger to the ground. The participant 
was then asked to bend laterally, and the distance from the 
middle finger’s tip to the ground was again measured and 
the difference was documented.[13]

Intervention
Participants were randomly al located to either 
Control Group A (stretching and strengthening 

exercise + conventional therapy) and Experimental 
Group B (INIT + conventional therapy). The intervention 
for both the groups was given for 5 consecutive days.

Conventional therapy
The common treatment given to the participants of  the 
two study groups consisted of  conventional therapy that 
included heat therapy for the trigger points unilaterally 
in the QL and ES muscles in the low back region using 
hot moist pack for a duration of  15 min, followed by 
therapeutic ultrasound. Ultrasound was applied for 
6 min with a frequency of  3 MHz and a power of  
0.8–1 watt/cm2 at the trigger points in the lower back 
region.[14‑16]

Control Group A (stretching and strengthening 
exercise with conventional therapy)
The control group received stretching exercises for QL 
and ES muscles with a hold duration of  30 s for three 
repetitions. The strengthening exercises were given to 
the abdominals, oblique, and back extensor muscles that 
included partial curl‑up, cross curl‑up, and side bridge for 
the anterior muscle group and bird dog exercise for the rear 
muscle group. Each exercise was given for ten repetitions, 
followed by a rest period of  2 min[17,18] [Figure 2a‑f].

Experimental Group B (integrated neuromuscular 
inhibition technique with conventional therapy)
The experimental group received INIT which included 
IC, SCS, and MET for the low back region for the QL 
and ES muscles. IC was given by the therapist on the 
trigger point which was maintained for 90 s [Figure 3a]. 
This was followed SCS technique in which the participant 
was passively positioned in a comfortable position either 
in trunk flexion, extension, or lateral flexion, maintaining 
the previously held pressure at the trigger point by the 
therapist [Figure 3b]. This was followed by the MET, where 
the participant was in supine position, and the patient had 
to laterally flex the trunk away from the side which was 
affected. The individual was asked to side bend toward the 
affected side. This was held for 10 s which was followed 
by a stretch on the opposite side for 30 s [Figure 3c]. The 
entire sequence was repeated five times.[4]

Statistical analysis
The  Statistical Package for the Social Sciences software 
version 20.0(SPSS for windows, Armonk, NY: IBM corp., 
USA) was used for statistical analysis. Statistical tests such as 
Kolmogorov–Smirnov test for normality, paired t‑test, and 
independent sample t‑test have been used. The data collected 
followed normality distribution. A comparison between the 
groups was using an independent t‑test. Pre‑ and postdata 

Subjects screened for 
eligibility (n = 80)

Enrollment
Excluded (n = 36)

Not met inclusion criteria (n = 15)
         Age above 35 years (11)
Refused to participate (n = 10)Randomized (n = 44)

Allocation by envelope method

GROUP A- Control Group
(stretching and strengthening +

conventional therapy)
Dropouts (n = 0)

GROUP B- Experimental Group
      (INIT + conventional therapy)

Dropouts (n = 0)

Analyzed (n = 22) Analyzed (n = 22)

Figure 1: CONSORT flow diagram
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were compared using a paired t‑test. A probability value 
of  < 0.05 was considered as statistically significant.

RESULTS

Table 1 provides details on the demographic profile and the 
baseline characteristics of  participants. A comparison between 
the groups implied normal demographic distribution. Most of  
the individuals in the study were slightly overweight; therefore, 
the body mass index was more toward the upper limit of  
normal range.

There was a statistically significant reduction in the mean 
of  pressure pain threshold (PPT) scores of  ES with a 
greater percentage of  change in Experimental Group 
B with 47.13% (P < 0.0001) as compared to Control 
Group A with 7.79% (P = 0.11) [Table 2]. There was 
a statistically significant reduction in the mean of  PPT 
scores of  QL in Experimental Group B as compared to 
Control Group A (P < 0.0001). The percentage change 
in the INIT group (51.01%) was greater than the control 
group (10.12%) [Table 3].

A comparison of  pre‑ to posttest for lumbar flexion and 
lumbar extension ROM showed a significant difference with 
percentage of  change in Group A being 4.10% for flexion 
and 9.64% for extension and Group B being 4.26% for 

flexion and 14.28% for extension (P < 0.01) [Tables 4 and 5]. 
A comparison between pre and post test values of  lateral 
flexion (Right and Left) showed statistical significance 
[Table 6 and 7]. However, between‑group analyses for all 
the above‑mentioned movements showed an insignificant 
difference, indicating that both the groups were equally 
effective.

Analysis of  MODQ scores showed a percentage of  
change in Group A to be 11.59% (P = 0.0002) and in 
Group B 19.63% (P < 0.01). The between‑group analysis 
also showed a significant difference with P = 0.0349 
[Table 8].

Table 2: Within‑ and between‑group comparison of pre‑ and 
posttest scores of pain pressure threshold of erector spinae 
(lbs)#

Time points Groups Unpaired 
t

P
Group A Group B

Pretest 11.09±3.83 11.09±2.27 0.0000 1.0000
Posttest 11.95±3.88 16.32±4.35 −3.5108 0.0011*
Difference 0.86±2.49 5.23±3.10 −5.1440 0.0001*
Percentage of change in 7.79 47.13
Paired t (within) −1.6244 −7.9080
P 0.1192 0.0001*
*Statistical significance P <0.05

Figure 3: Integrated neuromuscular inhibition technique. (a) Ischemic 
compression. (b) Strain counterstrain. (c) Muscle energy technique

c

ba

Figure 2: Stretching and strengthening exercise. (a) Erector spinae 
stretch. (b) Erector spinae stretch. (c) Partial curl-up. (d) Rotation 
curl‑up. (e) Side bridge. (f) Back extensor strengthening exercise

dc

b

f

a

e

Table 1: Summary of the demographic data
Variables Groups P

Group A (n=22) Group B (n=22)

Gender, n (%)
Male 6 (27.27) 6 (27.27) ‑
Female 16 (72.73) 16 (72.73)

Age (years) 28.82±9.27 26.27±6.29 0.3229
BMI (kg/m2) 25.80±3.79 24.60±3.63 0.2891

Group A: Control group (stretching and strengthening exercise 
+ conventional therapy), Group B: Experimental group (INIT + 
conventional therapy), BMI: Body mass index, INIT: Integrated 
neuromuscular inhibition technique
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DISCUSSION

In the present study, the percentage of  females diagnosed 
with NSLBP was greater than males. The global prevalence 
of  NSLBP stated that females are at a greater risk of  
developing LBP, which was explained to be due to low 
pain threshold sensitivity in females.[19,20]

Myofascial trigger points (MTrPs) are painful points felt 
on palpation of  the tightened fibers of  the skeletal muscle 
which need to be released or treated to avoid further 
aggravation of  the symptoms.[21]

The INIT group showed to be superior to the control 
group in terms of  pain and functionality. This can be 
due to the fact that INIT incorporates the application of  
combination of  IC, positional release, or SCS technique and 
MET. A combination of  these techniques is recognized to 
be effective in deactivating trigger points. The findings of  

the present study are in consensus with another study where 
INIT was given for trapezius muscle.[9] The results of  the 
study showed a reduction in pain and better functionality. 
This can be explained by a few factors. The first factor is 
that there is an increase in muscle stretch tolerance. Second, 
MET diminishes the periarticular block that enhances tissue 
extensibility and joint mobility. Third, the SCS technique 
restores the contracted muscle fibers to their normal 
resting length which could be based on the barrier‑release 
concept. This concept explains that when pressure is 
applied to the trigger points in the form of  compression 
force, there is an activation of  mechanoreceptors that 
lead to local rise in ischemia and blood flow. Further, the 
tightened muscle is kept in a position of  ease where there 
is resetting of  the muscle spindles which are the receptor 
organs responsible for maintaining the tone in the muscle. 
Therefore, once the muscle spindles are realigned, there is 
an increase in the length of  the muscle.[9]

The improvement in the INIT group in the present study 
can also be explained by individual effects of  each of  the 

Table 8: Comparison of pre‑ and posttest scores of the Modified 
Oswestry Disability Questionnaire (%) between both groups#

Time points Groups Unpaired 
t

P
Group A Group B

Pretest 34.50±5.33 34.05±5.32 0.2832 0.7784
Posttest 30.50±4.89 27.36±5.32 2.0358 0.0481*
Difference 4.00±4.14 6.68±4.02 −2.1806 0.0349*
Percentage of change in 11.59 19.63
Paired t (within) 4.5314 7.8030
P 0.0002* 0.0001*

*Statistical significance P <0.05

Table 3: Within‑ and between‑group comparison of pre‑ and 
posttest scores of pain pressure threshold of quadratus 
lumborum (lbs)
Time points Groups Unpaired 

t
P

Group A Group B

Pretest 11.23±3.72 11.23±2.60 0.0000 1.0000
Posttest 12.36±3.55 16.95±3.46 −4.3439 0.0001
Difference 1.14±1.75 5.73±3.25 −5.8252 0.0000
Percentage of change in 10.12 51.01
Paired t (within) −3.0392 −8.2554
P 0.0062 *0.0000

*Statistical significance P <0.05

Table 4: Within‑ and between‑group comparison of pre‑ and 
posttest scores of lumbar flexion
Time points Groups Unpaired 

t
P

Group A Group B

Pretest 5.20±1.10 5.55±0.86 −1.1734 0.2472
Posttest 5.42±1.10 5.79±0.93 −1.2151 0.2311
Difference 0.21±0.28 0.24±0.27 −0.2749 0.7847
Percentage of change in 4.10 4.26
Paired t (within) −3.6236 −4.0795
P 0.0016* 0.0005*

*Statistical significance P <0.05

Table 5: Comparison of pre‑ and posttest scores of lumbar 
extension (cms) between both groups
Time points Groups Unpaired 

t
P

Group A Group B

Pretest 2.26±0.51 2.44±0.69 −0.9430 0.3511
Posttest 2.48±0.54 2.78±0.61 −1.7255 0.0918
Difference 0.22±0.32 0.35±0.32 −1.3120 0.1966
Percentage of change in 9.64 14.18

Paired t (within) −3.1670 −5.0586

P 0.0046* 0.0001*

*Statistical significance P <0.05

Table 6: Comparison of pre‑ and posttest scores of lateral 
flexion (right) (cms) between both groups
Time points Groups Unpaired 

t
P

Group A Group B

Pretest 12.86±4.17 14.02±3.95 −0.9465 0.3493
Posttest 14.24±3.74 16.00±3.26 −1.6614 0.1041
Difference 1.37±1.52 1.97±1.77 −1.2050 0.2350
Percentage of change in 10.67 14.07
Paired t (within) −4.2331 −5.2208
P 0.0004* 0.0001*

*Statistical significance P <0.05

Table 7: Comparison of pre‑ and posttest scores of lateral 
flexion (left) (cms) between both groups
Time points Groups Unpaired 

t
P

Group A Group B

Pretest 12.43±4.08 12.98±2.71 −0.5228 0.6039
Posttest 13.36±3.83 14.77±2.12 −1.5107 0.1384
Difference 0.93±1.70 1.80±1.88 −1.5978 0.1176
Percentage of change in 7.50 13.84
Paired t (within) −2.5718 −4.4763
P 0.0178* 0.0002*

*Statistical significance P <0.05
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three techniques applied. There are various therapeutic 
mechanisms proposed to explain the effects of  IC 
technique; the pressure applied on the taut band on the 
muscle fiber increases the length of  the sarcomere on 
the affected MTrP and thus decreases the pain. Another 
explanation given is the formation of  reactive hyperemia 
in the MTrP which causes a reduction in pain.[22]

The effectiveness associated with MET could be 
attributed to the effect of  the Golgi tendon organs that 
are activated during the stretch of  a muscle which has 
a negative effect on the motor neuronal discharges and 
hence reducing the reflex contraction caused by the 
stretch reflex. This eventually leads to the relaxation of  the 
musculotendinous unit causing the sarcomere to return to 
its original length, thus increasing the length of  the muscle 
fiber from its shortened position to its normal length.[23] 
Isometric muscle contraction performed during MET is 
said to cause a change in the flow of  blood and lymph 
pressure gradients causing decongestion in paraspinal 
muscles.[24‑26] The improvement in functional disability is 
in accordance with another study conducted by William 
E et al. where METs were administered to patients with 
acute LBP over a period of  4 weeks. The study showed 
a marked improvement in the Oswestry Disability Index 
which assesses the overall functional evaluation of  the 
patient.[27]

In the SCS technique, the trigger point is pressed causing 
the mechanoreceptors to be activated and cause a local 
rise in ischemia and blood flow and the tightened muscle 
is kept in a position of  ease where there is resetting of  the 
muscle spindles which are receptor organs responsible 
for maintaining the tone in the muscle; therefore, once 
the muscle spindles are realigned, there is an increase 
in the length of  the muscle, which is the explanation to 
the decrease in pain and increase in ROM in the current 
study.[28]

It is a proven fact that pain can cause limitation in activity 
levels.[23] This may further lead to a reduction in the available 
ROM, thus causing negative effects on the daily task 
performance. Thus, a reduction in pain intensity may have 
improved daily task performance which may have further 
reduced the individual’s activity limitation.

The drawbacks of  the present study were that the 
strength of  the abdominals and back extensors was not 
assessed before giving strengthening exercises and that 
there was a lack of  follow up to monitor the long‑term 
effects of  the intervention. The future scope of  this study 
is that more studies can be carried out with more precise 

outcome measures to check for muscle activity at the low 
back region with devices of  high validity and reliability.

CONCLUSION

The present study provides evidence to prove that INIT 
resulted in deactivating trigger points in patients with 
NSLBP than stretching–strengthening exercises. The study 
also gives evidence that the combination of  IC, SCS, and 
MET (INIT) can aid in better functional outcomes along 
with alleviated pain in patients with NSLBP with the 
presence of  trigger points.
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Original Article

IntroductIon

Worldwide approximately 22 million individuals suffer from 
cancer with about 10 million new cases being diagnosed 
annually.[1] Cancer of Head and Neck (HNC) stands 6th globally. 
0.47 million cases of 0.9 million global HNC cases are from 
Indian territory. In the Indian population, HNC rank second 
among all cancers as per the National Institute of Cancer 
Prevention and Research leading to more than 8% of the global 
mortality.[2,3] In males, it is the commonest cancer while in 
females it is the third most common cancer and accounts for 
25% of the freshly found cancer cases in India with the male 
to female ratio of 7:1.[4,5] In the Indian scenario, the age group 
of	40–69	years	majorly	suffers	from	HNC.[6,7] The main risk 
factors of HNCs for the Indian population include tobacco 

consumption in either smoke or smokeless form, alcohol 
consumption, and human papilloma virus.[8]

Intensity-modulated radiotherapy (IMRT) is a recent 
advancement in the world of radiation therapy which conforms 
to the irregularly shaped tumor target and spares the nearby 
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Background: Cancer of Head and Neck (HNC) is the 2nd common cancer in India leading to around 8% of the global cancer mortality. 
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The purpose of the current study was to investigate effect of MQ therapy on distress, fatigue, and quality of life in HNC patients undergoing 
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6 min walk distance (6MWD), Functional Assessment of Cancer Therapy-Head and Neck (FACT-HN) were documented at the baseline and 
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The 16 HNC subjects majorly rural residents (62.5%) of mean age group 47.68 ± 10.25 years with tobacco chewing as prevalent habit (94%) 
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normal tissue advocating more effective biological dose, 
improved therapeutic ratio, and no report of excessive late 
toxicity. Literature suggests a wide use of IMRT in treating 
HNCs.[9,10]

Medical Qigong (MQ) is an ancient Chinese mind-body 
intervention, aims for rejuvenation and healing. It is also 
referred to as meditative-movement therapy and incorporates 
practice of simple co-ordinated gentle repeated movement 
patterns exercising and relaxation through meditation and 
breathing performed in synchrony to harmonize the body, 
mind,	and	spirit	offering	many	therapeutic	benefits.[11-16]

Cancer patients undergoing radiation therapy often report 
distress and fatigue.[17] Research has shown that HNC patients 
treated with IMRT experience higher fatigue which might 
increase their stress physiologically as well as psychologically. 
Hence, this study was undertaken with the aim to investigate 
the effectiveness of Qigong therapy on distress, fatigue and 
quality of life in HNC patients undergoing IMRT.

MatErIals and MEthods

The present single arm clinical trial was conducted in a tertiary 
care hospital for the head and neck cancer subjects undergoing 
intensity-modulated radiation therapy. Ethical clearance from 
the Institutional Ethical Review Committee and the Clinical 
Trial Registry of India (CTRI/2019/11/022058). A written 
consent from the subjects in their vernacular language 
was acquired prior to commencement of the present study. 
Screening as per the inclusion and exclusion criteria before 
enrolment in the study was done. Hospitalized subjects who 
were	ambulatory,	within	the	age	group	of	18–65	years,	with	
a	confirmed	diagnosis	of	head	and	neck	malignancy	by	the	
oncologist, scheduled to receive IMRT, capable of verbal 
communication and willing to participate were included in 
the study. Subjects reporting of regular Tai chi or Qigong 
practice in the past year, psychiatric illness as diagnosed by 
the psychiatrist or any medical contraindication for exercises 
were excluded from the study [Figure 1].

Procedure
Subjects were briefed about the nature of the study and the 
assessment. The assessment for distress (serum cortisol 
levels), fatigue levels (Brief Fatigue Inventory [BFI]), 
and all components of Functional Assessment of Cancer 
Therapy-Head and Neck (FACT-HN) for quality of life, 6 
MWD for functional capacity was documented prior to the 
commencement and at the end of 4th week of the study. The 
blood sample for testing serum cortisol levels was taken by 
the well-trained nursing staff in the presence of the therapist 
at the start and end of the intervention at the same time of 
the day for both pre and posttests. A 40 min MQ therapy was 
administered for 5 weekdays for a period of 4 weeks while the 
subject simultaneously underwent IMRT. The 40 min of MQ 
therapy included 10 min of Qigong Deep Breathing Exercise 
[Figure 2] as warm up followed by 20 min of Qigong Walk 
Cycle [Figure 3a and 3b] co-ordinated with breathing and 

again 10 min of Qigong Deep Breathing Exercise in the end 
of therapy for cool down phase.

Outcome measures
Brief fatigue inventory: [Annexure 1]
The BFI is used to assess the impact of cancer-related fatigue 
and its severity. It is a 9-item questionnaire that can be 
documented through self-report or interview with researcher 
helping rate level of their fatigue at current moment, its 
interference with their lives during the past 24 h. Lower scores 
represent less fatigue. Cronbach’s alpha value for reliability is 
in	the	range	of	0.82–0.97.

Six min walk distance
The 6MWT is an auto-paced test which assess level of 
functional capacity. Practically, it is an easy test requiring a 
30 m hall way. This test evaluates the overall and combined 
responses of all systems involved while exercising.

Functional assessment of cancer therapy‑head and neck 
quality of life scale: [Annexure 2]
FACT-HN is a scale which is currently a part of FACIT 
measurement system devised by Dr. David Cella used as an 
outcome measure of HNC patients’ life’s quality. It consists 
of 5 domains. The initial four domains of well-being consists 
of physical, social, emotional, and functional aspects which 
are common in all FACT scales. The 5th domain consists of 
additional	 concerns	 specific	 additional	 concerns	 pertaining	
to HNC. The patients have to mark their symptoms of the 
past	1	week	on	a	scale	of	0–4.	Higher	the	score,	higher	is	the	
severity of symptoms.

rEsults

IBM SPSS Statistics version 23.0; Indian version of Windows 
was used to analyze statistics of the present study. Various 
statistical measures such as mean, standard deviation were 
used to assess demographic data of all subjects participated in 
the study. Normality of all parameters was determined using 
Kolmogorov–Smirnov	Test.	Nominal	data	which	included	the	
demographic data, i.e., age, gender, area of residence, type of 
cancer, stage of cancer, duration of IMRT, habits were analyzed 
for simple frequency and percentage. All the outcome variables 
were normally distributed hence parametric test, i.e., “Paired 
t-test” was used to contrast pre and post scores of the outcome 
variables such as serum cortisol, 6 min walk distance (6MWD), 
BFI and FACT-HN Quality of life questionnaire of all the 
subjects with head and neck cancer. With study power of 95%, 
P ≤	0.05	was	considered	statistically	significant.

The present study included 16 subjects who received Qigong 
Therapy intervention along the course of IMRT for 4 weeks 
initiated from the day 1 of IMRT. The pre and post intervention 
outcomes included serum cortisol, 6MWD, BFI, and FACT-HN 
Quality of Life Questionnaire.

The total number of HNC subjects scheduled to receive IMRT 
included in the study were 16 with male dominance (100%). 
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All the subjects were married in the mean age group of 
47.68 ± 10.25 years of which 62.5% were rural residents. 
Tobacco chewing itself was the most prevalent common habit 
observed within the subjects n = 15 (94%), singly n = 11 (69%) 
or in combination with the other habits such as smoking and 
alcohol consumption n = 04 (25%). Among the cancer type 
within the HNC subgroup, cancer of buccal mucosa (n = 08) 
dominated the group with 50% followed by 31.25% tongue 
cancer (n = 05), 12.5% cancers of retromolar trigone (n = 02) 
and 6.25% cancer lip (n = 01), respectively. As per the 
American Joint Cancer Committee (AJCC) staging criteria, the 
highest number of the cancer cases in this study recorded were 
in Stage III (50%) [Table 1]. The comparison of the pre and post 
values of serum cortisol, 6 MWD, BFI of all subjects (n = 16) 
in	the	study	demonstrated	statistical	significance	(P = 0.001) 
which	 justifies	 clinical	 improvement	 in	 the	 level	 of	 stress,	
functional capacity, and fatigue [Table 2]. In terms of quality 
of life using the individual components of FACT-HN scale and 
also the Total Score of FACT HN, demonstrates high statistical 
significance	of	each	of	these	components	with P ≤	0.05	for	
each which can be correlated clinically with the improvement 
in the various aspects of quality of life as reported by the study 
subjects [Table 3].

dIscussIon

The present study aimed to investigate effectiveness of 4 weeks 
MQ therapy on levels of distress, fatigue, and quality of life 
in	the	hospitalized	HNC	undergoing	IMRT	for	of	5–6	weeks.	
The	derivations	of	the	current	study	affirm	for	effectiveness	
of the 4 week “MQ Walk Cycles” intervention for reducing 
the levels of stress and fatigue and simultaneously enhancing 
the Quality of Life among the hospitalized HNC subjects 
undergoing	IMRT	for	5–6	weeks.	Our	intervention	which	was	
a mind body intervention helped restore and rejuvenate the 
body’s energy favoring the alternative hypothesis of this study.

In the present study, the subject’s mean age group was in the 
range fourth decade which is in accordance with a few studies 
reporting higher risk and frequency of age between second 
to fourth decade, the risk proportionately increasing with the 
age.[4,18-20]

HNC has been found to be dominated among the males as per 
our study results. This predominance and gender association 
of tobacco and alcohol consumption in men is supported by 
many literature evidences.[4,21] A study done in Karnataka 
state of India found the commonness with respect to the use 
of smokeless tobacco among males (98.79%) as compared to 
females (9.37%).[21] Furthermore, it was seen that the habit of 
tobacco consumption was prevalent among the primary school 
teachers and the undergraduate medical students of Belagavi 
district of Karnataka with all of the consumers among them 
being males.[19,22]

Amongst all the HNC, oral cavity followed by oropharynx are 
the most likely affected sites.[4] This observation runs in parallel 
to	the	highest	number	of	cancer	types	identified	in	our	study	

being Cancer of Buccal Mucosa (50%) of all cases followed by 
cancers of tongue, retromolar trigone, and the lip.[1] In a review 
conducted by A Mishra et al. of Ca oral cavity cases from 
Southern India reported highest prevalence of buccal mucosal 
cancer (49.9%) surmounting the cases of Ca tongue (23.97%) 
which	is	again	similar	finding	to	our	study.[1]

A review found that about 80% of Oral cavity cancers in India 
report in the late stages mostly stage III onwards.[1] This is 
relatable to the 50% cancer buccal mucosa subjects in our study 
of which 75% were late presentations (Stage III).

Table 1: Demographic data of all head and neck cancer 
subjects (n=16) in the study

Variables Number of patients, n (%)
Age 16 (47.68±10.25)
Gender

Male 16 (100)
Female 0

Marital status- Married 16 (100)
Area of residence

Rural 10 (62.50)
Urban 6 (37.50)

Habits
Tobacco chewing 11 (68.80)
Smoking, tobacco chewing 2 (12.50)
Smoking, tobacco chewing, alcohol 2 (12.50)
None 1 (06.30)

Type of cancer
Ca BM 8 (50.00)
Ca tongue 5 (31.25)
Ca RMT 2 (12.50)
Ca lip 1 (06.25)

Stage of cancer
T2N1M0 8 (50.00)
T2N0 M0 5 (31.25)
T2N2M0 2 (12.50)
T4 N3b M0 1 (06.25)

IMRT duration
5 weeks 8 (50.00)
6 weeks 8 (50.00)

Ca: Cancer, BM: Buccal mucosa, RMT: Retro molar trigone, IMRT: 
Intensity modulated radiation therapy

Table 2: Comparison of pre‑ and post‑values of serum 
cortisol, 6 min walk distance, brief fatigue inventory of 
all subjects in the study

Variable Time frame Mean±SD P
Serum 
cortisol

Pre 10.66±6.09 0.001*
Post 5.23±3.73

6 MWD Pre 653.13±134.70 0.001*
Post 926.25±177.65

BFI Pre 17.38±9.32 0.001*
Post 7.25±3.07

6 MWD: 6 min walk distance, BFI: Brief fatigue inventory, 
SD: Standard deviation

[Downloaded free from http://www.wjtcm.net on Friday, December 24, 2021, IP: 10.232.74.22]



Sagaonkar and Pattanshetty Effect of medical qigong therapy in head and neck cancer patients

World J Tradit Chin Med | Volume 7 | Issue 4 | October-December 2021430

The smokeless form of tobacco consumption is established to 
be generally used among the tobacco consumers followed by 
smoking and alcohol consumption.[5,23] The combined effect 
of tobacco and alcohol consumption is proven to have more 
hazardous effect on health.[20,23] This observation is similar 
to our study wherein 94% subjects had habit of tobacco 

chewing alone, and 25% consumed alcohol in combination 
with tobacco use.

Subjects from the current study majorly belonged to the rural 
area of residence (62%). Their habits can be attributable to 
their lack of awareness and occupational ease as a study of 
access also owing to the fact that the Belgaum district of 
Karnataka is known to be one of the highest tobacco producers 
for trade purpose and also a consumer in high proportion in 
our country.[4]

Of all the HNCs, the SCC is the most dominant tissue 
pathological variant (90%) which is also rightly the carcinoma 
variant of all subjects in our study.[21]

IMRT has its wide application for the head and neck subsites 
such as cancers of oral cavity, oropharynx, nasopharynx, and 
paranasal sinuses.[24] It is most commonly used for routine 
management nowadays as it helps reduce the treatment 
morbidity.	However,	it	is	hypothesized	that	it	has	less	benefits	
in early cases (stage I of disease) or advanced malignancies 
with extensive metastasis like stage IV b warranting its use in 
our study subjects.[25,26]

In patients undergoing radiation therapy, studies warrant 
radiation induced fatigue as an early as well as a chronic side 
effect in 80% subjects during the radiation therapy phase 
which is in consistent with the documented data of our study 
wherein majority of subjects reported fatigue in the early phase 
of radiation therapy.[27]

As a part of complementary and alternative medicine, 
Qigong therapy, a mindfulness-based rehabilitation technique 
is justifying its emerging role in the field of oncology 
rehabilitation. Review from 22 studies demonstrated a positive 
tenor in the physical and psychological symptoms of cancer 
individuals receiving Qigong treatment which is in common 
with	findings	of	our	study	indicated	by	an	improved	scores	of	
physical well-being (FACT HN PWB; P ≤	0.001)	and	social	
well-being (FACT HN SWB; P ≤	0.001)	components	of	FACT	

Table 3: Comparison of pre‑ and post‑values of functional 
assessment of cancer therapy head and neck quality of 
life questionnaire of all subjects in the study

Variable Time frame Mean±SD P
FACT HN PWB Pre 13.06±1.91 0.001*

Post 16.50±1.41
FACT HN SWB Pre 18.06±3.49 0.001*

Post 23.88±2.22
FACT HN EWB Pre 13.44±2.73 0.001*

Post 18.69±1.70
FACT HN FWB Pre 14.81±3.29 0.001*

Post 21.19±3.95
FACT HN 
additional

Pre 22.94±3.15 0.002*
Post 26.13±2.92

FACT HN total Pre 82.31±10.32 0.001*
Post 106.69±8.36

FACT HN PWB: Functional assessment of cancer therapy head and neck 
physical well-being, FACT HN SWB: Functional assessment of cancer 
therapy head and neck social well-being, FACT HN EWB: Functional 
assessment of cancer therapy head and neck emotional well-being, 
FACT HN FWB: Functional assessment of cancer therapy head and 
neck functional well-being, FACT HN additional: Functional assessment 
of cancer therapy head and neck additional concerns, FACT HN total: 
Functional assessment of cancer therapy head and neck total, SD: Standard 
deviation

Figure 2: Subject performing Qigong Relaxation Technique (Breathing 
maneuver)

SCREENED FOR ELIGIBILITY (n = 18)

EXCLUDED (n = 02)
• Not meeting inclusion criteria (02)

SUBJECTS WERE ASSESSED FOR INCLUSION
AND EXCLUSION CRITERIA (n = 16) 

SUBJECTS INCLUDED IN THE STUDY (n = 16)

16 subjects allocated for 4 weeks of
Medical Qigong Intervention

SUBJECTS COMPLETED THE
INTERVENTION (n = 16)

Analyzed n = 16
For evaluating effect of 4 week Medical Qigong intervention

on levels of distress, fatigue and Quality of Life in the
hospitalized HNC subjects undergoing IMRT

Figure 1: Consort chart
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HN questionnaire postintervention as compared with the 
baseline scores.[15] A similar meta-analysis was performed to 
assess the effectiveness of Qigong/Tai chi on the health-related 
outcomes such as body composition, functional capacity, 
fatigue,	inflammation,	quality	of	life,	and	survival	rate	among	
heterogeneous cancer patients showed optimistic results in 
view of the two therapies.[12] A study done by Chen et al. to 
evaluate effectiveness of Qigong intervention for assessing the 
fatigue levels in breast cancer individuals receiving radiation 
therapy using BFI showed a decline in fatigue levels (P	≤	0.01)	
and higher life’s quality (P	 ≤	0.05)	 assessed	using	EORTC	
QLQ-30. This observation is similar to the results of present 
study for head and neck cancer subjects receiving IMRT, the 
decline in fatigue levels (P	≤	0.001)	assessed	using	the	BFI	and	
QoL (P	≤	0.001)	using	the	FACT	HN	questionnaire	thus	proving	
the strength of MQ intervention in cancer individuals.[28]

The present study concluded that MQ Walk Cycle therapy 
was effective in managing the levels of distress and fatigue 
thereby improving the various aspects of quality of life of 
HNC subjects. However, a few limitations such as lack of a 
control group, no long-term follow-up to assess the continuity 
of practice and longevity of the results obtained with the 
intervention need to be considered and also, larger scale trials 
are warranted.

To	the	best	of	our	knowledge,	this	study	is	first	of	its	kind	to	
evaluate for the effectiveness of “MQ Walk Cycle” intervention 
in HNC population and also in the subjects undergoing IMRT. 
It was found that MQ was an easy and feasible to exercise 
mindfulness-based technique in achieving symptomatic relief 
with a good adherence rate of subjects participating in the 
study thus providing insights into the use of MQ in cancer 
rehabilitation.
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Annexure 2: Functional Assessment of Cancer Therapy‑Head and Neck
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Abstract
Background: Chronic obstructive pulmonary (COPD) is a progressive irreversible lung disorder characterised by air way limitation 
which worsens on expiration and may additionally lead to compression of small airway ensuring air trapping in the lungs and 
subsequent hyperinflation. Objective: to evaluate the effects of short term muscle training in hospitalised chronic obstuctive 
pulmanory disease patients in terms of blood pressure heart rate PFT values functional cappacity. Methods: This study was a 
randomized control trial. A total number of participants participated in this study was 17 (n=17) the purpose of the study was 
explained to the participants in their vernacular language and a written informed consent was obtained from all the subjects. Result: 
value<0.05 was considered as significant. This shows that majority of the subjects in the sample are of the age group “51-60 years” 
followed by “61-70 years” 12(70.59%) subjects in the sample are males, mean BMI of subjects in the sample is 26.29 ± 5.23(kg/m2). 
8(47.06%) of 17 subjects in the sample had normal BMI followed by 5(29.41%) had obesity and 4(23.53%) had overweight. mean 
respiratory rate of subjects in the sample is 24.06 ± 3.58.

1. Introduction
Chronic obstructive pulmonary (COPD) is a progressive 
irreversible lung disorder characterised by air way limitation 
which worsens on expiration and may additionally lead to 
compression of small airway ensuring air trapping in the 
lungs and subsequent hyperinflation1. COPD is a common 
disorder pertaining to morbidity and mortality affecting the 
population aged 30 and above. More than 55.3 million people 
were diagnosed of COPD in 20162. Globally COPD burden 
is projected to be greater in coming years because endured 
exposure to COPD hazards factors and ageing population2. 
The prevalence rate of COPD in India is 6.3%3.

There are numerous effective treatment strategies for 
Airway clearance  techniques for COPD which include  the 
Postural Drainage (PD),  Active  Cycle of Breathing 
Technique (ACBT),  Forced  Expiration Technique (FET), 
Autogenic Drainage (ad), Positive Expiratory Pressure (PEP) 
Adjuncts Intermittent Positive Pressure  Breathing  (IPPB)3. 

ACBT  includes  tidal  breathing, thoracic expansion 

exercises  and forced expiration  techniques  which  can 
be  done  in postural drainage positions or in sitting and  can 
also be performed independently or with an assistant3.

Inspiratory muscle training is a form of resistance exercise 
which strengthens the muscles of respiration. When the 
respiratory muscles are strengthened regularly for a longer 
duration the patients will be able to exercise for a longer 
duration without being breathless. 

Studies has shown that the utilization of IMT in pulmonary 
rehabilitation which improve lung function among patients 
with respiratory conditions. Maximal inspiratory pressure 
(PI max) is ordinarily used to check functional quality of the 
inspiratory muscles4. Early pulmonary rehabilitation programs 
which incorporate vigorous exercise, early ambulation, and 
IMT has been appeared to show positive results in COPD 
patients4. Diaphragm weakness is usually observed in patients 
of COPD and it is also a major reason to extend the sign of 
dyspnea and lower exercise capacity5. Prolonged inspiratory 
muscle weakness will reduce diaphragm strength which will 
lead to poor Quality Of Life (QOL)6.
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Most of the previous studies conducted considered and 
showed a positive effect in 6 weeks to 12 months’ duration. 
However, there are scares in effect of IMT in early rehabilitation. 
Also there is no literature available to test the effectiveness 
of IMT in 2 weeks. Hence the present study was formed to 
determine the effect of short term inspiratory muscle training 
in hospitalised patients with COPD. Objectives of the study was 
to determine and evaluate the effect of short term inspiratory 
muscle training in hospitalised patients with COPD in terms 
of Blood pressure & Heart rate, PFT values and functional 
evaluation scale score. 

2. Methodology 
Ethical clearance was obtained from the Institutional Ethical 
Committee of from KAHER Institute of Physiotherapy, 
Belagavi. Subjects were diagnosed by the pulmonologist and 
were referred to the physiotherapist. Subjects were screened 
for inclusion and exclusion criteria and detailed demographic 
data of each subject was assessed. A written informed consent 
was obtained from the study participants. Intervention was 
given for 2 weeks 10 sessions. This study was a randomized 
control trial. A total number of participants participated in this 
study was 17 (n=17) the purpose of the study was explained 
to the participants in their vernacular language and a written 
informed consent was obtained from all the subjects. Subjects 
were included in the study if they met the following inclusion 
criteria: 1) Diagnosed case OF COPD 2) Male and female aged 
between 30-50 years. 3) Smokers and non smokers4) clinically 
stable patients 5) and participants willing to participate in the 
study. Exclusion criteria were: 1) Resting SBP > 200 mm Hg or 
DBP > 110 mm Hg. 2) Diagnosed cases of orthopnea. 3) Pre-
hypertension and hypotension. 4) Diagnosed cases of chronic 
kidney diseases. 5) Injured musculoskeletal or fractured since 
3 months. Subjects belonged to KLE tertiary care hospital 
Belgaum, Karnataka.

3. Outcome Measures 
The study was done for 2 weeks, in which, pre and post test data 
of outcome measure were collected. Lungs function parameter 
such as FEV1, FEV1/FVC was measured using vitalograph 
COPD 6. Blood pressure and heart rate will be noted down 
during pre and post intervention. The Saint George’s respiratory 
questioner was used to assess quality of life of patients it is 
designed to measure health impairment in patients with 
asthma and COPD. Four scores are calculated according to 
symptom, Activity, Impact, and Total. Lower score indicates 
better health. Blood pressure Outcome measures were assessed 
Pre - Post immediately after the first treatment session and at 
the end of 2 weeks.

4. Intervention 
Inspiratory muscle training will be performed in semi-
fowler’s position. For the bronchial clearance in patients 
were performed slow expiration with an open glottis (eltgol), 
acceleration of expiratory flow and forced expiration; for the 
strengthening of the respiratory muscles the Threshold IMT® 

has been used. Each week pi max value of each subject will 
be assessed using spyrometer. BORG scale will be used for 
dyspnea measurement and will be evaluated pre and post for 
2 weeks.

Intensity of training was 60-70% of Pi Max duration is 30 
breaths, or 2 to 3 minutes’ frequency is 5 times a week for 2 
weeks.

5. Result
Data was analyzed using R software version 3.6.2 and 
Excel. Categorical variables are given in the form of a table. 
Continuous variables were given in mean ± sd form. Within 
group comparison was done using paired t-test/ Wilcoxon sign 
rank test. P value<0.05 was considered as significant (Table 1).

Table 1 shows that majority of the subjects in the sample 
are of the age group “51-60 years” followed by “61–70 years”. 
12(70.59%) subjects in the sample are males. mean BMI of 
subjects in the sample is 26.29 ± 5.23 (kg/m2).8(47.06%) of 17 
subjects in the sample had normal BMI followed by 5(29.41%) 
had obesity and 4(23.53%) had overweight. mean respiratory 
rate of subjects in the sample is 24.06 ± 3.58.

Table 1. Summary of the data

Factor Sub-category Count (%)
Age (in years) 55.24 ± 9.41

Age group (in years)
41-50 4 (23.53%)
51-60 8 (47.06%)
61-70 5 (29.41%)

Gender
Male 12 (70.59%)

Female 5 (29.41%)
Height (in cms) 157.88 ± 8.25
Weight (in kg) 66.18 ± 14.5
BMI (kg/m2) 26.29 ± 5.23

BMI levels
(in kg/m2)

18.5-24.9 8 (47.06%)
25-29.9 4 (23.53%)

≥30 5 (29.41%)
Respiratory rate 24.06 ± 3.58
Years of diagnosis 6.35 ± 1.84
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Lung function of the subjects were analysed using one 
tailed paired t-test, it has been concluded that mean of FEV1, 
FVC, ratio of FEV1: FVC, MIP is significantly more after the 
intervention compared to baseline. It has been observed that 
there is an average of 67.32% relative increase in FEV1 and 
there is an average of 60% relative increase in FVC during the 
intervention. Exercise tolerance of the subjects were analysed 
using paired t test. It has been concluded that mean of increase 
in walking distance for 6 minutes significantly more than 
0.05. It has been observed that there is an average of 14.20% 
relative increase in walking distance for 6 minutes during the 
intervention.

Quality of life score were analysed Using Wilcoxon sign 
rank test, it has been concluded that SGRQ score (symptom, 
Activity, Impact) is significantly reduced from pre to post 
intervention. Using one tailed paired t-test, it has been 
concluded that mean of total SGRQ score significantly less 
after the treatment.

Hemodynamic function score was analysed Using Wilcoxon 
sign rank test, it has been concluded that there is no significant 
change in SBP and DBP during the intervention. However, 
there is an average of 1.83% and 3.52% relative increase in SBP 
and DBP levels which is not statistically significant. Using one 
tailed paired t-test, it has been concluded that mean of heart 
rate is significantly increased from pre to post during the 
intervention. There is an average of 5.63% and 2.18% relative 
increase in Heart rate and SPO2 during the intervention. Using 
Wilcoxon sign rank test, it has been concluded that SPO2 
values are significantly increased from pre to post (Table 2).

6. Discussion 
This study measured the effect of inspiratory muscle training in 
hospitalized COPD patient. The findings of this study revealed 
that there is an average of 67.32% relative increase in FEV1 
and there is an average of 60% relative increase in FVC during 
intervention. The study also determines average of 14.20% 
relative increase in walking distance in 6 minutes’ walk test. 

This study also established improved quality of life, SPO2 
values, heart rate but was insignificant in blood pressure level. 

The present study is in consensus with the previous research 
conducted in INDIA about the gender prevalence with a 
domain of more affection in males (70.59%) than females 
(29.41%) in the study population. Male’s previous study done in 
Kerala, southern India provided a gender prevalence of 6.73% 
and 5.67% among males and females respectively. However, 
our study had 12 male participants who made 70.59% of the 
study population and 5 females which made 29.41% of the 
study population.

A systemic review was done in 2002 which showed that the 
mean age of people having COPD was 65; another study done 
in the year 2000 showed that the mean age of subjects having 
COPD was 55. However, our study showed that majority of the 
subjects were between the age group “51-60 years” followed by 
“61–70 years”.

A study was conducted by Mariana Hoffman et al showed 
that inspiratory muscle training reduces dyspnea by improving 
diaphragm strength and improves inspiratory muscle function 
and quality of life in patient with COPD the results concluded 

Table 2. Effects of treatment pre and post on Pulmonary function, 6-minutewalk distance, Saint Gorge’s Respiratory 
questioner, Maximum inspiratory pressure, Vital parameters

Factors
Time points Difference

(mean ±sd)
Average % of 

increase
P-value

Pre Post
FEV1 1.12 ± 0.43 1.74 ± 0.6 0.62 ± 0.44 67.32% <0.0001PT*

FVC 2.04 ± 1.1 2.98 ± 1.28 0.94 ± 0.75 60.29% <0.0001PT*

FEV1:FVC ratio 0.63 ± 0.31 0.95 ± 0.44 0.32 ± 0.45 109.86% 0.0044PT*

MIP 66.47 ± 28.1 87.94 ± 34.33 21.47 ± 9.96 38.02% <0.0001PT*

6minute walk distance 126.06 ± 17.33 143.53 ± 17.86 17.47 ± 7.06 14.20% <0.0001PT*

SGRQ
Score

Symptom 366.59 ± 95.96 319.18 ± 90.52 -47.41 ± 103.46 -12.93% 0.0036WS**

Activity 541.35 ± 71.27 479.06 ± 58.68 -62.29 ± 51.28 -10.99% 0.0001WS**

Impact 656.19 ± 92.28 637.94 ± 91.67 -18.25 ± 23.35 -2.77% 0.0031WS**

Total 1584 ± 241.26 1450 ± 195.88 -133.13 ± 90.26 -8.03% <0.0001PT*

Systolic blood pressure 115.88 ± 12.78 117.06 ± 6.86 1.18 ± 9.93 1.83% 0.6171WS**

Diastolic blood pressure 77.06 ± 6.86 79.41 ± 7.48 2.35 ± 8.31 3.52% 0.2482WS**

Heart rate 88.47 ± 9.29 93.24 ± 10.94 4.76 ± 7.70 5.63% 0.0107PT*

SPO2 93.94 ± 5.01 95.88 ± 4.5 11.94 ± 3.85 2.18% 0.0033WS**

*PT- paired T test
**WS – Wilcoxon sign rank test
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that inspiratory muscle training was able to reduce dyspnea 
during activities of daily living as well as improving inspiratory 
muscle function and quality of life in patients with advance 
lung disease and these benefits were sustained for 3 months8. 
However, in our study Overall Quality of life is increased largely 
due to improvement of dyspnea in patients during ADL13.

A study was conducted for 2 weeks of inspiratory muscle 
training combine with chest physiotherapy in hospitalized 
COPD patients the results concluded that combination of 
inspiratory muscle training and chest physiotherapy provides 
superior effect on lung function, inspiratory muscle strength, 
exercise tolerance and quality of life among COPD patients9. 
However our study only used inspiratory muscle training for 2 
weeks which showed improvement in 6 minute walk distance, 
lung function which contributed to the improvement in quality 
of life of patient.

Previous studies conducted in the year 2018 on the effects 
of Targeted Inspiratory Muscle Training Improves Respiratory 
Muscle Function and Reduces Dyspnea in Patients with 
Chronic Obstructive Pulmonary Disease, the results concluded 
that Targeted inspiratory muscle training enhanced respiratory 
muscle function and reduces dyspnea in symptomatic patients 
with moderate to severe chronic obstructive pulmonary 
disease10.

A systematic review conducted on 2015 by E. Lynne 
Geddes et al on Inspiratory muscle training in adults with 
chronic obstructive pulmonary disease concluded that 
targeted inspiratory resistive, threshold or normocapneic 
hyperventilation IMT significantly increases inspiratory 
muscle strength and endurance, improves outcomes of exercise 
capacity, measure of quality of life and decreases dyspnea for 
adults with stable COPD11.

Kessler et al and Carr et al. observed that patients with 
COPD after exacerbation show a reduction in distance walked 
in the 6MWT. The earlier study showed that there is increased 
risk of hospitalization among these patients occurred in 
association with distance walked values is less than 367 m, 
while in our study, it was observed that patients with episodes 
of exacerbation showed an average DW of 126.06 ± 17.33m 
pre-treatment and143.53 ± 17.86m post treatment14.

Previous studies aimed at investigating the impact 
of obstructive ventilatory impairment on QoL in the 
elderly yielded divisive results some authors confirmed an 
improvement of QoL with age in COPD patients, presumably 
related to the fact that older subjects usually tend to restrict 
their own daily activity and expectations. In contrast, others 
suggest apersisting disease-related deterioration of quality 
of life in older COPD patients. In our study, SGRQ scores 
were significantly lower post treatment which suggests IMT 
improves QOL15.

It is possible that the specific exercise of the inspiratory 
muscles leads to changes in the structure of these muscles with 
an increase in the synthesis of contractile protein actin and 
myosin generating a greater capacity to produce strength.

7. Limitations
Most of the participants felt breathless while using inspiratory 
muscle trainer.

8. Conclusion
Current study concludes that IMT for 2-week duration 
produces beneficial effects for lung function with respect to, 
inspiratory muscle strength, exercise tolerance and quality 
of life among hospitalized mild to moderate COPD patient. 
Therefore, the study also would like to recommend threshold 
resistive IMT mode to be used as a part of physiotherapy 
treatments for treating patients with respiratory conditions 
especially for COPD.
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ABSTRACT
Background: Thrust manipulation of the cervical spine has improved the range of motion (ROM). Hence, the study 
evaluated the effects of cervical thrust manipulation in weight-bearing (CTM-WB) and non-weight-bearing (CTM-
NWB) on the cervical ROM (CROM) in asymptomatic individuals.
Methods: A randomized clinical trial was conducted on 74 asymptomatic subjects among 18 – 30 years who had reduced 
neck ROM. Participants were assessed for CROM using the digital goniometer at the baseline and immediately after 
the intervention, i.e., within 5 minutes post-intervention. They were randomized into two groups using the envelope 
method. Participants were given cervical manipulation in weight-bearing or non-weight-bearing positions based on 
their respective group allocation. The data were analyzed using the paired t-test and the unpaired t-test.
Results:  Statistical analysis revealed significant differences in pre and post-values of all the degrees of freedom in CTM-
WB (p < 0.05) and CTM-NWB (p < 0.05) groups. 
Conclusion: CTM-WB and CTM-NWB positions are both effective in improving CROM. Hence CTM-WB can also 
be used during clinical practice, especially in individuals who have difficulty lying in a supine position. Since manual 
therapy techniques are known to correct positional faults, the two cervical manipulation techniques' effects can be 
studied on individuals with forward head posture or parameters such as pain and disability.
Keywords: cervical thrust manipulation, weight-bearing, non-weight bearing, cervical spine, ROM.
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BACKGROUND 
The neck is an integral part of the musculoskeletal system 
as it sits between a highly stable thoracic spine and the 
head and articulates a structural link between the head and 
the rest of the body [1].
It is a highly mobile section of the cervical spine, at the cost 
of its stability [1,2]. Due to the joint’s extensive mobility, 
variable amounts of biomechanical stresses act on the 
joint, limiting its ROM. Non-synchronous movement, at 
one level, accentuates the same at the next level [3]. The 
modernized lifestyle, inappropriate postures, and altered 
physical activity patterns contribute to protective changes in 
the muscular and osseous alignment, which may eventually 
restrain neck mobility and induce stiffness. Additionally, it 
may precipitate neck pain when an increased amount of 
stresses are placed on it [4].
Today, due to its widespread awareness, physiotherapy 
plays a crucial role in correcting the postural faults 
and modifying activity to relieve symptoms from these 
abnormal biomechanical stresses. Various physiotherapy 
techniques propose to improve ROM, these range from a 
simple muscle stretching to a meticulously done cervical 
thrust mobilization [5]. 
Cervical thrust manipulation is a school of manual therapy 
that uses a high-velocity low amplitude thrust, which is 
rendered in one swift movement and is often confirmed 
with an audible pop sound [6,7]. It has been studied that 
cervical thrust manipulation escalates the ROM and 
diminishes pain and disability. But the exact mechanism 
by which thrust manipulations exhibit their effects is not 
well established. However, a neurophysiological link has 
been hypothesized. It has been postulated that spinal 
manipulation prompts presynaptic inhibition of segmental 
pain pathways, reflex muscle relaxation, and reflex pain 
inhibition[7,8].  Bialosky et al. [7] 2010, Bishop et al. [8]  
2015, and Martinez-Sergura et al. [9] 2012 suggested 
that manipulation decreases inflammatory cytokines and 
increases endorphin levels. Due to the joint’s periodic 
movements, tension is generated in the disc and joint 
capsules, which restricts motion or causes a block. A sudden 
thrust releases this tension which is heard as cavitation. As 
the tension within the disc and joint capsule is relieved, the 
ROM increases [10].
Dunning et al.  2012 [11], Saavedra-Hernandez et al. 
2012 [12], and Ingram et al. 2015 [13] suggested that 
the cervical thrust manipulation has shown to decrease 
pain and improve the ROM when given in a non-weight 
bearing position in mechanical [11,12,13] and non-specific 
neck pain in asymptomatic individuals [14]. Cervical 
thrust manipulation can also be given in a weight-bearing 
position, such as sitting posture, but the effects have not 
been evaluated yet. Due to the paucity of literature, there is 
a need to evaluate the effect of cervical thrust manipulation 
in weight-bearing positions and compare it with cervical 
thrust manipulation in non-weight bearing. Hence, this 
study intended to compare the effects of cervical thrust 
manipulation in weight-bearing and non-weight-bearing 
on cervical ranges.

METHOD
Study Design
This trial was registered in India’s Clinical Trial Registry 
under the registration number CTRI/2019/02/017694. 
The Institutional Ethical Committee approved the trial 
with a certificate SI. No: 252. The randomized clinical trial 
involved asymptomatic individuals within the age group 
of 18 – 30 years. The age threshold was set to minimize 
enrolment of individuals with degenerative changes and 
the pediatric population. Participants were excluded if 
any of the red flags for manipulation [15] (spinal fracture, 
infection of spine, spinal tumor, osteoporosis, cervical 
radiculopathy/myelopathy, cervical surgery, history of 
whiplash) were positive.
Additionally, they were excluded if they had 
vertebrobasilar insufficiency, fibromyalgia, and cervical 
spine hypermobility. All gender and adult populations 
were screened with respect to the inclusion and exclusion 
criteria. The study was conducted in the exercise therapy 
hall within the premises. The sample size was calculated by 
a statistician with reference to a previous study [13]. 
The samples were recruited using the convenience sampling 
method. After recruitment, the subjects were randomized 
into two groups using the sealed opaque envelope method: 
one group received cervical thrust manipulation in a 
weight-bearing position (sitting) while the second group 
received cervical thrust manipulation in a non-weight 
bearing position (supine) (Figure 1). A signed written 
informed consent form was obtained from all the subjects 
willing to participate.

Figure 1: Consort chart
Outcome Measure: Range of motion
The CROM was measured through all the degrees 
of freedom of the cervical spine. These ranges were 
noted before administering either of the cervical spine 
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techniques, and the same was repeated immediately, i.e., 
within 5 minutes of the intervention. 
BASELINE® digital goniometer was used to measure the 
cervical ROM. An electro-mechanical device consists of an 
electric circuit and an encoder that numerically interprets 
the angle. It consists of a pair of arms rotatably attached 
at one of the ends of each, such that they measure a 0º 
or 180º when the arms are parallel or in one straight line 
respectively with a good inter and intra rater reliability 
ranging from 0.88 – 0.92.9 [16].  The intervention was 
given to the subjects based on their group allocation. The 
data were tabulated and analyzed.
CERVICAL THRUST MANIPULATION IN WEIGHT 
BEARING (Fig 2)
The subject was made to sit on a chair with a cervical spine 
in neutral position. A belt was placed across the posterior 
aspect of the subject’s neck at the level of C4-C5. The level 
mentioned above was chosen as the mid-cervical spine 
has shown to be comparatively stiffer, resulting in loss 
of ROM and pain [17,18]. For a right-sided thrust, the 
subject held one end of the belt in his right hand with a 
caudal pull parallel to the coronal plane while the therapist 
straightened the other end of the belt in the direction of 
the eyeball. With his other hand, the therapist guided the 
subject’s neck into rotation towards the subject’s right till 
the end range of rotation was reached. The therapist further 
rotated the neck till end range tension was appreciated in 
the tissue and administered a high-velocity low amplitude 
thrust. The direction of pull resulted in the therapist’s 
elbow is flexed. The same procedure was repeated on 
the contralateral side. If the attempt failed to generate an 
audible pop, the patient was repositioned, and a second 
manipulation was performed. A maximum of two attempts 
was performed on each patient.

Figure 2: Cervical thrust manipulation in weight-bearing
CERVICAL THRUST MANIPULATION IN NON-
WEIGHT BEARING (Fig 3)
The patient was made to lie supine on the manual therapy 
table such that the cervical spine and head lied outside the 
table. The therapist positioned himself at the head end of 
the table. For a right-sided thrust, the therapist cradled 
the occiput with his left hand. Using the same hand, the 
cervical spine was placed into slight flexion. The other hand 
cupped the subject’s chin such that the heel of the hand was 
along the left lateral aspect of the jaw. The inferior hand 

then translated the head to the right and moved the spine 
into right side flexion, followed by the left rotation guided 
by the superior hand. At the end of the rotation, a high-
velocity low amplitude thrust manipulation was performed. 
The same procedure was repeated on the contralateral 
side. If the attempt failed to generate an audible pop, the 
patient was repositioned, and a second manipulation was 
performed. A maximum of two attempts was performed 
on each patient.

Figure 3: Cervical thrust manipulation in non-weight 
bearing

Statistical analysis
Microsoft Excel R 3.5.0 software was used to perform 
statistical analysis. The tabulated data were subjected to 
statistical analysis. The paired t-test was performed on pre 
and post-data from both the groups. The unpaired t-test 
was conducted to test the difference between pre and post-
values in both groups. 
RESULTS
A total of 74 subjects with mean age of 22.47±1.60 years 
were considered for the study with 37 subjects in each 
group, a summary of each group is seen in Table 1. 

Table 1: Socio-demographic factors in weight-bearing 
and non-weight-bearing group

Variables Weight Bearing Group Non-Weight Bearing 
Group

Male (n) 10 (27.03%) 7 (18.92%)

Female (n) 27 (72.97%) 30 (81.08%)

Age (years) 22.27 ± 1.45 22.68 ± 1.71

Height (cm) 162.59 ± 8.75 158.95 ± 8.18

Weight (kg) 57.82 ± 12.39 57.54 ± 10.09

BMI (kg/m2) 21.85 ± 3.98 22.70 ± 3.84

Statistical analysis revealed significant differences (p 
<0.001) in pre and post values of flexion, extension, right 
lateral flexion, left lateral flexion, and right and left rotation 
in cervical thrust in both the weight-bearing (Table 2) and 
non-weight-bearing (Table 3) group. 
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Table 2: Change in range of motion within the weight-
bearing group

Movement (°) Pre 
(Mean±SD)

Post 
(Mean±SD) p-value t-value

Flexion 33.88 ± 5.45 39.98 ± 4.87 0.001 -12.786

Extension 39.03 ± 5.85 44.16 ± 4.17 0.001 -7.5972

Right Lateral 
Flexion 37.31 ± 5.25 43.62 ± 3.72 0.001 -11.232

Left Lateral 
Flexion 37.87 ± 4.5 43.63 ± 2.99 0.001 -9.3762

Right Rotation 66.52 ± 6.57 74.06 ± 5.47 0.001 -13.667

Left Rotation 65.52 ± 5.62 73.54 ± 4.28 0.001 -10.99

Table 3: Change in range of motion within the non-
weight bearing group

Movement (°) Pre 
(Mean±SD)

Post 
(Mean±SD) p-value t-value

Flexion 31.88 ± 5.38 39.04 ± 5.20 0.001 -11.618

Extension 36.68 ± 6.37 42.87 ± 3.54 0.001 -8.6596

Right Lateral 
Flexion 35.87 ± 5.93 41.39± 4.99 0.001 -11.522

Left Lateral Flexion 35.86 ± 5.66 42.51 ± 4.08 0.001 -9.0641

Right Rotation 66.12 ± 6.36 75.26 ± 5.11 0.001 -14.322

Left Rotation 65.18 ± 6.22 74.13 ± 4.15 0.001 -12.415

But there was no significant difference (p >0.05) (the mean 
difference between pre and post) between cervical thrust 
in weight-bearing and non-weight-bearing (Table 4). 
Table 4: Differences of pre and post values of the change 

range of motion in weight-bearing and non-weight-
bearing groups

Movement (°)
Mean diff between pre and post

p-value t-value
Weight-bearing Non-weight 

bearing

Flexion 6.08 (18.38%) 7.16 (22.46%) 0.168 -1.3921

Extension 5.13 (13.14%) 6.19 (16.87%) 0.2849 -1.0775

Right Lateral 
Flexion 6.31 (17.59%) 5.53 (15.41%) 0.2939 1.0575

Left Lateral 
Flexion 5.75 (16.03%) 6.65 (18.54%) 0.3515 -0.938

Right Rotation 7.54 (11.33%) 9.14 (13.82%) 0.06293 -1.8896

Left Rotation 8.03 (12.25%) 8.94 (13.71%) 0.3735 -0.8956

DISCUSSION
The current study investigated the immediate effect of 
the weight-bearing cervical thrust and the non-weight 
bearing cervical thrust. The study reported a significant 
increase in the cervical range of motions in both groups. 
However, there was no statistical significance between 
the two groups. According to the biomechanical concept, 
manual therapy corrects mechanical malfunction via a 
structure’s realignment [19,20]. Therefore, in the present 
study, it is feasible to say that the ROM increase was due to 
the correction of positional faults; thus, the neck mobility 
improved.
The evidence behind the therapeutic effect of the cervical 
spine manipulation was that the audible pop sound during 

manipulation was produced from the cavitation within the 
joint, causing a fall in the joint’s internal pressure leading 
to the release of dissolved gasses within the synovial fluid. 
The volume inside the capsule increases because of the 
elastic recoil in surrounding structures. It is hypothesized 
that the firings of afferent mechanoreceptors of muscle 
and joint causes reflex inhibition of pain receptors leading 
to reflex relaxation [21,22]. Dunning et al. 2012 [11] 

compared the short-term effects of two different manual 
therapy techniques. Their findings align with the current 
results and speculate that the ROM increase is probably 
due to neurophysiological mechanisms [23].
The level of functionality improved in both the groups 
resulting in somewhat similar effects using both the 
techniques. The findings observed in this study agree 
with the findings shown by an earlier study conducted to 
evaluate the immediate changes in the outcome measures 
considered. Marinez-Sergura et al. 2012 [9] showed 
statistically significant differences in the improvement 
of cervical ROM in all three groups, while there was no 
statistical difference between the groups. This suggested 
that the intervention’s effect in all the groups was almost 
equal as also seen in the present study.
The present study compared a manual therapy technique 
in two different positions, in sitting and in supine. Both 
techniques were found to be equally beneficial in improving 
the cervical ranges. The outcome is in concordance with 
the findings of a study that compared cervical spine 
mobilization in similar positions wherein Mulligan SNAGs 
and Maitland mobilization on the cervical spine were 
investigated. Both manual therapy techniques provided 
immediate and sustained effects. Mulligan SNAGs were 
administered in sitting while the latter is prone [24]. 
Therefore, it can be suggested that the position of the 
cervical spine (weight-bearing/non-weight bearing) while 
administering a manual therapy technique on the cervical 
spine may not play a critical role in the outcome.
There was an increase in the range of cervical ranges 
irrespective of the audible pop sound, i.e., the manipulation 
attempts that did not result in pop sound were successful 
in improving the cervical ROM in the weight-bearing 
manipulation group. This observation coincided with 
the findings of another study that compared the effect of 
thrust manipulations and non-thrust mobilization (does 
not involve an occurrence of a pop sound), which showed 
an improved ROM in both the groups; however, it was 
significantly greater in the case of thrust manipulation 
[12,25,26]. 
The cervical range of motions in both groups increased but 
did not show significant results between them. Statistical 
analysis showed a slightly greater percentage of change in 
the non-weight bearing than the weight-bearing group. 
However, this was only true for the flexion/extension, 
bilateral rotation, and right lateral flexion ranges. The 
percentage change was greater for right lateral flexion 
in the weight-bearing group. However, it is difficult to 
attribute any reason behind this observation.
Secondly, the authors observed that more than one level 
of the cervical spine popped during manipulation in non-
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weight bearing. In contrast, the manipulation was only 
rendered at the target level in the weight-bearing group. 
Despite this, there were no significant differences in change 
in ROM between the two groups. This may be attributed to 
the concept of regional interdependence [27,28] and the 
local and central mechanisms responsible for the effects of 
manipulation [29].
In this study, the number of individuals in whom the 
pop was not audible or audible only on one side was not 
recorded separately. The same was analyzed with the 
outcome of the manipulations in which the pop sound was 
heard. Secondly, the study involved no follow-ups. So, the 
long-term effects of a single manipulation could not be 
elicited.
CONCLUSION
There was a significant difference within the group for 
both the weight-bearing and non-weight-bearing groups, 
while the group’s comparison did not show a statistically 
significant difference. Hence, it was concluded that both the 
techniques are effective and can be clinically applied. Since 
manual therapy techniques are known to correct positional 
faults, the two cervical manipulation techniques’ effects 
can be studied on individuals with forward head posture 
or additional parameters such as pain and disability.
Acknowledgment: We are grateful to the study 
participants for consenting to participate in the study. We 
are also thankful to our institute for allowing us to use the 
infrastructure and resources to carry out the study
DECLARATION OF PATIENT CONSENT 
The authors certify that they have obtained all appropriate 
patient consent forms. In the form the patient(s) has/have 
given his/her/their consent for his/her/their images and 
other clinical information to be reported in the journal. 
The patients understand that their names and initials will 
not be published, and due efforts will be made to conceal 
their identity, but anonymity cannot be guaranteed.
Funding: None
Conflict of interest: None
REFERENCES
[1] Oatis CA. Kinesiology: the mechanics and 

pathomechanics of human movement. Philadelphia: 
Lippincott Williams & Wilkins. 2004;106.

[2] Magee DJ. Orthopedic physical assessment. Elsevier 
Health Sciences. 2013; 4:1184.

[3] Norlander S, Gustavsson BA, Lindell J, Nordgren B. 
Reduced mobility in the cervico-thoracic motion 
segment--a risk factor for musculoskeletal neck-
shoulder pain: a two-year prospective follow-up study. 
Scandinavian Journal of Rehabilitation Medicine. 
1997; 29:167-174.

[4] Cheung J, Kajaks T, MacDermid JC. The Relationship 
Between Neck Pain and Physical Activity. The Open 
Orthopaedics Journal. 2013; 7(4):521-529. https://
dx.doi.org/10.2174%2F1874325001307010521 

[5] D’Sylva J, Miller J, Gross A, Burnie SJ, Goldsmith 
CH, Graham N et al. Manual therapy with or without 
physical medicine modalities for neck pain: a systematic 
review. Manual therapy. 2010 Oct 1;15(5):415-33. 

https://doi.org/10.1016/j.math.2010.04.003
[6] Gibbons P, Tehan P. Spinal manipulation: indications, 

risks, and benefits. Journal of Bodywork and Movement 
Therapies. 2001; 5(2):110-119. https://doi.org/10.1054/
jbmt.2000.0208 

[7] Bialosky JE, Bishop MD, Robinson ME, George SZ. 
The relationship of the audible pop to hypoalgesia 
associated with high-velocity, low-amplitude thrust 
manipulation: a secondary analysis of an experimental 
study in pain-free participants. Journal of manipulative 
and physiological therapeutics. 2010; 33(2):117-124. 
https://doi.org/10.1016/j.jmpt.2009.12.008 

[8] Bishop MD, Torres-Cueco R, Gay CW, Lluch-
Girbés E, Beneciuk JM, Bialosky JE. What effect can 
manual therapy have on a patient’s pain experience? 
Pain management. 2015; 5(6):455-464. https://doi.
org/10.2217/pmt.15.39 

[9] Martínez-Segura R, De-la-L lave-Rincón AI, Ortega-
Santiago R, Cleland JA, Fernández-de-las-Peñas C. 
Immediate changes in widespread pressure pain 
sensitivity, neck pain, and cervical range of motion 
after cervical or thoracic thrust manipulation in 
patients with bilateral chronic mechanical neck pain: 
a randomized clinical trial. J Ortho & Sports Phys 
Ther. 2012; 42(9):806-814. https://www.jospt.org/
doi/10.2519/jospt.2012.4151 

[10] Maigne JY, Vautravers P. Mechanism of action of 
spinal manipulative therapy. Joint Bone Spine. 
2003; 70(5):336-341. https://doi.org/10.1016/S1297-
319X(03)00074-5 

[11] Cross KM, Kuenze C, Grindstaff T, Hertel J. Thoracic 
spine thrust manipulation improves pain, range of 
motion, and self-reported function in patients with 
mechanical neck pain: a systemic review. J Ortho & 
Sports Phys Ther. 2011; 41(9):633-642. https://www.
jospt.org/doi/10.2519/jospt.2011.3670 

[12] Dunning JR, Cleland JA, Waldrop MA, Arnot C, 
Young I, Turner M, Sigurdsson G. upper cervical and 
upper thoracic thrust manipulation versus non-thrust 
mobilization in patients with mechanical neck pain: 
a multicenter randomized clinical trial. J Ortho & 
Sports Phys Ther. 2012; 42(1):5-18. https://www.jospt.
org/doi/10.2519/jospt.2012.3894 

[13] Saavedra-Hernández M, Castro-Sánchez AM, Arroyo-
Morales M, Cleland JA, Lara-Palomo IC, Fernández-
de-las-Peñas C. Short-term effects of kinesio taping 
versus cervical thrust manipulation in patients with 
mechanical neck pain: a randomized clinical trial. 
J Ortho & Sports Phys Ther. 2012; 42(8):724-730. 
https://www.jospt.org/doi/10.2519/jospt.2012.4086 

[14] Ingram LA, Snodgrass SJ, Rivett DA. Comparison of 
cervical spine stiffness in individuals with chronic 
nonspecific neck pain and asymptomatic individuals. 
J Ortho & Sports Phys Ther. 2015; 45(3):162-169. 
https://www.jospt.org/doi/10.2519/jospt.2015.5711 

[15] Flynn TW, Childs JD, Fritz JM. The audible pop 
from high velocity thrust manipulation and outcome 
in individuals with low back pain. J Manipul And 
Physiolo Therap. 2006; 29(1):40-45. https://doi.
org/10.1016/j.jmpt.2005.11.005 



 Int J Physiother 2021; 8(2)              Page | 75

[16] Graham DA, Baillet DG, Sankey M, inventors; Graham 
Douglas A, Baillet Douglas G, assignee. Digital 
goniometer. United States patent US. 1984; 4:442-606. 
https://patents.google.com/patent/US4442606A/en 

[17] Shea M, Edwards WT, White AA, Hayes WC. 
Variations of stiffness and strength along the human 
cervical spine. J Biomech. 1991; 24(2):95-107. https://
doi.org/10.1016/0021-9290(91)90354-P 

[18] Cross KM, Kuenze C, Grindstaff T, Hertel J. Thoracic 
spine thrust manipulation improves pain, range of 
motion, and self-reported function in patients with 
mechanical neck pain: a systematic review. J Ortho & 
Sports Phys Ther. 2011; 41(9):633-642. https://www.
jospt.org/doi/10.2519/jospt.2011.3670 

[19] Mulligan BR. Mobilization with movement (MWM). 
Journal of Manual and Manipulative Therapy. 
1993; 1(4):154-156. https://doi.org/10.1179/
jmt.1993.1.4.154 

[20] Vicenzino B, Paungmali A, Teys P. Mulligan’s 
mobilization-with-movement, positional faults, and 
pain relief: current concepts from a critical review 
of literature. Manual Therapy. 2007; 12(2):98-108. 
https://doi.org/10.1016/j.math.2006.07.012 

[21] Kamali F, Shokri E. The effect of two manipulative 
therapy techniques and their outcome in patients with 
sacroiliac joint syndrome. Journal of Bodywork and 
Movement Therapies. 2012; 16(1):29-35. https://doi.
org/10.1016/j.jbmt.2011.02.002 

[22] Cassidy JD, Lopes AA, Yong-Hing K. The immediate 
effect of manipulation versus mobilization on 
pain and range of motion in the cervical spine: a 
randomized controlled trial. J Manipui Physiolo 
Therap. 1992;15(9):570-575. https://europepmc.org/
article/med/1469341 

[23] Bicalho E, Setti JA, Macagnan J, Cano JL, Manffra 
EF. Immediate effects of a high-velocity spine 
manipulation in paraspinal muscles activity 
of nonspecific chronic low-back pain subjects. 
Manual Therapy. 2010; 15(5):469-475. https://doi.
org/10.1016/j.math.2010.03.012 

[24] Reid SA, Rivett DA, Katekar MG, Callister R. 
Comparison of mulligan sustained natural apophyseal 
glides and maitland mobilizations for treatment of 
cervicogenic dizziness: a randomized controlled trial. 
Physical Therapy. 2014; 94(4):466-476. https://doi.
org/10.2522/ptj.20120483 

[25] Hurwitz EL, Morgenstern H, Harber P, Kominski GF, 
Yu F, Adams AH. A randomized trial of chiropractic 
manipulation and mobilization for patients with 
neck pain: clinical outcomes from the UCLA neck-
pain study. Amer J Pub Heal. 2002; 92:1634-41. 
https://ajph.aphapublications.org/doi/full/10.2105/
AJPH.92.10.1634 

[26] Leaver AM, Maher CG, Herbert RD, Latimer J, 
McAuley JH, Jull G, Refshauge KM. A randomized 
controlled trial comparing manipulation with 
mobilization for recent onset neck pain. Arch Phys 
Med Rehab. 2010; 91(9):1313-1318. https://doi.
org/10.1016/j.apmr.2010.06.006 

[27] Wainner RS, Whitman JM, Cleland JA, Flynn TW. 

Regional interdependence: A musculoskeletal 
examination model whose time has come. J Ortho & 
Sports Phys Ther. 2007; 37(11):658-660. https://www.
jospt.org/doi/10.2519/jospt.2007.0110 

[28] Sueki DG, Cleland JA, Wainner RS. A regional 
interdependence model of musculoskeletal 
dysfunction: research, mechanisms, and clinical 
implications. Journal of Manual & Manipulative 
Therapy. 2013 May 1; 21(2):90-102. https://doi.org/1
0.1179/2042618612Y.0000000027 

[29] Evans DW. Mechanisms and effects of spinal high-
velocity, low-amplitude thrust manipulation: previous 
theories. Journal of Manipulative and Physiological 
Therapeutics. 2002; 25(4):251-262. https://doi.
org/10.1067/mmt.2002.123166 



30  © 2021 Indian Journal of Physical Therapy and Research | Published by Wolters Kluwer - Medknow

Learning Styles of 1st‑Year Students Studying in Health 
Science University in India: A Cross‑Sectional Study

Deepa Metgud, Shaina L. Coutinho, Rachel Crasto, Carisa E. D’Souza
Department of Paediatric Physiotherapy, KAHER Institute of Physiotherapy, Belagavi, Karnataka, India

Original Article

Context: Learning style is an approach wherein learners save, recall, and process concepts efficiently and 
effectively. Determining students’ learning styles provides information about specific preferences and 
encourages participation in the courses opted by them.
Aims: The aims of the study are to determine the learning styles of 1st-year students studying in Health 
Science University in India using visual/auditory/read-write/kinesthetic (VARK) questionnaire and to establish 
an association of gender and academic performance with a preferred learning style.
Settings and Design: This was a cross-sectional study conducted in 1st-year students studying in Health 
Science University, Belagavi, Karnataka, India.
Materials and Methods: The VARK questionnaire was distributed to 626 students of 1st year of their 
graduation. There were 413 females and 213 males across eight faculties including Dental, Medical, 
Physiotherapy, Nursing, Allied Sciences, Ayurveda, Homeopathy, and Pharmacy. The academic performance 
of 12th standard was noted and they were assessed and categorized based on their performance.
Statistical Analysis Used: One-way ANOVA followed by post hoc using Tukey test was used for the level of 
significance.
Results: The common learning style was multimodal (70.2%) and the individual sensory modality was 
kinesthetic style (8.63 ± 3.37). Among kinesthetic, significant mean difference in males (7.98 ± 3.41) 
and females (8.98 ± 3.31) was found. Kinesthetic learners showed significance between >60% to ≤70% 
with ≥80% and >70% to ≤80% with ≥80% in academics.
Conclusions: Within the university, regardless of gender, students had multimodal learning style. The 
preferred individual sensory modality, irrespective of performance of previous academic year, was kinesthetic 
learning, and significant association was found with both genders and academic performance.
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INTRODUCTION

Learning can be defined as permanent changes in behavior 
induced by life.[1] According to experiential learning theory, 
learning is the process whereby knowledge is created 
through the transformation of  experience.[2,3] Learning is 
the skill to recover information from long‑term memory. 
Therefore, if  retention is required for the purpose of  
learning, the important cognitive process is remembering. 
The ability to transfer the previous knowledge to create new 
knowledge involves not only recall but also understanding. 
The main goal of  education should involve the cognitive 
process of  understanding. The ability to execute or use 
information in solving problems requires the cognitive 
process of  applying. Breaking of  the information into parts 
and determining the relation between the parts constitute 
the cognitive process of  analyzing. Creating is the final 
cognitive process which involves the ways of  putting 
elements together or creating new ideas to form a whole.[4]

Keefe (1979) defined learning style as the composite 
of  characteristic cognitive, affective, and physiological 
characters that serve as relatively stable indicators of  
how learners perceive, interact with, and respond to the 
learning environment.[5,6] The visual/auditory/read‑write/
kinesthetic (VARK) instrument developed by Fleming is the 
most commonly used learning style taxonomy in practice 
and is a common tool used at all levels of  education, which 
can be obtained in diverse forms. Scott (2010) has stated 
that the VARK models, i.e. unimodal, bimodal, trimodal, 
and quadmodal, take hold in educational settings because 
each category is related to a particular sense, and are 
concrete in comparison to the other leaning style models.[7]

Health science is an institute of  applied science which 
deals with human and animal health. There are two parts 
to health science: the study, research, and information 
of  health and using that information to improve health, 
cure diseases, and understand how humans and animals’ 
function.[8] The characteristics of  students of  the Health 
Science University are diverse in terms of  age, culture, level 
of  mental preparedness, intelligence, and psychological 
conditions, which lead to differences in individual learning 
styles in sensory modalities.[9] Medical students mostly use 
different ways to acquire information, as their learning is 
affected by the learning environment, curricular issues, and 
teaching methods.[10] Therefore, the teaching methods have 
to be organized individually, according to their individual 
characteristics.[11] Learning style is a complex approach 
in which the learner should store, recall, and process the 
concepts efficiently and effectively.[12]

A study has determined the learning styles of  students over 
smaller spectrum of  students.[13] As India is a developing 
country, the number of  studies done on learning styles is 
scarce and needs further exploration which is what this 
study contributes. Hence, in this study, the learning style 
of  1st‑year students studying in Health Science University 
was taken, to determine a wider spectrum of  learning style 
preferences within the health science students and whether 
comparing different faculties, genders, and association with 
academic performance makes a significant difference within 
the desired population. The study would help contribute in 
implementation of  a more outcome‑based program, as it 
would project the inclination of  learning preferences and 
help students know their level of  competence to achieve 
better course outcomes. The objectives of  the study were to 
determine the preferred learning styles of  1st‑year students 
studying in Health Science University and to correlate the 
academic performance with the learning styles and compare 
the results among the faculties.

MATERIALS AND METHODS 

This study was a cross‑sectional study, with sample units 
selected on basis of  probability random sampling method. 
The researcher presumed a 10% drop‑off  ratio and would 
try to achieve 90% response rate; hence, the sample would 
be n = 784, which was optimal for the proposed study 
considering the population. Ethical clearance for the study 
was obtained from the institutional ethical committee. 
Permission was obtained from the heads of  the institutes 
of  constituent units under KAHER University, Belagavi. 
A coordinator was assigned by each institute to assist in 
conducting the research in their respective institutes.

First‑year students of  Dental Sciences (n = 65), Medical 
Sciences (n = 140), Physiotherapy (n = 82), Nursing 
Sciences (n = 90), Allied Sciences (n = 74), Ayurveda (n = 73), 
Homeopathy (n = 28), and Pharmacy (n = 74) studying in 
KAHER University, Belagavi, were screened based on the 
inclusion criteria of  being a student of  KAHER University 
and students aged 18 and above during the study, while the 
absentees were naturally excluded. The participants were 
explained about the study procedure. A total number of  
413 females and 213 males were included in the study. 
Verbal consent followed by written informed consent was 
obtained from each student.

The VARK questionnaire was self‑administered, 
along with the data collection sheets that included 
demographic data and overall previous year’s academic 
percentage (12th standard), which was further categorized 
into the four categories as (i) ≤60%, (ii) >60% to ≤70%, (iii) 
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>70% to ≤80%, and (iv) ≥80%. All the students were 
explained about the VARK questionnaire, and the research 
assistants were present to clarify any doubt regarding the 
same. A translation to Hindi was explained to students 
who could not comprehend the question in English. 
A time duration of  20–30 min was allotted to fill in the 
questionnaire. In total, 626 sheets were collected by the 
research assistants and 5 incomplete sheets were filtered 
and excluded from the study.

The VARK questionnaire, which is scored out of  16, deals 
with only one preferred learning style of  the individual. 
The VARK questions and their results focus on the ways 
in which people like information to come to them and 
in which manner they prefer to deliver what they have 
learned. The questions are based on situations where there 
are choices and decisions about how that might happen. 
It measures four preferences: visual (V), aural (A), read/
write (R), and kinesthetic (K) and then categorizes the 
individuals as unimodal, bimodal, trimodal, and quadmodal. 
Unimodal students included students who preferred 
either V, A, R, or K. Bimodal included a combination of  
the four preferences, i.e. VA, VR, VK, AR, AK, or RK. 
Trimodal included combination of  three preferences which 
includes VAR, ARK, VRK, or VAK. Quadmodal included 
all the learning preferences and a further subdivision of  
quadmodal into three segments, VARK type one – one who 
tends to examine the situation and choose the preference 
that suits it, VARK type two – one who tends use all 
their preferences to get an understanding that suits their 
learning, and VARK transition – individuals who fall within 
the VARK type one and VARK type two. Understanding 
the differentiation within the quadmodal can help those 
learners determine their exact mode of  learning in any 
given situation.

The VARK scores for each individual were calculated by 
the research assistant and was produced in an Excel Spread 
Sheet. The data were then sent to the VARK statistical 
committee for analysis, and interpretation as data as VARK 
questionnaire needs to be calculated using a very specific 
algorithm to get the desired result.

Statistical analysis was done using SPSS [IBM Corp. 
Released 2012. IBM SPSS statistics for windows, version 
23.0. Armonk, NY; IBM Corp.] v. 23.0 software using 
descriptive and inferential statistics. One‑way ANOVA was 
performed followed by post hoc using Tukey test to find the 
level of  significance between the academic performance in 
percentage and the individual sensory modality. P < 0.05 
was considered to be statistically significant. The results 
along with their interpretation were then sent to the 

respective institutes of  the University so that the preferred 
learning style was known to each institute.

RESULTS

In the present study, 626 (75.97%) students were included 
from 1st year studying in various faculties of  Health 
Science University, which included 413 (65.97%) female 
and 213 (34.03%) male students.

Table 1 depicts learning style preferences of  students 
which showed that 70.2% preferred multimodal and 
29.7% unimodal. Out of  the students who preferred 
multimodal, 138 (22%) preferred bimodal, 97 (15.5%) 
preferred trimodal, and 205 (32.7%) preferred quadmodal. 
According to gender‑wise preference of  VARK mode of  
learning, among females, 33.4% preferred quadmodal, 
14.8% trimodal, 21.5% bimodal, and 30.3% unimodal, 
while among the males, 31.5% preferred quadmodal, 16.9% 
trimodal, 23.0% bimodal, and 28.6% unimodal [Figure 1]. 
The subdivision of  quadmodal learning preference in the 
University for VARK transition was n = 28 (13.65%), type 
one n = 36 (17.56%), and type two n = 14 (68.78%) which 
showed that most of  the learners belonging to quadmodal 
use all their preferences to get an understanding that suits 
their learning [Figure 2].

The individual sensory modalities of  unimodal learners 
are illustrated in Table 2. The visual learners among 
females were 6.10 ± 3.03 and males were 5.62 ± 2.71, 
while 8.40 ± 3.24 females and 7.87 ± 3.42 males preferred 
aural learning style. Among the reading/writing preferred 
type of  learners, 4.64 ± 2.95 were females and 4.45 ± 2.80 
were males. Further, the kinesthetic learners in females 
were 8.98 ± 3.31 and males were 7.98 ± 3.41. The total 
mean score of  VARK in females was 28.12 ± 8.97 and in 
males was 25.92 ± 8.92. VARK mode of  learning style 
was significant in both females and males for kinesthetic 
learners (P < 0.01).

Table 3 shows individual faculty‑wise learning mode 
preference. Twenty percent of  nursing students preferred 
unimodal, 17.8% in bimodal, 16.7% in trimodal, and 45.6% 
in quadmodal. Ayurveda students presented with 27.4% 

Table 1: Visual/auditory/read‑write/kinesthetic mode 
distribution among the 5‑year students of the university
VARK modal of learning style Number of students, n (%)

Unimodal 186 (29.7)
Bimodal 138 (22.0)
Trimodal 97 (15.5)
Quadmodal 205 (32.7)
Total 626 (100)

VARK: Visual/auditory/read‑write/kinesthetic
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in unimodal, 23.3% in bimodal, 12.3% in trimodal, and 
37.0% in quadmodal. Pharmacy students showed 25.7% in 
unimodal, 17.6% in bimodal, 24.3% in trimodal, and 32.4% 
in quadmodal. Allied students showed 29.7% in unimodal, 
23.3% in bimodal, 9.5% in trimodal, and 40.5% in quadmodal. 
Physiotherapy students presented 39% in unimodal, 23.2% 
in bimodal, 18.35% in trimodal, and 19.5% in quadmodal. 
Dental students showed 29.2% in unimodal, 35.4% in 
bimodal, 12.3% in trimodal, and 23.1% in quadmodal. 
Medical students showed 34.3% in unimodal, 21.4% in 
bimodal, 15.0% in trimodal, and 29.3% in quadmodal. 
Homeopathy students presented 28.6% in unimodal, 17.9% 
in bimodal, 14.3% in trimodal, and 39.3% in quadmodal.

VARK mode distribution for the faculties for both male 
and female is also analyzed in Table 4. Both male and 
female students preferred quadmodal in Nursing and Allied 
Sciences faculty. Both male and female students from the 
Physiotherapy and Medical faculty preferred unimodal 
mode of  learning. In the Ayurveda faculty, female students 
preferred quadmodal and the male students preferred 
unimodal and quadmodal. In the Pharmacy faculty, the 
female students preferred quadmodal and the male students 
preferred trimodal. In the Dental faculty, the female 
students preferred both unimodal and bimodal mode of  
learning whereas the male students preferred quadmodal. 
In the Homeopathy faculty, the female students preferred 
quadmodal and the male students preferred both unimodal 
and bimodal mode of  learning.

Figure 3 shows the VARK mode distribution among 
the categories of  academic performance. The students 
with ≤60% had 26.0% (n = 20) of  unimodal learners, 
22.1% (n = 17) of  bimodal, 20.8% (n = 16) of  trimodal, 
and 31.2% (n = 24) of  quadmodal. The students within the 
range of  ≥60% to ≤70% had 28.8% (n = 45) of  unimodal 
learners, 22.4% (n = 35) of  bimodal, 12.2% (n = 19) of  
trimodal, and 36.5% (n = 57) of  quadmodal. The students 
within the range of  ≥70% to ≤80% had 26.0% (n = 47) 
of  unimodal learners, 23.8% (n = 43) of  bimodal, 
16.6% (n = 30) of  trimodal, and 33.7% (n = 61) of  
quadmodal. The students with ≥80% had 34.9% (n = 74) 
of  unimodal learners, 20.3% (n = 43) of  bimodal, 
15.1% (n = 32) of  trimodal, and 31.3% (n = 24) of  
quadmodal. A comparison of  the academic performance 
to individual sensory modality preference is shown in 
Table 5. A significant mean difference of  0.99 exists 
between ≥60% to ≤70% and ≥80% category with 
P = 0.026. Further, a significant mean difference of  
1.16 was found between ≥70% to ≤80% and ≥80% 
category with P = 0.004. The mean difference among the 
above‑mentioned categories proves that students in Health 
Science University preferred kinesthetic learning.

DISCUSSION

The current cross‑sectional study aimed at understanding 
the different learning styles among the 1st‑year students of  
Health Science University using the VARK questionnaire 

Table 2: Illustrates the individual sensory modalities of unimodal learners among both genders
Dependent 
variables

Mean Mean 
difference

SD SEM t P
Male Female Male Female Male Female

Visual 5.62 6.10 0.47 2.17 3.04 0.19 0.15 1.92 0.551
Aural 7.87 8.40 0.53 3.42 3.24 0.23 0.16 1.90 0.058
Read/write 4.45 4.64 0.20 2.80 2.95 0.91 0.15 0.80 0.424
Kinesthetic 7.98 8.98 1.00 3.41 3.31 0.23 0.16 3.54 0.0004*
Total 25.92 28.12 2.20 8.97 8.97 0.61 0.44 2.91 0.0038

*Statistically significant. SD: Standard deviation, SEM: Standard error of mean

Figure 2: Distribution of quadmodal in the Health Science University

Figure 1: Visual/auditory/read‑write/kinesthetic mode distribution 
among students based on gender in the university
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and determining the relationship between academic 
performance and gender with their learning style preference.

The results of  our study showed that 70.2% of  the 
students preferred multimodal, out of  which 32.7% 
preferred quadmodal, 22% preferred bimodal, and 
25.5% preferred trimodal. A similar study was done 
in 162 1st‑year medical students in Turkey in which 
multimodal (63.9%) was most preferred followed by 
bimodal (30.3%).[13] On the contrary, a cross‑sectional 
study conducted in a medical university in Kuala Lumpur 
with a sample of  419 revealed that 81.9% had unimodal 
style while 18.1% had multimodal style of  learning.[14] 
The reason our study had higher multimodal preference 
could probably be because, it embodied a larger sample 
size (n = 626) and included various faculty of  health 
sciences. An individual learning style predominance can 
be related to the learning experience, course content, 
field of  study, and teaching method.[15] The present 
study findings are attuned with the previous study, which 

depicted that both males (33.4%) & females (31.5%) 
preferred quadmodal learning. Analogously, Studies 
done on undergraduate medical students in India and the 
USA deliberated that learning style preference was not 
influenced by gender.[15,16]

Among the unimodal learners, majority had kinesthetic 
learning style. Similar studies conducted in 1st‑year 
nursing students in Australia and medical students in 
Saudi Arabia found that students preferred kinesthetic 
mode of  studying.[17‑19] Conversely, a study conducted 
on 1st‑year medical science students in Iran found that 
preferred learning styles were aural and reading/writing.[6] 
We postulate that since anatomy being the common subject 
amid the programs in Health Science University, they were 
inclined toward kinesthetic learning mode as practical 

Table 4: Gender and faculty wise distribution of visual/auditory/read‑write/kinesthetic modes expressed in percentage
Faculty Gender

Female Male
Uni, n (%) Bi, n (%) Tri, n (%) Quad, n (%) Uni, n (%) Bi, n (%) Tri, n (%) Quad, n (%)

Nursing 12 (18.2) 13 (19.7) 12 (18.2) 29 (43.9) 6 (25) 3 (12.5) 3 (12.5) 12 (50)
Ayurveda 10 (24.4) 9 (22.0) 5 (12.2) 17 (41.5) 10 (31.3) 8 (25.0) 4 (12.5) 10 (31.5)
Pharmacy 14 (29.2) 9 (18.8) 8 (16.7) 17 (35.4) 5 (19.2) 4 (15.4) 10 (38.5) 7 (26.9)
Allied science 14 (33.3) 7 (16.7) 4 (9.5) 17 (40.5) 8 (25.0) 8 (25.0) 3 (9.4) 13 (40.6)
Physiotherapy 22 (36.1) 12 (19.7) 13 (21.3) 14 (23.0) 10 (47.6) 7 (33.3) 2 (9.5) 2 (9.5)
Dental science 18 (36.7) 18 (36.7) 4 (8.2) 9 (18.4) 1 (6.3) 5 (31.3) 4 (25.0) 6 (37.5)
Medical 29 (35.4) 18 (22.0) 11 (13.4) 24 (29.3) 19 (32.8) 12 (20.7) 10 (17.2) 17 (29.3)
Homeopathy 6 (25.0) 3 (12.5) 4 (16.7) 11 (45.8) 2 (50.0) 2 (50.0) 0 0
Total 125 (30.2) 89 (21.5) 61 (14.7) 138 (33.4) 61 (28.6) 49 (23.0) 36 (16.9) 67 (31.4)

Table 3: Visual/auditory/read‑write/kinesthetic mode 
distribution among 1st‑year health science students 
expressed in percentage
Faculty Uni, n (%) Bi, n (%) Tri, n (%) Quad, n (%)

Nursing 18 (20.0) 16 (17.8) 15 (16.7) 41 (45.6)
Ayurveda 20 (27.4) 17 (23.3) 9 (12.3) 27 (37.0)
Pharmacy 19 (25.7) 13 (17.6) 18 (24.3) 24 (32.4)
Allied sciences 22 (29.7) 15 (20.3) 7 (9.5) 30 (40.5)
Physiotherapy 32 (39.0) 19 (23.2) 15 (18.3) 16 (19.5)
Dental sciences 19 (29.2) 23 (35.4) 8 (12.3) 15 (23.1)
Medical 48 (34.3) 30 (21.4) 21 (15.0) 41 (29.3)
Homeopathy 8 (28.6) 5 (17.9) 4 (14.3) 11 (39.3)

Table 5: Individual sensory modalities in association with academic performance
Serial 
number

Percentage n Mean±SD
V A R K Total

1 ≤60 77 5.6494±2.95477 8.3247±2.98876 4.6234±3.04371 8.8442±2.91125 27.4416±8.62294
2 >60-≤70 156 5.8397±3.07224 8.4359±3.24719 4.9744±3.13759 8.9423a±3.34132 28.1923±9.20807
3 >70-≤80 181 6.2818±3.10790 8.5304±3.29906 4.4917±2.80400 9.1326b±3.36553 28.4365±9.01250
4 ≥80 212 5.8208±2.65665 7.7500±3.45159 4.3349±2.73577 7.9198a,b±3.46248 25.8255±8.84370
aLevel of significance <0.05 for kinesthetic learners (serial number 2 and 4), bLevel of significance <0.05 for kinesthetic learners (serial number 3 
and 4). V: Visual, A: Aural, R: Reading/writing, K: Kinesthetic, SD: Standard deviation

Figure 3: Visual/auditory/read‑write/kinesthetic mode distribution 
among students based on academic performance
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understanding is important for the overall understanding 
of  the subject. Among the unimodal learners, there was 
a significant difference between female and male students 
preferring kinesthetic learning style (P = 0.0004) with 
females presiding over males. On the contrary, a study in 
Mangalore reported no significant difference in gender 
among the unimodal learners.[15]

Of  the students who were categorized according to their 
academic performance, kinesthetic learning style was 
preferred. However, a study led in Mangalore on medical 
students (n = 415) reported a varied learning preference 
within each category.[15] The rationale behind, our study 
having kinesthetic as the preferred learning style could 
be due to the incorporation of  various faculties of  health 
science university and a larger sample size (n = 626).

Amid the 8 different constituent units of  the University 
encompassed in the study revealed that Nursing, Ayurveda, 
Pharmacy, Allied, and Homeopathy preferred quadmodal. 
Dental exhibited bimodal learning preference followed by 
unimodal learning preference, while physiotherapy and 
medical indicated unimodal preferences in learning styles. 
A similar study was done with the aim to discern the pattern 
of  learners among the 1st‑ and 2nd‑year medical students 
from different institution in India. The results showed 
that aural and kinesthetic styles were preferred.[20] In the 
present study, amid the university students, the majority 
portrayed quadmodal learning style as their preference. 
Furthermore, the subdivision of  quadmodal learning 
preference was transition, type one, and type two out of  
which VARK transition was n = 28 (13.65%), type one 
n = 36 (17.56%), and type two n = 14 (68.78%).  To the best 
of  our knowledge, our study would be the first of  its kind 
to include such a variation within quadmodal learning style.

The drawbacks of  our study were that a high percentage 
of  female students were present which may lead to gender 
bias, self‑reported learning styles were not procured, and 
this study did not consider confounding factors such as 
socioeconomic status, race, and culture.

Future studies can be done within each faculty, to evaluate 
the previous academic performance with their preferred 
learning style. Confounding factors such as socioeconomic 
status, race, and culture can be assessed using other scales.

CONCLUSIONS

The study concluded that, within the University, regardless 
of  gender, students preferred quadmodal. It was also 
determined that among the individual sensory modalities of  

learning, students preferred kinesthetic learning. Majority of  
students, irrespective of  academic performance, preferred 
kinesthetic learning style. A significant relationship was 
found between gender and academic performance in 
kinesthetic learners.
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Effect of yoga on pulmonary function 
test, thyroid‑stimulating hormone 
estimation, hand grip strength, and 
quality of life in participants with 
thyroid dysfunction: A pre‑post clinical 
trial
Surya Krishnanunni, B. R. Ganesh

Abstract:
BACKGROUND: Thyroid dysfunction is the most common occurring endocrine disorder among the 
general population. According to projections from several readings on thyroid disease, 42 million 
people in India have been estimated to be suffering from diseases as a result of thyroidism. Yoga 
has been found valuable in numerous diseases. Yogic exercise restores body roles through the 
manipulation of cardiovascular, respiratory, and metabolic control mechanism. Yoga has been proven 
to be an effective adjunct in thyroid conditions in various studies.
OBJECTIVES: The objective of this study is to assess the effect of yoga on respiratory function, 
thyroid‑stimulating hormone estimation, and hand grip strength as well as quality of life (QoL) in 
participants with clinically diagnosed thyroid dysfunction.
METHODS: Twenty‑five participants aged between 20 and 50 years were enrolled for the trial. Yoga 
sessions of four times a week for 3 weeks were given to every subject. Pulmonary function test (PFT), 
thyroid function, grip strength as well as QoL was measured pre as well as post intervention.
RESULTS: Highly significant variations (P < 0.001) were noted within PFT, thyroid function, grip 
strength as well as QoL parameters
CONCLUSION: Significant effect was found within all the parameters of PFT, thyroid function, hand 
grip strength as well as QoL following 3 weeks of yoga training.
Keywords:
Grip strength, pulmonary function test, quality of life, thyroid dysfunction, yoga

Introduction

T hyroid dysfunction is the most 
common occurring endocrine disorder 

among the general population; every so often 
it is perceived through preclinical stage as 
subclinical hypo‑ or hyperthyroidism owing 
to systematic screening programs, mainly 
functional in adults.[1] Thyroid is 2 inch 
long endocrine gland, positioned anterior 

to the neck below larynx/voice box with 
two lobes, one on each side of windpipe.[2] 
It weighs <1 ounce (28.34 gms), with each 
lobe being around 5 cm long, 3 cm wide, 
and 2 cm thick, and isthmus being 1.25 cm 
in height and width.[3] Yogas have concocted 
practices which not only retained healthy 
glands and metabolism, but also the molded 
part of system of enlightenment. Several 
participants with hypothyroidism complain 
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of fatigue and shortness of breath on maximum exertion. 
Differences in forced‑vital capacity (FVC) were observed, 
FVC as percentage of predicted FVC were noted, 
forced expiratory volume in 1st s (FEV1), and maximum 
mid‑expiratory flow rate forced expiratory flow (25%–
75%) attained arithmetic connotation.[4] Skeletal muscle is 
one of the major bull’s eye organ of THs.[5] Relaxation and 
contraction proportions of skeletal muscle are intensely 
exaggerated by T3, which regulate myosin expression and 
vigor supplied by mitochondrial substrate oxidation.[6] 
Thyroid hormones have an indispensable role in the 
regulation of mood as well as cognition, with exceptional 
clinical variability that is unswervingly correlated 
to disease period, thyrotoxicosis severity, individual 
susceptibility to thyroid hormone surplus, and patient’s 
age. Moreover, poor quality of life (QoL) interrelated with 
hyperthyroidism is supplementary to negative bearing 
on psychological, social and efficiency of work, and also 
produce marked variation in QoL and is concomitant 
with boundless changes in the physical form.[7]

Methods

This was a prospective, randomized, clinical trial conducted 
in Health Science University on participants with clinically 
diagnosed thyroid dysfunction, referred to KLE’s Hospital, 
Belagavi, Karnataka, India, from March 2019 to February 
2020. A single‑trained investigator evaluated all participants 
and collected all the data to eliminate inter‑investigator 
error. All participants will be scrutinized based on the 
inclusion and exclusion criteria before their enrolment 
into the study. The present study was approved by the 
Institutional Research and Ethics Committee of the KAHER 
Institute of Physiotherapy, Karnataka, India (Research 
and ethical committee, KIPT/33/03/07/19). The trial is 
registered under the clinical trial registry of India with trial 
number CTRI/2019/09/021310. Demographic data will 
be obtained from each subject. The purpose of the study 
will be explained, and a written consent will be obtained 
from all participants. Participants were evaluated for their 
demographic data along with their initial assessment of 
outcome measures before their intervention. Participants 
were informed about the aims and procedure of the 
study. Baseline parameters such as pulmonary function 
test (PFT) (spirometer recordings and vitalograpgh), 
thyroid‑stimulating hormone (TSH) estimation, and 
QoL scale (short form‑36 [SF‑36]) were measured 
before and postintervention for both hyperthyroid and 
hypothyroid participants [Flow Chart 1]. Participants 
were required to practice yoga techniques daily in form of 
Pranayama (breathing techniques) for a period of 4 days 
per week for 3 weeks.

Inclusion criteria
Clinically diagnosed participants with hyperthyroidism 
or hypothyroidism (since 6 months), aged between 20 

and 50 years, of either gender, also pregnancy‑induced 
thyroidism were included in the study.

Exclusion criteria
Participants presenting with hypertension, chronic 
obstructive pulmonary diseases, any neurological 
disorders, complications of coronary artery disease, any 
organ dysfunction, or who are unable to comply with 
study procedure were excluded from the study.

Intervention
Participants were expected to perform breathing 
techniques (pranayama) for a period of 30 min (consisting 
of Bhastrika, Bhramari, and slow breathing technique 
with alternate nostril deep breathing called AnulomVilom 
along with Ardhamatsyendrasana [half fish face pose], 
Trikonasana [triangle pose], and Bhujangasana [snake 
pose]) followed by Shavasana.

Dosage
Duration of each Yogasana: Bhastrika (5 min) [Figure 1], 
AnulomVilom (15 min), Bhrami (5–7 times; 3–5 min)[8] 
Ardhamatsyendrasana (5 min) [Figure 2], Bhujangasana 
(5 min), Trikonasana (3–5 times; 5 min) [Figure 3].[9]

Results

Statistical analysis for the present trial was performed 
through the  version 23 of Statistical Package for the 
Social Sciences (SPSS) IBM (Knowledge Center). 
Raw data were entered into the Microsoft Excel 

Participants screened (n=46)

Total participants recruited (n=25)

Post intervention data
collected  (n=25)

Statistical Analysis done

Results were obtained

Intervention:
• Yoga training for 3 weeks
  (4 days per week)
• Measures of PFT, Thyroid estimation,
  Hand grip, and Quality of life obtained
  at baseline as well as post intervention

Excluded  (n=21)
• Musculoskeletal  injuries (7)
• Not  fitting  in  age  criteria (6)
• Busy schedule (8)

Flow Chart 1: Consort chart
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hence, Wilcoxon sign ranks test was applied. As per 
Table 1, nominal data of the participants including 
data representing demographics that is age, BMI, and 
occupation distribution were studied using mean, 
standard deviation, and percentage distribution. 
Variables of all the outcomes were compared after 3 
weeks with the baseline values. Level of significance 
was set at 5%; probability values of P ≤ 0.05 were 
taken statistically noteworthy, and probability values 
P ≤0.001 were taken very highly significant.

As per Table 2, QoL was measured using SF 36 
questionnaire where highly significant changes were said 
to be distinguished within all nine parameters of SF 36 
Questionnaire at baseline and post of 3 week intervention 
of yogasana were P < 0.001**.

The result showed that the mean difference of FEV1 pre 
as well as postintervention score was (−0.35 ± 0.31) and 
that of FVC the pre as well as post therapy score mean 
difference was (−0.32 ± 0.36), also the component of FEV1/
FVC showed significant difference in the pre as well as 
posttherapy values with mean difference (−0.11 ± 0.18), 
with (P < 0.001*)

Grip strength was also said to be improved very 
significantly following 3 week protocol of yoga 
training (P ≤ 0.001**). The result showed that mean 
grip strength score was (21.56 ± 4.66), at baseline, 
whereas post intervention, it was significantly improved 
to (24.92 ± 3.64) at rate of (−3.36 ± 1.96) of mean difference.

Discussion

The present clinical trial intended at comparing the 
effects of various yogasanas or pranayama (breathing 
practices) on pulmonary function parameters (FEV1, 
FVC and FEV1/FVC), thyroid function estimation (T3, T4, 
and TSH), grip strength, and QoL in participants with 
thyroid dysfunction (inclusive of both hyperthyroidism 
and hypothyroidism).

Parameters of PFT (FEV1 and FVC) were very 
significantly enhanced post 3 weeks of yoga or 
pranayama intervention, (P < 0.001**), third parameter of 

Figure 2: Subject performing Ardhamatsyendrasana (half-fish pose)

Figure 1: Subject performing Anulom Vilom (alternate nostril breathing)

Figure 3: Subject performing Bhujangasana (snake pose)

2007, tabulated as well as subjected to the statistical 
analysis. All the continuous data were analyzed for 
the distribution by using the Kolmogorov–Smirnov 
test, which revealed normal distribution. Change in 

Table 1: Comparison of parameters of thyroid 
function test at baseline and post intervention

Test statistics (Wilcoxon sign test)a

Variables Pre Post Mean 
difference

Z‑score P

T3 2.88±2.59 2.07±1.77 0.82±1.21 −3.706b <0.001**

T4 6.91±5.52 5.10±2.09 1.81±4.65 −2.376b 0.017*
TSH 7.90±7.60 4.14±3.81 3.76±5.73 −4.029b <0.001**
**Highly significant, *Significant, aWilcoxon sign ranks test; bBased on positive 
ranks
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PFT (FEV1/FVC), however, showed significant changes 
postintervention (P < 0.05*)

Similar study was steered by Madanmohan et al. who 
aimed at assessing changes in school children on 
pulmonary function following yogasana. Thereby, 
trial determined that 6 months of yoga intervention 
showed very significant improvement on pulmonary 
function values of FEV1 as well as FVC, which remains 
concomitant with the present trial.[10]

Other group of investigators directed a research work for 
the comparison of effects of spirometry among 21 patients 
with hypothyroidism, with TSH value > 10 mIU/L to 
21 healthy controls. It was instituted that T4 levels in 
hypothyroid participants were positively correlated 
to FVC as well as FEV1 and ratio of FEV1/FVC, while 
TSH was noted to be negatively correlated to all the 
parameters of PFT.[11]

Parameters of thyroid function were noticed to be 
significantly amended post 3 week intervention of yoga 
training. T3 as well as TSH component showed very 
highly significant changes, (P < 0.001**), T4 component 
exhibited significant changes (P < 0.05)

Qualitative research was initiated by Banerjee, to find 
out the effect of yoga intervention on hypothyroidism 
linked with obesity among women in the urban areas 
leading sedentary lifestyles. A total of 150 obese women 
with a history of hypothyroidism aged between 30 and 
50 years located in the eastern parts of West Bengal 
were enrolled for the study from June 17 to January 18. 
Intervention was performed in two phases, first 4 months 
with western medical management using 25–100 mcg 
levothyroxine (as per the prescription of physician/
endocrinologist) as well as weight loss diet by referred 
dietitian, comprising of 4 month duration. Second 
4 months phase was performed with yoga practice for 
average 45 min/day preferably in early morning in 
continuation with same weight loss diet plan (of phase 1). 
Four months phase was conducted based on two visits at 
every 2‑month interval, so total four visits. In conclusion, 

diet in unification with yoga intervention lead to in 
noteworthy improvement within participants at no 
cost. Furthermore, yoga intervention was considered 
safest choice in this trial as it was considered beneficial 
not only for physical health but also mental well‑being, 
with little or no side‑effects as in comparison to intake 
of western medicines.[12]

Grip strength was said to be upgraded very significantly 
following 3 week protocol of yoga training (P ≤ 0.001**). 
Postintervention hand grip strength was shown to have 
significant effect.

Thyroid dysfunction is considered to be linked closely 
with weakness of skeletal muscle. Trial was directed to 
find the association of serum thyroid hormone levels to 
grip strength. Cross‑sectional analysis was conducted at 
Geriatric Department of Zhongshan Hospital in elderly 
males as per the standards of Asian Working Group 
for Sarcopenia. Grip was measured, with low value 
defined as HG <26 kg. The prevalence of low hand grip 
was found to be 48.5%, which was considered a major 
number. It was, therefore, established that, ineuthyroid 
subjects, higher serum values indicate lower strength 
while narrow serum range of thyroid should be 
considered in the protection of skeletal muscle.[13]

QoL was measured using SF‑36 questionnaire where 
highly significant changes were said to be distinguished 
within all nine parameters of SF‑36 Questionnaire at 
baseline and post of 3 week intervention of yogasana 
were P < 0.001**.

Literature supports the practice of yoga on the regular 
basis to control the side effects of thyroid dysfunction 
inclusive of stress, fear, insomnia, tiredness, anger as 
well as apprehensive mental capacity. Yoga has been 
considered as better method of complementary approach 
to disease management in comparison to western medical 
management, to scrutinize through contradictory reports 
to discriminate, also as best approach plan for optimal 
health outcomes. Yogic practices are, however, noted to 
produce positive changes in discharge of hormones.[14]

Table 2: Comparison of all components of SF–36 questionnaire at baseline  and post intervention
Variables Pre Post Mean difference t P
Physical functioning 49.20±10.66 79.30±9.03 −30.10±10.0 −15.05 <0.001**
Role limitation due to physical health 57.00±41.78 88.50±13.46 −31.50±32.50 −4.85 <0.001**
Role limitation due to emotional problems 47.53±35.05 91.77±13.31 −44.25±30.51 −7.25 <0.001**
Energy/fatigue 43.84±10.55 72.90±11.10 −29.06±15.50 −9.38 <0.001**
Emotional problems 47.04±15.54 76.18±12.51 −29.14±16.27 −8.95 <0.001**
Social functioning 57.36±19.49 78.44±10.69 −21.08±18.94 −5.56 <0.001**
Pain 51.92±17.97 73.22±10.43 −21.30±15.55 −6.85 <0.001**
General health 43.40±10.97 64.24±16.57 −20.84±12.24 −8.52 <0.001**
Health condition 52.00±21.55 71.20±8.93 −19.20±23.21 −4.14 <0.001**
Total 49.92±13.06 77.30±7.43 −27.38±9.62 −14.22 <0.001**
**Highly significant

[Downloaded free from http://www.ijournalhs.org on Friday, May 28, 2021, IP: 182.48.231.14]



 Krishnanunni and Ganesh: Effect of yoga on PFT  TSH, hand grip and QOL in thyroid dysfunction

Indian Journal of Health Sciences and Biomedical Research KLEU  - Volume 14, Issue 1, January-April 2021 107

Priya et al. directed a trial to effect on blood pressure 
as well as QoL in objectify through yoga subjects with 
hypertension. Eighty‑three adults, aged between 20 and 
80 years with diagnosed hypertension. Yoga classes 
with an instructor, as well as yoga classes at home were 
directed over a duration of 12 weeks, also self‑related 
QoL questionnaires were obtained from every subject. 
Noteworthy changes were observed in blood pressure 
as well as QoL of enrolled participants following 
yoga practice in group with yoga performed at home 
on regular terms. However, reason for no significant 
changes in yoga performed at classes were not notified.[15]

Conclusion

The present study concluded that all parameters of 
PFT, thyroid function, hand grip strength, and QoL 
showed significant improvement following 3 weeks of 
intervention of yoga. Thus, it can be suggested that yoga 
has beneficial effects which can be used an alternative 
method, which is easy to perform, safe to adopt as well 
as plays an integral part in one’s daily life in alleviating 
diseases and promoting health with no side effects 
compared to Western medicine.
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A B S T R A C T   

Mental illness is a leading cause of global morbidity. Over 10% of the Indian population experience a mental 
health disorder yet deficits in knowledge and negative attitudes towards metal illness limit early identification 
and treatment. We explored the relationship among knowledge, attitudes and practice among generalist nurses 
working at a large tertiary care hospital in South India. Participants demonstrated positive attitudes and suffi-
cient knowledge about mental illness, yet these variables did not predict practice when presented with a patient 
case scenario of postpartum depression-related mental distress in a non-psychiatric inpatient setting. Findings 
warrant application-based pedagogies to facilitate nurses’ enhanced recognition and treatment of patients 
experiencing mental distress in non-psychiatric settings.   

1. Introduction 

Mental disorders are a leading cause of disability with 25 %, nearly 
450 million individuals affected globally. In low-and middle-income 
countries (LMICs), 76%–85% of individuals with mental illness receive 
no specific treatment, a function of limited healthcare systems (WHO, 
2019). In India, the second most populous country in the world, 10.6 % 
of adults have a mental disorder (NMHSI, 2018). Barriers to timely, 
effective management of mental illness-related disorders include cost, 
symptom recognition failure, familial and community discrimination 
fear, stigmatization, and lack of infrastructure. Negative attitudes to-
wards individuals with mental illness among family in India is common 
and correlated with mental illness-related knowledge deficit (Khande 
et al., 2018). Healthcare providers (HCPs) are not immune to negative 
attitudes, problematic to effective treatment (Singh, 2018). Healthcare 
providers including nurses often hold stigmatizing views and incorrect 
beliefs related to mental illness across the Asian continent. Nurses have 
demonstrated social prejudices, negative attitudes, and cultural stereo-
types. Research exploring knowledge and attitudes of nurses in Brunei 

suggest negative attitudes towards mental illness and the need for 
re-education initiatives aimed at improving attitudes and knowledge 
(Shahif et al., 2019). Similarly, non-mental health practitioners 
demonstrated more stigmatizing attitudes and false beliefs about mental 
illness in Indonesia then specialist providers (Praharso et al., 2020). In 
Nepal, a country sharing significant cultural similarities to India, med-
ical students described examples of stigmatizing attitudes towards pa-
tients with mental illness among peers and colleagues and cited stigma 
as a deterrence against specializing in psychiatry (Tergesen et al., 2021). 
More promising, Alzahrani (2019) reported that medical students 
generally conveyed positive attitudes towards psychiatry, augmented if 
participating in additional psychiatry training during medical educa-
tion. Specific to nursing, attitudes towards mental illness are reported as 
significantly more negative than physicians (NIHFW, 2019), yet nurses 
typically interact with patients the most healthcare facilities. 

HCPs may overlook the emotional well-being of a patient for several 
reasons. Mental health referrals may be viewed as punishment (Pande 
et al., 2011). Conflicting healthcare priorities often create barriers to 
effective revision of best practice guidelines in patients exhibiting signs 
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of mental illness or distress. On maternal health units, morbidities such 
as anemia, hemorrhage, cultural norms, resource constraints, and lack of 
time for therapeutic patient interaction can lead to a normalization of 
postnatal depression and missed opportunities for appropriate treatment 
(Iyer et al., 2017). When nurses fail to recognize signs of mental ill-
ness/distress abilities to provide appropriate holistic care is minimized. 
Literature suggests that negative perceptions of mental illness decrease 
with increased education and clinical exposure (Poreddi et al., 2014). 
Nursing students demonstrated significantly less stigmatization and 
negative attitudes towards people with mental illness than business 
students, suggesting a positive correlation between stigma reduction 
and knowledge (Vijayalakshmi et al., 2013). Education of healthcare 
providers about specific mental health and their manifestations and ef-
fect on health has established a link between stigma reduction and 
increased knowledge (Iyer et al., 2017). Other recommendations for 
reducing provider-driven stigma and improving care of patients with 
mental illness include enhancing the HCP skillset by developing 
appropriate skills through direct engagement with patients (Nyblade 
et al., 2019). 

Patients expect nurses to play a significant role in caring, treating 
their needs, and refraining from discrimination. Study findings exam-
ining the perspectives of nurses in India regarding knowledge, practices 
and attitudes about mental illness vary. While Indian nurses endorse 
factors favoring the biopsychosocial model of causation and social 
integration of individuals with mental illness more so than the general 
public, purporting that knowledge and experience mitigates negative 
stereotyping (Sun et al., 2014), they also express fear of patient unpre-
dictability (Poreddi et al., 2014) 

The goal of the Indian Mental Health Act of 2017 was to promote, 
protect and fulfill the rights of patients who access mental health ser-
vices. The Indian government has named the eradication of stigmati-
zation as a national stradgedy (NIHFW, 2019), requiring significant 
initiatives to ensure effective nursing management of patients with 
mental health disorders. 

Assessment of nurse perspectives related to mental illness in India 
has been documented (Poreddi et al., 2017). However, there is a need to 
explore the relationship between knowledge, attitudes, and practice 
level, specifically, the role that knowledge and attitudes about mental 
illness have on practice with patients on non-psychiatric wards. While 
nurses employed in mental health specialties have experience managing 
patients with mental illness, nurses in all tertiary-care units will likely 
care for such patient admitted for unrelated medical needs. Assessing the 
influence of knowledge and attitude on practice level across multiple 
medical areas is important since mentally ill patients require hospitali-
zation for management of unrelated morbidities. It remains unknown 
how knowledge and attitudes about mental illness are related to the 
ability of nurses to administer appropriate patient care to applicable 
patients in India. To assess this relationship, we addressed the following 
research question: How do knowledge and attitudes about mental illness 
effect practice level among nurses in South India? 

2. Materials and methods 

2.1. Design and study setting 

Researchers employed a cross-sectional study design to evaluate the 
knowledge, skills and attitudes towards mental illness among tertiary 
care nursing providers at XXX, a 4000-bed hospital in South Asia, and 
the largest private sector medical institution in the Indian state of Kar-
nataka. The hospital offers general medicine, trauma, oncology, critical 
care, obstetrics, and psychiatric care services and employs approxi-
mately 900 nurses (KLE Society, 2019). 

2.2. Sample 

Nurses employed at XXXX were eligible if they (1) provided direct 

patient care, (2) had a diploma, bachelor, or graduate nursing degree, 
(3) could read and write in English, (4) were 18 years of age or older. 
Nursing documentation at XXX is in English; language criteria did not 
affect participation eligibility. 

3. Measurements 

To measure knowledge, skills, and attitudes towards mental illness 
among particpants, researchers included three study instruments, the 
Mental Health Knowledge Schedule (MAKS), Mental Illness Clinicians’ 
Attitudes Scales-Version 4 (MICA-4), and a researcher-developed case 
study to assess the domains of stigma-related knowledge, attitudes, and 
practice skills, respectively. 

The 12-item MAKS instrument assesses stigma-related knowledge 
related to mental illness over stigma-related mental health domains: 
help seeking, recognition, support, employment, treatment, and recov-
ery, and six items assessing knowledge of mental health conditions 
including depression, stress, schizophrenia, bipolar disorder, drug 
addiction and grief to assess correct identification of mental health 
conditions. ((King’s College London, 2019; Evans-Lacko et al., 2010). 
Responses use a 5-point Likert scale of Agree strongly, Agree slightly, 
Neither agree nor disagree, Disagree slightly, Disagree strongly or Don’t know 
for each item. The MAKS demonstrates adequate test-retest reliability 
(.71 Lin’s concordance statistic) and internal consistency of Cronbach’s 
α = .65 (Evans-Lacko et al., 2010). MAKS scoring ranges from 12 to 60; 
higher scores indicate greater mental health knowledge. The MAKS is 
used to assess stigma-related knowledge in various global settings 
(Chisholm et al., 2016) so it is useful for this study. 

The MICA-4 scale assesses stigma of mental illness among healthcare 
providers. The initial scale (MICA-2) measured stigma among medical 
students. Version 4 was modified and intended for use among all HCPs. 
The MICA-4 scale is 16 items; responses include a 6-point Likert-type 
scale (Strongly agree, Agree, Somewhat agree, Somewhat disagree, 
Disagree, Strongly Disagree). Scores range between 16 – 96. Lower scores 
indicates a more positive attitude towards those with mental health is-
sues. Psychometric properties of the updated scale include an acceptable 
value of α ≥ 0.7 for internal reliability. The updated instrument has also 
been vetted for face validity and convergent validity (Gabbidon et al., 
2013). The MICA-4 has been used to measure stigma in eight countries, 
supporting relevance for application in our study sample. Like the MAKS 
instrument, the MICA-4 may be self-administered and takes no longer 
than 4 min to complete. 

Researchers developed the Assessment of Mental Health Practice 
Survey (AMHPS) to assess skill-level and decision making among staff 
nurses working with patients exhibiting signs of mental distress. The 
one-item patient case-scenario included eight possible responses 
describing potential nursing interventions related to the scenario, a fe-
male patient one month postpartum and admitted to the medical- 
surgical unit to recover post-operatively from an appendicectomy. 
While not specifically indicated, researchers intended for participants to 
correctly identify that the patient was exhibiting signs and symptoms of 
postpartum depression. We selected this scenario since patients experi-
encing postpartum depression typically do not present with the overt 
signs of psychosis that readily distinguishable in patients with other 
mental health disorders admitted to an inpatient psychiatry unit. Three 
correct nursing actions (e.g., ask patient to share more about her feels 
and thoughts; ask if she is considering taking her own life) were included 
consistent with mental health nursing attributes (therapeutic commu-
nication, safety, care coordination). Five incorrect actions (e.g., tell 
patient should not cry; ask for an order for physical restraints) were 
added as distractors. The AMHPS was scored as follows: participants 
who correctly selected the correct actions and did not select the dis-
tractors (wrong actions), a score of +1 was assigned (for each correct 
item selection). Total possible correct decisions were summed for a total 
score of 0− 3. For logistic regression, the AMHPS was dichotomized, 
with scores of 0 or 1 indicating clinical reasoning failure, and scores of 2 
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or 3 indicating competency (pass) in clinical reasoning. While this 
measure was designed by the researcher team for this study, the in-
strument was validated for content and cultural validity, with five 
mental health experts in the United States and Karnataka, India. 

4. Ethical considerations 

The researchers received clearance from affiliated academic ethical 
review boards before study initiation. Each participant received a 
statement of research purpose rather in place of signing an informed 
consent to maintain participant anonymity. 

5. Data collection 

Data collection occurred for two weeks during August 2019. We 
placed data collection packets on each unit of KLE Hospital with signs 
soliciting participation and outlining eligibility requirements. Packets 
consisted of a statement of research purpose, and clear instructions for 
completing the surveys. We also provided envelopes, instructing par-
ticipants to place completed data collection instruments into sealed 
envelopes to be deposited into closed boxes at each unit’s nurses station. 

6. Data analysis 

Data were analyzed using Statistical Package for the Social Sciences 
v.26 (SPSS Inc., Chicago, IL, USA). We obtained descriptive statistics for 
each variable, including measures of central tendency, variability, and 
distribution. Relationships among variables of interest were explored 
using Pearson, Spearman and point-biserial correlation coefficients. To 
assess the predictive value of knowledge (MAKS), attitudes (MICA) and 
demographic variables on case clinical reasoning, logistic regression 
with backward conditional method (p > .10 for removal) was employed 
to generate Odds Ratios and 95% CIs. 

7. Results 

7.1. Demographics 

Of the nearly 900 nurses who worked in the hospital, 384 completed 
the surveys, for an approximate participation rate of 43 %. The majority 
were female (n = 249, 64.8 %) and did not have a bachelor’s degree (n =
216, 56.3 %); almost half (n = 186, 48.4 %) had 1–5 years of experience. 

Table 1 presents demographic variables. 

7.2. Assessment of case study psychometrics 

Case-based reasoning response items 1, 2, 4, 5, and 8 served as dis-
tractors (incorrect responses) while items 3, 6, and 7 demonstrated 
correct nursing actions. Preliminary exploration of internal consistency 
estimates of reliability demonstrated that the items clearly clustered into 
two subscales: correct/positive and incorrect/negative responses. The 
Cronbach α for the “positive” scale was .59 and for the “negative” scale 
was .73. For analysis purposes, we used the sum of correct responses to 
descriptively assess respondents clinical reasoning with respect to PPD. 
For logistic modeling, the total score was dichotomized into “pass” 
(competence) (>2) or “failure” (incompetence) (<1). 

7.3. Correlation matrices 

Correlation coefficient among demographic, knowledge, attitudes, 
and clinical reasoning variables (practice) are displayed in Table 2. The 
MAKS and MICA-4 were negatively correlated (r = -.678, p = .001). 
Because a high score with MAKS indicated more knowledge and a lower 
score with MICA indicated more positive attitude, these results suggest a 
moderately strong relationship between attitudes and knowledge, albeit 
negative, with the coefficient of determination (r2) showing approxi-
mately 46 % of shared variance. Of interest, the relationship of MICA 
with clinical reasoning was low, but greater than that of MAKS. MAKS 
was moderately (.435) correlated with experience but showed virtually 
no relationship with clinical reasoning. We determined a negative cor-
relation between nursing degree and ability to select correct actions on 
the AMHPS (r = -.148) suggesting that academic degree inversely 
effected correct clinical choice selection. 

7.4. Logistic regression 

Multiple logistic models were fit to determine the best explanatory 
model for predicting clinical reasoning pass (AMHPS >2). The final 
model predicting clinical reasoning pass (competence) included MICA 
and MAKS, while controlling for nursing degree, age and years of 
experience. Table 3 displays OR and 95 % CI for the best fitting model 
which suggests that neither the MAKS nor age or experience were pre-
dictive of selecting correct actions on the AMHPS, as these were 
removed from model using backward elimination. Only MICA-4 total 
and Nursing Degree were significant predictors of AMHPS pass. Results 
showed that for each unit increase in MICA-4 total (increasingly nega-
tive attitude), the odds for correct action increased (OR = 1.026, 95 % CI 

Table 1 
Demographics characteristics.  

Characteristic Mean (SD) Median (SIQ 
Age 27.4 (4.8) 26.0 (3.0) 
Experience in Years 4.3 (3.6) 3.0 (2.5)  

N (%) 
Sex  

Women 249 (64.8 %) 
Men 135 (35.2 %) 

Religion  
Hindu 283 (73.7) 
Christian 80 (20.8) 
Muslim 20 (5.2 %) 
Buddhist 1 (0.3 %) 

Nursing Degree  
Diploma 216 (56.3 %) 
BS 164 (42.7 %) 
MS 4 (1.0 %) 

Specialty  
OB/Gyn 12 (3.1 %) 
Medicine 72 (18.8 %) 
Surgery 37 (9.6 %) 
ICCU 156 (40.6 %) 
Private/Semi-private Care 57 (14.8 %) 
Psychiatry 23 (6.0 %) 
Pediatrics 27 (7.0 %)  

Table 2 
Correlation coefficients among predictor and outcome variables (Pearson, 
Spearman and Point Bi-serial Coefficients for continuous, categorical, and 
dichotomous variables, as appropriate).   

MAKS 
Total 
(N) 

Total 
AMPHS 
(N) 

Age 
Years 
(N) 

Nursing 
Degree 
(N) 

Experience 
Years 
(N) 

Clinical 
Pass 
(AMPHS 
>2) 
(N) 

MICA 
Total 

− .678 
(384) 

.187 
(346) 

− 082 
(384) 

.065 
(384) 

− .099 
(384) 

.135 
(346) 

MAKS 
Total 

– − .081 
(346) 

,055 
(384) 

− .049 
(384) 

.435 
(384) 

− .031 
(346) 

Total 
AMPHS 

– – .021 
(346) 

− .148 
(346) 

− .037 
(346) 

.894 
(346) 

Age 
Years 

– – – − .044 
(384) 

− .059 
(384) 

− .017 
(346) 

Nursing 
Degree 

– – – – − .148 
(384) 

− .109 
(346) 

Experience 
Years 

– – – – – − .064 
(346)  
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1.006, 1.047). Having a higher nursing degree reduced the odds of 
making correct action (OR = .622, 95 % CI .402, .998), that nurses with 
baccalaureate degrees had lower odds of making correct actions 
compared to those with diplomas. 

8. Discussion 

This study explored the relationship among mental illness knowl-
edge, attitudes, and practice level among nurses at a large tertiary 
healthcare facility in South India. As expected, we determined a high 
degree of correlation between knowledge and attitudes levels, consistent 
with other studies exploring the association between KAP among nurses 
towards mental illness in low-and middle-income countries (LMICs) 
(Thapa and Samson, 2017). 

Nursing degree was the only demographic variable correlating with 
practice level, purporting a negative correlation (diploma degree par-
ticipants were more likely to make correct actions on the AMHPS). 
Literature suggests baccalaureate nursing graduates enjoy broader scope 
of practice with enhanced critical thinking and evidence-based practice 
ability that positively influence patient outcomes (Kamanyire and 
Achora, 2015). A possible explanation for our discrepant findings is that 
diploma programs traditionally complete more clinical hours than 
baccalaureate nursing programs, resulting in greater clinical ability. 

While this study reiterates the positive correlation between knowl-
edge and attitudes towards mental illness, findings suggested that 
knowledge and attitudes did not predict practice level when applying 
mental health nursing principles. This lack of correlation may challenge 
basic beliefs that knowledge and attitudes are predictive of making 
correct actions related to the case scenario. Consistent with literature 
examining the relationship among nurses’ KAP towards mental illness, 
our finding showed that nurses had better knowledge and attitude to-
wards mental illness while optimal practice was a concern. Critical care 
nurses in Australia reported generally high knowledge levels and 
favorable attitudes towards patients with mental illness yet most par-
ticipants reported they did not have adequate skills to care for a patient 
with mental illness or confidence in completing a basic mental health 
examination (Weare et al., 2019). Reed and Fitzgerald (2005) demon-
strated similar findings when exploring KAP among generalist nurses 
who reported a desire to help individuals with mental illness but 
expressed limited ability and confidence to do so. This highlights the 
need for skill training tailored towards providing care to patients with 
mental illness or exhibit signs of mental distress. 

Prescriptive cultural norms prevalent in India may play a role in 
understanding our findings. The MAKS and MICA-4 were developed to 
assess more traditionally defined severe mental illness, and in a patri-
archal culture, other mental health problems such as PPD may not be 
viewed in a similar way. Mental health services are currently lacking for 
Indian women with PPD and cases of maternal depression often go un-
recognized and undiagnosed (Upadhyay et al., 2017). Additionally, 
previous studies have demonstrated low PPD literacy among healthcare 
providers (Ransing et al., 2020). While additional training to enhance 
practice capacity is indicated, careful consideration and integration of 
maternal mental health concerns is warranted to maximize caring for 
women with PPD, and combatting culturally driven biases, assumptions, 
and skill deficits among Indian nurses. 

Performance on the case scenario used to assess practice level may 
have been hindered because the scenario presented a patient exhibiting 
signs of postpartum depression rather than symptoms of acute psychosis. 
Nursing curricula generally focus on mental health content that is 
augmented by clinical placements on acute inpatient psychiatric units. 
However, clients with anxiety, depression and other mental health 
problems are found in all health care settings, not only inpatient psy-
chiatric facilities (Barry and Ward, 2017). Mental health should be a 
fundamental part of care provided by nurses to patients regardless of 
their diagnoses; yet nurses trained in programs where clients were siloed 
based on either physical or mental health needs would seem to be less 
well equipped or comfortable addressing the mental health needs 
(Kverno, 2016). 

9. Limitations and conclusion 

This study included only one clinical setting and practice level was 
assessed using a newly developed instrument. Future iterations should 
likely include multiple tertiary care settings in South India as well as 
outpatient practice settings such as Primary Health Centers (PHCs) and 
other community-based care facilities. 

It is essential to improve nurse practice level who care for patients 
exhibiting signs of mental distress is essential. Infusion of mental health 
concepts throughout nursing education curricula may positively in-
crease nurse’s ability to recognize the mental health needs of all pa-
tients, not just those in acute psychiatric care settings. Content designed 
to enhance appropriate recognition of, and therapeutic nursing man-
agement of these patients is critical. Since knowledge and attitudes did 
not predict practice level, innovative pedagogies such as simulations and 
case-based learning may provide the best avenue for improving practice 
level since these pedagogies allow for hands-on application of mental 
health nursing concepts. Continuing education for practicing nurses may 
include simulations and case-based learning for reinforcement or 
introduction of practice-based mental health concepts. Continued efforts 
to reduce stigma associated with mental illness will encourage providers 
to view mental health similarly to other medical conditions, ultimately 
improving timely detection and treatment of mental illness and 
enhancing patient outcomes. 
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Background: Internationally qualified nurses enrolled in Australian bridging programs to support professional 

registration lack confdence, and require support and time to develop communication and leadership skills in the 
clinical setting Strategies that strengthen professional self- concept have been demonstrated to improve the 
nursing performance of internationally qualified nurses. 
Objective: To evaluate an interactive mobile application called mPreceptor, specifically designed to support 
intemationally qualified nurses' communication and leadership skills during a 6 week clinical placement. The 
application facilitated weekly learning content and activities in the areas of clinical communication and lead- 

Mentors 
Mobile applications 
Nurses, international 
Program evaluation 

Sell-concept 
ership, incluing selfassessment, goal-setting, case studies, and weekly detailed reflections while an placement. 
Desien: A quasi-experimental pre and post-test design with a non-equivalent comparison group was used to 

explore the effectiveness of mPreceptor on internationally qualified nurses self-appraisal of professional self- 
concept, including leadership and communication skills, compared with standard clinical placement. The psy- 
chometricaly tested Nurse Self-Concept Questionnaire, measured changes to perceived professional self-concept. 

Results: Overall, there was a significant increase in Nurse Self-Concept following the clinical placement, con- 

firming that the bridging program for intenationally qualified nurses in Australia improves leadership and 
communication skills. Leadership skills were significantly greater for those i 

engaged with mPreceptor. 
nationally qualifñed nurses who 

Conclusion Further research is required to investigate the application of interactive mobile applications, as 

effective education resources to facilitate internationally qualified nurses transition of skills and knowledge to 
the Australian healthcare context. 

1. Introduction competencies for Australian nursing registration ( :t 201). 
The program consists of a 4-week face-to-face theoretical component 
and a six-week clinical placement to facilitate the transition of skills and 
knowledge to the Australian healthcare context. Students are placed in a 
range of tertiary or secondary healthcare settings for their clinical 
placement. They are provided an average of 1 h of face to face support 
daily to achieve learning objectives set by the university and accredited 
by the Australian Nursing and Midwifery Accreditation Council 
(Austridu Nutsiny, nd Midsitei keeditiun Couneil ANf\Ci 
2016). Students are supported by clinical placement preceptors, who are 

1.1. Background 

In 2016, the inaugural Graduate Certificate in Australian Nursing 

program for internationally qualified nurses (1QNs) seeking registration 
in Australian was delivered. The bridging program was accredited to 
support the transition of 1QNs into the Austral ian workforce. The pro 
gram builds on prior knowledge, skills and nursing experience and 
provides theoretical and clinical learning experiences to ensure 
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provide 1QNs wlth structured communleatlon and lendershlp poort 

during a six-week clinical placement. Whlle an experlenced preeeptor 

provided face-to-face clinical supervislon As uBUnl, the mPreceptor wa 

introduced to support the student in developing the communlcatlon and 

leadership skills needed for suecessful integratlon Into the Australlan 

nursing workforce. The experlential learning platform's pedagoglenl 

design was based on Adult Experlential Learning Theory (Kollb r 
2001). A collaborative process was utilised to develop learning resources 

to support leadership development and effectlve communicatlon 

learning outcomes (e.g. support graduates confldence with decislon 
making and self-awareness). The program (mPreceptor) conslsted of 

structured weekly learning content and actlvitles in the areas of clinical 

communication and lendership, Including self-assessment, goal-setting 
case studies, and weekly detalled reflections while on placement. 

mPreceptor was specifically designed to facilitate eritlcal reflective 

learning requlred for soclal and emotlonal competency development 
(Pocll and Van der Krogt, 2014). The platform also offered a messaging 
and communication system, whlch could be used remotely by the pre- 

ceptor as a way of communicating wlth the student group and sup 
porting Individual student needs. Students could also communicate and 
collaborate with peers, by sharing Ideas and experiences. The overall 
program was monitored and supported by a Coordinator. Coordinator 
access provided an overview of student progress and preceptor assess- 

ment details, visualisation of teams that were not performing, and the 

ability to prompt assessment submission or feedback to a team or 

individual. 

experienced registered nurses, with extensive industry experience and 

training in clinical education 
The Graduate Certificate in Australian Nursing program evaluation 

found that in the clinical setting the 1QNs lacked confidence, and 
required support and time to develop communication and leadership 

skills (sgar et al, 2019). Many of the 1QNs came from a system where 
they were inadequately positioned in the overall hierarchy of patient 
care teams. For instance, in some countries, the nurses were not ex 
pected to question treatment decisions or advocate directly on issues of 
patient care (Brunion and ok, 2018; Philip t l, 2015). There were 
also transnational differences in legal and ethical responsibilities of 

nurses (Neton et al. 2016). The program evaluation concluded that 

1QNs would benefit from training in communication, critical thinking 

and leadership skills (Aggar et a., 2019). 

Australian studies have highlighted communication (Philiyp et al. 
2015) and leadership skills (Brunton and Cook, 2018; Philip et al., 2015) 
as particular barriers to the successful transition of 1QNs into the 
Australian healthcare system. International studies have reported 
similar challenges for IONs integrating into the workplace (Bond et al., 

00). The use of general conversational skills and rapport-building 

strategies have been identified as essential program components for 

1QNs from non-English speaking backgrounds (Aggar et al, 2019, Bru- 
nero et al.. 2008; Philip et al., 2015; Xu et al, 2010). Learning to 

communicate and operate effectively in foreign healthcare settings can 
be difficult to achieve, as there are numerous social assumptions (e.g. 

gender roles, politeness norms, professional role of the nurse) that may 
first need reframing to reduce misunderstandings (Brunton and Coolk, 

2018; aword et al., 2017; Xu et al., 2010). Discrepancies between the 

expected and actual experience of 1QNs working in Australia has led to 
reduced confidence and role satisfaction (Brunero et al.. 2008). Pro-

grams designed to prepare 1QNs for the clinical role in Australia should 

therefore include cultural competence, and practice differences in the 

areas of accountability, independence, technology use and the care 

relationship (Aggar et a.. 2019; Chok et al. 2018). 

A common feature across the literature is the importance of an 

experienced nurse preceptor to support 1QNs to adjust to the different 

expectations and competencies of the nurse role (Brunero et al., 2008; 

Brurton and Cook. 2018; Cowin & Hengstberger-Sims, 2006; Ohr et al., 
201o; Vardaman and Mastel-Smith, 2016). The preceptor role supports 

IQNs to develop their professional self-concept, that is, their perceived 

ability to adequately perform the role of a nurse (Cowin, 2001). Self- 
concept is influenced by life experience and personal beliefs (Ware. 
2008). Cowin et al. (2008) proposes that developing professional self- 

concept empowers nurses to positively affect patient care, utilise evi- 

dence base practice, work collaboratively as a team member, and leads 

to improved retention rates. A healthy professional self-concept is linked 

to reduced stress, increased confidence, improved performance, and 

greater job and personal satisfaction (Angel et al, 20124, Badiyepeyma 
ta, 2014; Barry ef al., 2019; Cowin et a., 2008; Cowin & 

Hengstberger-Sims, 2000; Lee and Yng, 2015; Poorgholami er al 

2016). Strategies that strengthen professional self-concept have been 

demonstrated to improve the nursing performance of clinical nurses (Lee 

and Yang, 2015). 

The use of online platforms and digital tools to deliver education is 

becoming increasingly relevant as it presents great opportunities to 

reduce cost and increase education reach (Majumdar et al., 2015). The 

portability of digital tools provides flexibility and increased access to 

resources regardless of physical restrictions and on a widespread scale 

(Kim et al. 2017). Recognising the potential of technology to advance 

nursing education, we designed and developed an online communica- 

tion and leadership program, underpinned by a preceptor model of 

facilitation, to support 1QNs transition into the clinical setting 

Two weeks prior to clinical placement, a workshop was held for the 

1QNs and preceptors to provide training and access to mPreceptor. Pre 
placement learning and activities were given to the participants to build 

familiarity, encourage engagement with their placement team and 

identify early technical issues which were in turn monitored by the 

program Coordinator. 
The aim of this study was to test the effectiveness of an interactive 

mobile application designed to support 1QNs communication and lead- 

ership skills during clinical placement, compared with standard clinical 
placement. The primary objective was to determine the impact of the 

interactive mobile application on nurses' professional self-concept. 
Ethics approval was obtained from the University Ethics Committee 

(ECN-19-138). 

2. Me tho ds 

A quasi-experimental, pre-post-test design with a non-equivalent 

group. 

2.1. Measurement tools 

The Nurse Self-Concept Questionnaire (NSCQ; Cowin, 2001), was 
administered pre- and post-clinical placement, to measure any changes 

to perceived professional self-concept, including communication and 
leadership skills. The NSCQ is a 36-1tem questionnaire with 6 subscales: 
nurse general self-concept, care, staff relations, communication, 

knowledge and leadership. The NscQ uses an eight-point Likert scale 
rating from 'definitely false' to 'definitely true'. It has established 

theoretical and construct validity for measuring domains of self-concept 
and has been used with Australian domestic and international nursing 
students (Angel et al., 201 21; Cowin, 2001). 

2.2. Participants 

A convenience sample of all 1QNs seeking Australian registration and 
enrolled in the bridging program at two regional Australian Universities, 
in 2019 and 2020 (intervention and control group respectively), were 
invited to participate (see liy. 1). Using G"Power 3.1 it was estimated
that a minimum of 54 participants in the Interventlon and the control 
group were required to detect an effect (n = 0.14; Jlanbin et al., 2012) 

1.2. Digital communication and leadership program: mPreceptor 

The interactive mobile application (mPreceptor) was designed to 
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IQNs enrolled In 

brldglng program 

2019 (n 253) 

2020 (n= 127) 

Ellgible (n = 380) 

Pre-test responses (n = 266) 

Non-equlvalent Control Group 

2020 Cohort Intervention Group 
2019 Cohort 

Preceptor support only 
mPreceptor program and 

Preceptor support 

(N 177) 
(N = 89) 

Post-test responses 
Post-test responses 

(n 141) 
(n 87) 

48 pre and post-test 

surveys matched 104 pre and post-test 

surveys matched 

Intervention Group 
Control Group 

(n 104) 
(n 48) 

Pig. 1. Research low chart. 

intervention) and Time 2 (post-intervention). Significant differences 

were considered whenp < .05. Cronbach's alpha was generated for the 

NSCQ subscales and total score at pre-program. Descriptive statistics for 

demographic information and NSCQ scores were generated using the 

paired samples dataset. A comparison of changes in each NSCQ subscale 

score and total score from Time 1 to Time 2 between the intervention 

with 80% power (a = 0.05). Enrolment figures for eligible participants in 

the control group totalled 127 students and the intervention group 

totalled 253 students. A participant information statement and link to 

the online questionnaire was emailed to students two weeks prlor to 

clinical placement commencing. Students were also offered an oppor 

tunity to ask any further questions at the clinical placement orientatlon 

workshop. The online questionnaire remained open until the 

commencement of clinical placement. The post program online ques 

tionnaire was open for two weeks following the completion of clinical 

placement. Students were sent one email reminding them of the op- 

portunity to participate in the study evaluation. Completion of the on 

line questionnaire implied consent. 

and control group were measured using a 2 (Time: pre-program and 

post-program) X 2 (Group: intervention and control) mixed factorial 

analysis of varlance (ANOVA). Tlme was the within subject factor and 

Group was between subjects. 

3. Results 

Of the 380 ellgible 1QNs seeking registration in Australian enrolled in 

the university program; 
2.3. Data analysis 

Data were entered, cleaned, checked, and analysed in SPSS 26 (IBM, 

2019). Data were paired usingg participant code at Time 1 (pre 
.266 submitted pre-program questionnaires, a response rate of 70% 
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228 submitted post-program questionnaires, with 14.3% lost to 
follow-up. 

Table 2 

Comparison of group NScQ scores prlor to the intervention. 

NSCQ scale Intervention Control 
Linking pre- and post-program questionnaires was problematic, with 

a number of inconsistent coding issues and incomplete questionnaires. A 
paired samples dataset of 152 student responses were analysed, result ing in an overall response rate of 40%, and a margin of error + 10% 
(95%CI). The final sample comprised 152 students (n = 104 interven tion, n = 48 control) with matched pre and post-test data. 

Descriptive statistics for participant demographic information can be 
found in Table 1. 

M SD n M SD 

General 102 43.89 4.24 47 44.23 3.56 0.632 

Care 02 43.27 3.69 7 43.47 3.51 0.763 

Staff relations 100 43.22 3.85 43.50 3.39 0.673 

Communication 99 41.49 4.94 47 42.28 4.24 0.352 

Knowledge 
Leadership 

100 43.12 3.69 16 43.48 3.49 0.580 

103 38.66 6.03 46 39.87 1.93 O.235 

Total 95 253.96 22.77 44 257.95 20.56 0.323 

Participant demographics of the Intervention and Control group 
were compared using independent tests (for continuous variables) and 
chi-square test of homogeneity (for categorical variables) to ensure 
characteristics were relatively equal between groups. There were no 
significant differences between groups for age, gender or education (all 
ps> 0.112). While there was a significant association between group 
and participant country (p = .002) and years of experience (p = .007), 
there was no effect of participant country or years of experience on pre 
program NSCQ scores. 

The NSCQ scale demonstrated good internal reliability at pre- 
program on the NSCQ subscales (0.85-0.93) and total score (0.97). 

Upon inspection of the residual plots all data appeared to be nor mally distributed. Sample sizes were unequal. However, this was not 
determined to be an issue as variances between groups across all NSCQ 
scales were equal (p > .05; Rusticus & Rusticus and lovato, 2014). 

Independent t-tests were used to compare NSCQ scores of the 
Intervention and Control groups at pre-program to ensure there were no 
differences in self-concept prior to the intervention. As shown in Table 2, 
there were no significant differences in nurses' professional self-concept 
between groups at pre-program. 

Descriptive statistics and analysis results for nurses' professional self 
concept for the intervention and control group are presented in Table 3. 

There was a significant main effect of Time for each NScQ subscale 
and total score (all n> 0.10), with significantly higher scores post 
program than pre-program. The main effect of Group was not signifi- 
cant for any NSCQ subscale or the total score (all n = 0.00). The 
Interaction between Time and Group was not significant for the total 
NSCQ score or General, Care, Staff Relations, Communication and 
Knowledge subscales (all n 
between Time and Group was found for Leadership (n = 0.04). A simple 
effects analysis was conducted to determine the effect of Time at each 
level of Group. Leadership scores were significantly greater post- 
program than pre-program for the intervention group 

0.70), but not for the control group (p = .200. d = 0.22) 

While not significant (with the exception of Leadership) the mean 

difference on NSCQ subscales and total score between pre and post- 
program was consistently larger for the intervention group. 

4. Discussion 

The aim of this study was to explore the effectiveness of a mobile 
application, mPreceptor, on 1ONs self-appraisal of professional self 
concept, compared with standard clinical placement. Overall, IQNs 
self-appraisal of professional self-concept, including leadership and 
communication skills increased following clinical placement. This con firms that the bridging program for 1QNs seeking registrationin 
Australia (with and without the support of mPreceptor) improved 1QN's 
professional self-concept. The 1QNs in the intervention group however, 
Scored significantly higher for leadership post-program compared to 

pre-program. This significance was not noted for the control group, 
indicating that the mPreceptor program was beneficial for improving the 
leadership skills of 1QN's. While not significant, the mean difference for 
nurses' professional self-concept scores between pre and post-program 
was consistently higher for the intervention group. This trend may 
represent a real effect that warrants further investigation in future 

research. 
Previous studies have shown that IQNs share feelings of inequality 

and low self-esteem as a result of inconsistencies in workplace support 
(Alexis, 2012), which can impact on nurse-patient therapeutic re- 
lationships (Sasat et al., 2002). 1QNs generally respond positively to 
well-structured programs that improve their experience and profes sional confidence (Sasat et al., 2002). mPreceptor was specifically 
designed to support IQNs communication and leadership skills by 
providing critical reflective learning, preceptor communication and 

support, coordinator oversight and student collaboration with peers. 
While professional self-concept is affected by personal characteristics, 
working conditions, years in practice and self-esteem (Erkorkmaz et al. 
2018), the results of this study indicate that the mPreceptor program 
supported 1QNs' professional self-concept, and the development of 
strong leadership and communication skills. Further research is required 
to determine the acceptance and adoption of mobile applications to 
support the development of IQNs skills in the clinical environment. 

In an era of progressive technological advancement, mobile tech- 
nology as an education tool is becoming increasingly accepted (Car 
et al., 2019; Dunleavy et al., 2019). This is largely because it is flexible, accessible, affordable, not restricted by physical or time restraints and 
aligns witha student-centred approach to learning (Kim et al., 2017). An 
extension of the mPreceptor program offshore may support 1QNs with 
essential skills such as leadership and communication skills prior to arrival in Australia. In Australia, the increasing population age and 
prevalence of chronic conditions has led to predicted and actual short ages of nurses, which have in part been mitigated by increasing skilled 
migration nursing programs (Austzalian Institute of Health and Welfare, 
2016; ANMAC, 2016). Bridging programs have been developed to assist 
those 1QNs who have additional education or professional practice recognition needs. Acquiring the knowledge, behaviours, and attitudinal 

02). However, a significant Interaction 

001, d = 

Table 1 

Participant demographics 
Intervention (n = 104) Control (n = 48) 

Mean (SD), range Mean (SD), range 

Age 
Years of nursing experience 

Gender 

30.85 (3.83), 23-50 
5.48 (3.08), 0.25-15.00 3.98 (3.10), 0-11 
n (%) 
20 (19.2) 
83 (80.8) 

30.30 (3.69), 23-50 

n (%) 

7 (14.6) Males 
Females (85.4) 

Country 
India 6 (44.2) 22 (45.8) 

12 (25.0) Philippines 
Other 
Missing 

Highest level of formal education 

48 (46.2) 

8 (7.7) 13 (27.1) 
1 (2.1) 2 (1.9) 

Bachelor 80 (76.9) 39 (81.3) 
1 (1.0) 

23 (22.1) 
Graduate certificate -

Masters 7 (14.6) 
Graduate diploma 1 (2.1) 

Missing 1 (2.1) 

Includes students from France, Brazil, Africa, Nepal, Germany, Japan, 
Taiwan, Estonia, United Kingdom. 
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Table 3 

Descriptive statistics for each NSCQ subscale and total measure 
NSCQ scale Group n Pre-program Post-program M difference Time Group Time/group 

M (SD) M (SD) 
General Intervention 43.86 (4.24) 45.55 (2.95) 1.69 <0.001 0.680 0.834 

Control 6 44.15 (3.56) 45.70 (2.55) 
44.95 (2.78) 

Care Intervention 101 0.716 43.26 (3.71) 
43.47 (3.51) 
43.40 (3.73) 
43.44 (3.41) 

<0.001 0.867 

Control 
aff Relations 

7 44.89 (3.36) 1.42 
interventüon 45.06 (2.94) <0.001 0.654 1.66 0.804 
Control 44.78 (3.31) 

44.04 (3.52) 
I.34 Communication Intervention 0.893 41.56 (4.96) 

42.28 (4.24) 

97 2.48 <0.001 O.144 

Control 43.49 (4.11) 1.21 
Knowledge Intervention 0.539 1.70 <0.001 0.922 43.19 (3.70) 

43.38 (3.47) 
44.89 (3.20) 

Control 45 44.60 (3.35) 1.22 
Leadership Intervention 42.16 (4.25) 

41.02 (5.55) 
101 3.62 <0.001 0.904 0.022 38.54 (6.02) 

39.87 (4.99) Control 1.15 
Total Intervention 267.01 (18.13) <0.001 0.968 0.269 52 254.10 (22.36) 12.91 

Control 256.46 (20.38) 264.39 (20.3) 8.17 

approach to working in a different cultural context, and with people 
from varying cultural backgrounds, is recognised as contributing to 
more successful adjustment to different service contexts (Cerezo et al., 

2014). These circumstances point to the ongoing need for effective cross 

cultural nurse training and qualification programs both within the origin 
and destination countries of migrant nurses. Furthermore, bridging 
programs support 1QN's to understand culturally safe practice, 
mandated by the Nursing and Midwifery Board of Australia in 2018 as a 

code of conduct for Australian nurses and midwives (Nursing and 
Midwitery Board of Ausualia. 2018). Culturally safe practice is 
respectful practice that acknowledges different cultures, beliefs, iden- 
tities and experiences and ensures nurses practice in a way that takes 
these differences into account (Nursing and Midwilery Board of 

Ausuraiia, 2018). 

evidence. 

4.2. Conclusion 

Strategies hat strengthen professional self-concept have been 
demonstrated to improve the nursing performance of clinical nurses (l 
and Yang. 2015). Further research is required to investigate the appli- 
cation of interactive mobile applications, and the acceptance and 

adoption of the technology as effective education resources, to facilitate 
1QNs' skills and knowledge as they transition to the Australian health- 
care context. 

Funding sources 

Transition-to-practice models that utilise preceptorship and profes 
sional self-concept development, have been promoted as a suitable 
strategy to support 1QNs in integrating to the healthcare system of a new 
country (Asgar et al. 2019). Prototypes of the mPreceptor program 
embedded into transition-to-practice models for 1QNs, may further 
support 1QNs adjustment to the Australian nursing environment beyond 
cultural and systems adaptations. mPreceptor programs could be 
designed specifically to support 1QNs address issues experienced in a 
foreign nursing environment, including discrimination, stress and ster 
eotyping around professional and social capabilities (Brunton and Cook 
2018; Higginbottom, 2011; Mitchell et al., 2017; Walton-Roberts and 
Hennebry, 2012). Social and financial issues, including employability 
concerns, have also been highlighted as areas of stress for 1QNs, 
particularly as greater financial opportunities often underpin the deci-
sion for nurses to migrate for work (Aggar et al., 2019, Edgecombe et al. 
2013; Walton-Roberts and Henaebry, 2012). mPreceptor programs 
could provide pre-arrival or off shore support particularly around those 
complex pre-migration processes for registration as nurse in Australia 
(Chok et al. 2018, Edgecombe et al., 2013; Mitchell et al., 2017). 
Further research is required to evaluate mPreceptor prototypes designed 
for 1QNs, particularly to support 1QNs offshore prior to arrival. 
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Introduction Hypertension during pregnancy is considered as one the high risk as it is one of the cause for 
maternal and neonatal mortality and morbidity. Aims: This study is aimed to find the prevalence of gestational 
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Introduction

Hypertensive disorders during pregnancy (HDP) are 
estimated to be 7.7% which complicates the pregnancy. 
Hypertensive disorders (HD) can be classified broadly 
under following four headings namely chronic 
hypertension, gestational hypertension, preeclampsia, 
and eclampsia which are significant cause of maternal 
and perinatal mortality and morbidity.1

The pregnancy which is complicated with 
hypertensive disorder (HD) is always have increased 
risk of adverse effect on fetal, neonatal and maternal 
outcome. A study in South Africa, revealed that an 
incidence of hypertensive disorders of pregnancy was 

12%, and it was the common cause of maternal death 
contributing 20.7% of all maternal deaths.2

Few of the long term and short term impact of 
thishypertensive disorder of Pregnancy(HDP) is greater 
burden to the woman as well as on family and society. 
Definition of Gestational Hypertension says thathaving 
a blood pressure (BP) more than 140/90 mm of Hgwhich 
was measured on two separate occasions, keeping the 
gap of more than 6 hours and there is absence of protein 
in the urine and diagnosed after 20 weeks of gestation. 3

In Gestational hypertension the blood pressure is 
≥140/90 mmHg for the first time in pregnancy,without 
proteinuriaand which will return to normal after 12 weeks’ 
postpartum. The final diagnosis is made only postpartum 
(with the disappearance of signs and symptoms). Patients 
may have other signs or symptoms of pre-eclampsia like 
epigastric discomfort or thrombocytopenia.

There are few previous studies explain the risk 
factors for gestational hypertension which provides 
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some information to understand the possible causative 
mechanism and management of HDP4

However, the prevalence and outcome of Gestational 
hypertension is not well-documented in Indian literature.
Considering the above said factors, the present study was 
undertaken to determine the prevalence of gestational 
hypertension and outcome of gestational hypertension 
in tertiary care hospital of North Karnataka.

Objectives

1. To find out the prevalence of gestational 
hypertension among women admitted for delivery in 
tertiary care hospital of North Karnataka

2. To determine the pregnancy outcome among 
women with gestational hypertension admitted for 
delivery in tertiary care hospital of North Karnataka

Methodology

Study Design: Retrospective Research Design

Setting:Tertiary care hospital of North Karnataka

Participants:     All the women admitted for delivery

Variables:Independent variable: Socio 
demographic variables

  Dependent Variable: Pregnancy 
outcome

Sample size:3987 women(delivered from 1st July 
2018 to 31st June 2019)

Statistical methods: Inferential and analytical 
methods

Inclusion and Exclusion Criteria

I. Inclusion criteria:

1. Women who are diagnosed as gestational 
hypertension

2. Admitted in labour room for delivery.

II. Exclusion criteria:        

1. Women who doesn’t gave consent to participate 
in the study 

2. Women who were not on the bed/place at the 
time of data collection.

Assumption: The researcher assume that,

1. Prevalence of Gestational hypertension is less 

2. Outcome of gestational hypertension is good 
in comparison with other hypertensive disorders of 
pregnancy

Results

The findings obtained were presented in the form of 
tables and diagrams represent under following sections.

Description of Socio Demographic Variables of 
women admitted for delivery in tertiary care hospital of 
North Karnataka with gestational hypertension 

The description of socio demographic variables 
of the present study is as follows. With regard to age 
maximum samples were 167 (45.6%) from the age 
group of 23 to 27 years. Regarding religion 322 (88%) 
were Hindu’s. With regard to education level of the 
participant 156 (42.7%) were completed their PUC. 
About the occupation maximum were 334 (91.3%) 
Housewives. Regarding type of marries 41 (11.2%) had 
Consanguineous marriage. 147 (40.2%) participants 
were residing at rural area. With regard to parity, 
maximum 197 (53.8%) were primiparous women.

Prevalence of gestational hypertension among 
women admitted for delivery in tertiary care hospital 
of North Karnataka

The total no of deliveries from 1st July 2018 to 
1st June 2019 (12 months) was 3987. Among these 
366 women were having gestational hypertension 
contributing prevalence of 9.1%.
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Table I: Distribution according to maternal outcome  (n=366)

Sl. No Maternal Outcome No of Samples Percentage (%)

1 Gestational Age at Delivery

a. >28 Weeks      9 2.5

b. 29 to 33 wks 22 6.0

c. 34 to 38 wks 194 53.00

d. < 39wks 141 38.5

2 Mode of Delivery

a. Normal vaginal 146 39.9

b. Forceps 5 1.3

c. Ventose 23 6.3

d. C-Section 192 52.5

3 Labour Started

a. Spontaneous    80 43.7

b. Induced 103 56.3

4 Indication for LSCS

a. Maternal 141 64

b. Fetal 66 30

c. Other 13 6

5 Blood loss after vaginal delivery

a. >300 ml           156 89.7

b. 301 to 500ml 12 6.9

c. <500ml 6 3.4

6 Blood loss after C Section

a. >800 ml           187 97.4

b. 801 to 1000ml 4 2.1

c. <1000ml 1 0.5
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Table 1 shows the distribution of gestational age at 
delivery.  Among all 2.5% of the women delivered at 
>28 weeks,  6% delivered at 29 to 33 weeks, maximum 
53% delivered at 34 to 38 weeks and 38.5% delivered 
at < 39wks. With regard to mode of delivery maximum 
of samples (52.5%) were delivered by C-section, 6.3% 
by ventose, 1.3% by forceps and 39.9% delivered 
normally. Out of 183 women 56.3%   women were 
induced and 43.7%women had spontaneous onset of 
labour regarding indication for C section 64% were with 

maternal indication, 30% because of fetal indication and 
6% was other indication for C Section.

With regard to blood loss after vagina delivery 
89.7% had less than 300 ml of blood loss, 6.9% had 301 to 
500ml and 3.4% had the blood loss of more than 500ml. 
Regarding the blood loss after C Section maximum of 
97.4% had the blood loss of less than 800ml, 2.1% had 
801 to 1000ml of blood loss and 0.5% had more than 
1000ml of blood loss.

Table II: Distribution according to new-born outcome 

(n=366)

Sl. No New-born Outcome No of Samples Percentage (%)

1 Outcome of pregnancy

a. Singleton 356 97.3

b. Twin 10 2.7

2 Neonatal outcome

a. Alive 366 100

b. Dead 0 0

3 Gender of the newborn

a. Male 190 51.9

b. Female 176 48.1

4 Birth weight

a. Very Small (<1000g)   5 1.4

b. Small (1000-1499g) 14 3.8

c. Small to Normal (1500-2499g)       101 27.6

d. Normal ( >2500g) 246 67.2

5 NICU Admission

a. Yes 75 20.5

b. No 291 79.5
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Table 2 shows the newborn outcome of women 
gestational hypertension. Regarding the pregnancy 
outcome, 97.3% were singleton and 2.7% were twin 
pregnancy.  Regarding the outcome of pregnancy 100% 
babies were alive. About the gender of newborn 51.9% 
were male sans 48.1% were females.About the birth 

weight of the newborn 67.2% were born with Normal 
(>2500g) weight, 27.6% were Small to Normal (1500-
2499g) weight, 3.8% were Small (1000-1499g) weight 
and 1.4% were Very Small (<1000g) of weight. About 
the NICU admission 20.5% newborn required NICU 
admission and 79.5% were not. 

Table III: Distribution according to the reason for NICU admission, 

                                                                                                                                      (n=75)

Sl. No Newborn Outcome No of Samples Percentage (%)

1 Reason for NICU Admission

a. Prematurity/lbw      54 72

b. Asphyxia 8 10.7

c. Congenital Anomaly    4 5.3

d. Others 9 12

Table 3reveals that reason for NICU admission among the newborn delivered to the women admitted for delivery 
in tertiary care hospital of North Karnataka with gestational hypertension. 72% of the newborn were premature, 
10.7% newborn were asphyxiated, 5.3% babies has congenital anomalies and 12 % of newborn seek NICU admission 
because of other problems.

Table IV: Distribution according to the reason for death ofnewborn

(n=16)

Sl. No Newborn Outcome No of Samples Percentage (%)

7 Reason for Death

a. Asphyxia       3 18.7

b. Preterm 7 43.7

c. Respiratory Arrest 3 18.8

d. Other  3 18.8

Table 4 reveals the distribution of reason for death 
of newborn babies born to the women with gestational 
hypertension admitted for delivery in tertiary care 
hospital of North Karnataka. Maximum 43.7% were 
died due to preterm, 18.7% were died due to asphyxia, 

18.8% due to respiratory arrest and 18.8$ died due to 
other problems

Out of all total 220 women underwent Caesarean 
sectionwhich had various indications for Caesarean 
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section among thewomen with gestational hypertension 
admitted for delivery in tertiary care hospital of North 
Karnataka. Among all 22.3% were had the previous 
history of LSCS as indication,  5.9% prolonged labour, 
5.5% uncontrolled blood pressure, 9.1% failed induction 
and 9.1% poor maternal effort, 4.1% CPD, 5% non 
progress of labour, 3.4% 2nd stage labour, 5.9% other 
maternal indications, 1.8% mater had C section due to 
cardiac disease.

About the fetal indication 9.5% fetal distress, 2.3% 
breech presentation, 11.8% decreased fetal movements, 
2,3% twin delivery and 4.1% meconium stained liquor.

Discussion

The study was conducted over period of 1 year 
from 1stJuly 2018 to 31stJune 2019, 3987women were 
admitted for delivery. In the present study the prevalence 
of Gestational hypertension was 9.1%.  A study 
conducted by Sachdevaet al.7 in Gujarat, revealed that 
an incidence of pregnancy- induced hypertension (PIH) 
is about 15% among the women with rural background. 
Being from rural background and visiting the health care 
facility when the problem arise’smay be the reason for 
the variation in the prevalence rate.

The results of various hospital based studies showed 
that Hypertensive disorders of pregnancy were reported 
to be 7.49,815.5,9 5.38,10 and 8.96%11 respectively.The 
reason for the variation in the result may be the sample 
size and inclusion criteria which the researcher followed.

In the present study, prevalence of gestational 
hypertension was found in the age group 23 to 27 
years was significantly higher (45.6%) as compared to 
age group 33 and above (9%). The results of the study 
conducted by Bharatiet al12 from Hariyana was found 
contradict with present study.Study done by Sachdevaet 
al7 findings were congruent with our findings of being 
higher incidence of PIH among literate samples. 
Maternal outcome of present study show that maximum 
53% delivered at 34 to 38 weeks, maximum of samples 
(52.5%) were delivered by C-section, in 56.3% women 
labour was induced.  With regard to indication for C 
section 64% were with maternal indication.Newborn 
outcome of present study shows that97.3% were 
singleton, 51.9% were male, 67.2% were born with 
Normal (>2500g) weight, about the NICU admission 

20.5% newborn required NICU admission.

Limitations of the Study 

•	 The study was limited to cross-sectional design. 
The participants were not followed up. 

•	 Second limitation of the study is classification 
of the hypertension in the pregnancy into chronic, 
gestational, pre-eclampsia, eclampsia, or chronic with 
superimposed preeclampsia.

Conclusion

Present study shows that out of 3987 deliveries 
366 women were having gestational hypertension 
contributing prevalence of 9.8%. Appropriate knowledge 
of risk factors for gestational hypertension in pregnancy 
will help in tracking the cases thus preventive measures 
can be administered. Considering this a sound screening 
strategy to find out Gestational Hypertension cases and 
develop comprehensive strategy for management of 
hypertension in pregnancy as well as maternal and child 
complications.

Source of Funding- Self   founded.

Conflict of Interest - Nil

References
1. Stephanie Braunthal and Andrei Brateanu 

Hypertension in pregnancy:  Pathophysiology 
and treatment, SAGE Open Medicine Volume 
7: 1 –15, 2019, pg no 1-15,    tps://doi.
org/10.1177/2050312119843700

2. TesfayeAberaGudeta, TilahunMekonnenRegassa. 
Pregnancy Induced Hypertension and Its Associated 
Factors among Women Attending Delivery Service 
at Mizan-Tepi University Teaching Hospital, Tepi 
and Gebretsadikshawo Hospitals, Southwest, 
Ethiopia. Ethiop J Health Sci. 2018; 29 (1):831. 
doi:http://dx.doi.org/10.4314/ejhs.v29i1.4

3. Lo, JO; Mission, JF; Caughey, AB (April 2013). 
“Hypertensive disease of pregnancy and maternal 
mortality”. Current Opinion in Obstetrics and 
Gynecology. 25 (2): 124- 32. doi:10.1097/
gco.0b013e32835e0ef5

4. Shen M, Smith GN, Rodger M, White RR, Walker 
MC, Wen SW (2017) Comparison of risk factors 
and outcomes of gestational hypertension and pre-



 Indian Journal of Forensic Medicine & Toxicology, July-September 2021, Vol. 15, No. 3      2739

eclampsia. PLoS ONE 12(4): e0175914. https://
doi.org/10.1371/journal.pone.0175914

5. Yang et al. Maternal pregnancy-induced 
hypertension increases subsequent neonatal 
necrotizing enterocolitis risk A nationwide 
population-based retrospective cohort study 
in TaiwanMedicine (2018) 97:31http://dx.doi.
org/10.1097/MD.0000000000011739

6. Xiong et alImpact of pregnancy-induced 
hypertension on fetal growth; American  Journal of 
Obstetrics and Gynecology; Volume 180, Number 
1, Part 1; pg no 207-213

7. Sachdeva PD, Patel BG, Bhatt MV. A study of 
incidence and management of pregnancy induced 
hypertension in central Gujarat, India. Int J Univ 
Pharm Life Sci 2011;1:61-70.

8. Nadkarni J, Bahl J, Parekh P. Perinatal outcome in 
pregnancy associated hypertension. Indian Pediatr 
2001;38:174-8. 

9. Mohan BS. Pregnancy induced hypertension and 
prior trophoblastic exposure. J ObstetGynecolInd 
2004;54:568-70. 

10. Prakash J, Pandey LK, Singh AK, Kar B. 
Hypertension in pregnancy: Hospital based study. 
J Assoc Physicians India 2006;54:273-8. 

11. Bangal VB, Giri PA, Mahajan AS. Maternal and 
foetal outcome in pregnancy induced hypertension: 
A study from rural tertiary care teaching hospital in 
India. Int J Biomed Res 2011;2:595-9.

12. Bharti, et al.: Hypertension in pregnancy: 
A community-based studyIndian Journal of 
Community Medicine/Vol 40/Issue 4/October 
2015, 273-278



Review

Psychrophiles: A journey of hope

SHIVANI TENDULKAR
1, AISHWARYA HATTIHOLI

1, MAHESH CHAVADAR
2 and

SUNEEL DODAMANI
1*

1Dr. Prabhakar Kore Basic Science Research Center, KLE Academy of Higher Education and
Research, Belagavi 590 010, India

2National Centre for Microbial Resource (NCMR), National Centre for Cell Science (NCCS),
Pashan, Pune 411 021, India

*Corresponding author (Email, suneelddmn18@gmail.com)

MS received 2 November 2020; accepted 8 May 2021

Psychrophiles are organisms living in extremely cold conditions within the temperature range of -20�C to
? 10�C. These organisms survive in harsh environment by modulating their genetic make-up to thrive in
extremely cold conditions. These cold-adaptations are closely associated with changes in the life forms, gene
expression, and proteins, enzymes, lipids, etc. This review gives a brief description of the life and genetic
adaptations of psychrophiles for their survival in extreme conditions as well as the bioactive compounds that
are potential antimicrobials.
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1. Introduction

A few organisms can grow in drastic conditions such as
the high temperature of volcanic springs, polar regions
at lower temperatures, high and low pH levels, high or
low concentrations of salts, and deep sea at high
pressures. These have three groups: psychrophiles,
mesophiles, and thermophiles, depending on their
growing conditions. Psychrophiles mostly occupy lar-
ger space in the ecosystem, especially marine psy-
chrophiles cover* 70% of the oceans below the depth
of 1000 m at the temperature of 4–5�C (Kumar et al.
2014). Psychrophiles are also present in -10�C at the
Arctic permafrost, porous dry rocks in Antarctic val-
leys at -60�C, and glacier surfaces of cryoconite holes
(Cameron et al. 2012) (figure 1).
When it comes to organisms existing in snow or

icebergs, for example, Chlamydomonas nivalis,
Raphidonema nivale, and Chloromonas nival produce
carotenoids and astaxanthin add coloration to the snow
and hence it is called ‘red snow’ (Remias et al. 2005).
Another example is the Janthinobacterium, found in the

supraglacial water has been reported to have a defense
mechanism against viral genomes. This bacterium
enters into the dominant phase and the outer membrane
forms vesicles. These vesicles recognize the viral host
and inject the virus into itself and block the replication
(Rassner 2017). The psychropiezophilic bacterium
such as Shewanella, Photobacterium, Colwellia, Mor-
itella, Psychromonas, Alphaproteobacteria, and Fir-
micutes sp. are found in deep-sea beds. These species
do not include PUFAs, like EPA and DHA, but contain
unsaturated fatty acids for their growth in higher tem-
peratures (Nogi 2017). Li and Kato have reported
Antarcticum vesiculatum, Cytophaga fermentans,
Cytophaga diffluens, Coxiella bumetii, Eubacterium
angustum, Haliscomenobacter hydrossis, Microcilla
aggregans, and Psychroserpens burtonensis found in
the deep-sea sediments and sequenced for small-sub-
unit ribosomal RNA genes (Li and Kato 1999).
Psychrophilic microorganism has two important

physical challenges: low thermal energy and high vis-
cosity. The main objectives of adaptations are com-
pletely depending on the production of proteins. The
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proteins control entry of nutrients, waste product out-
flow, maintain stability between products and substrate,
folding of nucleic acids, and assemblies of macro-
molecules (Amico et al. 2006). These organisms are
predominantly represented in domains such as algae,
archaea, bacteria, yeast, and few eukaryotes. Psy-
chrophiles are also present underneath the icepacks of
polar fish. These characteristics represent that psy-
chrophiles are most abundant in relationships with
distribution and diversity (Feller 2013).

2. Lifestyle and adaptations

Psychrophiles can adapt to harsh environmental condi-
tions (sub-zero temperature) such as inArctic permafrost
at -10�C and in salty cryopegs polar ice crystals at
-20�C. These organisms are exposed to various chal-
lenges in cold habitats and develop adaptation strategies
to survive in the environment. Planococcus halocryo-
philus a bacterium was reported to sustain at-25�C and
cause division at-15�C before quiescence. In Antarctic
basins, fungi and crypto endolytic communities are
found which is underneath -2�C (Cavicchioli et al.
2011; Feller 2017).

The cell envelope provides the functions such as
shape, protection, support, and regulation of movement
in and out of the cells. During lower temperatures, few
functions are compromised such as reducing the flu-
idity of the membrane, permeability, and diffusion rate.
Also, weaken the function of embedded proteins and
upsurge turgor pressure. The cell membrane provides
mechanical support to the cell and monitors the mole-
cules that transport inside and outside the cells. But
during cold-adaptations, there is overexpression of
encoding genes of different proteins that are included
in the biogenesis and fatty acid synthesis and desatu-
ration. An increase in these proteins may degrade the
membrane molecules entering the cell membrane. In
few cases, proteins present in the lipid layer lessen the
diffusion rate and upregulation of protein transport
(Collins and Margesin 2019). At lower temperatures,
long-chain polyunsaturated fatty acids (LCPFAs) such
as eicosapentaenoic, arachidonic, and docosahexaenoic
are produced at greater rates (Okuyama et al. 2008).
LUPFAs protect the cell membrane against reactive
oxygen species (ROS) as anti-oxidative functions. The
LUPFAs form hydrophobic boundaries between lipid
bilayers preventing ROS and the intake of H2O2 into
cells act. Hence, LUPFAs act as shield from the

Figure 1. Representation of extremophiles and their approximate location. Reprinted with permission from Copyright �
Merino et al. (2019).
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oxidative stress at lower temperature (Yoshida et al.
2016).
Pigments and carotenoids (pigmented hydrocarbon)

maintain the fluidity of the cell membrane in
microorganisms. At low temperatures, there is aug-
mented membrane rigidity in polar carotenoids that
lead to better survival of the microorganisms. These
pigments play a significant role such as photoprotection
(protecting against UV radiations and high light at
lower temperatures), as light harvesters (photosynthetic
microorganisms), and as antimicrobials. These findings
can suggest that pigment levels and functions may have
a conflicting mechanism in few microorganisms (Pan-
dey et al. 2018). The pigments have various health
benefits such as maintaining and developing the
immune system, anti-microbial agent, anti-oxidants,
protecting the in-eye tissues, act as a food emulsifying
agent, used in skincare products, and so on. Also,
Flexibacter and Sporocytophaga produce the violet
pigment that is used to examine drinking water sam-
ples. Vogesella indigofera is used to analyze chromium
contamination at various locations. The pigment
Astaxanthin obtained from Agrobacterium auranticum,
Paracoccus carotinifaciens, Mycobacterium lacticola
is used as a colorant in food. Also, Astaxanthin pro-
duced from Xanthophyllomyces dendrorhous is used as
a food supplement for salmon, crabs, and shrimps.
Bradyrhizobium sp., Halobacterium sp., Cantharellus
cinnabarinus, and Mycobacterium brevicale are used
in the pigment canthaxanthin in poultry and fish feeds
(Kirti et al. 2014).
In addition to the cell wall adaptation, the microor-

ganisms undergo an increase in biosynthesis of pepti-
doglycan that in turn thickened the peptidoglycan layer
to sustain to low temperature. For example,
Planococcus halocryophilus possesses thickened outer
cell wall by a distinctive mechanism composed of
calcium carbonate, choline, and peptidoglycan
(Mykytczuk et al. 2013). Few bacteria also contain
lipopolysaccharide (LPS) structure in the outer layer of
the cell to acclimatize to the cold environment. LPS
component A contains short-chain unsaturated fatty
acids upsurge fluidity in cold environments. In recent
transcriptome findings, higher levels of glycosyltrans-
ferases and outer layer proteins were observed in cer-
tain organisms (Casillo et al. 2016). One example is the
mutation in the glycosyltransferase gene (wapH) of
LPS causes impaired growth at low temperatures in an
Antarctic bacterium (Benforte et al. 2018).
Another characteristic is the anti-freeze proteins

(AFP) present in the microorganism interact with the
ice thereby preventing recrystallization and inhibition

of ice growth in the cells. One of the major AFP dis-
covered from Marinomonas primoryensis, found in the
Antarctic, contains 1.5 MDa ice adhesion AFP. It has
been reported that Antarctic algae and glacier ice
bacteria safeguard the cell vicinity, protect the cell
membrane and structural integrity, and stabilize the
brine pockets (figure 2). At lower temperatures, several
organisms help to enhance oxygen and nutrients uptake
and help to position the cell on the ice surface (Voets
2017). On the other hand, fall the ice-nucleating pro-
teins (INPs) that accelerate the formation of ice. INPs
are less destructive to the cell membrane when present
in minute crystals and provide crystallization quicker.
These INPs frigidity damage the plants and facilitate
access to nutrients (Pummer et al. 2015). Numerous
INPs are currently used in the manufacturing of artifi-
cial snow, which is cost-effective and encloses other
commercial applications (figure 3).
In consideration of the molecular adaptations,

microorganisms at lower temperatures have advanced
capacity to undergo translation and post-translation
modifications. Many genomes and metagenomes of
psychrophiles are a source of large features such as
conserving plasticity of the genome concerning trans-
posable or mobile genetic materials. The mobile
genetic material transport genes form the biosynthesis
of unsaturated fatty acids in cold-adaptive microor-
ganisms. Few of these organisms may also experience
horizontal gene transfer to familiarize themselves with
lower temperatures (De Maayer et al. 2014). Zhao and
colleagues have shown Shewanella strains have been
confirmed to have genetic exchange with coding
sequence in S. halifaxensis and S. sediminis. These
organisms have greater homology with P. profundum
SS9 and C. psychrerythraea that play a vital role in
adapting to lower temperatures (Zhao et al. 2010).
Considering the gene expressions, there is an increase
in the amount of secondary structure of DNA/RNA
while protein-folding kinetics decelerates. In Meso-
philes and Psychrophiles, there is down-regulation of
various genes to respond to cold-shock. Piette and
colleagues reported that Pseudoalteromonas halo-
planktis showed no synthesis of cold-shock protein
from a temperature shift from 18 to 4�C. But, P.
haloplanktis can survive up to -20�C in the Antarctic
drift (Piette et al. 2012).
At lower temperatures, ROS production and the

associated gas solubility is greater, which is commonly
linked with cellular damage. Along with ROS, lower
temperature promotes activities like solubility of
nutrients, diffusion reduction, osmotic stress expan-
sion, and formation and desiccation of ice. Due to the
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increase in ROS, there is a high production of catalases
and superoxide dismutases that are considered to turn
down ROS assembly. Considering the above, there is
an accumulation of osmotic solvents, up-regulation of
AFPs and INPs, the stability of cell wall and mem-
brane, increased in peptidoglycan biosynthesis and post
and translation modification along with changes in
encoding proteins, nucleotide, and amino acids.
Methanococcoides burtonii, Psychrobacter arcticus,

and Photobacterium profundum proved the above
concept in the transcriptomic analysis (Campanaro
et al. 2011). Similarly, Listeria monocytogenes and
Shewanella livingstonensis found in Antarctic water,
produce more than 30 proteins at 4�C and 18�C to
maintain cell membrane, motility and increase energy
metabolism (glycolysis and acetate kinase A-phos-
photransacetylase pathway). On the other hand, P.
haloplanktis showed reduced activity of ROS at low
temperature (Cacace et al. 2010; Kawamoto et al.
2007; Piette et al. 2012) (figure 4).

3. Physiological adaptations and biodiversity
of psychrophiles

Psychrophiles have a mucous-like protective layer
called named as exopolymers that allow them to sustain
in extreme temperatures. This mucous helps in main-
taining the inner temperature of the microorganisms
and prevents freezing or ice formation. In undeniable
cases, microbial life at low temperatures is restricted to
unfrozen water inside the solid ice cover and brine
channels. These organisms contain an ample amount of
salts, exopolymers and the temperature system is
maintained by fluid flow (Genilloud 2018).
The capability of psychrophiles to survive and

reproduce at freezing temperatures implies that these
organisms have overcome limited and extreme condi-
tions of environments. These perplexing conditions

Figure 2. Picture showing Arctic Sea ice of (A) ice algae clusterin ice brine pocket (Chukchi sea ice; with an epifluorescent
image of the same cluster—note the brightly red chloroplasts) (B) brine pockets stained with green fluorescing polymer stain
CTC (K. Junge). CTC, 5-cyano-2,3-ditolyl-tetrazolium chloride. Reprinted with permission from Karen Junge, Karen
Cameron, and Brook Nunn Microbial Diversity in the Genomic Era. DOI: https://doi.org/10.1016/B978-0-12-814849-5.
00012-5. Copyright � 2019 Elsevier.

Figure 3. Representation of psychrophilic proteins and
enzymes that help to modify the according to the demands of
the environment.
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included instability of enzyme system, reduced mem-
brane fluidity, and decreased physiological activities
such as transcription, translation, cell division, protein
activity, and its slowdowns cellular growth. The
organism that is adapted to the environment of subzero
temperature possesses evolved genotypic and pheno-
typic characteristics, which support its growth in
extreme conditions. These extremophiles (Psy-
chrophiles) have occupied a permanent space in cold
environments from deep sea, arctic, Himalayan
mountain to polar regions and hence called by the
name psychrotolerant or psychrotroph (Morita 1975).
The environments at subzero temperatures have the

various growing condition and hence aerobic and
anaerobic bacteria are found at these temperatures. Other
factors such as osmotic and hydrostatic pressure, solar,
earth and cosmic radiation, oxidative stress, and nutrient
availability also strongly affect living conditions. Con-
sequently, adaptation to cold is often combined with
acclimatization with various survival factors. Despite all
of these challenges, life thrives in these environments
with remarkable microbial biodiversity of main bacteria,
fungi (in particular yeasts), and microalgae. Among the
bacteria that have been reported, the most common
microorganisms are the Gram-negative a-, b- and c-
proteobacteria (Pseudomonas spp. and Vibrio spp.) and
the Cytophaga–Flavobacterium–Bacteroides phylum
and diversity of Archaea, although, in some areas such

as deep-sea waters, these are found in equivalent num-
bers, with Methanogenium and Methanococcus being
the most cited genera. Among identified cyanobacteria,
Oscillatoria, Phormidium, and Nostoc commune are
dominant in most of the Antarctic habitats (Deo Pandey
et al. 2004). Psychrophilic yeasts, particularly Crypto-
coccus spp., have been isolated repeatedly from soil
samples and some researchers have described these
organisms as the most important life form in Antarctic
desert soils (Vishniac and Klinger 1986). Refer to
Krembs et al. (2002) for a detailed description of the
types of communities associated with specific cold
environments.

4. Genomic and proteomic studies

4.1 Genetic modulations of psychrophiles
for stress-response

The genes encoding for cold-adaptation and survival in
stressful conditions dominate the genome of psy-
chrophiles. The ‘omics’ explains various strategies and
the responsible genes for stress-response, which
include psychrophiles from extreme cold marine
niches. Recently, Jin-Cheng Rong and the team
sequenced the whole genome of CGMCC 1.6503T

strain of Paenisporosarcina antarctica, a marine

Figure 4. Most observed adaptations in psychrophiles.
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psychrophilic bacterial species from Antarctica. The
study revealed the presence of a set of cold-adaptation
genes that help the survival of the bacteria in the cold
environment (Rong et al. 2020). The genomic analysis
of Halobacterium from Antarctica’s Deep Lake shows
genes encoding for bacteriorhodopsin, polyhydrox-
yalkanoate biosynthesis, gas vesicles, etc. which help
in cold-adaptation (De Maayer et al. 2014). Genomic
studies show a high content of GC regions in the
psychrophiles, mainly comprising of genes coding for
abundant amino acids and chaperonins. This data
shows the occurrence of heavy translation and post-
translation modifications, largely associated with traits
required for cold-adaptation (De Maayer et al. 2014).
The sigma factor that is elemental in transcription ini-
tiation also takes part in stress-response (Liu et al.
2019). Methanococcoides burtonii, like other psy-
chrophiles, has shown an increase in fatty acids content
of the cell membrane modulates cellular process, tRNA
modification, and increases ribosomal proteins and
fluidity. The differentially expressed proteins assigned
to Cluster Orthologous groups are involved in cellular
functions like translation, protein turnover, chaperones,
energy production and conversion, carbohydrate
transport and metabolism, etc. (Yusof et al. 2019).

TheGC content of tRNAs and rRNAs is believed to be
positively dependent on the optimum growth tempera-
ture of psychrophiles but is not true for the GC content of
the genomic DNA. This supports the suggestion that
rRNAand tRNAcorrelate to each other than the genomic
DNA. The DNA is also believed to be intrinsically
stable, as it does not denature at higher temperatures,
which in turn seems to be due to the increased GC con-
tent. This being said, the tRNAs of psychrophiles are
stable at lower temperatures and destabilize at higher
temperatures, when checked with the folding energy
minimization values. The adaptive changes of tRNA
folding may be responsible for their stability at specific
temperatures (Dutta and Chaudhuri 2010) (figure 5).
Comparative sequence analysis of psychrophilic

algae with a mesophile shows that they modulate their
physiological systems and metabolism depending on
their surrounding environment and the nutrition avail-
able around them (Cook et al. 2019). The fact that
psychrophiles are better equipped with oxidative stress
countering genes is well understood in this study that
compares such genes in the genomes of psychrophilic
methanogens and the non-psychrophilic methanogens
and is upregulated at lower temperatures (Chen et al.
2015).

Figure 5. Distribution of tRNAs among the psychrophiles, mesophiles, and thermophiles (a) all tRNAs, and (b) individual
tRNAs. Reprinted with permission from Avirup Dutta and Keya Chaudhuri. Copyright � 2010. Federation of European
Microbiological Societies FEMS Microbiol. Lett. 305 (2010). Published by Blackwell Publishing Ltd. All rights reserved.
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5. Cold-adaptations

The genes related to cold-adaptations, such as EPS,
putative anti-freeze proteins, and PUFA biosynthesis
gens are responsible for cold-adaptations in psy-
chrophiles (Vollmers et al. 2013). The cold-adapta-
tions further explained by Collins et al. (2010) had
depicted that there is more amount of extracellular
DNA in winter and hence cells are compactly
arranged and in very closely or tightly arranged each
other with the high amount of extracellular DNA
(Collins et al. 2010). The particulars of this envi-
ronment, where cells are concentrated and in close
proximity with each other along with high concen-
trations of eDNA, viruses, and other organisms and a
host of chemicals likely favors the frequency of HGT
processes and therefore the exchange of traits that
could enhance function in it. The organism like
Marinomonas primoryensis Ca2?-dependent and
hyperactive (Gilbert et al. 2005) and rhizobacterium
Pseudomonas putida GR12-2 shows both antifreeze
and ice-nucleating activities. The high level of
exopolysaccharides (EPS) in bacteria has been found
in subzero temperature areas of Antarctic and Arctic
sea ice. The main role of EPS is the retention of
water, protect against cold-shock, act as cryoprotec-
tants (Nichols et al. 2005; Krembs et al. 2002)
(table 1).

5.1 Cold-shock and oxidative stress

Modification of DNA also plays a role in cold-adap-
tation and stress-response. The differential DNA
methylation did in a psychrotolerant psychrophile,
Naganishia yeast induced changes in the elongation
factor G and chitin synthase export chaperon associated
genes and are said to be a cold-shock response
(Turchetti et al. 2020). To cope with the oxidative
stress produced in response to the increased heat and
respiration in cold conditions, there is an increased
biosynthesis of PutA, the proline utilization protein,
and KatG, the catalase-peroxidase; which eventually
induce increased production of H2O2 that will activate
proteins against reactive oxygen species (ROS)
(Gregson et al. 2020). Genes like vicK and vicR are
believed to be responsible for coping with environ-
mental pressure; resE and resD for oxygen stress;
nreABC and narGHIJ operon genes for respiration;
envZ and ompR for osmotic upshift and operon genes
osmXY and osmVW for osmotic stress (Rong et al.
2020).

Some of the genes responsible for ROS response
under oxidative stress are sodA (encoding for
superoxide dismutase), peroxiredoxin bcp (encod-
ing for thiol peroxidases), trxA (encoding for thiol-
disulfide isomerase and thioredoxins), osmC/ohr
(encoding for organic hydroperoxide reductase),
trxB (encoding for thioredoxin reductase), katE and
katG (encoding for catalase), etc. These genes are
present in multiple copies in psychrophiles which
contribute to their survival in cold as well as when
exposed to high UV radiation (De Maayer et al.
2014).

5.2 Genes are acquired as an evolutionary
adaptation

The genes pertaining to cold-adaptation in the CGMCC
1.6503T strain of Paenisporosarcina antarctica were
found to be encoded by chromosomes rather than the
plasmids, indicating these are not inherited and instead
could be evolutionary strategies (Rong et al. 2020).
Plasmids exhibit the genetic diversity of the microor-
ganisms while increasing their genome’s plasticity
(Dziewit and Bartosik 2014). A study mentions the use
of horizontal gene transfer for such acquired genes.
This is seen in the case of the aerobic bacteria, Oleis-
pira antarctica RB-8 as evidenced by the genes for
alkane monooxygenase, located in the transposase-rich
region. The study involving a phage-host relation of a
psychrophile, indicates gene transfer to be mediated by
the phage; while some evidence of plasmid-mediated

Table 1. Antifreeze proteins and cryoprotectants

Protein/metabolite Physiological role References

Antifreeze proteins Bind to ice crystals and
create thermal
hysteresis

Jia and
Davies
(2002)

Trehalose The colligative effect
helps in preventing
protein denaturation
and aggregation

Phadtare
(2004)

Exopolysaccharides Promote physico-
chemical environment
of bacterial cells, cell
adhesion to surfaces,
retention of water,
sequestration, and
concentration of
nutrients, retain and
protect extracellular
enzymes against cold
denaturation

Mancuso
Nichols
et al.
(2005)
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transfer was also found (Gregson et al. 2020). The
phages in psychrophiles also carry the psychrophilic
characteristics, for instance, the proteins DNA adenine
methylase, transglycosylase SLT domain protein-1 and
RNase HI, as seen in a study involving Colwellia
psychrerythraea. Furthermore, psychrophilic ORFs
have been found in phage-specific gene regions and
BLASTN analysis suggests lateral gene transfer of
ribonucleotide reductase genes between the phage and
psychrophile genomes and are located close to each
other (Colangelo-Lillis and Deming 2013). A similar
recently reported NGS (next-generation sequencing)
study in Marinomonas strain from an Antarctic psy-
chrophilic ciliate shows acquisition of certain genomic
islands through horizontal gene transfer (John, et al.
2020a, b). In a comparative study of psychrophiles, it
was found that the horizontal gene transfer takes place
through conjugative plasmids or mobilizable replicons
engaging in the conjugal transfer. These plasmids may
also be responsible for the host metabolism and func-
tioning and encode for proteins responsible for energy
production (Dziewit and Bartosik 2014).
As we are talking about the involvement of phages

and NGS studies, NGS has also proven to be a diag-
nostic tool, as explained by Maria et al. (2016) to
diagnose a meningitis patient. The infection caused by
Psychrobacter sp. was checked with metagenomic
analysis using next-generation sequencing in the
patient’s CSF. This study gives a lot of insight into the
virulence of the species, which interestingly shared
some characteristics with pathogenic bacteria having
antimicrobial resistance. These resistant genes express
ATP-binding permease, macrolide-specific ABC-type
efflux related proteins, a peripheral membrane protein
of the fusion protein family, and Zn-dependent metallo-
b-lactamase. The ABC transporter ATPase gene might
be responsible for the heme-iron uptake. The OmpA
gene for outer membrane proteins found here is
believed to take part in the invasion of the brain
microvascular endothelial cells and could be crucial in
the pathogenesis. The type 4 pilin proteins encoding
genes could be involved in DNA uptake, surface
adhesion, motility, and aggregation; which would also
cause pathogenesis (Marı́a et al. 2016).

5.3 Cell structure adaptations

Cell membranes in psychrophiles are modified to adapt
to cold conditions, as some of the ‘omics’ studies show
increased biosynthesis of the membrane components
(De Maayer et al. 2014). Studies have shown the

presence of a couple of genes involved in the unsatu-
rated fatty acid synthesis and the maintenance of cell
membrane fluidity. For instance, the histidine kinase
sensor gene, desK, and a response regulator gene, desR
are believed to be important to help the bacteria thrive in
cold stress conditions. These genes could be responsible
for maintaining membrane fluidity and activation of the
phospholipid desaturase in the membrane (Rong et al.
2020). Other studies show increased production of lipo-
polysaccharides, peptidoglycans, and glycosyltrans-
ferases in the psychrophile membranes (De Maayer
et al. 2014). NGS studies and transcriptomic data of a
psychrophilic copepod, Tigriopus kingsejongensis
showed two stearoyl-CoA desaturase genes TkSCD-1
and TkSCD-2 which are responsible for fatty acid
biosynthesis, which is believed to be produced for cold-
adaptation of the organism. The conserved histidine-
rich motifs provide sites for ferric iron-binding. These
desaturases play an important role in the conversion of
saturated fatty acids into monounsaturated fatty acids
that are responsible for membrane fluidity and biosyn-
thesis, for survival in cold stress environments (Jung
et al. 2016). The movement of the bacteria in such a
highly viscous environment is powered by the flagellar
protein FLiL, which is produced by the transcriptional
regulator FleQ. This structural integrity of the flagella is
enhanced by an alteration in the ratio of flagellin sub-
units such as an increase in FlaB protein levels (Greg-
son et al. 2020). Although such structural changes are
reported to take place, some studies show that the genes
for flagella and iron uptake receptors are generally
down-regulated at cold temperatures (De Maayer et al.
2014).

6. Enzymes and proteins play a crucial role
in cold-adaptation and stress-response

The transcriptomic analysis shows the presence of
superoxide reductase, 3-Cys thioredoxin peroxidase,
and other proteins like anti-oxidation stress proteins
and electron-transfer enzymes at lower temperatures
(Chen et al. 2015). Marine psychrophiles produce
certain cold-active enzymes like extracellular
aminopeptidase ColAP, which are believed to con-
tribute to structural stability and fluidity at cold tem-
peratures (Huston et al. 2004). It is interesting to note
that some of these enzymes like the isoaspartyl
dipeptidases extracted from the psychrophiles are
thermostable, which is attributed to their octameric
structures (Park et al. 2017). As for the response to
the cold-shock, certain genes are down-regulated or
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differentially expressed. For instance, antioxidant
enzymes like catalase and superoxide dismutase are
increasingly produced, while the genes in the ROS
pathway are down-regulated (De Maayer et al.
2014). The catalase genes enable the psychrophiles to
survive in oxidizing environments (Bendia et al.
2018). Some of the proteins and enzymes like
hydroxylases play an important role in the degradation
of long-chain hydrocarbons and are found at sites
polluted with oil and certain psychrophiles are also
resistant to heavy metals (Orellana et al. 2018).
The cold shock proteins have a nucleic acid-binding

domain called the cold shock domains that preserve
their RNA’s single-strand conformation. For cold-
adaptation, RNA-binding proteins, RNA helicases,
dihydrouridine help to make changes in the RNA. The
nucleic acid-binding proteins are crucial for DNA
replication, transcription, translation, ribosome syn-
thesis structures (Dalmaso et al. 2015). Temperature-
based studies reveal that ribosome biogenesis, the
proteins involved in energy production, chaperones,
and archaeal protein folding are temperature sensitive.
Likewise, the expressions of certain methanogenetic
proteins are increasingly expressed at higher tempera-
tures as compared to the cold ones. However, some
proteins like the trimethylamine corrinoid proteins are
not significantly sensitive to temperature, although they
decreased at 4�C. Other proteins involved in the
methanogenic pathway like the tetrahy-
dromethanopterin S-methyltransferase subunit H,
methyl coenzyme M reductase alpha subunit, and
tetrahydromethanopterin formyl transferase alpha sub-
unit are again temperature sensitive. The ice-binding
proteins and antifreeze protein also help the cells to
survive in cold-stress conditions (Liu et al. 2019;
Rong et al. 2020).
The genomic analysis through 16S rRNA and

rRNA based NGS sequence information revealed the
presence and its possible biological applications in
identifying microbial phylogeny. The physiological
activity like methane cycling, iron reduction, sulfide
reduction, and sulfur oxidation. The mechanism of
mineral utilization (FeS2 oxidation and formation of
a reactive Fe oxide) and metabolism microbes. Fur-
ther Dieser et al. (2014), Cameron et al. (2015) have
demonstrated that the production of FeS2 oxidation
and formation of a reactive Fe-oxide is mediated by
microbes. These techniques are being used to mea-
sure the production of protein and enzymes, which
help in the understanding of active subglacial
metabolisms.

7. Amino acid modifications, chaperones,
and chaperonins

Some species express the chaperonins Cpn60 and
Cpn10, which help them to adapt to the cold environ-
ment (Gregson et al. 2020). The protein chaperones TF
and Hsc66 play an important role in cold shock
response along with other proteins responsible for tre-
halose synthesis, lipid biosynthesis, and cellular meta-
bolism (Turchetti et al. 2020). Psychrobacter arcticus
has reduced expression of Trigger Factor, which is a
chaperone bound to the ribosome, and has increased
expression of the GroEL/ES chaperonins in cold con-
ditions (Chen et al. 2015). The proteins in psy-
chrophiles have reduced synthesis of amino acids like
alanine, proline, and arginine, and increased synthesis
of methionine, asparagine, and glycine to enable flex-
ibility by a reduction in hydrogen bond and salt bridge
formation. Most of these proteins are long with external
loops, which ensure their stability. A higher number of
hydrophilic groups on these proteins ensures high
solvation and enzyme flexibility (De Maayer et al.
2014). A study on TRiC chaperonin of Glaciozyma
antarctica, a psychrophilic yeast showed that the genes
are expressed constantly, regardless of heat or cold
shock. It is also known to restore denatured luciferase
to its functional state at 4�C (Yusof et al. 2019).
For the proteins to efficiently fold, the electrostatic

interactions of ion pairs are reduced. The hydrophobic
interactions are also altered for cold-adaptation through
residue substitutions in the TRiC (TCP1-1 ring com-
plex (TRiC) chaperonin) subunits. Non-polar amino
acids like Cysteine, Tryptophan, Leucine, Phenylala-
nine, and Isoleucine are the ones involved in the
hydrophobic residues. The substitution of such
hydrophobic residues with hydrophilic residues like
serine, arginine, aspartic acid, lysine, histidine, and
glutamic acid alter the hydrophobic interactions by
increasing the residue distance which ultimately helps
with cold-adaptation. An example of such substitution
is Isoleucine to Valine at TRiCa at position 372 in G.
antarctica. The isoleucine is placed into hydrophobic
pockets formed by the distanced residues. The aromatic
amino acids are also involved in interactions respon-
sible for cold-adaptation (Yusof et al. 2019). It might
be interesting to note that the genes responsible for
proline, which acts as a protective osmolyte are also
found in some psychrophile genomes. The osmolytes
help the cells to maintain integrity and viscosity. Lysine
has been used increasingly by psychrophiles to ensure
protein flexibility at cold temperatures (Liu et al.
2019).
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8. Other strategies for cold-adaptation

The exposure of psychrophiles to sudden changing
environments will certainly affect the expression of
proteins and thus produced proteins are called heat
shock proteins or cold shock proteins that take part in
several cellular processes such as transcription, trans-
lation and ultimately help in regulating membrane
fluidity (Phadtare 2004). Carotenoid pigments are
produced by psychrophiles that help them maintain the
membrane fluidity and viscosity in the events of tem-
perature changes (De Maayer et al. 2014). The car-
otenoids believed to stabilize the cell membrane at
extremely cold temperatures include genes like crtB
(phytoene synthase), crtI (phytoene dehydrogenase),
crtY (lycopene beta cyclase), crtZ (betacarotene
hydroxylase), and idi (isopentenyl-diphosphate delta-
isomerase) which are found in the carotenoid biosyn-
thesis pathways in the psychrophiles (Liu et al. 2019).
Proteorhodopsin, the light-dependent proton pump is
believed to play a role in the physiological adaptation
under stress (Liu et al. 2020). The extracellular
polysaccharides support the cells as cryoprotectants
(Liu et al. 2020). To counter the cytoplasmic freezing,
glycine, mannitol, betaine, and sucrose are produced
that also prevent UV radiation mediated cell damage;
or the antifreeze proteins and exopolysaccharides are
produced (De Maayer et al. 2014). Glycogen is also
believed to help the psychrophiles resist stressful
temperatures. The genes involved in glycogenesis—
glgA (encoding for glycogen synthase), glgB (encoding
for glycogen branching enzyme), and glgC (encoding
for glucose-1-phosphate adenylytransferase) were
found in psychrophile genomes, which are probably
involved in energy accumulation. Adaptation to
stressful stimuli show the presence of genes responsi-
ble for copper homeostasis, dominance sigma B genes,
etc. (De Maayer et al. 2014).

9. Antibiotics and new-age antibiotic-like
compounds from psychrophiolic marine
microorganisms

Marine microorganisms are the leading source for the
development and discovery of new antibiotics. This is
due to wilder adaptability to the punitive environment
and genetic capability to produce distinctive metabo-
lites. Researchers are extensively studying and aiming
to unravel newer antibiotics from psychrophiles,
mainly due to their temperature resistance and subse-
quent applications in human health. Antibiotics and

antibiotic-like, or collectively termed antimicrobial
compounds developed from alternate sources in the
wake of antibiotic resistance and multi-drug resistance,
provide more reason to study this aspect. Psychrophiles
show a huge potential for the bioactive compounds that
can be used for this purpose. Species discovered by
scientific teams dating back to the late 1990s and early
2000s showed secretions of antibiotics by marine
microorganisms, of which many were psychrophilic
bacteria and algae (Stonik et al. 2020). NGS done on
permafrost samples from lakes in Canada showed the
presence of new psychrophiles along with some of their
exopolymers, which include commercially relevant
enzymes and polymers. Some of these have potential
therapeutic activities like anti-viral, anti-bacterial, anti-
cancer, drug-delivery, etc. (Finore et al. 2020). Studies
in metabolites from marine psychrophiles have made
them potential candidates and stand in the list of
commercial bioactive compounds.
Secondary metabolites are abundantly produced in

Streptomyces species like Streptomyces griseus and
Streptomyces hygroscopicus, which include potential
candidate compounds for antibiotics (Goodfellow and
Fiedler 2010). Such heat-stable antibiotics produced
from Streptomyces species show a higher efficiency at
the acidic range, against gram-positive bacteria (Ogata
et al. 1971). It has been reported that most of the
antibiotics are found in gram-positive bacteria during
biosynthesis and have pharmacological and clinical
uses. Jiang and teammates have reported spirotetronate
antibiotics Lobophorins B from actinomycetes, while
Lobophorins F and H were obtained from Streptomyces
spp. in the South China Sea. Lobophorins F and H
work against B. subtilis and is a potential drug candi-
date against many species (Jiang et al. 1999). Another
actinomycete Verrucosispora found in the Japanese
sea, polycyclic antibiotics called abyssomicins B, C,
and D revealed activity against S. aureus (Bister et al.
2004). A new antibiotic caboxamycin found in Strep-
tomyces spp. found in deep sediments of the Atlantic
Ocean. Caboxamycin displayed inhibitory action
against B. subtilis and Staphylococcus lentus and
devious activity against S. epidermidis (Hohmann et al.
2009). Engyodontiumone H belonging to the xanthone
class obtained from the Engyodontium album in the
China Sea show inhibitory activities against E. coli and
B. subtilis (Huang et al. 2013). Having said this,
antibiotics and antibiotic-like compounds are abun-
dantly found in actinobacteria, which includes
microorganisms belonging to the genera Acanabac-
terium, streptomyces, Streptomyces, Actinobaculum,
etc. As actinomycetes from terrestrial sources have
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been a primary source of antibiotics for decades, it is
only logical that the species from other sources like
marine ecosystems be studied for the commercial
application.
The psychrophiles portray an added advantage of

having heat-stable bioactive metabolites with a higher
efficiency even against antibiotic-resistant species like
methicillin-resistant Escherichia coli, vancomycin-re-
sistant Enterococcus faecium, etc., as well as other
pathogenic microorganisms like fungi and viruses
(Stonik et al. 2020). Moreover, the genes involved in
adaptation in extreme conditions like high temperature
and high pressure are instrumental in the industrial
processes and provide novel commercially viable by-
products. For instance, hydrolases produced by extre-
mophiles enhance the catalysis process and are efficient
to use with other solvents. The products of catalysis
provide the basic constituents of antibiotics and other
drugs; for instance, psychrophiles produce lipases that
are used to synthesize amino based antibiotics (Dal-
maso et al. 2015).
Antimicrobials from bacteria called bacteriocins

have been in the spotlight lately, for their abundance
and efficiency. A similar compound isolated from a
psychrophile found in Argentina exhibits antimicro-
bial activity in pathogenic strains like Escherichia coli
by blocking DNA replication (Borchert et al. 2017;
Sánchez et al. 2010). Subtilomycin, another bacteri-
ocin or widely known as lantibiotics produced by
Bacillus subtilis isolated from psychrophilic sponge
show activity against pathogens including methicillin-
resistant Staphylococcus aureus and vancomycin-re-
sistant Staphylococcus aureus (Phelan et al. 2013;
Borchert et al. 2017). 16s rDNA analysis of Antarctic
psychrophiles done by a team at the University of
Messina in Italy show antibacterial activities (Lo
Giudice et al. 2007). Similar activity was observed in
bacterial isolates from Antarctic sponges as well as in
arctic lichens that showed activity against gram-pos-
itive and gram-negative bacteria (Borchert et al.
2017).
Apart from the metabolites, the genetic sequences

involved in cold-adaptation have also been instru-
mental in building recombinant plasmids or nanopar-
ticle synthesis that exhibit antibiotic-like properties or
the development of antimicrobial formulations. For
instance, the genes from a mesophilic microorganism
were transfected into a psychrophile to construct a
biocatalyst which was used to produce reuterin. This
compound is a potent antimicrobial that is generally
found to be produced by Lactobacillus reuteri. How-
ever, the construct from a psychrophilic system would

make it heat-stable (Tajima et al. 2013). The cold-
adaptations studied in psychrophilic microorganisms
suggest the genes in question are capable of a hori-
zontal gene transfer (HGT), which probably enable
these microorganisms to acquire the cold-adaptation
characteristics (Vollmers et al. 2013). A study of mar-
ine psychrophiles shows the presence of acquired
omega-3 and omega-6-type PUFA synthesizing genes
from Gamma proteobacteria and Bacteroidetes through
Horizontal gene transfer (Bowman 2017). Synthesis of
PUFA such as eicosapentaenoic acid and docosahex-
aenoic acid (DHA) have also been found in Psy-
chroflexus torquis through HGT which apparently help
increase membrane fluidity and are also involved in
thermo-sensory regulation of the bacteria (Feng et al.
2014). In this context, a Marinomonas species associ-
ated with a marine psychrophile Euplotes focardii, have
been used to produce silver nanoparticles, exploiting
the HGT mechanism. The nanoparticles exhibited
strong antimicrobial activities against pathogens like
Staphylococcus aureus (John, et al. 2020a, b). The
nanoparticles produced by Pseudomonas associated
with the psychrophile show an enhanced antimicrobial
activity when compared to a chemically synthesized
one (John, et al. 2020a, b), thereby suggesting the
activity exhibited by the protozoan metabolites.
Many species show an abundance of clustered reg-

ularly interspaced short palindromic repeats (CRISPRs)
in their genomes (De Maayer et al. 2014). A new
psychrophile from Arctic soil whose closest phyloge-
netic member is Flavobacterium, shows cold-adapta-
tion proteins in its genome, along with a possible
CRISPR-Cas system and certain secondary metabolite
biosynthesis gene clusters (Chaudhary et al. 2020).
Bacteriophages detected in association with psy-
chrophiles in some studies also show a vast CRISPR-
Cas system, indicating the presence of viral microor-
ganisms in the niche (Liu et al. 2019). The CRISPR
editing system comes in handy to construct recombi-
nant plasmids for antibiotic applications as mentioned
here. Moreover, it is being studied as an emerging tool
in techniques like bacteriophage therapies to overcome
antimicrobial resistance (Gholizadeh et al. 2020;
Aslam et al. 2020).

10. Conclusions

The psychrophilic species are adapted to a cold envi-
ronment by modulating their genetic information
according to their surrounding environment. The cold-
adaptive enzymes and proteins, DNA modifications,
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exopolysaccharides, anti-freeze proteins, and other
secretions mentioned in the above sections tell us how
prepared the organisms are to combat the stressful
conditions. The plasmids and phage-based studies
explaining the accounts of acquired genes also tell us
that the genetic makeup also depends on their niches,
rather than just the habitat. Therefore, these adaptations
allow the psychrophiles to produce secondary
metabolites that would be commercially relevant,
especially for antibiotic synthesis. With the current
battle of drug-resistance, novel antimicrobial and anti-
viral candidates, preferably of biological sources are in
the spotlight.
Antimicrobial peptides from various sources are

being studied for this purpose with special attention to
bacteriocins or antimicrobial peptides of bacterial ori-
gin, due to their abundance and ease of modification.
However, large scale productions result in these
bioactive compounds being subjected to varying tem-
peratures and pressure. Therefore, the compounds iso-
lated from extremophiles like psychrophiles help cope
with this and also provide a novel range of genes to
experiment with. However, very few studies and links
have been established in this aspect. Looking at the
available genomic and cold-adaptation data on these
psychrophiles can open up avenues to more bioactive
compounds that may be directly or indirectly used for
antimicrobial activities.
More studies on phage-host genomics might shed

some light on the gene transfer mechanisms and
explain some of the adaptive mechanisms acquired
from their surrounding environment. Since bioactive
compounds are explored for their application in phar-
maceuticals and other industries, a database of the
psychrophile genomes will be beneficial to study more
about the enzymes and proteins produced by these
microorganisms, especially in the unculturable ones.
This being said, most of the genomic studies have a
major paucity in the knowledge of the survival of the
microorganisms in extremely hot and extremely cold
environments, even if some sequences in both tem-
peratures have been discovered (Dalmaso et al. 2015).
Despite multiple studies suggesting multiple gene
copies in the psychrophile genome for cold-adaptation,
Liu et al. (2020) say this might not be the case (Liu
et al. 2020). Certain sequences from psychrophiles like
Arthrobacter and Psychrobacter are found in both cold
and hot environments (Bendia et al. 2018). These
shortcomings need to be addressed with more extensive
genetic analysis, only then will the door to novel
bioactive compounds will be opened. In the current
review, we tried to link the available data on

psychrophiles and the potential antimicrobial activities
of their metabolites.
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ABSTRACT
In this paper, the synthesis of novel pyrazoles and their in vitro anti-
inflammatory and in-vitro antifungal assay have been reported.
These compounds were docked into the inducible nitric oxide syn-
thase (iNOS) oxygenase dimer. The compounds 3c, 7a, 7c, 8a, 8c
have exhibited the C-score values more than the standard drug ami-
noguanidine (5.35). Upon the favorable docking results, the anti-
inflammatory potential of the title compounds was determined by
analyzing the reduction in the NO production by activated macro-
phages using in-vitro assays. The compounds 4c, 5c, 6a, 6c, 7a, 8a,
8c exhibited the potential anti-inflammatory activity at 1.00mg/mL.
Further, the docking study of the title compounds 3b, 3c, 4a, 5a, 5c
with Aspergillus fumigatus N-myristoyl transferase (NMT) showed
appreciable C-score values as against that of fluconazole (5.56). This
observation was further substantiated by in-vitro antifungal activity
in which the compounds 3b–c, 4a–c, 5a–c, 6a–c, 7a–b, 9a–c have
excellent inhibition against A. fumigatus.
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Introduction

In recent years, the drug discovery process has witnessed a paradigm shift from conventional
single target inhibition towards multi-target design concept. In the advancement of pharma-
cologically active molecules, heterocyclic compounds bearing atoms of at least two elements
as a constituent of its ring have attracted significant attention.[1] The pyrazole scaffold is a
highly versatile drug-like template and has attracted significant methodical attention due to
its special skeleton and a broad spectrum of bioactivities such as antimicrobial,[2,3] anti-
inflammatory,[4] antidepressant,[5] anti-mycobacterial,[6] anticonvulsant,[7] antioxidant,[8]

insecticidal,[9] antiviral,[10] and antitumor [11,12] activities. Likewise, pyrazole represents a
functional pharmacophore which occurs in drugs such as Celecoxib, a selective COX-2
inhibitor, fungicide Penthiopyrad, anti-inflammatory agent Lonazolac, direct factor Xa
inhibitor Razaxaban and CB1 receptor modulator Rimonabant (Fig. 1).
The plants, animals and bacteria produce an endogenic product, a diatomic neutral

molecule nitric oxide (NO) that has many important effects on these organisms. Nitric
oxide is produced with the help of Nitric oxide synthase (NOS) that converts L-arginine
into citrulline which involves oxygen, NADPH and tetrahydrobiopterin (H4B) as
important cofactors. Nitric oxide plays an important role in the homeostasis of different
physiological systems, such as micro- and macro-vascularization, inhibition of platelet
aggregation, and neurotransmission regulation in the central nervous, gastrointestinal,
respiratory, and genitourinary systems. Nitric oxide is a key role in the pathogenesis of
inflammation. Under normal physiological conditions, it shows an anti-inflammatory
effect. However, under abnormal conditions, overproduction of nitric oxide by NOS has
been proven to induce inflammation and neurodegenerative disease. NOS is found in
three isoforms namely endothelial NOS (eNOS), inducible NOS (iNOS), and neuronal
NOS (nNOS). Typically, nNOS and eNOS, generate low levels of NO,[13,14] whereas
iNOS can produce large amounts of NO that can be physiologically harmful.[15,16]
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nNOS and eNOS are mainly expressed in neurons and epithelial cells, respectively, and
are calcium-dependent. In contrast, calcium-independent iNOS can be produced by a
variety of cells after induction by cytokine-activated macrophages or other stimuli and
participates in host defense and chronic inflammatory processes. Thus, iNOS is an
important target for anti-inflammatory agents and hence the interest in the design of
NOS inhibitors with therapeutic purposes is highly increased.
There are various reports on the pyrazole-containing scaffolds showing the NOS inhib-

ition. For example, Carrion et al have reported benzoyl pyrazoline i and benzoyl pyrazole
ii which exhibited specifically iNOS inhibition.[17] Two series of curcuminoid pyrazoles iii
with and without fluorine atoms have been observed as inhibitors of nitric oxide synthase
(NOS) isoforms and are specifically iNOS inhibitors.[18] Pyrazole-N-carboxamidines iv
inhibited isolated iNOS with potencies equivalent to or greater than that of N-methyl-L-
arginine (NMA) a competitive inhibitor [19] (Fig. 2).
Aspergillus spp. is ubiquitous filamentous fungi which account for more than 90% of

invasive fungal infections worldwide. Fatal invasive aspergillosis (IA) due to A. fumigatus
is estimated to affect more than two lakh people worldwide every year and 3 million suffer
from chronic pulmonary aspergillosis.[20] This fungus is the most prevalent airborne fungal
pathogen responsible for IA in immunocompromized patients which results from dysfunc-
tion of the host defense mechanism.[21] It has been proved that the virulence and viability
of fungal pathogens are due to its cell wall which is highly conserved and dynamic in
structure.[22] The treatment of such fungal infections depends on a limited range of anti-
fungal agents. In this regard, compounds possessing novel modes of action are urgently
required. It has been observed that N-myristoylation is a ubiquitous modification of
eukaryotic proteins. Hence, the enzyme N-myristoyltransferase (NMT) has been considered
a potential therapeutic target in protozoa and yeasts. Surprisingly, partial repression of the
gene revealed downstream effects of N-myristoylation on cell wall morphology. Pyrazole
sulfonamide has been observed to inhibit NMT and hence it acts as fungicidal under par-
tially repressive NMT conditions. With a crystallographic complex showing the inhibitor
binding in the peptide substrate pocket, evidence of NMT being a potential drug target in
A. Fumigatus has been established.[23]

Sydnones are easily accessible aromatic mesoionic compounds and adaptable syn-
thetic intermediates with a cloaked azomethine imine entity. The [3þ 2] cycloaddition
reaction of sydnones with various dipolarophiles offers a suitable synthetic route
through the facile ring transformation to various heterocycles including pyrazoles.[24–27]

In view of all the above, we herein report the synthesis of a library of new pyrazole
derivatives using sydnones as synthons initiated by [3þ 2] cycloaddition reaction which
were further subjected to molecular docking studies and evaluated them for their anti-
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inflammatory and antifungal studies. These compounds were docked into the inducible
nitric oxide synthase (iNOS) oxygenase dimer, tetrahydrobiopterin and 4R-fluoro-N6-
ethanimidoyl-L-lysine (PDB ID: 1R35). Upon the favorable docking results, the anti-
inflammatory potential of the compounds was determined by analyzing the reduction in
the NO production by activated macrophages. Further, these compounds were docked
into N-myristoyl transferase in complex with myristoyl CoA and a pyrazole sulfonamide
ligand (PDB: 4CAW) which is supported by significant in-vitro antifungal activity
against A. fumigatus and C. albicans fungal strain.

Results and discussion

Chemistry

Scheme 1 paved many synthetic routes for the syntheses of the library of pyrazole deriva-
tives using 3-arylsydnone 1a–c as a synthon which was ring transformed into 1-aryl-1H-
pyrazole-3-carbonitrile 2a–c when reacted with acrylonitrile in the presence of chloranil
(2,3,5,6-tetrachloro-p-benzoquinone). The reaction was initiated by [3þ 2] cycloaddition of
3-arylsydnone 1a–c and acrylonitrile with the evolution of carbon dioxide (I), followed by
re-aromatization of the intermediate (II) by chloranil resulting in the formation of 2a–c
(Scheme 2).[28] Cyanopyrazole 2a–c undergone [3þ 2] cycloaddition with sodium azide in
presence of triethylamine hydrochloride to afford 5-(1-aryl-1H-pyrazol-3-yl)-1H-tetrazoles
3a–c. When the compound 3a–c was reacted with acetic anhydride, the tetrazole ring was
transformed into 2-methyl-5-(1-phenyl-1H-pyrazol-3-yl)-1,3,4-oxadiazole 4a–c. When the
compound 2a–c was heated with 70% HCl at 100 �C, the nitrile group was hydrolyzed to
carboxylic acid affording 1-aryl-1H-pyrazole-3-carboxylic acid 5a–c. The amide derivative
6a–c was then prepared by refluxing 5a–c with thionyl chloride followed by a reaction
with ammonia. Also, 1-aryl-1H-pyrazole-3-carboxamide 6a–c was synthesized directly
from 3-arylsydnone 1a–c by [3þ 2] cycloaddition with acrylamide in the presence of
chloranil (Scheme 2). The bis-carbethoxy pyrazole derivatives 7a–c were prepared by
[3þ 2] cycloaddition of 3-arylsydnone 1a–c with dimethyl acetylenedicarboxylate
(DMAD). Upon alkaline hydrolysis (2N NaOH), compound 7a–c gave 1-aryl-1H-pyra-
zole-3,4-dicarboxylic acid 8a–c. The bis-amide derivative, 1-aryl-1H-pyrazole-3,4-dicarboxa-
mide 9a–c is obtained by refluxing the compound 8a–c with thionyl chloride followed by
reaction with ammonia. Experimental procedures and detailed spectral characterization of
the title compounds are provided in the electronic supplementary information.

Molecular docking study

Inducible NOS (iNOS) is expressed during immune activation and plays an important
role in the inflammatory response. In order to investigate the detailed intermolecular
interactions between the ligand and the target protein, Surflex–Dock program was
used.[29] Hence, a docking study of pyrazole derivatives 3–9(a–c) against inducible nitric
oxide synthase oxygenase dimer (iNOS), tetrahydrobiopterin and 4Rr-fluoro-N6-ethani-
midoyl-L-lysine (PDB ID: 1R35) was carried out. N-myristoyltransferase (NMT)
catalyzes an irreversible co and post-translational covalent attachment of the saturated
14-carbon fatty acid, myristate, from Myristoyl coenzyme A (MCoA) to the N-terminal
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Scheme 2. Plausible reaction mechanism of [3þ 2] cycloaddition
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glycine residue of many eukaryotic and viral proteins.[30] Also, N-myristoylation is
abundant in eukaryotic organisms including protozoa, fungi, and mammals. Membrane
targeting and the function of many proteins in a variety of signal transduction cascades
and other critical cellular functions are NMT dependent. Hence, the inhibition of NMT
(PDB: 4CAW) by the title compounds 3–9(a–c) was analyzed by conducting the
Docking studies.

Docking analyses against inducible NOS (iNOS) (PDB ID: 1R35)

Three-dimensional structure information on the target protein was taken from the PDB:
1R35. All the title compounds along with a known iNOS inhibitor aminoguanidine
were docked into the oxygenase domain (active site) of the 1R35 enzyme. The docking
results were evaluated on the basis of H-bond interaction and c-score. The predicted
binding energies of the compounds are listed in Table 1. Aminoguanidine makes six
hydrogen bond interactions at the active site of the enzyme with a consensus score (C-
score) of 5.35 (Fig. 3). Among the two amino groups (–NH2), one –NH2 group showed
hydrogen bond interactions with the oxygen of GLU371 (HNH–––-O-GLU371, 2.13Å
and HNH–––-O-GLU371, 2.26Å), and the other –NH2 group revealed the hydrogen

Table 1. Surflex Docking score (kcal/mol) of the pyrazole derivatives on PDB ID: 1R35.
Compounds C scorea Crash scoreb Polar scorec D scored PMF scoree G scoref Chem scoreg

1R35_ligand 11.45 –0.49 6.96 –116.921 –90.503 –207.422 –29.134
3a 4.13 –0.72 2.90 –57.931 –72.960 –136.866 –21.919
3b 4.36 –0.49 3.08 –60.590 –75.428 –137.242 –22.521
3c 5.77 –2.10 2.65 –91.608 –82.113 –193.656 –22.340
4a 3.78 –0.66 1.28 –70.841 –92.558 –154.790 –20.986
4b 3.87 –1.45 0.17 –83.344 –98.220 –208.422 –22.191
4c 4.66 –1.56 1.49 –93.228 –93.956 –178.893 –18.541
5a 4.61 –0.41 1.21 –63.283 –35.611 –134.407 –19.314
5b 4.12 –0.31 1.40 –78.231 –104.233 –168.696 –26.655
5c 5.22 –1.60 2.42 –100.044 –103.026 –152.200 –23.856
6a 4.36 –0.64 1.34 –74.979 –106.455 –159.005 –26.701
6b 3.27 –0.67 2.86 –70.493 –62.950 –126.498 –23.651
6c 4.94 –0.86 2.70 –91.869 –98.571 –151.516 –31.765
7a 6.72 –1.20 3.43 –114.994 –91.394 –174.636 –35.779
7b 5.21 –3.00 2.58 –111.217 –120.528 –185.510 –28.478
7c 5.67 –2.81 2.64 –118.936 –131.877 –189.414 –28.195
8a 5.73 –0.61 3.40 –101.199 –104.376 –181.178 –25.482
8b 5.32 –1.02 3.19 –107.187 –98.313 –135.671 –26.201
8c 5.93 –1.49 3.92 –105.938 –103.378 –169.418 –25.854
9a 4.96 –0.97 3.60 –116.677 –111.297 –182.078 –36.611
9b 5.20 –0.28 3.79 –68.649 –46.661 –145.968 –24.263
9c 5.25 –2.72 4.32 –106.267 –129.047 –154.908 –25.340
Aminoguanidine 5.35 –0.20 3.60 –39.838 –56.012 –110.257 –16.094
aC-score (Consensus Score) integrates a number of popular scoring functions for ranking the affinity of ligands bound
to the active site of a receptor and reports the output of total score.

bCrash-score revealing the inappropriate penetration into the binding site. Crash scores close to 0 are favorable.
Negative numbers indicate penetration.

cPolar indicating the contribution of the polar interactions to the total score. The polar score may be useful for exclud-
ing docking results that make no hydrogen bonds.

dD-score for charge and van der Waals interactions between the protein and the ligand.
ePMF-score indicating the Helmholtz free energies of interactions for protein-ligand atom pairs (Potential of Mean
Force, PMF).

fG-score showing hydrogen bonding, complex (ligand-protein), and internal (ligand-ligand) energies.
gChem-score points for H-bonding, lipophilic contact, and rotational entropy, along with an intercept term.
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bonding with the nitrogen atoms of HEM901 (HNH–––-N-HEM901, 3.42Å and
HNH–––-N-HEM901, 2.72Å). The hydrogens of –NH and imino (–C¼NH) groups
made interactions with the oxygen of TRP366 (NH–––-O-TRP366, 1.88Å and
HNH–––-O-TRP366, 1.99Å). The docking studies of the title compounds 3c, 7a, 7c, 8a
and 8c exhibited higher c-score values than the standard drug aminoguanidine.
Compound 7a comprising of phenyl and a bis-carbmethoxy groups has shown four
hydrogen-bonding interactions at the active site of the enzyme with the c-score of 6.72
(Figure 4). The interactions include hydrogen bonding between the oxygen atoms of
carbonyl carbons of C3- and C4-methyl carboxylate groups with the hydrogen atoms of
ARG260 (C¼O–––-H-ARG260, 2.28Å), and TYR367, TYR341, GLN257 (C¼O–––H-
TYR367, 1.77Å; C¼O–––H-TYR341, 2.07Å; C¼O–––H-GLN257, 2.00Å) respectively.
The biscarboxylic acid pyrazole derivatives 8a and 8c have shown promising ligation
with the enzyme. The phenyl substituted derivative 8a has shown hydrogen bonding
interactions of C3– and C4–COOH groups with the oxygen atom of GLU371 (COOH
–––O-GLU371, 2.58Å), and the nitrogen atom of HEM901 (COOH–––-N-HEM901,
2.56Å) respectively with the c-score of 5.73 (Fig. 5). Further, the p-anisyl substituted
derivative 8c has shown hydrogen bonding interactions of C3– and C4–COOH groups
with the oxygen atom of GLU371 (COOH –––O-GLU371, 1.92Å), and nitrogen atom
of HEM901 (COOH–––-N-HEM901, 2.33Å) respectively and the oxygen atom of
methoxy group showed interaction with the hydrogen atom of ARG260 (CH3O–––-H-
ARG260, 2.16Å) with the C-score of 5.93 (Fig. 6). The docking studies of the pyrazole

Figure 3. Docked view of aminoguanidine at the active site of the enzyme PDB: 1R35.

Figure 4. Docked view of compound 7a at the active site of the enzyme PDB: 1R35.
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derivatives 6a, 6c, 9a, 9c, and the hydrophobic and hydrophilic amino acids surround-
ing the compounds 8a and 8c are given in the supplementary information.

In vitro anti-inflammatory activity

Further, the in-vitro anti-inflammatory analysis (Table 2) has indicated that the com-
pounds 4c (pyrazole with p-chlorophenyl and 1,3,4-oxadiazole rings), 5c (pyrazole with
an p-anisyl and carboxylic acid groups), 6a (pyrazole with phenyl and an amide
groups), 6c (pyrazole with an p-anisyl and a amide groups), 7a (pyrazole with phenyl
and two carbmethoxy groups), 8a (pyrazole with phenyl and two carboxylic acid
groups), and 8c (pyrazole with a p-anisyl and two carboxylic acid groups) have reduced
the stimulated NO production of about 87.7%, 85.5%, 85.2%, 87.3%, 87.8%, 87.6% and
84.7%, respectively at 1 lg/mL concentration. Whereas the compounds 7a (pyrazole
with phenyl and two amide groups), 8a (pyrazole with phenyl and two carboxylic acid
groups), and 9b (pyrazole with p-chlorophenyl and two amide groups) have reduced
the NO production by about 78.5%, 87.3%, and 84.5% respectively at 5 lg/mL. In case
of concentration at 10 lg/mL compounds 5b (pyrazole with p-chlorophenyl and carbox-
ylic acid groups), 5c (pyrazole with p-anisyl and carboxylic acid groups), 7c (pyrazole
with p-anisyl and two carbmethoxy groups), 8a (pyrazole with phenyl and two carbox-
ylic acid groups), 9a (pyrazole with phenyl and two amide groups) and 9b (pyrazole
with p-chlorophenyl and two amide groups) have reduced the stimulated NO produc-
tion by about 87.3%, 85.5%, 81.3%, 87.3%, 88.0% and 78.0%. All these compounds did

Figure 5. Docked view of compound 8a at the active site of the enzyme PDB: 1R35.

Figure 6. Docked view of compound 8c at the active site of the enzyme PDB: 1R355.
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not have any significant influence on the cell viability of the macrophages even at
10lg/mL concentration except for the compounds 3a–c, 4a–c and 5c.
Further, we have executed the computation of Root Mean Square Deviation (RMSD)

which appraises the resemblance flanked by two superimposed atomic coordinates. The
plot of RMSD (Å) v/s simulation time (ns) of the enzyme with PDB: 1R35 embodied in
Figure 7 suggested that the docking study was affirmative, and our synthesized molecule
7a manifested significant affinity toward the target enzyme. The RMSD value was found
to be less than 2Å.

Table 2. Results of anti-inflammatory activity in terms of ability to reduce the NO production.

Entry No.

% Nitric oxide production
(%) Cell viability

1lg/mL 5lg/mL 10lg/mL 10lg/mL

3a 45.5 ± 0.96 38.4 ± 0.43 39.2 ± 0.71 49.2 ± 0.64
3b 40.3 ± 1.04 41.3 ± 1.02 38.7 ± 0.87 50.0 ± 0.36
3c 42.4 ± 0.44 41.7 ± 0.34 42.7 ± 0.21 40.2 ± 0.64
4a 34.1 ± 0.40 33.1 ± 0.40 26.8 ± 0.52 37.6 ± 3.26
4b 42.5 ± 0.48 22.5 ± 0.55 32.9 ± 2.06 22.3 ± 0.43
4c 12.3 ± 1.52 37.0 ± 1.52 24.3 ± 1.52 31.0 ± 2.36
5a 33.1 ± 1.41 30.7 ± 1.25 28.1 ± 0.21 25.3 ± 0.68
5b 34.3 ± 1.52 29.1 ± 1.00 12.7 ± 0.52 22.2 ± 1.00
5c 14.5 ± 0.37 31.5 ± 0.45 14.5 ± 0.15 28.2 ± 1.57
6a 14.8 ± 1.38 35.5 ± 0.45 36.4 ± 1.06 14.5 ± 0.23
6b 32.3 ± 1.62 24.0 ± 1.52 48.3 ± 0.42 12.0 ± 2.30
6c 12.7 ± 1.42 31.4 ± 1.00 35.7 ± 0.47 11.4 ± 1.22
7a 12.2 ± 0.47 21.5 ± 0.57 34.5 ± 0.15 12.2 ± 1.50
7b 24.5 ± 0.96 28.4 ± 0.43 29.2 ± 0.71 19.2 ± 0.64
7c 30.3 ± 1.04 31.3 ± 1.02 18.7 ± 0.87 20.0 ± 0.36
8a 12.4 ± 0.44 12.7 ± 0.34 12.7 ± 0.21 22.2 ± 0.64
8b 28.4 ± 2.06 26.0 ± 1.89 31.1 ± 0.31 24.1 ± 0.45
8c 15.3 ± 0.52 28.0 ± 1.52 24.3 ± 1.52 23.0 ± 3.30
9a 30.6 ± 0.14 25.5 ± 0.42 12.0 ± 0.37 12.0 ± 1.51
9b 34.1 ± 0.14 15.5 ± 0.42 22.0 ± 0.37 12.0 ± 1.53
9c 24.2 ± 0.11 32.3 ± 0.67 28.6 ± 0.70 23.4 ± 0.62
Control 100 ± 3.20 100 ± 0.12
Aminoguanidine 06.8 ± 2.41 07.4 ± 0.35

Figure 7. RMSD of 1R35 enzyme and compound 7a.
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Docking analyses against Aspergillus fumigatus N-myristoyl transferase
(PDB: 4CAW)

Aspergillus fumigatus N-myristoyl transferase in complex with myristoyl CoA and a pyra-
zole sulfonamide ligand was collected from PDB under code 4CAW. All the reported
compounds along with the standard drug fluconazole were docked into the active site of
4CAW enzyme. The docking results were evaluated on the basis of H-bond interaction
and c-score. The predicted binding energies of the compounds are listed in Table 3.
The standard drug fluconazole forms four hydrogen bonds at the active site of the
enzyme with a c-score of 5.56 (Fig. 8). For example, a hydrogen bond interaction was
observed between the nitrogen atom of triazole ring with the hydrogen of TYR374
(N–––H-TYR374, 2.24Å). The hydroxyl group (–OH) formed two hydrogen bonds out
of which one was observed between the oxygen atom and hydrogen of TYR374 (HO––-
H-TYR374, 2.10Å), and the other was between the hydrogen atom and oxygen of
MET491 (OH––-O¼C-MET491, 1.81Å). The remaining interaction was due to the
hydrogen bond between the nitrogen atom of other triazole rings and hydrogen of
MET491 (N––-H-MET491, 2.58Å). The pyrazole derivatives 5a and 5c appended with a
carboxylic acid group has shown the highest c-score in the series, and even higher than
the standard drug fluconazole. Compound 5a, a pyrazole derivative having phenyl and
carboxylic acid groups formed four hydrogen-bonding interactions at the active site of
the enzyme with the c-score of 6.25 (Fig. 9). Among them, the two interactions were
from the hydrogen atom of the carboxylic acid group with the oxygen atoms of MET491
and CXL493 (COOH––-O¼C-MET491, 2.11Å and COOH––-O-CXL493, 2.70Å). The
remaining two interactions were a result of hydrogen bonds between the two oxygen
atoms of the carboxylic acid group, and the hydrogens of TYR374 and TYR263 (HO-
C¼O––-H-TYR263, 2.68Å; O¼C–HO–––H-TYR374, 1.87Å). Pyrazole derivatives 5c
comprising of a p-anisyl and carboxylic acid groups formed four hydrogen bonds at the

Table 3. Surflex Docking score (kcal/mol) of the pyrazole derivatives on PDB ID: 4CAW.
Compounds C scorea Crash scoreb Polar scorec D scored PMF scoree G scoref Chem scoreg

4caw_ligand 9.60 –2.35 1.27 –186.751 –96.731 –318.908 –40.822
3a 2.98 –0.52 0.00 –104.964 –21.985 –154.007 –18.818
3b 5.35 –0.77 0.58 –100.544 –37.866 –171.487 –25.828
3c 5.44 –0.59 0.96 –110.925 –41.414 –166.097 –24.259
4a 5.34 –0.73 1.18 –110.819 –68.999 –160.629 –25.253
4b 4.44 –1.55 1.12 –129.397 –48.488 –181.384 –22.651
4c 4.37 –0.71 1.52 –90.405 –9.041 –161.233 –24.084
5a 6.25 –0.58 0.71 –101.242 –38.144 –174.610 –26.297
5b 4.81 –0.51 1.18 –105.155 –45.705 –155.172 –23.401
5c 5.94 –0.35 2.73 –81.094 –25.480 –127.256 –23.774
6a 3.13 –1.28 1.08 –92.781 –34.373 –154.775 –23.052
6b 4.12 –0.93 1.85 –113.300 –64.483 –191.088 –27.226
6c 4.82 –0.62 0.00 –121.893 –59.823 –194.048 –8.666
7a 3.81 –0.67 0.85 –94.864 –64.246 –153.176 –25.322
7b 5.20 –0.64 2.19 –109.661 –12.907 –131.979 –23.099
7c 3.78 –0.96 1.30 –101.246 –34.435 –159.430 –21.606
8a 3.48 –0.44 0.74 –74.067 –35.587 –142.927 –21.710
8b 3.58 –0.82 2.18 –93.999 –4.529 –121.044 –19.610
8c 3.31 –0.41 1.21 –80.017 –19.099 –136.951 –19.850
9a 4.60 –0.51 1.54 –99.370 –61.430 –169.616 –27.150
9b 4.73 –0.61 1.02 –103.439 –42.163 –127.347 –18.018
9c 3.26 –0.59 1.00 –89.224 –26.652 –132.890 –23.572
Fluconazole 5.56 –0.53 1.18 –96.637 –63.550 –148.585 –23.775
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active site of the enzyme with the c-score 5.94 (Fig. 10). Among them, the two interac-
tions arise from the hydrogen bonding between the hydrogen atom of the carboxylic
group and the oxygen atoms of MET491 and CXL493 (COOH––-O¼C-MET491, 2.15Å
and COOH––-O-CXL493, 2.74Å). The other two interactions were found to be the
hydrogen bonding between the oxygen atoms of the carboxylic acid group and the
hydrogen atoms of TYR374, and TYR263 (HO–C¼O––-H-TYR263, 2.66Å and
O¼C–HO–––H-TYR374, 2.00Å). The docking pictures of the compounds 3b, 3c, 4a–c,
5 b, 6a–c, 7a–b, 9a–c, and the hydrophobic and hydrophilic amino acids surrounding
the compounds 5a and 5c are provided in the supplementary information.

Figure 8. Docked view of fluconazole at the active site of the enzyme PDB: 4CAW.

Figure 9. Docked view of compound 5a at the active site of the enzyme PDB: 4CAW.

Figure 10. Docked view of compound 5c at the active site of the enzyme PDB: 4CAW.
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In vitro antifungal activity

Azoles play an important role in the management of fungal diseases. Azoles block
ergosterol synthesis by binding to the active site cavity of the enzyme and ligating the
iron atom of the heme co-factor through the nitrogen atom of azole. Molecular studies
have shown that majority of azole resistance in A. fumigatus is due to the activity of
cytochrome P450 sterol 14a-dimethylase enzyme (CYP51A gene). However, there are
limited numbers of antifungal agents to overcome these infections and the situation has
become more complicated due to the emergence of antifungal resistance and side effects
of antifungal drugs. In view of this, we have successfully attempted the in-vitro antifun-
gal activity of the synthesized pyrazole derivatives. Table 4 depicts the MIC of the syn-
thesized compounds against A. fumigatus and C. albicans fungal strains. From the table,
it was clear that, the compounds have shown significant activity against A. fumigatus
strain. It is interesting to observe that, the pyrazole derivatives bearing tetrazole ring
(3b and 3c), 1,3,4-oxadiazole ring (4a), carboxylic acid (5a–5c), amide (6a and 6c), bis-
carbmethoxy (7b) and bisamide (9a and 9b) groups have exhibited excellent antifungal
activity against A. fumigatus fungal strain at lower MIC values; 0.20–0.80mg/mL which
is lower than the standard drug fluconazole (8 mg/mL). Compounds 4b, 4c, 6b, 7a and
9c with MIC values in the range 1.60–6.25 mg/ml have also shown lower MIC in com-
parison with standard drug against A. fumigatus fungal strain. Derivatives 8a–c com-
prising pyrazole ring substituted with bis-carboxylic acids have not shown significant
activity against A. fumigatus fungal strain. Surprisingly, certain pyrazole derivatives pos-
sessing tetrazole ring (3a), bis-carboxylic acid (8a and 8b) and bis-amide (9b) groups
have shown potent antifungal activity against C. albicans fungal strain at lower MIC val-
ues ranging from 0.80–12.50 mg/mL which is lower than the standard drug fluconazole
with MIC value 16mg/mL. All other compounds have not shown good activity against
C. albicans fungal strain.

Table 4. In-vitro antifungal activity of the synthesized compounds.

Entry No.

MIC (mg/mL)

A. fumigatus C. albicans

3a 25.00 12.50
3b 0.20 25.00
3c 0.40 100.00
4a 0.20 25.00
4b 1.60 50.00
4c 3.12 50.00
5a 0.20 100.00
5b 0.40 100.00
5c 0.20 —
6a 0.20 —
6b 3.12 100.00
6c 0.40 100.00
7a 6.25 —
7b 0.20 50.00
7c 25.00 50.00
8a 25.00 0.80
8b 25.00 12.50
8c 50.00 25.00
9a 0.80 25.00
9b 0.20 12.50
9c 6.25 25.00
Fluconazole 8.00 16.00
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The plot of RMSD (Å) v/s simulation time (ns) of the enzyme with PDB: 4CAW
showed in Figure 11 suggested that the docking study was affirmative, and our synthe-
sized molecule 5a with better inhibition has manifested significant affinity towards the
target enzyme. The RMSD value was found to be less than 2Å.
Based on the docking studies against the relevant targets, in vitro anti-inflammatory,

antifungal activity studies, and the literature reports[31,32] the structure-activity relation-
ship (SAR) studies have been summarized as per Figure 12.

Preparation of 1-aryl-1H-pyrazole-3,4-dicarboxamide (9a-c)
1-Aryl-1H-pyrazole-3,4-dicarboxylic acid (8a–c, 1.00 g) was refluxed with thionyl chlor-
ide (10.00ml) on a water bath for 4 h. Excess of thionyl chloride was expelled out and

Figure 11. RMSD of PDB: 4CAW and compound 5a.

Figure 12. Structure activity relationship (SAR) studies of the title compounds.
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cooled. Ammonia was added to get a white solid of 9a–c which was recrystallized
using methanol.

1-Phenyl-1H-pyrazole-3,4-dicarboxamide (9a). Yield: 86%; m.p: 278–280 �C; 1H NMR
(400MHz, DMSO-d6, d ppm): 9.72 (s, 2H, NH2), 8.87 (s, 1H, pyrazole C5H), 7.88 (d,
2H, J¼ 12.6Hz, ArH), 7.56–7.38 (m, 3H, ArH), 7.43 (s, 2H, NH2);

13C NMR (100MHz,
DMSO-d6, d ppm): 164.28, 163.44, 145.68, 138.43, 132.88, 130.33, 129.67, 119.21,
118.21; MS (m/z): 230 (M), 214, 196, 170, 104, 77; Analysis Calcd. for C11H10N4O2

(230.22): C, 57.39; H, 4.38; N, 24.34; Found: C, 57.57; H, 4.56; N, 24.50.

Conclusions

Pyrazole derivatives have found their application as non-steroidal anti-inflammatory drugs
clinically, such as Antipyrine or Phenazone (analgesic and antipyretic), Metamizole or
Dipyrone (analgesic and antipyretic), aminopyrine or aminophenazone (anti-inflamma-
tory), etc. In view of the above, novel pyrazole derivatives viz., 3a–c, 4a–c, 5a–c, 8a–c,
9a–c were prepared by chemical synthesis. The docking simulation was performed to iden-
tify the possible anti-inflammatory and antifungal activity. The compounds 4c, 5c, 6a, 6c,
7a, 8a and 8c have reduced the formation of stimulated nitric oxide (NO) production at
1mg/mL as compared to aminoguanidine thus exhibiting potent anti-inflammatory activity.
The in-vitro antifungal activity results revealed that some target compounds like 3b–c,
4a–c, 5a–c, 6a–c, 7a–b, 9a–c reflected high activity against A. fumigatus fungal strain, and
compounds 3a, 8a, 8b and 9b have exhibited excellent activity against C. albicans fungal
strain. Most of the synthesized compounds showed moderate to good antifungal activity.
In view of all the above, the reported compounds can be considered as preliminary lead
compounds in the design and development of new azole antifungal agents.
Supporting Information is available free of charge on the website. The SI provides the

general methods and instrumentation, describes the synthesis of 1-aryl-1H-pyrazole-3-car-
bonitrile and target compounds. In addition, the 1H and 13C NMR spectra, and procedures
for the anti-inflammatory and antifungal activity assay are provided.
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A B S T R A C T   

A library of novel flavonoid derivatives with diverse heterocyclic groups was designed and efficiently synthe-
sized. Structures of the newly synthesized compounds 4a-i and 8a-l have been characterized by 1H NMR, 13C 
NMR, MS and elemental analysis. Anticancer activities were evaluated against MCF-7, A549, HepG2 and MCF- 
10A by MTT based assay. Compared with the positive control Adriamycin, compounds 4a, 4b, 4c, 4d, 8d, 8e and 
8j were found to be most active anti-proliferative compounds against human cancer cell line. We found that 
compounds 4a and 4c exhibited inhibition of enzyme topoisomerase II with IC50 values 10.28 and 12.38 μM, 
respectively. In silico docking study of synthesized compounds showed that compounds 4a and 4c have good 
binding affinity toward topoisomerase IIα enzyme and have placed in between DNA base pair at active site of 
enzyme. In silico ADME prediction results that flavonoid coumarin analogues 4a-i could be exploited as an oral 
drug candidate.   

Cancer is a significant worldwide health problem generally due to 
the lack of comprehensive early detection methods, associated poor 
prognosis of patients diagnosed in later stages of the disease and its 
increasing incidence on a global scale. Indeed, struggle to combat cancer 
is one of the greatest challenges of mankind. In industrialized countries, 
lung carcinoma is the leading cause of cancer death in men while breast 
carcinoma which is the most frequent cause of cancer death.1–4 To date, 
available treatment regimens are not able to achieve a cure, nor improve 
survival substantially, except in rare cases. Thus, new targets for pre-
vention and new agents for therapy need to be identified. Among the 
variety of molecular targets for cancer therapy, DNA topoisomerases 
(TOPO) are well-characterized targets owing to their essential roles in 

triggering, controlling, and modifying a wealth of topological DNA 
problems during cell proliferation, differentiation, and survival.5 On the 
basis of their mechanisms, topoisomerases can be classified into two 
major classes: type I and type II DNA topoisomerases. TOPO-II is mostly 
expressed in ovarian and breast carcinomas. Hence, recent studies have 
concentrated on the exploitation of drugs or agents targeting TOPO-II.6 

As widely occurring natural products, flavonoids are an important 
source for drug discovery due to their structural diversity and broad- 
spectrum biological activity. Most interestingly, compelling data have 
indicated that flavonoids have important chemo preventive and 
chemotherapeutic effects on cancer. Attention has been focused on their 
potential anticancer effect for decades.7–10 For example, coumarin 
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derivatives that inhibit DNA-associated enzymes, such as top-
oisomerases.11 Wedelolactone (1) was shown to inhibit DNA relaxation 
and decatenation mediated by topoisomerase IIα.12 Coumarin derivative 
BNS-22 (2), characterized by an elegant proteomic approach as an 
antagonist of topoisomerase II-mediated DNA damage and thus func-
tions as a catalytic inhibitor.13 Camptothecin (3a) and its synthetic an-
alogs such as topotecin (3b) are DNA topoisomerase-I poisons used as 
anticancer agents.14,15 Naturally occurring chromone scaffold fisetin 
(4), two dietary flavonoids acting as dual inhibitors of topoisomerases I 
and II in cells.16,17 In the case of psorospermin (5), a natural antitumor 
antibiotic,18 which is apparently an alkylating agent that destroys can-
cer cells by adding an alkyl group to DNA, significantly increased 
topoisomerase-II inhibition.19 The interesting anticancer properties of 
imidazoles inspired the prevalent development of their derivatives with 
the hope of increasing the efficiency and lowering the side effects.20–25 

Imine-imidazole hybrid ARK-4 (6) exhibited anticancer activity via 
obstructing the activity of topoisomerase II inhibitor.26 N-fused amino-
imidazoles Cpd-10 (7) characterized as catalytic inhibitors of topo-
isomerase II, blocking the ATP-binding site, exert cytotoxic and 
proapoptotic effects, and to a certain extent, they restrict cancer cell 
motility, at relatively high drug concentrations (Fig. 1).27 

The concept of hybridization has been employed to develop some 
heterocyclic nucleus with interesting biological activity. Recently, 
researcher extensively reported a series of novel hybrid compounds 
bearing potential scaffolds like chromones, coumarins and imidazoles.28 

In continuation of our earlier work on the synthesis of chromone de-
rivatives, we would like to report the synthesis and evaluation of novel 
flavonoid derivatives for anticancer activity, TOPO-II inhibition, mo-
lecular docking and In silico ADME study (Fig. 2). 

Herein, we report a facile one-pot three component synthesis of 
target compounds 4a-i from cyclization of 4-hydroxycoumarin, alde-
hydes and malononitrile (Scheme 1).29 

General procedure for the synthesis of substituted 2-amino-4,5-dihydro- 
5-oxo-4-phenylpyrano[3,2-c]chromene-3-carbonitrile (4a-i): A reaction 
mixture of aromatic aldehyde 3a-i (1 mmol), 4-hydroxycoumarin 2 (1 
mmol), malononitrile 1 (1 mmol), and p-dimethylaminopyridine (0.01 
mmol) in ethanol (5 mL) was refluxed for 15–30 min. During the reflux, 
the progress of the reaction mixture was monitored by TLC analysis. 

After completion of the reaction, the reaction mixture was cooled to 
room temperature and the precipitated solid was filtered, washed with 
cold distilled water, and air-dried to obtain the product. The solid 
products further recrystallized using ethanol. 

Tetra substituted imidazoles (8a-l) were synthesized from benzyl, 
amines and 6-chloro-7-methyl-4-oxo-4H-chromene-3-carbaldehyde 
using ceric ammonium nitrate (CAN) as a catalyst, in good yield 
(Scheme 2).30 

General procedure for the synthesis of substituted 6-chloro-7-methyl-3- 
(1,4,5-triphenyl-1H-imidazol-2-yl)-4H-chromen-4-one (8a-l): A mixture of 
benzil 7 (0.01 mol), 6-chloro-7-methyl-4-oxo-4H-chromene-3-carbal-
dehyde 6 (0.01 mol), substituted amines 5a-l (0.01 mol), ammonium 
acetate (0.01 mol) and ceric ammonium nitrate (15 mol%) as a catalyst 
were refluxed in ethanol (15 mL) for about 3–4 h. The progress of the 
reaction was monitored by TLC. After completion of reaction, the 
mixture was cooled to room temperature. The solid formed was filtered 
and dried. The crude products were recrystallized by ethanol. 

Physical data of synthesized compounds 4a-i and 8a-l are presented 
in supporting information. All the newly synthesized compounds 4a-i 
and 8a-l were characterized by advanced spectroscopic techniques 1H 
NMR, 13C NMR, HRMS, and elemental analysis. 

Cellular growth curve for both tumor (MCF-7, A549, HepG2) and 
non-tumor (MCF-10A) cell line were determined by MTT assay. Nearly, 
after 30 h of cellular growth, all the above four types of cells were in 
exponential phage (Fig. 3). A549 and MCF-10A were almost equally at 
the highest growth rate in the experiment; whereas growth rate of the all 
cellular cell line were as follows: A549 > MCF-10A > MCF-7 > HepG2. 
Cellular growth were monitored for 72 h and at this time period, all test 
cell lines were in exponential stage, hence test compounds were tested at 
exponential phage for 72 h treatment for optimum result. Fig. 4 
Doubling time parameter determined by MTT method. Further, the test 
compounds were analyzed for its toxicity with the help of non-tumor cell 
line, MCF-10A. Fig. 5, showed % toxicity of the compounds in the 
experiment, here compounds 4a, 4b, 4c, 4d, 8c, 8d, 8e and 8i showed 
toxicity at and above 50 µM (also shown in supplementary) whereas 
compounds 4e, 4f, 4g, 4h, 4i, 8a, 8b, 8f, 8g, 8h, 8j, 8k, 8l showed toxicity 
above 100 µM (also refer supplementary data). Therefore, any com-
pounds dose at and below 25 µM are not toxic to the normal cells. 

Fig. 1. Topoisomerase-II inhibitors.  
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In vitro cytotoxicity of synthesized compounds was evaluated against 
MCF-7, A549, HepG2 and MCF-10A. Adriamycin was used as a standard 
drug. IC50 values (concentration required to inhibit tumour cell prolif-
eration by 50%) are represented in Table 1. As shown in Table 1, com-
pounds 4a, 4b, 4c, 4d, 8c, 8d, 8e and 8j exhibited most promising 

cytotoxicity against the selected cancer cell lines. Among these com-
pounds 4a, 4b, 4c, 8d, 8e and 8j have exhibited excellent cytotoxicity 
with IC50 value of 1.56 μM against MCF-7. Whereas, compounds 4a, 4c 
and 4d have shown excellent cytotoxicity with IC50 value of 1.56 μM 
against A549. Remarkably, compound 8c has shown most promising 

Fig. 2. Designing of title compounds.  

Scheme 1. Synthetic route for target compounds 4a-i.  

Scheme 2. Synthetic route for target compounds 8a-l.  
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cytotoxicity with IC50 value of 1.56 μM against HepG2. Compound 8a 
and 8i with IC50 value of 3.12 μM was found to be better cytotoxicity 
compared to compounds 4e, 8b and 8h with IC50 value of 6.25 μM 
against MCF-7. Compound 8j and compounds 4i, 8h with IC50 value of 
3.12 μM has shown good activity against A549 and HepG2 cancer cell 

line, respectively. Compounds 4b, 4e, 4i, 8e, 8h, 8i and 8l have been 
exhibited moderate activity with IC50 value of 6.25 μM against A549. In 
addition, compounds 4a, 4b, 4d, 8a, 8e, 8f, 8g and 8l have been shown 
good activity with IC50 value of 6.25 μM against HepG2. Compounds 4d, 
4f, 8c, 8f, 8g with IC50 value of 12.5 μM have been exhibited moderate 
activity compared to compounds 4g, 4h, 4i, 8k and 8l with IC50 value of 
25 μM against MCF-7. Compounds 8a, 8c, 8d, 8g and 8k with IC50 value 
of 12.5 μM have shown moderate activity against A549. Compounds 4c, 
4e, 4h, 8d and 8k with IC50 value of 12.5 μM has shown moderate ac-
tivity compared to standard drug adriamycin with IC50 value of 0.66 μM 
against HepG2 cell line. Compounds 4f, 4g and 8b with IC50 value of 25 
μM have been shown least activity against A549 and HepG2 compared to 
standard drug adriamycin with IC50 value of 0.78 μM and 0.66 μM, 
respectively. 

From the in vitro cytotoxicity result data as shown in Table 1, the 
most active compounds 4a, 4b, 4c, 4d, 8d, 8e and 8j were tested on non- 
tumorigenic breast epithelial cell lines (MCF-10A) to find out the 
selectivity towards the cancer cells. This type of testing helps us to 
predict whether the synthesized compounds are selective towards the 
cancer cell line or not. From the data obtained it is observed that the 
compounds 4a, 4b, 4c, 8d, 8e and 8j were found to be selective towards 
cancer cells, since they did not exhibit cytotoxicity towards MCF-10A 
cells. The most selective compounds towards MCF-7 cancer cell line is 
compound 8e and 8j which has shown IC50 value 1.56 μM and > 100 μM 
against MCF-7 cancer cell line and MCF-10A normal breast epithelial 
cell lines respectively. 

The structure activity data is drawn from the results of cytotoxicity 
data of the synthesized derivatives 4a-4i and 8a-8l. The heterocyclic 
molecule chromone and 6-amino-3,4-dihydro-2H-pyran-5-carbonitrile 
were coupled with various aromatic compounds to form 4a-4i series 
of compounds. The heterocyclic molecule 6-chloro-7-methyl-4H-chro-
men-4-one and imidazole were coupled with various aromatic com-
pounds to form 8a-8l series of compounds. In the 4a-4i series of 
compounds it was observed that the derivatives with the heterocyclic 
molecule at the aromatic substitution were found to be more active than 
that of others. Such as compounds 4a, 4b, 4c, 4d and 4e were good in 
activity compared to 4f, 4g, 4h and 4i. 

Fig. 3. Cellular growth curve by MTT method.  

Fig. 4. Doubling time parameter determined by MTT method.  

Fig. 5. Percentage toxicity of test compounds on non-cancer cell line, MCF-10A.  
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Table 1 
aIC50 (µM) values of the synthesized derivatives (4a-i and 8a-l).  

Entry MCF-7b A549c HepG2d MCF-10Ae 

4a

1.56 1.56 6.25 98 

4b

1.56 6.25 6.25 94 

4c

1.56 1.56 12.5 94 

4d

12.5 1.56 6.25 90 

4e

6.25 6.25 12.5 ND 

4f

12.5 25 25 ND 

25 25 25 ND 

(continued on next page) 
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Table 1 (continued ) 

Entry MCF-7b A549c HepG2d MCF-10Ae 

4g

4h

25 25 12.5 ND 

4i

25 6.25 3.12 ND 

8a

3.12 12.5 6.25 ND 

8b

6.25 25 25 ND 

12.5 12.5 1.56 92 

(continued on next page) 
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Table 1 (continued ) 

Entry MCF-7b A549c HepG2d MCF-10Ae 

8c

8d

1.56 12.5 12.5 98 

8e

1.56 6.25 6.25 >100 

8f

12.5 25 6.25 ND 

12.5 12.5 6.25 ND 

(continued on next page) 
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Table 1 (continued ) 

Entry MCF-7b A549c HepG2d MCF-10Ae 

8g

8h

6.25 6.25 3.12 ND 

8i

3.12 6.25 25 ND 

8j

1.56 3.125 25 >100 

25 12.5 12.5 ND 

(continued on next page) 
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In the compounds from 8a-8l series it was observed that the com-
pounds with the electron withdrawing groups (8a, 8b, 8c, 8d, 8e, 8i and 
8j) were found to be good in activity compared to those with electron 
donating groups (8f, 8g, 8h, 8k and 8l). The compounds with the 
electron withdrawing group at para position were found to be good in 
activity compared to those with meta and ortho substituted with elec-
tron withdrawing group. 

Compounds shown good cytotoxicity on most of the selected cell 
lines were used to predict the antitumor mechanism. Literature revealed 
that topoisomerase II is over expressed in A-498 cells.31,32 For this 
reason, the selected synthesized compounds 4a, 4b, 4c, 4d, 8d, 8e and 
8j were evaluated to predict their ability to inhibit topoisomerase II 
(TOPO-II) enzyme. Topoisomerase II inhibition percent were evaluated 
at three different concentrations (0.01, 

0.1, 1, 10 and 100 mM) to calculate their IC50 values. The catalytic 
activity of TOPO-II was evaluated according to the procedure reported 
by Patra et al.33 Doxorubicin was used as a standard drug in this 
experiment. Doxorubicin act by inhibiting the progression of topo-
isomerase II, enzyme which relaxes supercoils in DNA for transcription. 
Data of the experiment performed is as reported in Table 2. Typically for 
small molecules 4a and 4c, which these are, IC50 >/= 10uM can be a 
concern because of possible inhibitory activity against necessary 
enzymes. 

The compound 4a was strongly inhibited TOPO-II enzyme with IC50 
value of 10.28 ± 0.04 μM. The second most active TOPO-II enzyme in-
hibitor was found to be compound 4c as shown in Table 2. IC50 value of 
compound 4c was found to be 12.38 ± 0.19 μM. Compound 8j was found 
to be the least topoisomerase-II enzyme inhibition among the selected 
compounds with IC50 value of 48.40 ± 0.09 μM. Other compounds 4b 
and 8e exhibited good inhibition of TOPO-II enzyme. Whereas 

compounds 4d, 8d and 8j which were selected for activity have pro-
duced moderate inhibition of TOPO-II enzyme as shown in Table 2. 
Fig. 6 explains the TOPO-II enzyme inhibition. To predict the ability to 

Table 1 (continued ) 

Entry MCF-7b A549c HepG2d MCF-10Ae 

8k

8l

25 6.25 6.25 ND 

Adriamycin 0.72 0.78 0.66 ND  

a 50% Inhibitory concentration. 
b Breast cancer cell line. 
c Lung cancer cell line. 
d Liver cancer cell line. 
e normal breast epithelial cell lines and ND = Not determined. 

Table 2 
IC50 values and Docking score of synthesized compounds against TOPO-IIα 
enzyme.  

Compounds IC50 μMa Docking Score 

4a 10.28 ± 0.04 − 7.375 
4b 16.66 ± 0.19 − 6.495 
4c 12.38 ± 0.33 − 7.928 
4d 26.42 ± 0.12 − 7.278 
8d 39.88 ± 0.08 − 7.067 
8e 17.12 ± 0.22 − 6.437 
8j 48.40 ± 0.09 − 5.942 
Doxorubicin 0.99 ± 0.14 − 12.311  

a Three independent experiments were performed for each concentration. 

Fig. 6. Inhibition of TOPO-II enzyme. Lane 1: plasmid; lane 2: Plasmid + 1 unit 
Topo II; lane 3: Plasmid + 1 unit Topo II + compound 4a; lane 4: Plasmid + 1 
unit Topo II + compound 4c; lane 5: Plasmid + 1 unit Topo II + Doxorubicin. 
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inhibit Topo IIα activity in cell-free system were initially evaluated by 
measuring the conversions of the supercoiled pBR322 DNA plasmid to 
the relaxed forms. Doxorubicin was used as positive control. The syn-
thesized compounds 4a and 4c have inhibited the Topo IIα enzyme ac-
tivities resulting in only supercoiled DNA on the gel. 

Topo-II enzyme inhibiting activity of synthesized flavonoid 
coumarin analogues was further validated by predicting the binding of 
mode of compounds34-36 4a and 4c at the DNA cleavage site of topo-
isomerase-IIα (PDB ID: 5GWK). The docking study was performed in 
Maestro using Glide (Schrodinger version 2019-4). The Glide was 
allowed to search for favorable interactions between ligand molecules 
and a receptor molecule with permissible flexible ligand conformations. 
The Glide was allowed to search for favorable interactions between 
ligand molecules and a receptor molecule with permissible flexible 
ligand conformations. Glide uses a set of hierarchical filters to evaluate 
the poses of ligand in active site of receptor. 

The initial filtering test explores the complementarity of ligand- 
receptor interactions using a grid-based method involving empirical 
ChemScore function, followed by the final stage of the algorithm, which 
comprises minimization of grid to OPLS non-bonded ligand-receptor 
interaction energy. Final scoring is then carried out on the energy- 
minimized poses, followed by refinement of good ligand poses by 
using Extra-precision mode (XP) which enables docking to give signifi-
cantly higher penalties to ligand-receptor complex for severe violations 
of physical. XP precision mode uses a custom score feature designed to 
reject ligand poses that are supposed to have unfavorable energies, 
based on well-known principles of physical chemistry. The superimpo-
sition of the docked pose and co-crystallized bound structure of etopo-
side at the binding site of the enzyme was performed to validate the 
docking methodology and RMSD value was found to be 0.817 Å. From 
the inbound etoposide structure and the docking analysis of doxoru-
bicin, it was shown that both molecules are located between the base 
pairs of DNA at the active site of topoisomerase-IIα and formed H bonds 
with the surrounding amino acid residues and DNA fragments. In 
addition, docking findings showed that the synthesized compounds 4a 
and 4c were in fact held secure within the topoisomerase-IIα hydro-
phobic DNA cleavage site (Fig. 7). 

Analysis of the interaction of docked compounds with Topo IIα-DNA 
complex revealed the existence of interactions with amino acid residues, 
Glu461, Asp463, Ser464 and Ser763 DNA fragments DC8, DT9 and 
DA12. It was found that, similar to doxorubicin, compound 4a stabilizes 
the ligand–protein complex by forming H-bonds with the amino acids 
residue Asp463 and pi-pi stacking with DNA fragment DA12. In the same 
way, compound 4c supports the complex by establishing H-bond in-
teractions with amino acid residue Ser763, and DNA fragment DC8 and 
pi-pi stacking with DNA fragments DC8 and DT9 (Fig. 8). Similarly, 
interaction of all compounds with Topo IIα-DNA complex were analysed 
and it was revealed that most compounds exhibited identical binding 
patterns with amino acid residues at the binding site as that of Etoposide 

and doxorubicin. 
The drug achievement is determined not only by good efficacy, but 

also by passing through pharmacokinetic filters. These properties such 
as absorption, distribution, metabolism and excretion (ADME) are 
important in order to determine the success of compound for human 
therapeutic use. In present study, we have calculated molecular weight 
(MW), number of hydrogen bond donors (HBD), number of hydrogen 
bond acceptors (HBA), logarithm of partition coefficient (QPlog Po/w), 
predicted aqueous solubility (QPlogS), predicted apparent Caco-2 cell 
permeability in nm/s (QPPCaco), Primary Metabolites (#metab), pre-
diction of binding to human serum albumin (QPlogKhsa), Human Oral 
Absorption (HOA), Percent Human Oral Absorption (%HOA), Rule of 
Three (RO3) and Lipinski’s rule of five (RO5)37–39 by using the Qikprop. 
The results of ADMET prediction are shown in supporting information. 

The drug-likeness assessment of all compounds was performed by 
predicting the Lipinski rule of five, which includes molecular weights 
(MW <500), lipophilicity (QPlog Po/w < 5), number of hydrogen bond 
acceptors (HBA ≤ 10) and number of hydrogen bond donors (HBD ≤ 5) 
to determine the “drug-likeness” of all synthetic compounds. It was 
noted that compounds 4a-4i showed no violations of Lipinski’s rule and 
compounds 8a-8l showed violations of Lipinski’s rule for MW and 
QPlogPo/w. It is believed that the compounds are more likely to be 
accessible orally if they comply with Jorgensen’s rule of three (QPlogS 
> -5.7, QPPCaco > 22 nm/s, metab < 7) with less number of violations. 
The Jorgensen’s rule of three therefore predict the bioavailability of a 
compound, which in turn depends on the processes of absorption and 
liver first-pass metabolism. The compounds 4c, 4d, 4h and 4i were 
found to comply with Jorgensen’s rule of three, with the remaining 
compounds showing violation of the rule for one property only 
(QPlogS). It was also shown that most of the compounds showed value 1 
and 2 for predicted qualitative human oral absorption (1, 2, or 3 for low, 
medium, or high oral absorption respectively) and 72% to 100% for 
predicted human oral absorption indicating that the synthesized com-
pounds have medium to high oral absorption. 

It is interesting that binding of drugs to plasma greatly reduces the 
amount of the drug in the bloodstream and thus the less bound the drug, 
the more efficient it can move through or diffuse cell membranes. The 
compounds 4a-4i were found to be in the recommended range of − 1.5 to 
1.5 of QPlogKhsa (prediction of binding to human serum albumin). This 
means that these compounds are likely to circulate freely inside the 
blood stream and will have easy access to the target site. Whereas 
compounds 8a-8i showed the value of QPlogKhsa in between 1.6 and 
2.0 indicting that these compounds might bind to plasma protein and 
have less amount of the drug in the bloodstream as compare to Com-
pounds 4a-4i. The average estimated number of possible metabolic re-
actions (#metab < 7) for the all compound was found in between 1 and 
3 indicting the ease of metabolism of all compounds. The findings of 
ADME showed that the most of drugs have drug-like properties. 

In conclusion, we have synthesized novel series of flavonoid 

Fig. 7. Binding pose of Etoposide (magenta-coloured), Doxorubicin (blue-coloured) and Compound 4a (green-coloured) at DNA cleavage site of topoisomerase IIα.  
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derivatives, and evaluated for In vitro anti-proliferative activity against 
human cancer cell lines MCF-7, A549, HepG2 and MCF-10A. Among the 
synthesized flavonoid derivatives, compounds 4a, 4b, 4c, 4d, 8d, 8e and 
8j were found to be most active anti-proliferative compounds against 
human cancer cell line. It was found that, compounds 4a and 4c 
exhibited inhibition of enzyme topoisomerase II with IC50 values 10.28 
and 12.38 μM respectively. In silico docking study of synthesized com-
pounds showed that compounds 4a and 4c have good binding affinity 
toward topoisomerase II enzyme and have placed in between DNA base 
pair at active site of enzyme. Consequently, flavonoid coumarin ana-
logues may serve as lead scaffold for development of novel anti-
proliferative agents. In silico ADME prediction results showed that 
flavonoid coumarin analogues 4a-i could be exploited as an oral drug 
candidate. 
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29 Compound (4a): yellow solid; mp 215-217 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 5.84 (s, 1H, CH), 6.89 (s, 2H, NH2), 7.12 (t, 1H, ArH), 7.22 (t, 1H, ArH), 
7.31–7.33 (m, 2H, ArH), 7.55 (t, 1H, ArH), 7.57 (t, 1H, ArH), 7.79-7.84 (m, 3H, 
ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 38.9, 59.1, 111.5, 112.1, 117.6, 
119.0, 123.4, 123.9, 124.5, 125.1, 125.5, 126.5, 128.9, 132.4, 140.1, 140.2, 145.4, 
154.0, 154.3, 159.7, 164.5. HRMS Anal. Calcd. For C21H12N2O3S (M+H)+: 
373.0647. Found: 373.0646. Anal. calcd. for C21H12N2O3S: C, 67.73; H, 3.25; N, 
7.52. Found: C, 67.54; H, 3.53; N, 7.48. Compound (4b): yellow solid; mp 206-208 
◦C; 1H NMR (500 MHz, chloroform-d, δH ppm): 6.20 (s, 1H, CH), 6.89 (s, 2H, NH2), 
7.22 (t, 1H, ArH), 7.32 (d, 1H, ArH), 7.50 (t, 1H, ArH), 7.51 (t, 1H, ArH), 7.70 (t, 1H, 
ArH), 7.81-7.84 (m, 2H, ArH), 8.05 (d, 1H, ArH), 8.21 (s, 1H, ArH), 8.78 (s, 1H, 

ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 37.8, 57.4, 108.0, 111.8, 117.7, 
119.8, 124.5, 126.5, 127.5, 127.9, 128.3, 129.3, 129.7, 132.4, 132.6, 136.0, 148.2, 
149.2, 153.7, 153.9, 159.9, 164.3. HRMS Anal. Calcd. For C22H13N3O3 (M+H)+: 
368.1035. Found: 368.1031. Anal. calcd. for C22H13N3O3: C, 71.93; H, 3.57; N, 
11.44. Found: C, 71.72; H, 3.84; N, 11.42. Compound (4c): yellow solid; mp 214-216 
◦C; 1H NMR (500 MHz, chloroform-d, δH ppm): 6.59 (s, 1H, CH), 6.89 (s, 2H, NH2), 
7.17-7.21 (m, 3H, ArH), 7.32 (d, 1H, ArH), 7.37 (d, 1H, ArH), 7.45 (d, 1H, ArH), 7.52 
(t, 1H, ArH), 7.55 (d, 1H, ArH), 7.83 (d, 1H, ArH), 8.98 (s, 1H, NH). 13C NMR (125 
MHz, chloroform-d, δC ppm): 36.1, 56.8, 108.3, 111.9, 112.2, 117.2, 117.7, 119.0, 
119.6, 120.0, 122.0, 122.9, 124.5, 126.5, 128.1, 132.4, 135.9, 152.8, 153.9, 159.7, 
164.4. HRMS Anal. Calcd. For C21H13N3O3 (M+H)+: 356.1035. Found: 356.1030. 
Anal. calcd. for C21H13N3O3: C, 70.98; H, 3.69; N, 11.83. Found: C, 70.77; H, 3.94; 
N, 11.81. Compound (4d): yellow solid; mp 192-194 ◦C; 1H NMR (500 MHz, 
chloroform-d, δH ppm): 5.94 (s, 1H, CH), 6.23 (s, 1H, ArH), 6.70 (s, 2H, NH2), 7.22 
(t, 1H, ArH), 7.32 (d, 1H, ArH), 7.38-7.44 (m, 2H, ArH), 7.51-7.53 (m, 2H, ArH), 
7.81 (d, 1H, ArH), 8.12-8.14 (m, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC 
ppm): 45.4, 58.7, 107.0, 111.4, 114.5, 117.7, 118.1, 118.2, 123.9, 124.5, 126.1, 
126.5, 126.8, 132.4, 134.0, 153.9, 155.1, 157.2, 161.3, 164.7, 167.6, 177.5. HRMS 
Anal. Calcd. For C22H12N2O5 (M+H)+: 385.0824. Found: 385.0818. Anal. calcd. 
for C22H12N2O5: C, 68.75; H, 3.15; N, 7.Found: C, 68.58; H, 3.41; N, 7.24. 
Compound (4e): yellow solid; mp 202-204 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 2.44 (s, 3H, CH3), 6.04 (s, 1H, CH), 6.72 (s, 2H, NH2), 7.22 (t, 1H, ArH), 7.31- 
7.33(m, 1H, ArH), 7.38 (s, 1H, ArH), 7.58 (t, 1H, ArH), 7.81 (d, 1H, ArH), 7.99 (s, 
1H, ArH), 8.09 (s, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 20.5, 35.6, 
56.4, 107.3, 111.3, 117.6, 117.7, 118.2, 123.1, 124.3, 124.5, 126.4, 126.5, 128.2, 
132.4, 142.1, 153.5, 153.9, 155.4, 159.1, 161.2, 164.9, 177.4. HRMS Anal. Calcd. 
For C23H13ClN2O5 (M+H)+: 433.0591. Found: 433.0586. Anal. calcd. for 
C23H13ClN2O5: C, 63.83; H, 3.03; N, 6.47. Found: C, 63.65; H, 3.23; N, 6.46. 
Compound (4f): yellow solid; mp 236-238 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 6.53 (s, 1H, CH), 6.89 (s, 2H, NH2), 7.24 (t, 1H, ArH), 7.26 (d, 1H, ArH), 7.49- 
7.53 (m, 5H, ArH), 7.83 (d, 1H, ArH), 7.95-7.97 (m, 2H, ArH), 8.38-8.40 (m, 3H, 
ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 49.7, 57.7, 110.5, 115.1, 116.7, 
116.8, 123.3, 125.4, 125.7, 126.6, 127.0, 127.5, 127.8, 127.9, 128.3, 129.0, 129.8, 
130.6, 130.9, 131.0, 132.3, 132.6, 132.8, 150.7, 153.6, 157.9, 163.3. HRMS Anal. 
Calcd. For C27H16N2O3 (M+H)+: 417.1239. Found: 417.1234. Anal. calcd. for 
C27H16N2O3: C, 77.87; H, 3.87; N, 6.73. Found: C, 77.65; H, 4.11; N, 6.74. 
Compound (4g): yellow solid; mp 242-244 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 6.23 (s, 1H, CH), 6.89 (s, 2H, NH2), 7.24 (t, 1H, ArH), 7.33 (d, 1H, ArH), 7.50 
(t, 1H, ArH), 7.55 (t, 2H, ArH), 7.63-7.67 (m, 3H, ArH), 7.83 (d, 1H, ArH), 7.95 (d, 
1H, ArH), 8.45 (d, 1H, ArH), 8.55 (d, 1H, ArH), 8.72 (d, 1H, ArH). 13C NMR (125 
MHz, chloroform-d, δC ppm): 37.3, 57.1, 108.8, 111..8, 117.7, 119.1, 123.8, 124.4, 
124.5, 125.6, 126.5, 126.9, 127.2, 127.6, 128.2, 128.3, 128.9, 132.4, 132.5, 132.8, 
132.9, 133.1, 138.7, 153.3, 153.9, 159.7, 164.1. HRMS Anal. Calcd. For 
C27H16N2O3 (M+H)+: 417.1239. Found: 417.1233. Anal. calcd. for C27H16N2O3: 
C, 77.87; H, 3.87; N, 6.73. Found: C, 77.64; H, 4.13; N, 6.72. Compound (4h): yellow 
solid; mp 231-233 ◦C; 1H NMR (500 MHz, chloroform-d, δH ppm): 1.01-1.13 (m, 2H, 
CH2), 1.33-1.37 (m, 2H, CH2), 2.33-2.39 (m, 1H, CH), 4.24 (d 1H, CH), 6.77 (s, 2H, 
NH2), 7.22 (t, 1H, ArH), 7.32 (d, 1H, ArH), 7.55 (t, 1H, ArH), 7.82 (d, 1H, ArH). 13C 
NMR (125 MHz, chloroform-d, δC ppm): 6.1, 19.6, 41.8, 57.5, 108.8, 109.8, 110.5, 
116.8, 117.0, 123.3, 127.0, 132.3, 151.6, 153.6, 161.7, 162.2. HRMS Anal. Calcd. 
For C16H12N2O3 (M+H)+: 281.0926. Found: 281.0921. Anal. calcd. for 
C16H12N2O3: C, 68.56; H, 4.32; N, 9.99. Found: C, 68.33; H, 4.61; N, 9.94. 
Compound (4i): yellow solid; mp 218-220 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 3.81 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 6.01 (s, 1H, ArH), 6.42 (d, 1H, ArH), 
6.53 (s, 1H, ArH), 6.74 (d, 1H, ArH), 6.89 (s, 2H, NH2), 7.22 (t, 1H, ArH), 7.33 (d, 
1H, ArH), 7.55 (t, 1H, ArH), 7.83 (d, 1H, ArH). 13C NMR (125 MHz, chloroform-d, 
δC ppm): 34.0, 55.6, 55.8, 57.4, 98.8, 107.0, 109.1, 111.9, 117.7, 119.1, 123.2, 
124.5, 126.5, 130.1, 132.4, 153.2, 153.9, 158.3, 158.6, 159.7, 164.1. HRMS Anal. 
Calcd. For C21H16N2O5 (M+H)+: 377.1137. Found: 377.1132. Anal. calcd. for 
C21H16N2O5: C, 67.02; H, 4.28; N, 7.44. Found: C, 66.85; H, 4.50; N, 7.43. 

30 Compound (8a): yellow solid; mp 162-164 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 2.48 (s, 3H, CH3), 7.06–7.09 (m, 1H, ArH), 7.18-7.23 (m, 3H, ArH), 7.27 (dd, 
1H, ArH), 7.34-7.49 (m, 10H, ArH), 8.07 (s, 1H, ArH), 8.68 (s, 1H, ArH). 13C NMR 
(125 MHz, chloroform-d, δC ppm): 20.7, 118.6, 118.8, 122.3, 125.9, 127.2, 128.0, 
128.6, 129.0, 129.5, 129.7, 129.9, 130.2, 130.3, 130.4, 130.6, 130.7, 131.0, 131.1, 
131.3, 131.6, 131.9, 132.8, 132.9, 135.1, 142.8, 143.6, 149.0, 153.9, 155.5, 172.1. 
HRMS Anal. Calcd. For C31H20Cl2N2O2 (M+H)+: 523.0980. Found: 523.0977. 
Anal. calcd. for C31H20Cl2N2O2: C, 71.14; H, 3.85; N, 5.35. Found: C, 71.00; H, 
4.04; N, 5.34. Compound (8b): yellow solid; mp 187-189 ◦C; 1H NMR (500 MHz, 
chloroform-d, δH ppm): 2.44 (s, 3H, CH3), 7.25–7.45 (m, 2H, ArH), 7.56-7.59 (m, 
1H, ArH), 7.98 (s, 1H, ArH), 8.48 (s, 1H, ArH). 13C NMR (125 MHz, chloroform-d, 
δC ppm): 20.7, 118.6, 118.8, 122.3, 125.9, 126.4, 127.2, 127.7, 128.0, 128.1, 128.6, 
129.0, 129.5, 129.7, 130.3, 131.0, 131.1, 131.2, 131.4, 131.5, 131.9, 132.9, 133.7, 
134.3, 137.6, 142.6, 143.6, 149.0, 153.9, 156.0, 172.1. HRMS Anal. Calcd. For 
C31H20Cl2N2O2 (M+H)+: 523.0980. Found: 523.0975. Anal. calcd. for 
C31H20Cl2N2O2: C, 71.14; H, 3.85; N, 5.35. Found: C, 71.03; H, 4.11; N, 5.23. 
Compound (8c): yellow solid; mp 176-178 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 2.47 (s, 3H, CH3), 7.26–7.28 (m, 2H, ArH), 7.31 (d, 1H, ArH), 7.37-7.45 (m, 
8H, ArH), 756-7.59 (m, 4H, ArH), 7.98 (s, 1H, ArH), 8.48 (s, 1H, ArH),. 13C NMR 
(125 MHz, chloroform-d, δC ppm): 20.7, 118.6, 118.8, 122.3, 125.9, 126.7, 127.2, 
127.6, 127.7, 128.0, 128.6, 129.0, 129.5, 129.5, 129.7, 130.1, 130.3, 130.7, 130.8, 
131.0, 131.4, 131.9, 132.9, 133.7, 135.4, 142.6, 143.6, 149.0, 153.9, 156.0, 172.1. 
HRMS Anal. Calcd. For C31H20Cl2N2O2 (M+H)+: 523.0980. Found: 523.0975. 
Anal. calcd. for C31H20Cl2N2O2: C, 71.14; H, 3.85; N, 5.35. Found: C, 70.98; H, 
4.12; N, 5.28. Compound (8d): white solid; mp 154-156 ◦C; 1H NMR (500 MHz, 
chloroform-d, δH ppm): 2.48 (s, 3H, CH3), 7.18–7.22 (m, 2H, ArH), 7.30 (d, 1H, 
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ArH), 7.34-7.7.36 (m, 2H, ArH), 7.40-7.49 (m, 7H, ArH), 7.61 (d, 1H, ArH), 7.66 (d, 
1H, ArH), 8.07 (s, 1H, ArH), 8.68 (s, 1H, ArH). 13C NMR (125 MHz, chloroform-d, 
δC ppm): 20.7, 118.6, 118.8, 122.3, 122.8, 123.1, 125.9, 126.5, 127.2, 128.0, 128.6, 
129.0, 129.1, 129.5, 129.7, 130.3, 130.8, 131.1, 131.2, 131.3, 131.4, 131.9, 132.5, 
132.9, 137.1, 142.6, 143.6, 149.0, 153.9, 156.0, 172.1. HRMS Anal. Calcd. For 
C31H19Cl3N2O2 (M+H)+: 557.0590. Found: 557.0585. Anal. calcd. for 
C31H19Cl3N2O2: C, 66.74; H, 3.43; N, 5.02. Found: C, 66.59; H, 3.60; N, 5.01. 
Compound (8e): yellow solid; mp 180-182 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 2.47 (s, 3H, CH3), 7.18–7.22 (m, 2H, ArH), 7.27-7.30 (m, 4H, ArH), 7.34-7.36 
(m, 2H, ArH), 7.40-7.42 (m, 2H, ArH), 7.45-7.49 (m, 5H, ArH), 8.07 (s, 1H, ArH), 
8.63 (s, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 20.7, 118.6, 118.8, 
121.0, 122.3, 125.9, 126.6, 127.2, 128.0, 128.6, 129.0, 129.5, 129.7, 129.9, 130.3, 
130.8, 130.9, 131.1, 131.2, 131.3, 131.4, 131.9, 132.5, 132.9, 135.6, 142.6, 143.6, 
149.0, 153.9, 156.0, 172.1. HRMS Anal. Calcd. For C31H20BrClN2O2 (M+H)+: 
567.0475. Found: 567.0469. Anal. calcd. for C31H20BrClN2O2: C, 65.57; H, 3.55; N, 
4.93. Found: C, 65.42; H, 3.70; N, 4.91. Compound (8f): yellow solid; mp 168-170 
◦C; 1H NMR (500 MHz, chloroform-d, δH ppm): 2.40 (s, 3H, CH3), 2.44 (s, 3H, CH3), 
7.03–7.06 (m, 1H, ArH), 7.27-7.42 (m, 10H, ArH), 7.56-7.58 (m, 4H, ArH), 7.98 (s, 
1H, ArH), 8.48 (s, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 20.7, 21.6, 
118.6, 118.8, 122.3, 125.8, 125.9, 127.2, 128.0, 128.6, 128.9, 129.0, 129.5, 129.7, 
130.1, 130.3, 130.7, 131.2, 131.9, 132.3, 132.4, 132.5, 132.6, 132.9, 137.8, 139.5, 
142.6, 143.6, 149.0, 153.9, 156.0, 172.1. HRMS Anal. Calcd. For C32H23ClN2O2 (M 
+H)+: 503.1526. Found: 503.1522. Anal. calcd. for C32H23ClN2O2: C, 76.41; H, 
4.61; N, 5.57. Found: C, 76.29; H, 4.78; N, 5.58. Compound (8g): yellow solid; mp 
148-150 ◦C; 1H NMR (500 MHz, chloroform-d, δH ppm): 2.39 (s, 3H, CH3), 2.43 (s, 
3H, CH3), 7.24–7.26 (m, 2H, ArH), 7.28-7.32 (m, 3H, ArH), 7.37-7.45 (m, 6H, ArH), 
7.56-7.59 (m, 4H, ArH), 7.97 (s, 1H, ArH), 8.47 (s, 1H, ArH). 13C NMR (125 MHz, 
chloroform-d, δC ppm): 20.7, 20.8, 118.6, 118.8, 122.3, 125.9, 127.2, 127.7, 128.0, 
128.6, 129.0, 129.5, 129.6, 129.7, 130.3, 130.7, 130.8, 130.9, 131.3, 131.4, 131.9, 
132.4, 132.9, 135.1, 135.5, 137.3, 142.6, 143.6, 149.0, 153.9, 156.0, 172.1. HRMS 
Anal. Calcd. For C32H23ClN2O2 (M+H)+: 503.1526. Found: 503.1521. Anal. calcd. 
for C32H23ClN2O2: C, 76.41; H, 4.61; N, 5.57. Found: C, 76.32; H, 4.77; N, 5.55. 
Compound (8h): yellow solid; mp 172-174 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 1.94 (s, 3H, CH3), 2.42 (s, 3H, CH3), 2.48 (s, 3H, CH3), 6.96 (d, 1H, ArH), 
7.10 (dd, 1H, ArH), 7.18–7.22 (m, 3H, ArH), 7.34-7.42 (m, 4H, ArH), 7.44-7.49 (m, 
5H, ArH), 8.07 (s, 1H, ArH), 8.68 (s, 1H, ArH). 13C NMR (125 MHz, chloroform-d, 
δC ppm): 17.6, 20.7, 20.8, 118.6, 118.8, 122.3, 125.7, 125.9, 126.0, 127.2, 128.0, 
128.6, 129.0, 129.5, 129.7, 129.9, 130.4, 130.6, 130.9, 131.4, 131.8, 131.9, 132.4, 
132.5, 132.9, 133.7, 134.9, 142.8, 143.6, 149.0, 153.9, 155.5, 172.1. HRMS Anal. 
Calcd. For C33H25ClN2O2 (M+H)+: 517.1683. Found: 517.1677. Anal. calcd. for 
C33H25ClN2O2: C, 76.41; H, 4.61; N, 5.57. Found: C, 76.51; H, 5.06; N, 5.41. 
Compound (8i): yellow solid; mp 191-193 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 2.44 (s, 3H, CH3), 7.26–7.28 (m, 2H, ArH), 7.31 (d, 1H, ArH), 7.37-7.44 (m, 
4H, ArH), 7.56–7.59 (m, 4H, ArH), 7.62-7.65 (m, 1H, ArH), 7.73 (d, 1H, ArH), 7.98 
(s, 1H, ArH), 8.13 (d, 1H, ArH), 8.26 (s, 1H, ArH), 8.48 (s, 1H, ArH). 13C NMR (125 
MHz, chloroform-d, δC ppm): 20.7, 118.6, 118.8, 122.0, 122.3, 123.4, 125.9, 127.2, 
128.0, 128.6, 129.0, 129.5, 129.7, 129.8, 130.1, 130.3, 130.8, 131.1, 131.4, 131.5, 
131.9, 132.3, 132.9, 136.5, 142.6, 143.6, 147.5, 149.0, 153.9, 156.0, 172.1. HRMS 
Anal. Calcd. For C31H20ClN3O4 (M+H)+: 534.1221. Found: 534.1207. Anal. calcd. 
for C31H20ClN3O4: C, 69.73; H, 3.78; N, 7.87. Found: C, 69.61; H, 3.94; N, 7.83. 
Compound (8j): yellow solid; mp 183-185 ◦C; 1H NMR (500 MHz, chloroform-d, δH 
ppm): 2.48 (s, 3H, CH3), 7.18-7.22 (m, 2H, ArH), 7.35 (t, 2H, ArH), 7.41 (t, 2H, 
ArH), 7.45–7.50 (m, 35H, ArH), 7.56 (d, 2H, ArH), 8.07 (s, 1H, ArH), 8.24 (d, 2H, 

ArH), 8.68 (s, 1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 20.7, 118.6, 
118.8, 122.3, 125.5, 125.9, 126.1, 127.2, 128.0, 128.6, 129.0, 129.5, 129.7, 130.3, 
130.7, 130.9, 131.0, 131.1, 131.4, 131.9, 132.3, 132.4, 132.9, 138.0, 142.6, 143.6, 
145.8, 149.1, 153.9, 156.0, 172.1. HRMS Anal. Calcd. For C31H20ClN3O4 (M+H)+: 
534.1221. Found: 534.1212. Anal. calcd. for C31H20ClN3O4: C, 69.73; H, 3.78; N, 
7.87. Found: C, 69.65; H, 3.88; N, 7.78. Compound (8k): yellow solid; mp 165-167 
◦C; 1H NMR (500 MHz, chloroform-d, δH ppm): 2.44 (s, 3H, CH3), 3.90 (s, 3H, 
OCH3), 7.03 (d, 1H, ArH), 7.22-7.25 (m, 1H, ArH), 7.27–7.30 (m, 2H, ArH), 7.32 (s, 
1H, ArH), 7.37-7.47 (m, 6H, ArH), 7.55-7.58 (m, 4H, ArH), 7.98 (s, 1H, ArH), 8.48 (s, 
1H, ArH). 13C NMR (125 MHz, chloroform-d, δC ppm): 20.7, 55.8, 112.5, 118.6, 
118.8, 122.3, 123.4, 125.9, 127.2,127.6, 128.0, 128.6, 129.0, 129.3, 129.4, 129.5, 
129.7, 129.9, 130.0, 130.4, 130.5, 130.6, 131.6, 131.9, 132.9, 142.8, 143.6, 149.0, 
153.9, 155.5, 156.1, 172.1. HRMS Anal. Calcd. For C32H23ClN2O3 (M+H)+: 
519.1475. Found: 519.1470. Anal. calcd. for C32H23ClN2O3: C, 73.91; H, 4.65; N, 
5.39. Found: C, 74.06; H, 4.47; N, 5.40. Compound (8l): yellow solid; mp 159-161 ◦C; 
1H NMR (500 MHz, chloroform-d, δH ppm): 2.48 (s, 3H, CH3), 3.85 (s, 3H, OCH3), 
6.89 (d, 1H, ArH), 7.03 (d, 1H, ArH), 7.11 (s, 1H, ArH), 7.18-7.22 (m, 2H, ArH), 
7.30-7.36 (m, 3H, ArH), 7.40-7.49 (m, 7H, ArH), 8.07 (s, 1H, ArH), 8.68 (s, 1H, ArH). 
13C NMR (125 MHz, chloroform-d, δC ppm): 20.7, 55.3, 112.8, 115.6, 118.6, 118.8, 
122.3, 125.8, 125.9, 127.2, 128.0, 128.6, 129.0, 129.5, 129.7, 129.8, 130.2, 130.3, 
130.8, 131.0, 131.3, 131.6, 131.9, 132.9, 137.5, 142.6, 143.6, 149.0, 153.9, 156.0, 
161.3, 172.1. HRMS Anal. Calcd. For C32H23ClN2O3 (M+H)+: 519.1475. Found: 
519.1471. Anal. calcd. for C32H23ClN2O3: C, 73.91; H, 4.65; N, 5.39. Found: C, 
74.13; H, 4.41; N, 5.35. 

31 Wu SY, Pan SL, Xiao ZY, et al. NPRL-Z-1, as a new topoisomerase II poison, induces 
cell apoptosis and ROS generation in human renal carcinoma cells. PLoS One. 2014;9, 
e112220. 
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36 Wu CC, Li YC, Wang YR, Li TK, Chan NL. On the structural basis and design 
guidelines for type II topoisomerase-targeting anticancer drugs. Nucl Acids Res. 2013; 
41:10630–10640. 

37 (a) Lipinski CA, Lombardo L, Dominy BW, Feeney PJ. Experimental and 
computational approaches to estimate solubility and permeability in drug discovery 
and development settings. Adv Drug Del Rev. 2001;46:3–26.(b) Lokwani DK, 
Sarkate AP, Shinde DB. 3D QSAR and docking studies of benzoyl urea derivatives as 
tubulin binding agents for antiproliferative activity. Med Chem Res. 2013;22: 
1415–1425.(c) Lokwani D, Azad R, Sarkate A, Reddanna P, Shinde D. Structure 
based library design (SBLD) for new 1, 4-dihydropyrimidine scaffold as simultaneous 
COX-1/COX-2 and 5-LOX Inhibitors. Bioorg Med Chem. 2015;23:4533–4543. 

38 Zhao YH, Abraham MH, Le J, et al. Rate-limited steps of human oral absorption and 
QSAR studies. Pharm Res. 2002;19:1446–1457. 

39 Ertl P, Rohde B, Selzer P. Fast calculation of molecular polar surface area as a sum of 
fragment-based contributions and its application to the prediction of drug transport 
properties. J Med Chem. 2000;43:3714–3717. 

A.P. Sarkate et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S0960-894X(21)00142-6/h0200
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0200
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0200
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0205
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0205
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0210
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0210
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0210
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0215
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0215
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0215
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0220
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0220
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0225
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0225
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0225
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0230
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0230
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0230
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0235
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0235
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0235
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0235
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0240
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0240
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0240
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0245
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0245
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0250
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0250
http://refhub.elsevier.com/S0960-894X(21)00142-6/h0250


1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

© 2021 Journal of Medical Physics | Published by Wolters Kluwer - Medknow 1

AbstractAQ2

Original Article

IntroductIon

Radiotherapy plays an important role in cancer treatment of 
about 50% cases.[1] Most important concern and disadvantage 
of radiotherapy is that ionizing radiation influences both 
healthy tissue and solid tumors. To achieve tumor control 
by increasing radiation doses will damage normal tissues 
surrounding the target tumor which is a limitation in 
escalation of dose beyond which radiotherapy cannot be 
sustainably employed to treat cancers. Thus, there is a need 
of improvement in radiation delivery techniques so that 
injury to the surrounding tissues is reduced to achieve better 
tumor control probability (TCP) successfully.[2] Globally, 
colorectal cancer (CRC) is the third most common type of 
cancer, making up about 10.2% of all cases.[3] In 2018, there 
were 1.84 million new cases and 880,792 deaths from the 
disease.[3] CRC is more common in developed countries, 
where more than 65% of cases are found.[4] The radiotherapy 
in rectal cancer has intelligible application from anatomical 

perspective as rectum is a relatively fixed structure in the pelvis 
and it is situated below the organs that have limited tolerance 
to radiotherapy.[5] Conventionally, CRC is treated with surgery 
in the early stages, while a combination of preoperative 
chemoradiation therapy (CRT) and surgery is used in the 
more common locally advanced stages.[6] Preoperative CRT 
results in only about 15% of patients achieving a complete 
pathological response, i.e., no viable tumor remains within 
the surgical specimen at the time of surgery.[7,8] Furthermore, 
in lower third rectal cancers with wait and watch policy 
postradio-chemotherapy for organ preservation has shown 
encouraging results.[9] In order to achieve greater therapeutic 

The aim of the radiotherapy is to deliver a lethal dose to tumor while reducing the impact on the normal tissue. This reduction in impact can 
be achieved to have a greater therapeutic ratio by using nanoparticles as radiosensitizer. In this article, the potential role of superparamagnetic 
iron oxide nanoparticles (SPIONs) as radiosensitization enhancer on HT‑29 cell lines for different concentrations (0.007to 0.25 mg/ml) and 
different radiation doses (0.5to 2 Gy) of 6MV photon beam is presented. The highest sensitization enhancement ratio (SER) value was observed 
with 2 Gy for 0.25 mg/ml concentration. Radio sensitization increases with increase in the concentration of nanoparticles. Combination of 
6MV energy radiation and polyethylene glycol (PEG)‑coated SPIONs results in increasing cell killing of HT‑29 as compared to cell killing 
with radiation therapy alone. The results reveal that PEG‑coated nanoparticle will be a potential candidate to work as radiotherapy sensitizer 
in colorectal cancer.

Keywords: HT‑29 cell lines, radiotherapy sensitizer, superparamagnetic iron oxide nanoparticles
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ratio, radiation doses can be used to improve tumor down 
staging and local control of tumors.[8] However, the dose 
escalation also increases the risk of toxicity and exceeds the 
tolerance of adjacent healthy tissues.[8] A better alternative way 
is to combine standard-dose radiotherapy with radio sensitizers 
to enhance the radiation therapy efficacy locally within tumor 
area while saving adjacent healthy tissues.[6,10]

Many substances and materials have been reported as 
radio sensitizers. To propose nanoparticles as novel radio 
sensitizers, many progresses have been made toward it. The 
tumor vascularization system is heterogeneous and weak 
due to having high porosity, being spacious, and high leakage 
power.[11] These factors facilitate nanoparticles passage from 
the blood to the tumor cells and accumulate there; this is 
known as enhanced permeability and retention effect.[11,12] 
High atomic number (Z) nanoparticles, such as gold and 
silver, have been evaluated preclinically in in vitro and in vivo 
studies.[5] When lower energy photon interacts with high atomic 
number nanoparticles, photoelectric (PE) interaction becomes 
dominant. In PE interaction, there will be greater ionization, 
greater generation of secondary electrons and free radicals thus 
ultimately leading to greater DNA damages.[5,14] Most of studies 
to investigate the radio sensitization effects of high atomic 
number (Z) nanoparticles have used kilovolt (kV) energies to 
get advantage of PE effects which is directly proportional to 
Z4‑Z4.6.[15] In radiotherapy, megavoltage (MV) photons are more 
clinically relevant energy radiations to provide skin sparing 
effect and efficient dose to deeply seated tumors. MV photons 
interact with matter through Compton scattering, which is 
less dependent on Z. Other metal‑based nanoparticles (where 
metals such as hafnium oxide[16] and iron oxide[17]) have also 
been studied and reported to enhance the therapeutic efficiency 
of radiotherapy. Amongst nanoparticles, superparamgnetic 
iron‑oxide nanoparticles (SPIONs) are in the intense focus 
of research because of their several biomedical applications, 
such as a contrast agent for magnetic resonance imaging, 
amenability for functionalization with different capping 
agents, excellent platform for targeted co‑delivery of 
chemotherapeutic drugs, and magnetic hyperthermia therapy of 
cancer.[17] In recent years, a few studies have reported that the 
radio‑sensitizing ability of iron oxide nanoparticles, which was 
conjectured principally, due to their high surface-to-volume 
ratio, may act as a catalyst for the generation of reactive oxygen 
species (ROS).[17,18]

Several studies reported that SPIONs were enhancing the 
effect of radiation on cancer cells. Klein et al.,[19] demonstrated 
that citrate‑coated SPIONs may function as excellent 
radiosensitizer upon impact of X‑rays in enhancing the 
generation of ROS about 240% as compared with X‑ray treated 
cells without internalized SPIONs. Coating the SPIONs by 
a biocompatible material has several advantages such as the 
prevention of agglomeration among themselves, minimization 
of unnecessary uptake by reticuloendothelial system and 
increase in biodistribution of nanoparticles.[17,20] Coating plays 
a peculiar role in cellular internalization and toxicity. These 

roles have been investigated by Huang et al.[21] investigated 
that iron oxide nanoparticles with two different surface 
modifications, namely dextran coating and cross‑linked dextran 
coating show that their different internalization affects their 
capability to enhance radiation damage of cancer cells. One 
of the most successful approaches in producing surfaces that 
is capable to resist protein adhesion and biological attack will 
be to use polyethylene glycol ((PEG) as a surface protector.[22] 
Furthermore, it was demonstrated that both in vitro and in vivo 
studies the PEG coating suppresses platelet adhesion, leading 
to reduced risk of thrombus formation, tissue damage, and 
other cytotoxic effects.[22]

In this study, our aim is to synthesize PEG‑coated SPIONs 
and analyze the cell survival study of colorectal cancer cell 
lines (HT‑29) using PEG‑coated SPIONs as a radiosensitizer. 
The radiation survival of cells has traditionally been measured 
by clonogenic assay which is established standard but also 
difficult and time‑consuming. Here, we have used the MTT 
assay to measure radiation cell survival by estimating sensitizer 
enhancement ratio (SER).[23]

Methods and MaterIals

Materials
Ferric chloride anhydrous (FeCl3, 96%), ferrous chloride 
hydrated (FeCl2, 98%), potassium hydroxide pellets (KOH), and 
PEG 400 were used as purchased without further purification. 
HT‑29 human colorectal cancer cell lines, Dulbecco’s Modified 
Eagle Medium (DMEM), phosphate buffer saline (pH 7.4), 96 
well micro titer plate, and cells were maintained in a tissue 
culture CO2 incubator at 37°C with 5.0% CO2.

Synthesis of polyethylene glycol coated and uncoated 
Fe3O4 nanoparticles
PEG coated Fe3O4 were synthesized by chemical co-precipitation 
method.[23] In a beaker containing 100 ml of distilled water, 2 M 
of ferric chloride, 1 M of ferrous chloride, and 10 ml of PEG 
400 were added and stirred for 30 min. To this 1 M of KOH 
solution was added drop wise to obtain homogenous solution. 
Temperature was maintained at 90°C with stirring rate 1100 rpm. 
The resultant black precipitate was allowed to settle down. 
Precipitate was magnetically separated using permanent magnet 
and washed 3–4 times and kept in oven at 90°C for 12 h. For 
synthesis of bare Fe3O4, the above procedure was repeated without 
addition of PEG400 in the bath under nitrogen atmosphere.

Structural and morphological characterization
The X‑ray diffraction patterns of PEG‑coated Fe3O4 
nanoparticles were performed on an X‑ray Bruker AXS 
D8 advance diffractometer equipped with source Cu kα 
radiation (𝝀 =1.5406 Ao) at the step size 0.100203o. The 
average crystallite size has been estimated from X‑ray 
diffraction pattern, using the Scherer’s equation, β = K𝝀/d 
cos θ.[26] Where β is the peak width at half of maximum 
intensity, K is the shape factor, 𝝀 is the wavelength of X‑ray 
(𝝀 =1.5406 Ao), d is the average crystallite size, and θ is the 
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Braggs angle of diffraction in degree. It should be noted that 
the shape factor K is dimensionless and is accounting the 
shape of the specimen and often has the value of 0.89.[24] 
Size and morphology of PEG coated Fe3O4 nanoparticles 
were studied with transmission electron micrograph using 
JEOL JEM‑2100F (Country of origin: Japan) Field Emission 
Gun Transmission Electron Microscope (HR‑TEM).

Cell culture
In vitro growth inhibition effect of test compound was assessed 
by colorimetric or spectrophotometric determination by 
conversion of MTT into “Formazan blue” by living cells. 
1 × 105 cells/ml HT‑29 cell suspension was seeded into each 
well of 96 well micro titer plate and final volume was made up 
to 150 µl by adding DMEM media and incubated overnight. 
Dilutions of the test compound, i.e., PEG‑coated SPION’s 
were prepared in DMEM media. 100 µl of the test compound 
with different concentrations of 0.007, 0.015, 0.031, 0.062, 
0.125, and 0.25 mg/ml was added to the wells and normal 
control (cells with medium and no test sample), incubated for 
24 h., in presence of 5% CO2, at 37°C into CO2 incubator. After 
incubation, cell culture well plate was exposed to 6 MV X‑ray 
beam under linear accelerator machine and kept for 72 h of 
incubation. After 3 days, 20 µl of 5 mg/ml MTT reagent was 
added to the wells. The plate was kept for 4 h of incubation in 
the dark place at the room temperature.(The plate was covered 
with aluminum foil, since MTT reagent is photosensitive). 
The supernatant was carefully removed without disturbing 
the precipitated Formazan crystals and 100 µl of DMSO was 
added to dissolve the crystals formed. The optical density (OD) 
was measured at the wavelength of 492 nm. The study was 
performed in triplicates, and the result represents the mean of 
three readings. The surviving fraction of cells was calculated 
using the formula, S. F = Mean ODNP/Mean ODCONT.

Same experiment has been performed on HT‑29 cell lines 
with 0.007, 0.015, 0.031, 0.062, 0.125, and 0.25 mg/ml 
concentrations of SPIONs nanoparticles and control cells 
(cells with medium and no test sample)), incubated for 96 hs, 
in the presence of 5% CO2, at 37°C into CO2 incubator. OD 
was measured without any radiation exposure. Incubation 
period was kept same as above.

Irradiation setup
Irradiation of HT29 cell lines was done using MV X‑ray beam 
(6 MV) produced by Varian Clinac iX. Cells were cultured 
in 96 well plate and incubated for 24 hs with PEG‑coated 
Fe3O4 nanoparticles of different concentrations. The cell 
culture plate sandwiched between two solid water phantoms 
(thickness 5 cm of each) to attain electronic equilibrium and 
the remaining space filled with tissue equivalent wax bolus, 
as shown in Figure 1a. Water equivalent material could bring 
scattered photons of lower energy which interacts by PE effect. 
In this study, we kept 96 well plate at 5 cm depth instead 
of Dmax because the energy held by the scattered photon 
is related to the energy of the incident photon. Therefore, 
backscattered photons which carry less energy are interesting 

for X‑rays nanoparticles interactions purposes, thus the cells 
should be located in a low dose gradient: After the depth of 
the maximum dose and inside the beam, off the penumbra 
region.[14] The cell plates were kept at clinical distance from 
source, i.e., at 100 cm and 20 cm × 20 cm field size kept opened, 
as shown in Figure 1. Irradiation was done for different doses 
such as 0.5, 1, 1.5, and 2 Gy using anterior-posterior and 
posterior-anterior parallel opposed technique.

Statistical analysis
All experiments were carried out in triplicate. The cell survival 
values presented in the figures show the mean ± standard. The 
cell survival value among the different groups was compared 
using the two-tailed unpaired t-test with the consideration of 
significant P ≤ 0.05.

results

Structural and morphological characterization
Figure 2 shows X‑ray diffraction pattern of (a) without 
and (b) with PEG coated Fe3O4 nanoparticles. The diffraction 
peaks appeared at 2 θ =30.92°, 36.33°, 43.84°, 57.77°, and 
63.48° correspond to (220), (311), (400), (333), and (440) 
planes, respectively, of inverse spinel magnetite phase. 
The XRD pattern reveals the formation of single phase 
with PEG‑coated Fe3O4 (b) and without (a) PEG‑coated 
Fe3O4 are in very close agreement with reported value of 
magnetite JCPDS Card No. 89‑4319, a = 8.3952 A°. The 
crystalline size of with PEG coated Fe3O4 [Figure 2b] and 
without [Figure 2a] PEG coated Fe3O4 are estimated 9.85 nm 
and 10.00 nm, respectively. From X‑ray line broadening, it is 
seen that coating reduces crystalline size of nanoparticles with 
PEG‑coated Fe3O4 [Figure 2b].[24] Figure 2 clearly shows that 
diffraction peaks for Figure 2a without PEG coated Fe3O4 are 
stronger in intensity and narrower than Figure 2b. with PEG 
coated Fe3O4. It shows that crystallinity decreases for coated 
nanoparticles.[24]

From TEM micrograph [Figure 3] of PEG‑coated Fe3O4 
nanoparticle size calculated using image-j software and 
observed are in range of 9‑20 nm in consistent with XRD 
result. TEM micrographs (a), (b), (c), (d), and (e) show 
nonagglomarization of PEG‑coated Fe3O4 nanoparticles 
from 200 to10 nm magnifications. Shape of nanoparticles is 
polygonal and roughly spherical. The selected area electron 
diffraction pattern (SAED) of the nanoparticle is shown in 
Figure 3f. SAED pattern can be indexed to reflections of 
inverse spinel structure of Fe3O4 and shows only diffraction 
intensity associated with highly crystalline Fe3O4 which is in 
agreement with intensity of XRD peaks.

Cytotoxicity evaluation of polyethylene glycol coated iron 
oxide nanoparticle
MTT assay done to evaluate cytotoxicity of PEG‑coated Fe3O4 
nanoparticles for different concentrations such as 0.007, 0.015, 
0.031, 0.062, 0.125, and 0.25 mg/ml without radiation exposure 
is shown in Figure 4. The percentage (%) of cell viability of HT 
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29 cancer cell incubated for 96 h with Fe3O4 nanoparticles is 
91.4%, 88.2%, 81.6%, 76.5%, 72.3%, and 61.3%, respectively. 
Result shows that as concentration increases cell killing 
increases. In this study, all the tested concentrations did not 
have considerable cytotoxicity.

Radio sensitization enhancement by polyethylene 
glycol‑coated iron oxide nanoparticle
HT‑29 colorectal cancer cell lines were exposed with only 
radiation and radiation along with nanoparticles. Percentage 
cell viability observed for only radiation doses of 0.5, 1, 1.5, 
and 2 Gy is 83.4%, 79.6%, 79.0%, and 78.5%. Cell killing for 
only radiation observed is not significant (P > 0.05). When 
radiation combined with higher nanoparticle concentration, 
i.e., of 0.25 mg/ml for doses 0.5, 1,1.5, and 2 Gy.,% cell 
viability observed to be 55.3%, 49.3%, 47.1%, and 44.9%, 
respectively, showing that when radiation combined with 
different nanoparticle concentration for doses 0.5, 1,1.5 and 
2 Gy, cell killing increased by 28.1%, 30.3%, 31.9%, and 
33.6%, respectively.

Dose response curves for different concentration are shown 
in Figure 5a. The percent cell viability fraction of HT‑29 cells 
decreases with increasing concentrations of SPIONS as well 
as radiation doses. Sensitizer enhancement ratio (SER) values 
for 0.5, 1, 1.5, and 2 Gy were calculated by using the following 
formula SERxGy = S. FxGy, Cont/S. F xGy, NP.

[25] SER values for 
each dose for different concentrations are shown in Figure 5b. 
Greater SER value denotes radio sensitization by nanoparticle 
will be higher. SER values are increased from 0.94 to 1.74 for 
increased concentration from 0.007 to 0.25 mg/ml considering 
for all doses. Higher sensitization is observed for 0.25 mg/ml 
concentration of PEG coated Fe3O4 nanoparticles. SER values 
are observed to be <1 for doses 0.5, 1, and 1.5 Gy of the 
concentration 0.007 mg/ml [Table 1].

In summary, there is significant correlation in the percentage 
of the % cell viability observed for HT‑29 cells incubated 
with different concentration of SPIONs and SPIONs along 

Figure 1: Experimental setup for irradiation of HT29 cell lines
Figure 2: XRD patterns of (a) without polyethylene glycol coated Fe3O4 
and (b) with polyethylene glycol coated Fe3O4

Figure 4: Percentage of HT‑29 cell survival for different nanoparticle 
concentrations

Figure 3: TEM micrographs (a‑e) and (f) SAED pattern of polyethylene 
glycol coated Fe3O4
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with different radiation doses of 6 MVs photon beam with 
r2 value of 0.91 (P = 0.003). Furthermore, statistically 
significant difference in the percentage of survival was 
observed between groups in which cells were exposed with 
only radiation doses and groups receiving radiation doses 
along with different SPIONs concentration with r2 value of 
0.97 (P = 0.02).

dIscussIon

Each substance used for cancer diagnosis or therapy is 
affected by biocompatibility and complicated metabolism. 
Therefore, the possibility of using one substance for different 
tasks (multi functionality) is particularly attractive.[21] 
Especially SPIONs have essential properties such as excellent 
biocompatibility, superparamagnetism,[19] physically and 
chemically stable, environmentally safety, ease of synthesis 
process, and surface treatment.[26] Our present results show 
that SPIONs can be used as radiotherapy sensitizer. One of 
the important steps toward the widespread usage of such 
nanoparticles is an assessment of the toxicity effect of these 
nanoparticles due to ROS production. Cytotoxicity has 
been assessed on different biological models using in vitro 
as well as in vivo studies. The in vitro studies are of more 
interest due to its simplicity, lower cost, and better control.[27] 
SPIONs have lower Z (26 vs. 79) and lower X‑ray absorption 
enhancement factor (1.2 vs. 1.6, respectively) compared to 
gold nanoparticles at kV energy level according to Roeske’s 

theoretical calculation.[28] SPIONs might still act as effective 
radiosensitizers at MV energies according to our results and 
others.[15,17,19,21,27,30]

Huang et al.[21] estimated dose enhancement factor (DEF) in 
the case of cervical cancer cells (HeLa cell), is 1.6 at 1 Gy, 
1.4 at 2 Gy, and 1.33 at 4 Gy and in the case of EMT cell, 
1.6 at 1 Gy, 1.33 at 2 Gy, and 1.14 at 4 Gy. Here 0.040 mg/ml 
of cross‑linked dextran‑coated iron oxide (DCIO) showing 
greater cellular internalization and cytotoxicity compare to 
DCIO. DEF values found to be decreasing with increasing 
doses for same concentration.[21] In vitro study of SPIONs 
on human breast adenocarcinoma cell line (MCF-7), human 
mammary gland carcinoma cell line (MDAMB‑231) and 
human ovarian carcinoma cell line (MDAH‑2774) with 
radiation exposure of doses 0, 2, 4, 6, and 8 Gy at 6MV‑energy 
carried out by Kirakli[15] for different concentrations 
such as 0.0125, 0.025, 0.05, 0.1, and 0.125 mg/ml, 
demonstrated that the highest radiosensitization were seen 
in MCF‑7 and MDAH‑2447 cells at 2 Gy (nanoparticle 
enhancement ratio [NER]:1.49 and 1.39, respectively), 
in MDA‑MB‑231 cells at 4 Gy (NER: 1.20). NER 
values decrease with increasing doses. Khoei et al.[29] 
studied sensitization effect of NH2‑NanoMag (iron oxide 
nanoparticle with amino‑group dextran coating) using 
MV photons produced by a LINAC (linear accelerator) on 
human prostate cancer DU145 cells. Obtained DEF values 
are 1, 1.21, 1.24, 1.22, and 1.21 for radiation doses 0, 1, 2, 

Table 1: Sensitization enhancement ratio values for different concentration superparamagnetic iron oxide nanoparticles 
for various doses of radiations

Dose (Gy) SER 0.007 SER 0.015 SER 0.031 SER 0.062 SER 0.125 SER 0.25

0.5 0.94 1.00 1.09 1.14 1.19 1.50
1 0.93 1.02 1.11 1.14 1.17 1.61
1.5 0.98 1.06 1.12 1.14 1.19 1.67
2 1.05 1.11 1.12 1.14 1.21 1.74
SER: Sensitization enhancement ratio

Figure 5: (a) Percentage of HT‑29 cells survival for different concentration and at various doses of photon beam (b) Sensitization enhancement factor 
values of photon beam irradiations for different concentration and various doses

ba
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4, and 6 Gy. In this study, 1, 2, and 3 mg/ml concentrations 
were used and cell viability found to be decreasing with 
concentrations also cell survival fraction decreases with 
the increase of radiation dose for 1 mg/ml NH2‑NanoMag. 
Razaei et al.[27] carried out the cytotoxicity evaluation of 
dextran‑coated iron oxide nanoparticles (IONPs) at different 
concentrations (0.010, 0.040, and 0.080 mg/ml) on HeLa 
and MCF-7 cell lines.

The radiosensitivity effect was evaluated for the 
nanoparticles which were incubated with the cells at 
different concentrations for 24 h and afterward irradiated 
with different doses (0, 2, 4, 6, and 8 Gy) of 6 and 12 MeV 
electron beams. Toxicity results of the nanoparticles 
at 0.010 and 0.040 mg/ml concentrations showed no 
significant cytotoxicity effect. The cells survival rates in 
groups receiving radiation in the absence and presence of 
IONPs showed a significant difference. The radio sensitivity 
enhancement induced by the nanoparticles in MCF-7 cell 
line was more than it in HeLa cell line. The average of 
radiosensitization enhancement factor at 0.01, 0.04, and 
0.08 mg/ml concentrations and under 6 MV irradiations 
obtained as 1.13, 1.19, and 1.25, and 1.26, 1.28, 1.29 for 
HeLa, and MCF‑7 cells, respectively. For 12 MVs electron 
beam, the values of 1.17, 1.26, and 1.32, and 1.29, 1.32, 
and 1.35 were obtained for the cells at the mentioned 
concentrations, respectively. The significant differences were 
observed in radio sensitization enhancement between 6 and 
12 MeV electron beams irradiations.

Compare to these studies, we found greater radio sensitization 
by PEG coated SPIONs for concentration 0.25 mg/ml at 
2 Gy dose of 6 MVs photon beam (SER: 1.74). We have 
studied biocompatibility of PEG‑coated SPIONs on normal 
cell line, i.e., L929, results shows about 57% cell killing 
for 0.25 mg/ml concentration[7] [Figure 6]. As we increase 
concentration above 0.25 mg/ml, normal cell killing also 
increases. So it might be useful to take concentrations up 
to 0.25 mg/ml. Furthermore, there has been no study found 
that SPIONs treated on colorectal cancer cell lines (HT‑29). 
In our study, we found that radiosensitization increases 
with concentration of nanoparticles which is consistent 
with other studies. We compared surviving fraction of cell 
lines exposed to radiation and nanoparticles with control 
(i.e, only radiation) for all concentrations[Figure 7]. It 
has been seen that HT‑29 cell survival reduced up to 
minimum 20% when it is exposed with radiation doses 
for concentrations 0.031, 0.062, 0.125, and 0.25 mg/ml 
compare to radiation doses alone. Figure 7 explains how cell 
survival effectively reduced when HT‑29 exposed to only 
radiation doses and to radiation doses along with PEG coated 
SPION’s for each concentrations of 0.031, 0.062, 0.125, 
and 0.25 mg/ml, but for lower two concentrations survival 
values observed to be nearly same for radiation alone and 
radiation along with SPIONs. Hence, 0.031, 0.062, 0.125, 
and 0.25 mg/ml might be applicable to work as radiotherapy 
sensitizer in colorectal cancer.

SER values calculated for each doses and concentrations are 
tabulated, as shown in Table 1. As doses increase, there is a 
slight increment observed in SER values for concentrations 
0.007, 0.015, 0.031, 0.062, and 0.125 mg/ml but for 0.25 mg/ml 
concentration of nanoparticle, SER values increase effectively 
with doses [Table 1].

Fe3O4 was found to be cytotoxic as it contains Fe2+ ions and 
helps in the formation of ROS which leads to cell death through 
damage of mitochondria.[19] The pathway of production of ROS 
is the Haber‑Weiss reaction which results in the generation of 
the highly reactive hydroxyl radical from the reaction between 
super oxide and hydrogen peroxide.[19,30] Radiation therapy 
promotes the production of superoxide anion through leakage 
of electrons from the electron transport chain. Iron oxide 
nanoparticles can then catalyze the reaction to produce highly 
ROS.[30] This is the important parameter in the use of SPIONs 
as a radiotherapy sensitizer. Cytotoxicity of nanoparticles is the 
combined effect of ROS production by radiation and SPIONs. 
It depends on the several factors such as size, concentration, 
incubation time of nanoparticles, cell line, amount of 
radiation doses, energy, and type of radiation.[27] In above 
cases as concentration of nanoparticle, amount of radiation 
doses delivered and energy of radiation varies, sensitization 
effect on cell lines also changes.[21,27,29,30] In our research, we 
observed for 0.25 mg/ml concentration MCF‑7 cell line shows 
80.7% cell killing while for normal (L929) and HT‑29 cell 
line it’s been 57% and 38.7%, respectively.[17] We found that 
MCF‑7 shows more sensitivity to SPIONs itself compare to 
normal (L929) as well as HT‑29 cell line, as shown in Figure 6. 
Cytotoxicity observed for HT‑29 cells is less when it exposed 
to only radiation or only nanoparticles. Hence, there is a need 
to increase cytotoxicity of HT‑29 by combining SPIONs 
and radiation together to achieve better tumor control.

On the other hand, as iron is an essential factor for cell growth 
and its multiplication in view of its role in the activity of 
DNA synthesis and for the reduction of ribonucleotides to 
deoxy ribonucleotides. It needs a continuous supply of iron to 

Figure 6: Comparison of cytotoxicity for different cell lines
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maintain activity. Thus, the essentiality of this metal together 
with its potential toxicity suggests that cellular iron metabolism 
needs to be highly regulated.[32] In our study, we found that cells 
exposed to SPIONs of concentrations 0.007 and 0.014 mg/ml 
for 0.5, 1,1.5, and 2 Gy have shown slightly greater survival 
compared to cells exposed with only radiation doses, as shown 
in Figure 5a which is controversial. This suggests that these 
two concentrations promote cell growth along with radiation 
and effective cell killing is observed for concentration 
onward 0.031 mg/ml up to 0.25 mg/ml suggesting that these 
concentrations may be applicable for radiotherapy to work 
as sensitizer.

Various studies revealed that within a 1‑100 nm range, 50 nm 
NPs show maximum cellular uptake, with 14‑20 nm NPs having 
a higher endocytotic rate than the 100 nm NPs.[31] In addition, 
coated NPs (surface charged) display internalization more 
readily than their plain counterparts because of increased surface 
potential resulting in higher affinity for cells.[15] Synthesized 
PEG‑coated Fe3O4 nanoparticles are biocompatible, stable, 
super paramagnetic, and of size in range of 10–20 nm.[17] In 
summary, PEG‑coated Fe3O4nanoparticles are well suited to 
work as radiotherapy sensitizer in colorectal cancer. Side effects 
on normal tissue due to incremented doses to achieve better 
TCP can be reduced using sensitization effect of nanoparticles.

conclusIons

These results reveal that PEG coated superparamagnetic iron 
oxide nanoparticles have synergetic effect on HT‑29 cell 

lines while it used along with radiation doses of MV energy 
X‑rays. Greater SER values obtained while using SPIONs as 
a radiosensitizer even it has less atomic number. In case of 
colorectal cancer, local tumor control (TCP) is achieved at a 
minimum risk of normal tissue complications (normal tissue 
complication probability, NTCP) by using SPIONs.
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A single robust stability-indicating RP-HPLC
analytical tool for apigenin quantification in
bulk powder and in nanoliposomes: a
novel approach
Priya Shetti1 and Sunil S. Jalalpure2*

Abstract

Background: Apigenin (4′, 5, 7-trihydroxyflavone), a flavonoid, is present usually in fruits and vegetables possessing
numerous biological properties like antioxidant, anti-viral, antibacterial, anti-inflammatory, and chemoprevention
activity. So present study was aimed to prepare and characterize nanoliposomes of apigenin and estimate its
encapsulation efficiency by stability-assisted reverse-phase (RP)-HPLC method.

Results: The stability indication of the RP-HPLC method developed for apigenin-loaded nanoliposomes was
successfully demonstrated and parameters were mainly the retention time which was 4.21 min, limit of detection
(LOD) 0.49 μg/mL, limit of quantification (LOQ) 1.48 μg/mL, and %relative standard deviation (RSD) less than 2%.
Therefore, the stability indication of the developed reverse-phase HPLC method for apigenin-loaded nanoliposomes
was demonstrated successfully and parameters like accuracy, linearity, LOD, LOQ, precision, and %RSD were within
the limit range and found to be satisfactory.

Conclusion: The developed RP-HPLC method was found to be suitable for the quantification or estimation of
apigenin with its stability in apigenin-loaded nanoliposomes, and this method will be a powerful tool in the future
for the estimation of apigenin present in any pharmaceutical preparations.

Keywords: Apigenin, Nanoliposomes, Stability-indicating method, RP-HPLC, Validation

Background
Apigenin (4,5,7-trihydroxyflavone) (Fig. 1) is one of the
most novel flavonoids in plants and formally belongs to
the flavone sub-class. Apigenin possess moderate antioxi-
dant property, anti-hyperglycemic [1], anti-inflammatory
[2], myocardial ischemia, and anti-apoptotic effects [3]. A
review by Zhou et al. summarized various biological ef-
fects of apigenin being effective against cytostatic and
cytotoxic activities of a number of cancer cells and anti-
atherogenic effects and also protective effects on hyper-
tension, cardiac hypertrophy, and autoimmune

myocarditis [4]. Novel approach has led to the develop-
ment of apigenin in the pharmaceutical era, and quantifi-
cation and estimation of apigenin in plant extracts has
need raised. Nanoliposomes are similar to nano-metric
kind of liposomes which tend to be the further most ap-
plied in encapsulation and controlled release systems [5].
These deliver more surface area, compared to liposomes,
hence enhancing the bioavailability and controlled release,
facilitating accurate target of the encapsulated material to
a larger amount [6]. Apigenin having potential to increase
the performance of the bioactive agent helps in enhancing
solubility, bioavailability, and stability reported in vitro
and in vivo. Due to prevention in unnecessary interactions
with other molecules with this support, these nanolipo-
somes have diverse applications; current study was
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commenced for the preparation, characterization, and
confirmation of apigenin-loaded nanoliposomes for its en-
capsulation stability by RP-HPLC method.

Methods
Chemicals and reagents
Apigenin was a gift sample from Aktin Chemicals Ltd.,
China. Methanol, acetonitrile, and formic acid (HPLC
grade) were purchased from Merck Limited (Mumbai,
India). Other common laboratory reagents were of ana-
lytical grade.

Instrumentation
Shimadzu HPLC (LC- 2010) (Kyoto, Japan), pump sys-
tem (LC-20 AD), degasser (DGU-20A5), a column oven
(CTO-10ASVP), an auto-injector (SIL-20ACHT), PDA
Detector (SPD-M20A), and a computer software (lab so-
lutions, version 1.25) were used.

Chromatographic conditions
The chromatographic separation was carried out by
injecting (10 μL) a sample to the HPLC system con-
nected to a C-18 analytical column (Phenomenex Luna
5 μm, 250mm × 4.6 mm) (set at 35 °C) operating at 1
ml/min flow rate, and detection was done at 269 nm.
Acetonitrile and 0.1% formic acid, 55:45 (v/v) at pH =
7.4, was used as a mobile phase.

Standard solution preparation
Stock solution was prepared (100 μg/mL) in the mobile
phase. Further dilutions were carried out to get the cali-
bration curve ranging from 0.5 to 16 μg/mL.

Preparation of stealth apigenin-nanoliposomes
Formulating the stealth apigenin-nanoliposomes, an
ethanol injection technique was used in the preparation
of nanoliposomes as described by Sudhakar et al. [7].
Briefly, apigenin (10 mg) and stearic acid (10 mg) were
dissolved in 2 ml of absolute ethanol with gentle heating
(< 50 °C) on a hot plate. Then, lipid di-stearoyl-sn-gly-
cero-phosphoethanolamine–N (polyethyleneglycol)
(DSPE-PEG) (0.003%) and cholesterol (0.0015%) were
added into the same mixture with stirring. Phosphate-
buffered saline (PBS) (pH 7.4) (10 ml) was added to
mixture dropwise with constant stirring for 90–120
min to remove ethanol. The nanoliposomes were op-
timized for various concentrations of lipid. The opti-
mized batch was homogenized at 10,000×g for 10 min
followed by sonication for 15 min, which were further
filtered through 0.45-μm and 0.2-μm sterile syringe
filters and were allowed to equilibrate for 1 day and
then stored at 4 °C. In the time, apigenin-loaded
nanoliposomes were also assessed for their average
particle size, poly dispersity index (PDI) according to
Sharma et al. [8]. Moreover, encapsulation efficiency
of nanoliposome was also assessed by centrifugation
at 10,000×g for 30 min, and supernatant solution ob-
tained after centrifugation was mixed with mobile
phase and analyzed by using HPLC [9, 10].

Method development
The chromatographic conditions were optimized and
steady baseline was obtained. Chromatogram was
assessed by injecting standard apigenin solution, and
analyses were repeated in a similar way for six times.

Fig. 1 Chemical structure of apigenin

Table 1 Results of system suitability studies of quality control
samples of apigenin

Parameter Mean ± SD % RSD

Retention time (min) 4.21 ± 0.00a 0.13

Peak area 127512 ± 273a 0.21

Theoretical plates 7010 ± 38.23a 0.54

Tailing factor 1.35 ± 0.00a 0.22

RSD relative standard deviation
an = 6
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Method validation
Linearity
Linearity studies reveal the standard calibration curve
was plotted from 0.5 to 16 μg/mL concentrations. Stand-
ard calibration curves were determined for concentra-
tions versus peak area. Sample run in triplicate of all the
sample solutions was assessed, and a chromatogram was
recorded.

Precision and accuracy
The apigenin samples were subjected to three levels of
quality control; namely low, medium, and high respect-
ive concentrations of 0.5, 4, and 16 μg/mL were prepared
and used in determining the precision and accuracy. For
intra-day precision and accuracy, triplicates of standard
solutions were injected on the same day and also for
interday; triplicates of standard solutions (50%, 100%,
and 150%) were injected over three consecutive days.

%relative standard deviation (RSD) and % RE were calcu-
lated respectively.

Limit of detection (LOD) and limit of quantification (LOQ)
The LOD was determined by a series of dilutions of api-
genin stock solutions to find a signal to noise (S/N) ratio
of at least 3.3:1 for LOD and 10:1 for LOQ. Both param-
eters obliged the quantity of analyte that can be
quantified.

System suitability
To validate the chromatographic system, suitability test
is carried out, and various factors such as tailing factor,
theoretical plates, and peak area and resolution data
were also considered.

Robustness
The robustness of the method was evaluated by deliber-
ately making a slight change in the optimized value. The
evaluated parameters were as follows: detector wave-
length (± 1 nm), flow rate (± 0.2 ml/min), and oven
temperature (± 2 °C). Apigenin peak areas and the %RSD
of robustness testing were statistically measured.

Specificity
The specificity study chance of interferences from PBS
and apigenin-loaded nanoliposomes at the retention
time of apigenin was analyzed by comparing the chro-
matograms obtained from the standard apigenin solution
and PBS.

Fig. 2 Chromatogram of standard apigenin solution (10 μg/ml)

Table 2 Results of linearity and regression analysis of apigenin

Analyte Apigenin at 269 nm

Concentration range (μg/ml) 0.5–16

Slope 34,367

Intercept 5495

R2 0.999

LOD(μg/ml) 0.49

LOQ (μg/ml) 1.48
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Force degradation studies
The stability-indicating property of the HPLC method
which was developed was carried out as per the Inter-
national Conference on Harmonization (ICH) guidelines
[11]. Forced degradation studies of apigenin were con-
ducted by exposing the working sample to oxidation,
photolytic, acidic, and alkaline and heat conditions.

Results
Optimization of sample preparation and chromatographic
conditions
Various trials were performed by changing the compos-
ition of the mobile phase. Finally, composition of ACN,
0.1 % FA (55:45 v/v, pH = 7.4), gave the better separ-
ation. During these studies, the 10 μl injected volume
and the flow rate (1 ml/min) found to be constant.

Analytical method validation suitability of system
The system suitability results are tabulated in Table 1.
The peak retention time was found to be 4.21min (Fig. 2),
the average theoretical plate was > 7000, and the tailing
factor was < 2. Presence of higher theoretical plates with a
lower tailing number indicates the efficiency of the system.
Additionally, the % RSD values for all the parameters

including retention time, peak area, and theoretical plates
and tailing number were less than 1% justifying the better
suitability of the system.

Linearity and range
The linearity and regression are tabulated in Table 2 and
Fig. 3. None of the constituents from the nanoliposomes
or the derivative products of stress treatment interfered
with apigenin peaks. A calibration curve was generated
by plotting concentration of apigenin (x) against the
peak area. A linearity (R2 = 0.9995; equation y =
34367x–5495.5) was achieved for the concentration
range of 0.5–16 μg/mL. Apigenin was detected employ-
ing C18 column with methanol to 0.2% phosphoric acid
mobile phase and had an accuracy and recovery of 93.82
and 88.35% respectively.

Limit of detection (LOD) and limit of quantification (LOQ)
The LOD and LOQ of apigenin were found to be 0.49
and 1.48 μg/ml, respectively. A higher LOD (1.94 μg/ml)
and LOQ (6.26 μg/ml) of apigenin was reported.

Accuracy and precision
The obtained results are expressed in Tables 3, 4, and 5.
The intra-day precision for apigenin was between 0.11
and 1.38%, while the accuracy ranged between 0.12 and
0.76%. The interday precision was 0.27% and 1.69%, re-
spectively. Three separate samples injected showed a
best recovery of 99.96–101.4% indicating a higher accur-
acy of the method.

Fig. 3 Calibration curve for apigenin 269 nm

Table 3 Results of accuracy study of apigenin

Sl.
No.

Conc.
(μg/ml)

Level
in (%)

Added qty
(μg/ml)

Found qty
(μg/ml)

Recovery
(%)

RSD
(%)

1 2 50 1 1.02 99.96 0.76

2 2 100 2 2.00 100.20 0.28

3 2 150 3 3.15 101.40 0.12

RSD relative standard deviation
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Robustness and ruggedness
The results of the robustness study are presented in
Table 6. Parameters including mobile phase, flow rate,
detection wavelength, column oven temperature, and the
type of column did not hinder the resolution in terms of
similar retention time and lower RSD values.

Stability-indicating study
The results of the stress degradation studies (acid, alkali,
oxidation, heat, and light) for the standard apigenin so-
lution are shown in Table 7. The chromatograms of the
stressed standard apigenin solution after 2 h under vari-
ous stress conditions are shown in Figs. 4 and 5. In the
current study, apigenin showed a degree of degradation
ranging from as low as 5.87% for alkaline hydrolysis to
20% by photolytic damage. The degradation of apigenin
was perfectly estimated by the developed method. HPLC
analysis of aqueous and ethanolic chamomile extracts
exposed to different temperature and pH showed that
apigenin-7-O-glucosidedegraded by 6% at pH 8, 9% at
pH 9, and 11–12% at pH 10–12; 48% at pH 13.0, with
no loss below pH 5.0. Long-term storage of extracts at
room temperature revealed conversion of glycoside to
aglycone as compared to storage at − 20 °C.

Preparation and characterization of stealth liposomes
The apigenin-loaded nanoliposomes were successfully
prepared by the ethanol injection technique; the nanoli-
posomes was 124 nm of the blank liposome and
apigenin-loaded liposome was 151 nm. The average
polydispersity index for blank and drug-loaded liposome
was 0.23 and 0.16, respectively (Table 8). These results
summarized that the PDI value is < 0.3 and indicated
narrow homogeneous presence of particle size distribu-
tion. Meanwhile, these apigenin-loaded liposomes were
also subjected to the encapsulation efficiency (EE) of api-
genin in the formulation. The chromatogram showed an
intense characteristic apigenin peak in nanoliposomes,
and t 80.18% of encapsulation efficiency was achieved by
this method (Fig. 6, Table 8).
The average particle size of apigenin-loaded lecithin li-

posomes was in the range of 158.9 ± 6.1 to 260.3 ± 11.1
nm. The PDI ranged from 0.205 ± 0.02 to 0.331 ± 0.063
with a remarkable encapsulation efficiency of more than
92% and possessing high potential for nutraceutical for-
mulations. In another study, apigenin-loaded distearoyl-
phophatidylcholine (DSPC) liposomes showed a particle

Table 5 Results of interday precision data of apigenin samples

Day /
time

Concentration
(μg/ml)

Peak
area

Retention
time (min)

(%)RSD of
peak area

Day 1 10:
00 am

0.5 18,728.5 4.28 0.93

4 129,084.2 4.29 0.28

16 647,448.3 4.30 1.16

Day 2 10:
00 am

0.5 19,404.17 4.31 1.38

4 129,707.2 4.29 0.27

16 673,361.8 4.28 1.05

Day 3 10:
00 am

0.5 20,680 4.30 1.69

4 130,179 4.29 0.27

16 721,931.5 4.28 1.02

RSD relative standard deviation

Table 6 Analysis of robustness and ruggedness using apigenin
solution

Parameters Variations Time (min) %RSD

Mobile phase(± 2 v/v) 55:45 4.30 0.08

53:47 4.51 0.10

57:43 4.00 0.03

Flow rate(± 0.1 ml) 1 ml/min 4.33 0.08

0.9 ml/min 4.71 0.10

1.1 ml/min 3.86 0.09

Detection wavelength (± 2 nm) 267 4.24 0.13

269 4.23 0.11

Column oven temp(±1 °C) 35 °C 4.21 0.13

34 °C 4.22 0.15

36 °C 4.20 0.17

Column Luna 5u(250X4.6) 4.33 0.08

Luna 5u(150X4.6) 3.84 0.09

RSD relative standard deviation

Table 7 Results of the stress degradation studies of apigenin
solution at 2 h

Stress
degradation
studies

Conc. used
(μg/ml)

Conc. left after
degradation (μg/ml)

%
Degradation

Acid hydrolysis 2.0 1.62 18.88

Alkaline
hydrolysis

2.0 1.88 5.87

Oxidation 2.0 1.70 14.61

Thermal 2.0 1.66 16.55

Photolytic 2.0 1.60 20.00

Table 4 Results of intra-day precision of apigenin solution

Experiment time
for day 1

Concentration
(μg/ml)

Peak
area

Retention
time (min)

(%)RSD of
peak area

9:00 am 0.5 19,404.17 4.28 1.38

4 129,483 4.29 0.39

16 673,361.8 4.30 0.78

1:00 pm 0.5 19,404.17 4.31 1.38

4 129,707.2 4.29 0.27

16 673,361.8 4.28 1.05

6:00 pm 0.5 19,497.17 4.27 0.34

4 129,882.5 4.27 0.32

16 682,828 4.28 0.11

RSD relative standard deviation
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Fig. 4 Chromatograms of stressed apigenin samples (10 μg /ml) under a acid hydrolysis (0.1 N HCl), b base hydrolysis (0.1 N NaOH), and c
oxidative degradation (3% H2O2), and d heat (80 °C)
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size of 104.3 ± 1.8 nm, PDI of 0.204, and a high EE of
89.9%. The apigenin-loaded DSPC liposomes were ef-
fective in delivering the drug within bacterial cells and
thus were antibacterial in nature.

Discussion
Presence of higher theoretical plates with a lower tailing
number indicates the efficiency of the system. Addition-
ally, the % RSD values for all the parameters including
retention time, peak area, and theoretical plates and tail-
ing number were less than 1% justifying the better suit-
ability of the system [12].
None of the constituents from the nanoliposomes

or the derivative products of stress treatment inter-
fered with apigenin peaks. A calibration curve was
generated by plotting concentration of apigenin (x)
against the peak area. A linearity of r = 0.9995 with
equation y = 34367x–5495.5 was achieved for the
concentration range of 0.5–16 μg/ml. Apigenin was

detected utilizing C18 column with methanol to 0.2%
phosphoric acid mobile [13]. A higher LOD (1.94 μg/
ml) and LOQ (6.26 μg/ml) of apigenin was reported,
which could be due to variance in the mobile phase
[13] and depending on the type of analysis and ana-
lytical conditions used [12]. Three separate samples
injected showed a best recovery of 99.96–101.4% indi-
cating a higher accuracy of the method. The RSD
values of intra- and interday precision of the method
was less than 2% [14–16].
Parameters including mobile phase, flow rate, detec-

tion wavelength, column oven temperature, and the type
of column did not hinder the resolution in terms of
similar retention time and lower RSD values. Triplicate
analysis of the samples showed the better robustness of
the developed method which was similar to those re-
ported [17].
In the current study, apigenin showed a degree of

degradation ranging from as low as 5.87% for alkaline

Fig. 5 Chromatograms of stressed apigenin samples (10 μg/ml) under e sunlight (after 1 h) and f sunlight (after 2 h)

Table 8 Results of characterization of apigenin-entrapped liposomes

Liposome formulation Particle size diameter (nm) PDI % Entrapment efficiency

Blank liposome 124 0.23 NA

Apigenin-loaded liposomes 151 0.16 80.18%

PDI polydispersity index
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hydrolysis to 20% by photolytic damage. The degrad-
ation of apigenin was perfectly estimated by the de-
veloped method [18]. Apigenin was also found to be
structurally unstable when subjected to temperatures
of 37 °C [19, 20].
A multiple emulsion solvent evaporation technique

was employed to encapsulate apigenin in poly(lactide-
co-glycoside), PLGA, which showed a drug loading effi-
cacy of 19.14% [21]. The EE of apigenin-loaded lipo-
somes was better than that reported and similar to
encapsulation of apigenin in lecithin liposomes [22]. The
average particle size of apigenin-loaded lecithin lipo-
somes was in the range of 158.9 to 260.3 nm. The PDI
ranged from 0.205 to 0.331 with a remarkable encapsula-
tion efficiency of more than 92%. In another study,
apigenin-loaded distearoylphophatidylcholine (DSPC) li-
posomes showed a particle size of 104.3 ± 1.8 nm, PDI
of 0.204, and a high EE of 89.9%. Apigenin-loaded nano-
liposome from the current study would thus function as
an efficient drug delivery system [23–25].

Conclusion
A sensitive, simple, specific, and stability-indicating RP-
HPLC tool for the quantification of apigenin bulk and
apigenin-loaded nanoliposomes were developed effect-
ively. Interferences of peaks with apigenin by the encap-
sulation substances were not detected. The method
could be used in herbal drug industries for quantifica-
tion of apigenin.
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Abstract:  Aim:  The aim of the study was to formulate,  characterize,  and evaluate the resvera-
trol-loaded cubosomes (RC) for topical application.

Background: Resveratrol (RV) is a nutraceutical compound with exciting pharmacological poten-
tial in different diseases, including cancers. Many studies on resveratrol have been reported for an-
ti-melanoma activity. Due to its low bioavailability,  the therapeutic activities of resveratrol are
strongly limited. Hence, an approach with nanotechnology has been made to increase its activity
through transdermal drug delivery.

Objective: To formulate, characterize, and evaluate the resveratrol-loaded cubosomes (RC). To
evaluate resveratrol-loaded cubosomal gel (RC-Gel) for its topical application.

Methods: RC was formulated by homogenization technique and optimized using a 2-factor 3-level
factorial design. Formulated RCs were characterized for particle size, zeta potential, and entrap-
ment efficiency. Optimized RC was evaluated for in vitro release and stability study. Optimized
RC was further formulated into cubosomal gel (RC-Gel) using carbopol and evaluated for drug
permeation and deposition. Furthermore, developed RC-Gel was evaluated for its topical applica-
tion using skin irritancy, toxicity, and in vivo local bioavailability studies.

Results: The optimized RC indicated cubic-shaped structure with mean particle size, entrapment ef-
ficiency, and zeta potential were 113±2.36 nm, 85.07 ± 0.91%, and -27.40 ± 1.40 mV, respective-
ly. In vitro drug release of optimized RC demonstrated biphasic drug release with the diffusion-con-
trolled release of resveratrol (RV) (87.20 ± 3.91%). The RC-Gel demonstrated better drug permea-
tion and deposition in mice skin layers. The composition of RC-Gel has been proved non-irritant to
mice skin. In vivo local bioavailability study depicted the good potential of RC-Gel for skin local-
ization.

Conclusion: The RC nanoformulation proposes a promising drug delivery system for melanoma
treatment simply through topical application.

Keywords: melanoma, cubosome, resveratrol, factorial design, cubosomal gel, local bioavailability.

1. INTRODUCTION
Melanoma is a malignant tumor originating from melano-

cytes  (especially  involving  the  skin)  and  is  the  most  fatal
kind of skin cancer. The death rate associated with melano-
ma is 90% which can also be related to cutaneous tumors.
Globally, there is a 2-7% increase in the incidence rate annu-
ally [1, 2].  Nowadays,  the  treatments  recommended  for

* Address correspondence to this author at the Dr. Prabhakar Kore Basic Sci-
ence  Research  Center,  and  KLE  College  of  Pharmacy,  Belagavi,  KLE
Academy  of  Higher  Education  and  Research,  Nehru  Nagar,  Belagav-
i-590010  Karnataka,  India;  Tel:  0831-2470362;  Fax:  0831-2470640;
E-mail: jalalpuresunil@rediffmail.com

melanoma  are  surgery,  chemotherapy,  immunotherapy,  or
the combination of the two. Although the current chemother-
apies  have  their  advantages,  they  are  either  not  effective
enough or can cause severe adverse effects and assist in de-
veloping  multi-drug  resistance.  The  results  of  randomized
clinical  trials  reported to date  show that  no single drug or
combination  of  therapies  is  superior  to  the  existing  drugs
[3]. Therefore, there is a need for herbal drugs which can of-
fer better efficacy over existing chemotherapy for melanoma
treatment.

Phytoconstituents  such  as  carotenoids,  flavonoids,  and
terpenoids have high anti-cancer potential and can be used
for the treatment of melanoma [4-6]. Resveratrol (RV) is a

http://dx.doi.org/10.2174/1567201817666200902150646
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nutraceutical which has pharmacological potential  and be-
cause of this recently attracted a lot of research attention. It
is  a  phytoalexin  compound  found  in  many  plants  such  as
grapes, peanuts, berries, etc. RV has been found as an anti--
cancer agent [7]. Many studies of RV have been reported for
anti-melanoma activity like in doxorubicin resistant murine
melanoma  cells,  the  activity  of  resveratrol  has  been  ob-
served by inducing apoptosis  and inhibiting the growth of
melanoma tumors in mice [8]. In contrast, in another study,
it was demonstrated that RV in combination with temozolo-
mide has shown cytotoxicity against melanoma cells [9]. In
addition to this, RV also performed a role as a radiation sen-
sitizer in the treatment of melanoma [10] and apoptosis in-
ducer and growth inhibitor for human melanoma cells [11].
Due to its poor bioavailability the in vivo anti-cancer activity
of RV is strongly reduced [12]. Hence the approach is to be
made to increase its bioavailability using either bioenhancer
or nanotechnology. The effective management of melanoma
using  RV  is  obtained  through  maximizing  its  permeation
and localization to form a depot at melanocytes. Such effec-
tive treatment can be achieved by the topical application RV
formulation.

Nowadays, an increase in drugs delivery through trans-
dermal route has been achieved with novel nanostructured
liquid crystalline dispersion systems such as cubosomes. Cu-
bosomes  are  colloidal  dispersion  of  bicontinuous  cubic
liquid-crystalline structures in water developed using suit-
able surfactants in nanostructured systems. They provide a
number of benefits over the traditional transdermal formula-
tions owing to their unique properties like biocompatible na-
ture, the capability to encapsulate all hydrophilic, lipophilic,
and amphiphilic drugs, thermodynamic stability, simplicity,
non-allergic, non-irritating, and non-toxic nature which has
potential for controlled drug release. More importantly, th-
ese  nano-cubic  structures  enhance  the  drug  penetration  in
deep layers of the skin and increase their cell uptake capaci-
ty [13]. Cubosomes have a transdermal effect which might
be due to their structural organization being similar to that
of biomembranes [14-16].

Various  innovative  nano-drug  delivery  systems  [lipid
based nanoparticles like solid lipid nanoparticles, poly(lac-
tic-co-glycolic acid) nanoparticles, niosomes, nanocapsules
of  RV]  have  been  used  in  different  treatment  therapies
[16-20]. Very few works of literature have reported where
RV has been targeted to brain, liver, skin using cubosome as
a nano-carrier system [21-24]. But, to date the application of
RV loaded cubosomes (RC) as a novel nanostructured liquid
crystalline dispersion system through transdermal  applica-
tion has not been reported.

Therefore, in the present study, we formulated and char-
acterized RC nanoformulation for transdermal application in
order  to  target  melanoma.  Furthermore,  the  optimized  RC
was used to  formulate  the  cubosomal  gel  (RC-Gel)  which
was  investigated  for  in  vivo  local  bioavailability  and  skin
toxicity in Swiss albino mice.

2. MATERIALS AND METHODS

2.1. Materials
RV (98%) was provided by Sami Labs Ltd., Bangalore,

India.  Glyceryl  monooleate (GMO) was obtained as a  gift
sample from Mohini Organics Pvt. Ltd., Mumbai. Pluronic
F-127 (PF-127) was purchased from Sigma Aldrich, USA.
HPLC-grade Acetonitrile (ACN), methanol and ortho phos-
phoric  acid  (OPA)  were  procured  from  Merck  and  Fisher
Scientific, Mumbai, India.

2.2. Preparation of RV-loaded Cubosome (RC)
RC  was  prepared  by  using  the  top-down  method.  The

fragmentation techniques were used to formulate cubosomes
using high speed homogenizer followed by probe sonicator
[24,  25].  Briefly,  PF-127  and  GMO  were  liquefied  in  se-
parate containers on a magnetic stirrer at 65°C. RV (0.1%
w/v) was added in melted GMO and mixed with liquefied
PF-127 solution.  This  mixture  was  then added in  a  drop--
wise manner to preheated water with constant stirring on a
magnetic stirrer [26]. Homogenization (IKA T25 digital Ul-
tra  Turax,  Germany)  was  performed at  15,000 rpm for  15
min to form a fine dispersion and thereafter, probe sonicated
(RivoTEK,  Mumbai)  for  5  min  to  form  RC  nanoformula-
tion.

2.3. Experimental Design and Chromatographic Condi-
tions of the Study

2.3.1. Experimental Design of the Study

A 2-factor 3-level (32) factorial design was utilized to op-
timize  the  RC  wherein  concentrations  of  GMO  (X1)  and
PF-127 (X2) were selected as independent variables and par-
ticle size (PS, Y1), and entrapment efficiency (EE, Y2) were
selected as  the  response variables.  Optimization was done
with  the  help  of  Design-Expert  software  (Version  7.0.0,
Stat- Ease Inc., MN, USA). Table 1 illustrates the different
variables and levels used in RC nanoformulation.

Table 1. Independent and dependent variables utilized in 32 fac-
torial design for the RC nanoformulation.

Coded level -1 (low) 0 (medium) +1 (high)

Independent variables

X1- Lipid (%w/w) 3 5 7

X2- Stabilizer (%w/w) 0.5 1 1.5

Dependent variables

Y1– Particle size Minimize

Y2- Entrapment efficiency Maximize

2.3.2. Chromatographic conditions for RV
HPLC (Shimadzu HPLC prominence system, LC-20AD,

Japan) was performed to estimate the RV concentration at
306 nm as previously reported by Kurangi, Jalalpure, Jag-
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wani 2019 [27].  Briefly,  samples analysis were performed
by using Luna C18 column (4.6 × 250 mm, particle size 5
μm, Phenomenex, USA), eluted with a mobile phase consist-
ing  of  acetonitrile:  phosphate  buffer  (ACN:PBS;  pH  6,
55:45 v/v) and keeping the flow rate at 1 ml/min with 35 °C
column  temperature.  The  HPLC  method,  thus  developed
was  further  used  for  the  analysis  of  cubosomes  and  other
samples.

2.4. Characterization of Prepared RC

2.4.1. Physicochemical Characterization of RC
The  physicochemical  characterization  of  RC  was  per-

formed for the average particle size, their distribution (PDI),
and zeta potential (ZP) values as per the standard protocol
using dynamic light scattering (DLS), and M3-phase analy-
sis  light  scattering  (PALS)  techniques,  respectively,  using
Zetasizer Nano ZS90 (Malvern Instruments, Malvern, Unit-
ed Kingdom) [28, 29].

The fourier-transform infra red (FTIR) spectroscopy (IR
Affinity-1S,  Shimadzu,  Japan),  differential  scanning
calorimetry (DSC, DSC-60, Shimadzu, Kyoto, Japan), and
X-ray  diffraction  (XRD,  Xpert  MPD,  Philips  Holland)  of
pure  RV  and  RC  nanoformulation  were  performed  using
standard protocols to provide information about drug-excipi-
ents compatibility, thermal behavior, and crystalline proper-
ties. Furthermore, the pH value and rheological properties of
RC were also determined as per the standard procedure us-
ing digital pH meter (CyberScan pH 510, Eutech instrument-
s) and Brookfield viscometer (CAP 2000+, Brookfield Engi-
neering Laboratories, MA, USA) [30-32].

2.4.1.1. Entrapment Efficiency (EE)
The cubosome dispersion samples were centrifuged (Ep-

pendorf  laboratory  centrifuge,  5424R,  Germany)  at  15000
rpm for 30 min [24, 30]. The supernatant liquid was collect-
ed, diluted appropriately and analyzed by using the devel-
oped HPLC method [27].  The percent EE was determined
as:

----(1)
A- Total amount of RV added in cubosome dispersion,

and B - amount of RV in supernatant

2.4.1.2. Transmission Electron Microscopy
The morphology of RC was observed by high resolution

TEM (Jeol/JEM, 2100). A drop of diluted RC was placed on
a 200-mesh carbon coated copper grid and stained with 2%
w/v phosphotungstic acid solution for 2 min. The grid was
air-dried and observed under TEM (200kV and 40,000X) to
get images along with a randomly selected area electron dif-
fraction (SAED) [33, 34].

2.4.2. In vitro RV Release from RC
In vitro RV release from optimized RC was determined

by using a dynamic dialysis method (USP II method) [35,

36]. The drug release study was done by using a tablet disso-
lution testing apparatus (Electrolab,  EDT-08LX) equipped
with low volume conversion kit  (EDT-08L/08L x 150 ml,
Supplementary  Fig.  1)  which  was  specifically  utilized  for
nanoformulation.  Briefly,  RC nanoformulation (5  ml)  was
transferred to a dialysis bag, which was immersed into a 100
ml of PBS (pH 6.8) containing tween 80 (1.5%). The temper-
ature of  dissolution medium was kept  at  37±0.5 oC with a
stirring  speed  of  50  rpm.  The  aliquots  (1  ml)  were  with-
drawn at specific time intervals. The withdrawn aliquots of
the drug release medium were replaced with same volume of
fresh buffer to maintain the sink condition. Concentrations
of RV released in the dissolution medium were determined
by  using  HPLC method,  as  specified  above.  The  drug  re-
lease  mechanism  from  cubosome  formulation  was  deter-
mined  by  using  different  drug  release  kinetic  models  [24,
37, 38].

2.5.  Formulation  and  Characterization  of  Cubosomal
Gel (RC-Gel)

For better skin applicability, the optimized RC was for-
mulated as RC-Gel using Carbopol [39].  The RC-Gel was
prepared by directly incorporating carbopol (1% w/v) into
the optimized batch of RC with constant stirring on a mag-
netic stirrer for 4 h. Resveratrol gel (RV-Gel) was formulat-
ed  to  compare  with  RC-Gel.  The  gel  thus  obtained  was
checked visually  for  its  color,  homogeneity,  spreadability,
and analyzed for its pH and viscosity [40]. The drug content
of the gel was determined by dissolving weighed an accurate
quantity of RC-Gel (0.1 g) in 10 ml of methanol. For com-
plete solubilization of the drug, the solution was stirred at
500 rpm for 15 min and sonicated for 4 min. Finally, the so-
lution was filtered using 0.45 μm syringe filters and evaluat-
ed by HPLC after suitable dilution. The drug content was in-
dicated in terms of percentage [41, 42].

2.5.1. Ex vivo Skin Permeation and Retention Study
Ex vivo RV permeation from RC-Gel (equivalent of 0.5

mg RV) through the skin of Swiss albino mice (25 ± 5 g)
was performed using PermeGear Franz diffusion cell  with
the diffusion surface area of 1.767 cm2 and receptor cham-
ber containing methanolic PBS (pH 6.4; 50:50, 12 ml, 37.0
± 0.5 °C, and 100 rpm stirring). At specific time intervals,
the aliquots (1 ml) were withdrawn and evaluated by HPLC.
The  withdrawn aliquots  were  replaced  with  the  same vol-
ume of buffer to maintain sink conditions. The different pa-
rameters from the permeation study were estimated as fol-
lows.

--(2)

(3)

 ----------(4)
At the end of the study, after 24h, the amount of RV de-

posited within the skin was investigated. Briefly, the cut sec-
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tion of the skin was homogenized (RQT-127A, Remi, India)
with methanol and extracted for RV. The final aliquot ob-
tained was filtered (0.45 μm) and evaluated for RV content
using HPLC [43].

2.6. Stability study
In the short-term stability study, the cubosome nanofor-

mulations were placed at room temperature away from light
for 3 months and were then analyzed after 3 months by eval-
uating the mean PS, PDI,  ZP, and % EE. Sample analysis
was carried out in triplicates and the results obtained were
the average of three sample analysis [23].

2.7. In vivo evaluation of RC-Gel
Swiss  male  albino  mice  (25–30  g)  were  used  for  skin

penetration, skin irritation, and toxicity and local bioavaila-
bility measurement. The animals were housed in the cages at
the room temperature of 25 ± 3°C and relative humidity of
30–70%, under 12h light/dark cycle.

2.7.1. Skin Irritancy and Toxicity Study
A skin irritancy test was carried out to assess cubosomal

gel  compatibility  with  Swiss  albino  mice  skin  (25–30  g).
Two groups were made with three mice each. The first and
second groups received applications of the RC-Gel and mar-
keted  gel  (Flonida  5%),  respectively.  This  test  was  per-
formed  to  verify  the  skin  compatibility  of  the  cubosomal
gel. Topical dose (equivalent to 20 µg of RV) was applied to
the left ear of the mouse using medical spatula with right ear
as control. Observation was done every 7 days to check for
erythema occurrence, which indicates cutaneous vascular di-
latation. The average score obtained from the scoring scale
of each day and finally, the data interpretation was done as
per Uttley and Van Abbe (1973) scoring method [43, 44].

Acute and sub-acute toxicity were evaluated as per the
method specified by Draize, Woodard, Calvery (1944) [45,
46]. The first group was kept as sham control (no treatment),
whereas the second group served as positive control (20%
sodium lauryl sulfate (SLS) solution). The third and fourth
group has been applied with RC-Gel and marketed gel local-
ly,  respectively.  Daily  application  was  made  on  the  same
place of mice and for the development of erythema and ede-
ma; grading was done for the toxicity study at 1, 24, 48, and
72 h, on the scale of 0–4. The application of gel was contin-
ued for 28 days, after which the mice were sacrificed, and
the applied skin part was collected. Finally, it was processed
for the histopathological examination to check the toxicity
of the developed RC-Gel formulation [47].

2.7.2. In vivo Local Bioavailability Measurement Study
Swiss  male  albino mice (25–35 g)  were  used for  local

bioavailability measurement study, wherein two groups with
six  mice  each  were  used.  The  first  and  second  groups  re-
ceived topical applications of RC-Gel and simple RV-Gel,
respectively. The gel was applied once on the shaved dorsal
skin area (1cm2). After 1 day of treatment, the mice were sac-
rificed and blood was collected [48]. Plasma was collected

from the blood and further  processed to  estimate  the  drug
plasma  concentration  using  the  developed  HPLC  method
[27]. The amount of drug present on the surface of the treat-
ed  skin  was  evaluated  by  washing  it  with  ethanol  (50%)
[49]. Finally, the amount of drug that had penetrated into the
skin was also determined using the same procedure used for
the ex vivo diffusion study.

2.8. Statistical analysis
The optimization of the RCs was accomplished using De-

sign-Expert® software (Stat-Ease Inc., USA).

3. RESULTS AND DISCUSSION

3.1. Development of HPLC method for RV
HPLC study was demonstrated for RV and the retention

time was observed to be 3.30 min at 306 nm. The results of
regression analysis for a calibration curve showed a linear re-
lation (y = 77001x + 2858) over the concentration range of
250–800 ng/mL for RV. The determination coefficient (R2)
value  was  observed  to  be  >  0.999.  The  HPLC  chromato-
grams for RV and RC are as shown in supplementary Fig.
(2).

3.2. Preparation, Optimization and Characterization of
RC

RC was prepared using top down approach employing
high-speed homogenizer and probe sonicator. Since it is ob-
served  that  lipid  and  stabilizer  concentration  are  the  two
most important factors governing the performance proper-
ties of cubosome, viz., PS, and % EE. A 32 full factorial de-
sign was employed to yield an optimized formulation [50].
The factor combination and performance properties of cubo-
some formulation batches are listed in Table 2.

The results obtained in the regression analysis for depen-
dent  variables  are  summarized  in  supplementary  Table  1.
Based on the results, the quadratic model was observed as
best-fit model. The quadratic model gave high values of mul-
tiple determination coefficients (R2). The PRESS values for
the quadratic model were small compared to the other poly-
nomial models. For both response variables, the predicted R2

was in reasonable agreement with the adjusted R2 indicating
that the difference was less than 0.2.

Adequate precision, which measures the signal-to-noise
ratio, was observed to be 30.344 and 11.203 for PS and %
EE, respectively, which was >4 considered desirable (Sup-
plementary Table 1).

3.2.1. Particle Size Analysis
Nanoparticle size is one of the most important factors af-

fecting not only transdermal drug delivery but also cellular
uptake and biodistribution. Particles < 300 nm can transfer
the entrapped drug into the deep layers of the skin [51]. The
mean PS of formulated RC ranged between 89 nm and154
nm (Table 2).  Equation 6 shows the effect  of  independent
variables on the particle size of RC.
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Table 2. Observed responses from 32 factorial design of RC formulation batches.

Formulation
Batch

Independent variables Dependent variables
PDI ZP

(mV)X1 X2 X1
(%w/w) X2 (%w/w) Y1 (nm) Y2 (%)

RC1 -1 -1 3 0.5 125 ±4.22 62.39 ±0.57 0.11 ±0.05 -18.57 ±1.35
RC2 -1 0 3 1 101 ±5.36 69.30 ±0.84 0.19 ±0.07 -20.33 ±0.70
RC3 -1 +1 3 1.5 89 ±3.28 81.40 ±0.96 0.23 ±0.09 -18.65±0.74
RC4 0 -1 5 0.5 126 ±6.84 74.47 ±1.27 0.25 ±0.07 -28.10 ±0.50
RC5 0 0 5 1 113 ±2.36 85.07 ±0.91 0.18 ±0.12 -27.40 ±1.40
RC6 0 +1 5 1.5 98 ±7.19 81.31 ±0.63 0.22 ±0.11 -27.03 ±1.95
RC7 +1 -1 7 0.5 154 ±6.51 43.22 ±0.72 0.20 ±0.10 -40.27±1.56
RC8 +1 0 7 1 139 ±8.85 44.38±0.54 0.16 ±0.04 -28.40±0.61
RC9 +1 +1 7 1.5 127 ±7.10 52.07±0.80 0.26 ±0.12 -21.50 ±1.51

mean ± SD (n=3), RC- Resveratrol loaded cubosome, X1 – Glyceryl Monooleate [GMO] (% w/w), X2 – Pluronic F127 (%w/w), Y2 - Entrapment efficiency (%), Y1 - Particle size
(nm), ZP- Zeta potential (mV), PDI – Polydispersibility index.

Fig. (1). 2D-contour (A, C), 3D-Response surface (B, D) displaying the effect of Glyceryl monooleate (GMO) and Pluronic F-127 (PF-127)
on particle size, and EE of Resveratrol loaded cubosome (RC). GMO concentration was directly proportional to particle size whereas inverse-
ly proportional to % EE. The PF-127 concentrations have a reverse effect on the particle size and % EE, that of GMO.

PS =+110.89 +17.50 X1 -15.17 X2 + 2.25 X1 X2 + 10.17
X1

2 + 2.17X2
2------- (6)

Where PS is particle size, X1 and X2 is GMO and PF-127
concentration (%w/w), respectively.

The effect of GMO (X1) and PF-127 (X2) on the particle
size is illustrated in Fig. 1A and 1B.

The results indicate that the GMO concentration was di-
rectly proportional to the particle size whereas PF-127 con-
centration was inversely correlated with it.  As the PF-127
concentration  decreased  in  the  formulations,  cubosomes
with larger particle size were formed. This happens because
lesser amount of stabilizer causes reduced interfacial stabili-
ty and leads to nanoparticles aggregation [52].
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3.2.2. Analysis of entrapment efficiency (EE)
EE is an important parameter used to determine drug de-

livery capability of cubosome nanoformulation. The EE for
all cubosome nanoparticles was found to be in the range of
43.22 -  85.07% as shown in Table 2  and Fig.  1C  and 1D.
Equation 7 shows the effect of independent variables on the
EE of RC.

EE =+80.22 -12.33 X1 +5.67 X2 - 2.25 X1 X2 – 21.33 X1
2

– 0.33X2
2………….. (7)

Where EE is Entrapment efficiency, X1 and X2 are GMO
and PF-127 concentration (% w/w) respectively.

The effect of GMO (X1) and PF-127 (X2) on the EE is il-
lustrated  in  Fig.  1C  and  1D.  The  results  indicate  that  the
PF-127 concentration was directly proportional to the % EE
whereas GMO concentration was inversely proportional to
it.

The results demonstrated that EE rises with an increase
in PF-127 concentrations. This might be due to the presence
of  PF-127  over  the  cubosome  structures  which  can  retain
some amount of RV by which EE can be increased.

3.2.3. Selection of Optimized Cubosome Nanoformulation
Based  on  the  results  obtained  for  dependent  variables,

RC5 batch having the concentrations of GMO (5% w/w) and
PF-127  (1%  w/w)  was  selected  for  further  evaluation
studies, as it had maximum EE (85.07%) with small particle
size (113 nm).

3.3. Characterization of Cubosomes

3.3.1. PDI and Zeta Potential
The  PDI  of  all  prepared  RC  nanoparticles  ranged  be-

tween 0.11 and 0.26, indicating narrow homogeneous parti-
cle size distribution (Table 2).

ZP  was  studied  to  determine  the  charge  on  cubosome
nanoparticle surface which can affect the physical stability
and  skin  permeation  of  cubosome  nanoformulation.  The
high ZP values provide long-term physical stability to cubo-
some nanoformulation, as it prevents similarly charged parti-
cles aggregation due to the electric repulsion [53].

The ZP values of RC ranged from -18.57 to -40.27 mV
(Table 2). The negative charge may be because of the GMO
containing free fatty acid [54]. In addition to that, the interac-
tion between hydroxyl ions of PF-127 with the water caused
more negative  charge to  the  cubosome nanoparticles  [55].
As  the  literature  reports  more  permeability  for  negative
charged particles, hence cubosome nanoparticles can easily
permeate through the skin by transdermal application [56].

3.3.2. FTIR spectrum analysis
The  surface  structure  of  the  RC  nanoparticles  was  in-

vestigated by FTIR analysis. The infrared spectrum of RV,
GMO,  PF-127,  and  RC  are  shown  in  Supplementary  Fig.

(3).  The  FTIR  peak  values  of  RV  were  displayed  at
wavenumbers  3300,  1512,  and  1456  cm-1,  for  –OH,  and
C=C functional groups. The FTIR spectra of the RC exhibit-
ed  all  but  negligible  distinguishing  peaks  of  Resveratrol
(RV)  and  the  major  characteristic  peaks  of  GMO,  and
PF-127, representing the absence of any interaction between
the RV and other excipients, which suggests their compatibil-
ity with each other.

Fig.  (2).  High resolution-transmission electron microscopy (HR-
TEM) imaging (A and B), and random selected area electron dif-
fraction (SAED) pattern (C) of Resveratrol loaded cubosome (RC)
nanoparticles.

3.3.3. TEM Analysis
The cubosome particles  appeared  to  be  cubic  and  uni-

form with smooth surface and less curvature (Figs. 2A and
B). The scattered particles were in the nano range and well
separated from each other. The brightness around the cubic
border structure indicates self-assembled lipid bilayer struc-
ture. The SAED showed brightness surrounding the central-
ly placed lid, indicating the crystalline nature of the cubo-
some nanoparticles (Fig. 2C).

3.3.4. DSC Analysis
DSC is a rapid and reliable method for estimating drug-

excipients interactions and revealing the polymorphic modi-
fications. The DSC curves of pure RV, GMO, PF-127 and
optimized-RC are shown in Fig. (3).

Fig.  (3).  DSC thermogram of  Resveratrol  [RV] (A),  Resveratrol
loaded cubosome [RC] (B), Glyceryl monooleate [GMO] (C), and
Pluronic F-127 [PF-127] (D).
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Fig. (4). The crystallanity and physical state of the resveratrol loaded cubosome (RC) was determined and confirmed by X-Ray Diffraction
(XRD) spectras of (A) Resveratrol [RV], (B) Resveratrol loaded cubosome [RC], and (C) Blank Cubosome [BC] (C).

The DSC thermogram of RC (B) demonstrated that RV
was  completely  entrapped  inside  the  cubosome nanoparti-
cles, as the sharp endothermic peak of RV (A) disappeared.

The DSC thermogram of RV (Fig. 3A) exhibited a sharp
endothermic  peak  at  269.39  °C,  which  corresponds  to  its
melting point,  and indicates  the  crystalline  nature  for  RV.
The  lipid  GMO  emphasizes  the  temperature  based  phase
transition which shows endothermic peak at 33.21 °C (Fig.
3C), whereas the stabilizer PF-127 (Fig. 3D) exhibited en-
dothermic  peak  at  59.81  °C  as  it  melted.  Mannitol  which
was  a  cryoprotectant  to  obtain  the  freeze-dried  powder  of
RC  showed  a  sharp  endothermic  peak  at  176.70  °C  (Fig.
3B).

In the DSC thermogram of optimized-RC (Fig. 3B), the
endothermic peak was detected at  160.58 °C indicated for
mannitol which was slightly shifted correspond to its melt-
ing point, because of bicontinuous layer formed inside the
cubosome structure. In the same DSC thermogram of opti-
mized-RC, the RV sharp peak had completely disappeared,
suggesting  its  transformation  to  the  non-crystalline  state.
This result suggests that the RV was molecularly entrapped
in the cubosome nanoparticles.

3.3.5. XRD Study
XRD was performed to verify the physical state of RC in

comparison to BC and pure RV (Fig. 4).
The  pure  RV  diffractogram  demonstrated  distinctive

sharp crystal peaks at diffraction angles (2θ) of 16.34, 19.14,
22.31,  and  28.24,  suggesting  its  crystalline  characteristic.
However, these high-intensity peaks of RV disappeared com-
pletely in the diffractogram of RC. Moreover, the diffracto-
gram obtained of RC has negligible difference when com-
pared  to  that  of  BC.  These  results  are  similar  to  the  DSC
finding which suggests that the RV was in non-crystalline
state and molecularly entrapped in the cubosome nanoparti-
cles.

3.3.6. pH Value Measurement and Rheological Behavior
for RC

The pH of the cubosome nanoformulation was analyzed
in order to evaluate any probable skin irritation which could

arise because of the change in the pH of skin upon in vivo ap-
plication. The pH values and viscosities of cubosome formu-
lation batches are listed in Table 3.
Table 3. pH values and viscosities of RC nanoformulations.

Formulation Code pH Viscosity (cP)
RC1 5.57 ±0.07 3.59 ±0.09
RC2 5.95 ±0.05 3.82 ±0.04
RC3 6.14 ±0.04 3.91 ±0.03
RC4 6.87 ±0.06 7.98 ±0.04
RC5 6.50 ±0.09 8.02 ±0.04
RC6 6.67 ±0.06 8.19 ±0.08
RC7 6.72 ±0.04 15.24 ±0.06
RC8 6.90 ±0.07 17.01 ±0.09
RC9 6.94 ±0.03 17.33 ±0.07

Values represent mean ± SD (n=3); Resveratrol loaded cubosome (RC)

The  pH  values  for  all  RC  batches  were  found  to  be
within the nonirritant  acceptable pH range of  5.57 to 6.94
[57, 58].

The cubosome formulations had shown the viscosity val-
ues in the ranges of 3.59 to 17.33 cP. Increasing the amount
of GMO and PF-127 in the RC nanoformulations led to the
formation of more liquid crystal-like material particles that
increased cubosome viscosity.

3.3.7. Drug Release Study
Fig. 5 indicates the release profile of RV from the opti-

mized  batch  of  RC nanoformulation  (RC5)  in  comparison
with  RV solution  in  phosphate  buffer  (pH 6.8)  containing
Tween 80.

The drug release of RV followed biphasic release pattern
with a diffusion controlled release mechanism.

Fast  and  complete  RV  release  from  aqueous  solution
was obtained in 12 h. Generally, the bicontinuous cubosome
nanoformulations  show a  biphasic  burst  release  with  a  re-
lease mechanism of diffusion from the cubic-phase matrix
structure  [59].  The  RV  drug  release  from  the  cubosome
nanoparticles was biphasic,  with an initial  burst  release of
20.52% ± 1.86 in 1 h, followed by sustained prolonged drug
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Fig. (5). (A) In vitro drug release profiles of Resveratrol [RV] from resveratrol loaded cubosome (RC) and aqueous resveratrol solution (RV
solution) (mean±SD, n=6). (B) Graph showing linear relationship between % cumulative RV release from cubosomes (RC) and aqueous solu-
tion (RV solution) vs. square root of time.

release observed up to 24 h (Fig. 5A). On the other hand, af-
ter 1 h, RV slow release was prolonged for 24 h may be due
to the bicontinuous structure of cubosome system that can as-
sist as a rate-controlling membrane matrix structure, with de-
creased  RV  release  [59].  RV,  as  a  lipophilic  drug,  has  a
strong interaction with the lipophilic part of the cubosome
led to sustained release.

To  indicate  the  diffusion-controlled  release  pattern  of
RV, the release data were plotted against square root of the
time (Fig. 5B). A linear relationship was found for both free
RV  aqueous  solutions  and  RC  with  determination  coeffi-
cients of 0.992 and 0.996, respectively, suggesting that the
diffusion is the predominant pattern of drug release [59]. Af-
ter fitting the results of dissolution study of RC with the dif-
ferent release kinetic models, the higuchi model had shown
the best fitting with the highest R2 of 0.996. Such a model
could describe the biphasic release pattern with initial burst
release followed by sustained release, with a controlled re-
lease mechanism of diffusion.

3.4. Formulation of RC-Gel
The cubosomal gel was formulated from the optimized

batch  (RC5)  of  cubosome  dispersion  (equivalent  to  0.1%
w/v of RV) by directly dispersing Carbopol (1% w/v) as gel
former.  Methyl  paraben  (0.05%)  was  incorporated  as  a
preservative  in  RC-Gel.  Visual  appearance,  spreadability,
and clarity of prepared cubosomal gel were observed for the
presence  of  any  foreign  particles.  The  developed  RC-Gel
was  observed  to  have  the  same physical  characteristics  as
that of cubosomal nanodispersion. Low viscosity and disper-
sion like properties of cubosomes in turn lead to poor patient
compliance for a number of reasons, such as short residence
time of cubosome at the site of application, difficulty in app-
lying an effective dose, loss during application, leading to
poor drug retention. Hence, to overcome these problems, op-
timized-RC nanoformulation was formulated as a bioadhe-
sive gel by proper mixing with a gelling agent to form phar-
maceutically acceptable RC-Gel. Simple RV-Gel was formu-

lated in the same way by dispersing RV into Carbopol dis-
persion (1% w/v).

3.5. Characterization of Cubosomal Gel (RC-Gel)
Different parameters of the RV-Gel and RC-Gel were as-

sessed,  and  the  results  are  mentioned  in  supplementary
Table 2. Both the prepared gels were found to be white, vis-
cous creamy formulations with a smooth and homogenous
appearance, and the pH was noted to be 6.93 and 4.15 for
the RC-Gel and RV-Gel, respectively. RV-Gel has a slightly
acidic pH compared to RC-Gel, due to the Carbopol content
which can decrease the pH of the RV-Gel, whereas, in addi-
tion to Carbopol, the GMO and PF-127 may stabilize the pH
of RC-Gel. The viscosity of the gel formulation was deter-
mined by using Brookfield viscometer, which was found to
be 136 and 100 cP for RV- and RC-Gel, respectively. The
drug content of the RC-Gel was 97.33% which showed that
the RC nanoparticles were uniformly and properly distribut-
ed in the gel formulation.

3.5.1. Ex vivo Skin Permeation and Retention Studies
The ex vivo skin permeation and retention of RV across

the shaved mouse skin was performed using a Franz diffu-
sion cell apparatus. The RC-Gel was compared with RV-Gel
for the cumulative amount of drug permeation (24 h), perme-
ability coefficient, transdermal flux, amount of drug deposit-
ed  and  enhancement  ratio,  and  the  results  are  depicted  in
Table 4.

The results demonstrate that cumulative amount of RV
permeated from RC-Gel and RV-Gel was 152.26 and 30.66
µg/cm2  respectively.  Permeation  flux  was  observed  to  be
3.58  µg/cm2/h  for  RC-Gel  whereas  for  the  RV-Gel  it  was
0.72  µg/cm2/h.  Furthermore,  the  permeability  coefficient
and enhancement ratio for RC-Gel (9.66 ×10-3 and 4.97, re-
spectively)  were  found  to  be  higher  than  that  of  RV-Gel
(1.94 × 10-3  and 1.0,  respectively).  The amount of RV de-
posited in the skin was 11.90 µg/cm2 for RC-Gel which was
considerably higher than that of RV-Gel.
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Table 4. Result of Ex vivo skin permeation and retention study of the RC-Gel and RV-Gel.

Gel-Formulation
Cumulative amount of drug

permeated
(µg/cm2)

Permeation flux
(J,μg/cm2/h)

Permeability Coefficient
(Kp, cm/h)

Enhancement ratio

Quantity of
drug deposited into

skin
(µg/cm2)

RC-Gel 152.26 ± 1.12 3.58 ± 0.03 9.66 ×10-3 4.97 11.90 ± 0.56

RV-Gel 30.66 ± 1.22 0.72 ± 0.03 1.94 × 10-3 1.00 8.04 ± 0.15
mean ± SD (n=3);
Resveratrol loaded cubosomal gel (RC-Gel); Resveratrol Gel (RV-Gel).

These results confirm the enhanced skin permeation of
RV from the cubosomal gel due to the physicochemical prop-
erties of the cubosomes (particle size,  surface charge) and
synergistic effect of both GMO and PF-127. The nanosized
and negatively-charged cubosome nanoparticles enhance the
permeation  of  RV through the  skin.  GMO can  disturb  the
characteristic  skin  structure  through  lipophilic  interaction
with the skin lipids [60]. The PF-127 is a non-ionic surfac-
tant, serving as penetration enhancer by skin sebum emulsifi-
cation, by which thermodynamic coefficient of the drugs can
be improved [61].

The  sustained  RV  diffusion  release  was  achieved
through the skin due to the formation of a depot by cubo-
some nanoparticles in the lipid portion of stratum corneum.
This may be due to the similarity between the structure of cu-
bosome nanoparticles and the stratum corneum [62].

3.6. Stability Study
The  optimized  cubosome  dispersion  samples  were

studied for stability, following storage for 3 months at room
temperature. They were characterized for the PS, PDI, ZP,
EE, and % drug release. The results are summarized in sup-
plementary Table 3. There were insignificant changes in the
results as compared to freshly prepared formulation (0 mon-
th). The GMO maintains the integrity of the cubosome and
PF-127 stabilizes this nanoformulation due to which cubo-
somes  can  be  considered  as  thermodynamically  stable,
suggesting that cubosome formulations were stable at room
temperature storage conditions.

3.7. In vivo Evaluation of RV Loaded Cubosomes

3.7.1. Skin Irritancy and Toxicity Study
The  skin  irritancy  test  was  performed  for  RC-Gel  and

marketed gel as per by Uttley and Van Abbe test [44]. It was
observed that the mean score of skin irritancy for the RC-
Gel and marketed gel was 6.43 and 7.14, respectively (Table
5).
Table 5. Scores of skin irritancy study for RC-gel and Market-
ed gel as per Uttley and Van Abbe method

Formulation
Score after (day) Mean score

values1 2 3 4 5 6 7
RC-Gel 6 7 6 8 6 6 6 6.43

Marketed gel 6 6 6 8 8 8 8 7.14
(n=3); Resveratrol loaded cubosomal gel (RC-Gel)

The study demonstrated non-irritant property of the de-
veloped cubosomal gel, as the values were between 0 and 9,
probably due to RV entrapped inside the cubosome nanopar-
ticles. Upon its release from the nanoparticles, it will cause
irritation to the skin.

The Draize test was used to perform acute and 28-days
sub-acute  skin  toxicity  study  of  RC-gel  and  marketed  gel
(Table 6).

Table 6. Score obtained after application of formulation for the
skin irritation study (Draize method).

Formulation Erythema Edema

1h 24h 48h 72h 1h 24h 48h 72h

Normal control 0 0 0 0 0 0 0 0

RC-GEL 0 0 0.67 0.67 0 0 0 0

Marketed gel 0 0 0.67 0.67 0 0 0 0

20% SLS 0 0.67 2 2.33 0 1.67 2.33 3
(n=3); Resveratrol loaded cubosomal gel (RC-Gel); Sodium Lauryl Sulphate (SLS)
Scores are labeled as 0 = no erythema, 1 = very slight erythema (light pink), 2 = well
defined erythema (dark pink), 3 = moderate to severe erythema (light red), 4 = severe
erythema (extreme redness). Scores are similarly labeled for edema.

The grading pattern 0-4 was used in this skin irritation
test based on the development of erythema and edema [45].
The scoring was done as follows:

0–0.9: non-irritant and safe for human skin
1–1.9: mild irritant and need of preventive measures
2–3: irritant and not safe for topical application
There  was  no  sign  of  erythema  and  edema  after  treat-

ment with cubosomal gel in the acute toxicity study. Market-
ed gel showed negligible erythema with absence of edema.
SLS (20% w/v), a positive control in this study, caused red-
dening of  skin and high irritation with moderate to severe
erythema and edema. In sub-acute toxicity study, repeated
applications  of  the  above  formulations  for  up  to  28  days
showed similar results.

Also, the skin toxicity of formulated RC-Gel and market-
ed  gel  were  estimated  by  performing  a  histopathological
analysis of the treated skin after 28 days of application [49].
Fig. (6A–D) shows the histological images of skins of nor-
mal control  group,  RC- Gel,  marketed gel,  and SLS (20%
w/v) as a positive control, respectively.
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Fig. (6). (A-D) shows the histopathological photos of hematoxylin
and eosin stained cross sections of mice skin after 28 days of appli-
cation of different formulations (Magnification- 4X).

(A) Normal control group mice skin showing the normal
structure and epidermal layer of skin. (B) Mice skin treated
with RC- Gel, and (C) marketed gel demonstrated no structu-
ral differences in the mice skin as compared to normal mice
skin. (D) Mice skin on treatment with SLS (20% w/v) as a
positive control displayed structural damage and rupture of
the epidermal layers of the skin. The results suggested that
developed topical cubosomal gel was found to be non-irri-
tant, non-toxic to mice skin.

It was seen that SLS (20% w/v) caused complete dam-
age of the epidermal layer of the skin, and necrosis, which in-
dicated the skin irritation potential of SLS (20% w/v). RC-
Gel treated skin showed a continuous epidermal layer with
negligible skin irritation potential, because of entrapment of
RV  in  the  cubosome  nanoparticles.  Marketed  gel  showed
similar  to  cubosomal  gel  in  comparison  to  normal  skin.
From the acute, sub-acute, and histopathological studies, it
can be concluded that the formulated RC- Gel was safe for
topical application.

3.7.2. In vivo Local Bioavailability Measurement Study
The applicability of developed RC- Gel for better skin

permeation and deposition was evaluated in vivo using male
Swiss albino mice. The local bioavailability was evaluated
by calculating the amount of RV deposited (penetrated), re-
maining on the skin surface (not penetrated),  and entering
the systemic circulation. The results of skin localization are
provided in Supplementary Table 4. The fraction of applied
dose that penetrated skin and which formed a depot (skin lo-
calization  index)  for  RC-  Gel  was  found  to  be  61.03%,
whereas  for  the  local  application  of  RV-Gel  it  was  only
23.87%. The fraction of applied doses that had not penetrat-
ed through but remained on the skin surface was 38.97 and
76.13% for RC- Gel and RV-Gel, respectively. After analyz-
ing  the  blood  plasma  concentration,  it  was  found  that  no
drug (from both formulations) was available in the systemic

circulation which may be because of the negligible systemic
availability. From the results of local bioavailability, it was
confirmed that RC-Gel demonstrated good skin permeation
and deposition and formed a depot as compared to RV-Gel.
The structure of the cubosome in cubosomal gel may help
maximize  drug  localization  and  penetration,  as  the  cubic
structure provides maximum surface area for targeting local-
ly and increases the therapeutic activity of RV for treating
melanoma conditions.

CONCLUSION
In the present research work, an attempt was made to im-

prove the efficacy of RV by using a novel cubosome nano-
formulation  for  topical  application.  The  optimized  cubo-
some nanoformulation (RC5) with GMO: PF-127 ratio (5:1)
showed desirable particle size of 113 nm with 85.07% EE.
The optimized RC was transferred to cubosomal gel which
showed an increased level of RV permeation and deposition
capacity. The XRD and DSC studies demonstrated success-
ful RV encapsulation in the cubosome nanoparticles. TEM
revealed  that  cubosome  nanoparticles  have  a  cubic  shape
with  crystalline  properties.  In  vitro  drug  release  for  RC
showed a biphasic burst release with a release mechanism of
diffusion controlled over 24 h. From the skin irritancy and
toxicity study, RC-Gel was proved to be nonirritant in na-
ture. In vivo local bioavailability study also demonstrated en-
hanced skin localization capability of RC-Gel as compared
to RV-Gel. Further studies using suitable in vitro and in vivo
models are required to prove the efficacy of this cubosome
formulation for melanoma treatment.
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Abstract
To respond to the public panic, government and private research organizations of every country keep working on the 
COVID-19 pandemic, even though still there is a lack of more efficacious medicine for the choice of Coronavirus disease 
treatment. To counteract on this situation several approved drugs including anti-malarial (hydroxychloroquine and chlo-
roquine), and few anti-viral (remdesvir) agents are choice of treatment for COVID-19. However, these agents suffer from 
certain limitation in their uses and pointed that there is no specific treatment or vaccine available to counter this contagious 
disease. Hence, there is urgent requirement to find a specific cure for the disease. In this view, there are several ongoing 
clinical trials of both western and traditional medicines. In present study, phytochemicals from Camellia sinensis were 
retrieved from the database and identified based on their ability to inhibit matrix metalloproteinase (MMPs) against SARS-
CoV-2 main protease. Camellia sinensis entails of a massive number of phytochemicals with a good source of polyphenols 
such as Catechin, Epicatechin, Epigallocatechin and (–)-Epigallocatechin gallate. Molecular docking was performed using 
the GLIDE docking module of Schrodinger Suite software. The analysis displayed docking score for the five polyphenols 
i.e. theaflavin (− 8.701), 1-O-caffeoylquinic acid (− 7.795), Genistein (− 7.168), Epigallocatechin 3-gallate (− 6.282) and 
Ethyl trans-caffeate (− 5.356). Interestingly, theaflavin and Epigallocatechin 3-gallate have not revealed any side effects. 
These polyphenolic compounds had a strong binding affinity with hydrogen bonds and a good drug-likeness score. Therefore, 
Camellia sinensis could be the beneficial option in the prophylaxis of the COVID-19 outbreak.

Keywords Camellia sinensis · COVID-19 · In silico · Matrix metalloproteinase · Polyphenols
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Introduction

Ongoing COVID-19 epidemic, a novel viral disease 
invaded 216 countries all over the world. According to 
the WHO (World Health Organization), 4,589,526 + cases 
of Coronavirus disease have been confirmed to date and 
310,391 people had lost their lives (https ://www.who.int/
emerg encie s/disea ses/novel -coron aviru s-2019) (WHO, 
May 2020a). Coronavirus crisis caused emotional and 
mental distress in public due to fear of ‘End of Life’(Lima 
et al. 2020). Social distancing and home quarantine had 
started psychological changes in the public. To respond 
to this panic situation, government and private research 
organizations of every country start working on the 
COVID-19 epidemic, although there is still lack of more 
efficacious medicine for the cure of Coronavirus.

COVID-19 has been documnted for two types: (1) 
Severe Acute Respiratory Syndrome Coronavirus (SARS-
Cov) and (2) the Middle East Respiratory Syndrome Cor-
onavirus (MERS-Cov). Both are RNA viruses with gly-
coprotein spikes on surface, The family Coronaviridae 
causes severe respiratory tract dysfunction with symptoms 
such as cold, fever, body ache, and difficulty in breathing. 
The first outbreak occurred at the Wuhan China sea food 
market and has now spread globaly (Liu and Wang 2020).

This disaster had compelled the government to take 
stringent measures to save lives such as national and 
international lockdown, social distancing, the extension 
of vacations, patient hospitalization and quarantine, and 
many other changes to safe guard their countries (Lin et al. 
2020). To counteract this situation anti-malarial drugs are 
used i.e. Hydroxychloroquine and Chloroquine (Frie and 
Gbinigie 2020; WHO, April 2020b) and few anti-viral 
drugs such as Ritonavir, Tipranavir and Lopinavir has been 
tested in patients with COVID-19 but still, no specific vac-
cine or anti-corona virus drug/s are available (Nukoolkarn 
et al. 2008).

Indian Traditional medicine plays an important role 
in many viral diseases. Camellia sinensis commonly ref-
ered as ‘TEA’ belongs to family ‘Theaceae’. It consists 
of a huge number of phytochemicals, along with a good 
source of polyphenols i.e. Catechin, Epicatechin, Epigal-
locatechin and Epigallocatechin gallate. Among them, 
Epigallocatechin gallate (constitutes 59%) is a major 
source of polyphenol (Kaur and Saraf 2011). According 
to published literature, polyphenols have been previously 
reported for its strong potency in the treatment of viral 
diseases. Camellia sinensis has been documented for anti-
oxidant (Chan et al. 2007), Chemoprotective (Kaur and 
Saraf 2011), Wound healing (Hajiaghaalipour et al. 2013), 
Anti-diarrheal (Besra et al. 2003), antimicrobial (Farooqui 
et al. 2015) and numerous anti-viral activities (Xu et al. 

2017). Above cited studies suggests that phytochemi-
cals identified from Camellia sinensis could have ability 
to inhibit MMPs (enzyme belongs to family Proteases), 
which is associated with chemokine activation and con-
tributes significantly in the degradation of myelin proteins 
and generation of auto-antigens. MMPs and their inhibi-
tors are involved in remodeling of the extracellular matrix 
(ECM) during normal physiological conditions (Marten 
and Zhou 2005; Gupta 2016).

Therefore, this study was planned to analyse one of 
very prominent, economical, and popular beverage source, 
Camellia sinensis for the prophylaxis of COVID-19. Camel-
lia sinensis has been reported for more than hundred phyto-
chemicals and can be a potential candidate for the COVID-
19 prophylaxis. Thus, with the aid of molecular doking, this 
study aimed to analyse Camellia sinensis for its possible 
therapeutic efficacy as per available phytochemicals in data 
base.

Materials and methods

Phytochemicals identification

The phytochemicals of Camellia sinensis were retrieved 
from ChEBI online tool (https ://www.ebi.ac.uk/chebi /), and 
molecular weight, molecular formula, PubChem CID and 
Canonical SMILE of phytochemicals were recorded (Kan-
barkar et al. 2020).

Prediction for matrix metalloproteinase inhibitor

All the identified phytochemicals were predicted for their 
Matrix Metalloproteinase inhibition activity by submitting 
the Canonical SMILE with the help of an online tool—Swiss 
Target Prediction http://www.swiss targe tpred ictio n.ch/ 
(Gfeller et al. 2014).

Estimation of drug likeness

The drug-likeness properties of the identified phytochemi-
cals were determined from Molsoft online tool https ://molso 
ft.com/mprop / (Khanal et al. 2019). As per Lipinski’s rule of 
five, molecular weight; lipophilicity (MolLogP); number of 
hydrogen bond acceptor; number of hydrogen bond donor; 
and drug-likeness score were noted.

Toxicity study

The side effects of the identified phytochemicals were cal-
culated using the ADVERPred online tool http://www.way2d 
rug.com/adver pred/ (Ivanov et al. 2008). It predicted probable 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.ebi.ac.uk/chebi/
http://www.swisstargetprediction.ch/
https://molsoft.com/mprop/
https://molsoft.com/mprop/
http://www.way2drug.com/adverpred/
http://www.way2drug.com/adverpred/
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activity and inactivity values for each compound along with 
their side effects.

Gene enrichment analysis

The gene set data obtained for each compound from DIGEP-
pred. http://www.way2d rug.com/GE/ (Lagunin et al. 2013) 
were submitted to STRING online tool https ://strin g-db.org/ 
(Szklarczyk et al. 2017) and the KEGG pathway was down-
loaded. The pathway predicts possible mechanism of action 
which could be followed by the identified phytochemicals.

Ligand preparation

All the selected polyphenolic compounds of Camellia sinen-
sis were downloaded from PubChem and prepared using the 
LigPrep version 4.8 (Schrodinger LCC) (Adnan et al. 2020). 
LigPrep generates energy minimized structure with multiple 
tautomer and stereoisomer’s, which was further used as input 
to molecular docking.

Target/receptor preparation

The phytochemicals were subjected to molecular docking to 
explore its conformational space and orientation of substitu-
ents in the binding pocket of the target proteins. The crystal 
structure of SARS-CoV-2 main protease (PDB ID: 6LU7) in 
complex with a peptide for the present study was downloaded 
from the RCSB protein data bank (Berman et al. 2002) data-
base. For protein preparation, the standard protocol of pro-
tein preparation wizard (Schrodinger, LLC) was followed and 
minimized the protein structure until the RMS gradient for 
heavy atom reached 0.3 A°.

Receptor grid generation and molecular docking

The crystal bound ligand was selected to enumerate a binding 
site grid with a scaling factor of 1.0 and partial charge cut-
off of 0.25 for the Van Der Waals radius. Molecular docking 
simulations were performed using the GLIDE docking module 
of Schrodinger Suite software (Adnan et al. 2020). The glide 
approximates a complete systemic search of the conforma-
tional, orientational and positional space of the ligand in the 
protein binding pocket. The glide docking produces different 
poses for each input ligand, and each pose was scored and 
ranked by the glide docking scores (kcal/mol).

Results

Phytochemicals identification

By using keyword ‘Camellia sinensis’ in data base, total 122 
phytochemicals were retrieved and their canonical SMILES 
were recorded for generating data in the further steps.

Prediction for matrix metalloproteinase inhibitor

All the retrieved phytochemicals predicted for MMPs prop-
erty and out of 122 phytochemicals, twelve phytochemi-
cals were identified based on their inhibition potential of 
MMPs (Table 1). Theaflavin was predicted to inhibit eight 
MMPs, being the highest inhibitor in the listed polyphenolic 
compounds.

Determination of drug‑likeness

The drug-like properties or physicochemical proper-
ties such as molecular weight, lipophilicity (MolLogP), 
number of hydrogen bond acceptor (NHBA), number 
of hydrogen bond donors (NHBD) and drug-likeness 
score (DLS) were calculated for the tweleve identified 
compounds (Table  2). The ranking order of DLS was 
perceived as follows: 2-(4-hydroxybenzyl) quinazolin-
4(3H)-one > Genistein > 1-O-caffeoylquinic acid > Theafla-
vin > Epigallocatechin 3-gallate > Cordysinin A > Van-
illic acid > Ethyl  trans-caffeate > Gedunin > Inflatin 
E > Inflatin D > Inflatin f. All these compounds follows 
the Lipinski’s rule, except epigallocatechin 3-gallate and 
1-O-caffeoylquinic acid.

Table 1  Compounds from Camellia sinensis having MMPs inhibition 
activity

S. No. Compound Name Matrix Metalloproteinase 
Inhibitors

1. Theaflavin MMPs—1, 2, 7, 8, 9, 12, 
13, 14

2. (–)-Epigallocatechin 3-gallate MMPs—2, 9, 12, 13, 14
3. Cordysinin A MMPs—1, 2
4. 1-O-caffeoylquinic acid MMPs—2, 12
5. Genistein MMPs—2, 9, 12
6. Inflatin E MMPs—1, 2, 3, 7, 8, 9, 13
7. Inflatin F MMPs—1, 2, 3, 7, 8, 9, 13
8. Inflatin D MMPs—1, 2, 3, 7, 8, 9, 13
9. 2-(4-hydroxybenzyl) 

quinazolin-4(3H)-one
MMPs—1, 9

10. Vanillic acid MMPs—2, 8, 9, 12
11. Ethyl trans-caffeate MMPs—1, 2, 9
12. Gedunin MMPs—1, 3, 9

http://www.way2drug.com/GE/
https://string-db.org/
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Toxicity study

The possible side effects of selected phytochemicals are 

listed in Table 3. The Theaflavin, Epigallocatechin 3-gal-
late, and Gedunin displayed no side effects, whereas vanillic 
acid indicated four major side effects such as hepatotoxic-
ity, nephrotoxicity, arrhythmia, and cardiac failure with their 
probable activity and in-activity.

Molecular docking

The molecular docking study was performed for twelve iden-
tified phytoconstituents that have been predicted for Matrix 
Metalloproteinase enzyme inhibition potential against 
SARS-CoV-2 main protease. We observed that Theaflavin 
had maximum and Gedunin had minimum docking score 
(− 8.401 to − 3.169 kcal/mol respectively). Based on dock-
ing score, the ranking of all compounds were: Theafla-
vin > 1-O-caffeoylquinic acid > Genistein > Epigallocate-
chin 3-gallate > Ethyl trans-caffeate > 2-(4-hydroxybenzyl) 
quinazolin-4(3H)-one > Cordysinin A > Inflatin D > Infl-
atin E > Vanillic acid > Inflatin F > Gedunin (Table 4). The 
binding interactions of each compound with SARS-CoV-2 
main protease protein were represented in the form of 
several hydrogen bonds and interaction residue analysis 
revealed that most of the compounds formed interaction 
with conserved catalytic dyad (Cys145 and His41) amino 
acid residue (Characteristic features from SARS-CoV-2 
main protease). The analysis of docked poses of Theafla-
vin revealed that this compound occupies the catalytic site 
of SARS-CoV-2 main protease and interacts with catalytic 
His41 and Cys145 amino acid residues. This compound also 
interacted with His41, Leu141, Glu166, Met165 side chain 
amino acid residues, and formed several H-bond interac-
tions (Fig. 1a). Gedunin a steroid compound, in the binding 
pocket obtained a U-shaped conformation forming H-bond 
with His41, Asn142 has the lowest docking score (Fig. 1b). 

Table 2  Drug likeness of bioactive compounds from Camellia sinensis 

S. 
No.

Compound Name PubChem CID Molecular formula Molecular 
weight (g/
mol)

NHBA (< 10) NHBD (≤ 5) MolLogP (≤ 5) DLS

1. Theaflavin 135403798 C15  H15 N  O3 257.11 3 1 2.68 0.29
2. Epigallocatechin 3-gallate 65064 C22  H18  O11 458.08 11 8 1.44 0.23
3. Cordysinin A 54671997 C11  H18  N2  O3 226.13 3 2 − 0.03 − 0.10
4. 1-O-caffeoylquinic acid 10155076 C16  H18  O9 354.10 9 6 − 0.93 0.37
5. Genistein 5280961 C15  H10  O5 270.05 5 3 1.92 0.44
6. Inflatin E 53493989 C22  H26  O9 434.16 9 0 1.42 − 1.08
7. Inflatin F 53494114 C22  H26  O9 434.16 9 0 1.42 − 1.08
8. Inflatin D 53493988 C22  H26  O9 434.16 9 0 1.42 − 1.08
9. 2-(4-hydroxybenzyl) 

quinazolin-4(3H)-one
136026468 C15  H12  N2  O2 252.09 3 2 1.96 1.09

10. Vanillic acid 8468 C8  H8  O4 168.04 4 2 1.20 − 0.18
11. Ethyl trans-caffeate 5317238 C11  H12  O4 208.07 4 2 2.21 − 0.31
12. Gedunin 12004512 C28  H34  O7 482.23 7 0 3.71 − 0.44

Table 3  Side effects of bioactive compounds from Camellia sinensis 

Pa probable activity; Pi probable inactivity

S. 
No.

Compound name Pa Pi Side effects

1. Theaflavin – – –
2. Epigallocatechin 

3-gallate
– – –

3. Cordysinin A 0.328 0.147 Myocardial infraction
4. 1-O-caffeoylquinic 

acid
0.3
0.273

0.157
0.199

Nephrotoxicity
Cardiac failure

5. Genistein 0.342 0.308 Hepatotoxicity
6. Inflatin E 0.391

0.277
0.238

0.192
0.182
0.235

Arrhythmia
Nephrotoxicity
Cardiac failure

7. Inflatin F 0.391
0.277
0.238

0.192
0.182
0.235

Arrhythmia
Nephrotoxicity
Cardiac failure

8. Inflatin D 0.391
0.277
0.238

0.192
0.182
0.235

Arrhythmia
Nephrotoxicity
Cardiac failure

9. 2-(4-hydroxybenzyl)
quinazolin-4(3H)-
one

0.67 0.112 Hepatotoxicity

10. Vanillic acid 0.424
0.329
0.303
0.272

0.241
0.129
0.3
0.201

Hepatotoxicity
Nephrotoxicity
Arrhythmia
Cardiac failure

11. Ethyl trans-caffeate 0.607
0.405
0.326

0.027
0.255
0.132

Myocardial infraction
Hepatotoxicity
Nephrotoxicity

12. Gedunin – – –
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Comparing the number of hydrogen bonds formed between 
all the docked compounds and binding site residues, Epi-
gallocatechin-3-gallate showedthe maximum number of 

hydrogen bonds with the following amino acid residue: 
Thr26, His41, Leu141, Asn142, and Glu166.

Table 4  Molecular docking score and binding interaction of compounds

S.

No.
Compound Name 2D Interaction of ligand with Target

Docking 

score

(kcal/mol)

NHB

Amino 

acid 

Residue

1.

Theaflavin

-8.701 4

His41

Leu141

Met165

Glu166

2.

(-)-Epigallocatechin 3-gallate

-6.282 5

Thr26

His41

Leu141

Asn142

Glu166

3.

Cordysinin A

-4.688 4

Leu141

Glu143

His164

Glu166

4.

1-O-caffeoylquinic acid

-7.795 4

Thr26

Glu143

Cys145

Gly166
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Table 4  (continued)

5.

Genistein

-7.168 4

His41

Leu141

Glu166

Asp187

6.

Inflatin E

-4.395 2
Ser144

Cys145

7.

Inflatin F

-3.774 2
Glu143

Glu166

S.

No.
Compound Name 2D Interaction of ligand with Target

Docking 

score

(kcal/mol)

NHB

Amino 

acid 

Residue

8.

Inflatin D

-4.434 2
Ser144

Cys145



179Matrix metalloproteinase inhibitors identified from Camellia sinensis for COVID‑19…

1 3

Table 4  (continued)

9.

2-(4-hydroxybenzyl) 

quinazolin-4(3H)-one

-4.784 2
Ser144

Asp187

10.

Vanillic acid

-3.862 1 Glu166

11.

Ethyl trans-caffeate

-5.356 1 Thr190

S.

No.
Compound Name 2D Interaction of ligand with Target

Docking 

score

(kcal/mol)

NHB

Amino 

acid 

Residue

12.

Gedunin

-3.169 2
His41

Asn142

NHB number of hydrogen bonds
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Gene enrichment analysis

The gene set data has described the KEGG (Kyoto Ency-
clopedia of Genes and Genomes) pathway followed by the 
compounds to display the possible molecular mechanism 
(Table 5). It was detected that all compounds followed more 
than one pathway to hit the target, but all compounds dis-
played one common pathway that is cancer pathway. It could 
be believed that naturally occurrring compounds may follow 
single and multiple pathways may have an anti-viral mecha-
nism at the end. Table 5 displayed the list of pathways, gene 
counts, and modulated proteins.

Discussion

COVID-19 is a viral infection and emerging with increas-
ing prevalence. It has cought the attention of researchers, 
doctors, and health care professionals worldwide. Owing to 
countless deaths and a limitations in available drugs, it has 
caused the terrible human condition to eradicate the virus. 
Therefore, potential and cost-effective medicine/s is war-
rented for best prophylactic (pre and post COVID-19) effect. 
The present study aimed to investigate the possible effect of 
Camellia sinensis using in silico approach in the manage-
ment of COVID-19. Numerous research projects are ongoing 
over the globe and several has been conducted to identify the 
potential medicine candidate for the COVID-19 crisis. In 
this life-threatening situation, traditional medicine/s might 
be effective for treatment of COVID-19.

Warm water decoction made by using various species 
in Ayurveda called ‘Kashay’ is generally in practice in the 

prevention of fever, headache, common cold, and inflam-
mation (Tillu et al. 2020). Similarly, the warm decoction 
of dry or fresh leaves of Camellia sinensis with or without 
sugar is also used in daily life style to overcome stress and 
has been documented for anti-inflammatory, analgesic (De 
Lima MotaI et al. 2015) and CNS stimulant activity (Rubab 
et al. 2020).

In the present study with the help of in silico approach, 
we predicted potential phytochemicals of Camellia sinen-
sis for the inhibition of Matrix Metalloprotease (MMPs). 
MMPs play an important role in immunity, inflammation, 
cell growth, organ morphogenesis, wound healing, angio-
genesis, apoptosis, and embryonic development. Overex-
pression of MMPs was also observed in various pathological 
conditions such as cancer, corneal endogens, skin ulceration, 
neurological diseases, arthritis, and fibrotic lung diseases, 
etc. (Gupta 2016).

The twelve identified phytochemicals from Camellia sin-
ensis were predicted as MMPs inhibitors in Swiss Target 
Prediction data base, namely: Theaflavin, (–)-epigallocat-
echin 3-gallate, cordysinin A, 1-O-caffeoylquinic acid, gen-
istein, inflatin E, inflatin F, inflatin D, 2-(4-hydroxybenzyl)
quinazolin-4(3H)-one, vanillic acid, ethyl trans-caffeate, 
and gedunin with MMPs: − 1, − 2, − 3, − 7, − 8, − 9, − 12, 
− 13 and − 14 (Table 1). Overexpression of these MMPs 
initiates various diseases. MMP-1 originate breast cancer 
growth, metastasis, cardiac hypertrophy and heart attack 
(Marten and Zhou 2005), MMP-2: involved in chronic 
lung diseases (Kong et al. 2009), MMP-3: participates in 
rheumatoid arthritis and ankylosing spondylitis (Sun et al. 
2014), MMP-7: degraded natural immunity of lung and 
intestine (Burke 2004), MMP-8: activates Interleukin and 

Fig. 1  Ligand binding interactions of compound. aTheaflavin, b Gedunin within the binding pocket of SARS-CoV-2 main protease enzyme
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Table 5  Pathways followed by the compounds targeting SARS-CoV-2 Main protease

Compounds name Term ID Pathway description Gene count False 
discovery 
rate

Targeted proteins

Theaflavin hsa05200 Pathways in cancer 23 0.002 ARNT, CKS1B, ERBB2, FGF23, 
FOXO1, GNAI1, HES1, IL15, 
IL4R, ITGA6, ITGAV, KRAS, 
MAPK8, NCOA1, NOTCH1, 
PLCG2, PTGER3, RALA, RARB, 
ROCK1, ROCK2, WNT11, 
WNT7A

hsa04919 Thyroid hormone signaling pathway 9 0.0136 FOXO1, ITGAV, KAT2B, KRAS, 
MYH6, NCOA1, NOTCH1, 
PFKFB2, PLCG2

hsa04360 Axon guidance 10 0.0388 EFNB2, GNAI1, KRAS, L1CAM, 
NTN4, PLCG2, RASA1, ROCK1, 
ROCK2, SEMA3G

hsa05224 Breast cancer 9 0.0388 ERBB2, FGF23, HES1, KRAS, 
NCOA1, NOTCH1, PGR, WNT11, 
WNT7A

(–) Epigallocatechin 3-gallate hsa05200 Pathways in cancer 17 0.0016 ARNT, CKS1B, ERBB2, FGF23, 
HES1, ITGA6, ITGAV, KRAS, 
NCOA1, NOTCH1, PTGER3, 
RARA, RBX1, ROCK2, TRAF5, 
WNT11, WNT7A

hsa05224 Breast cancer 8 0.0089 ERBB2, FGF23, HES1, KRAS, 
NCOA1, NOTCH1, WNT11, 
WNT7A

Cordysinin A hsa04915 Estrogen signaling pathway 13 0.0037 CREB3L2, CTSD, EBAG9, GNAI1, 
HSPA6, KCNJ5, KRAS, KRT17, 
KRT23, NCOA1, PGR, PRKCD, 
TFF1

hsa05200 Pathways in cancer 27 0.0051 ARNT, CKS1B, EP300, ERBB2, 
FOXO1, GNAI1, HES1, IL15, 
IL4R, ITGA6, ITGAV, KRAS, 
MAPK8, MET, MITF, NCOA1, 
NOTCH1, NQO1, PLCG2, 
PTGER3, RALA, RARB, ROCK1, 
ROCK2, TGFB2, WNT11, WNT7A

hsa05206 MicroRNAs in cancer 13 0.0051 CYP1B1, DNMT1, EP300, ERBB2, 
FOXP1, KRAS, MET, NOTCH1, 
PLCG2, ROCK1, SOX4, STMN1, 
TGFB2

hsa00790 Folate biosynthesis 5 0.0294 ALPPL2, CBR1, DHFR, GGH, PAH
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Table 5  (continued)

Compounds name Term ID Pathway description Gene count False 
discovery 
rate

Targeted proteins

1-O-caffeoylquinic acid hsa04668 TNF signaling pathway 6 0.0013 CCL5, CREB3L1, CXCL10, CXCL2, 
MAPK8, TRAF5

hsa04657 IL-17 signaling pathway 5 0.0042 CXCL10, CXCL2, MAPK8, S100A9, 
TRAF5

hsa04217 Necroptosis 5 0.029 FTL, MAPK8, SMPD1, 
TNFRSF10B, TRAF5

hsa04216 Ferroptosis 3 0.0294 FTL, GCLM, GSS

hsa04621 NOD-like receptor signaling 
pathway

5 0.0294 CCL5, CXCL2, MAPK8, RNASEL, 
TRAF5

hsa05164 Influenza A 5 0.0294 CCL5, CXCL10, MAPK8, RNASEL, 
TNFRSF10B

hsa05168 Herpes simplex infection 5 0.0294 CCL5, MAPK8, RNASEL, SRSF2, 
TRAF5

hsa05215 Prostate cancer 4 0.0294 CREB3L1, ERBB2, FGFR1, FOXO1

hsa04210 Apoptosis 4 0.0483 CASP2, CTSV, MAPK8, 
TNFRSF10B

hsa05230 Central carbon metabolism in 
cancer

3 0.0483 ERBB2, FGFR1, HK2

Genistein hsa04915 Estrogen signaling pathway 13 0.0036 CREB3L2, CTSD, EBAG9, GNAI1, 
HSPA6, KCNJ5, KRAS, KRT17, 
KRT23, NCOA1, PGR, PRKCD, 
TFF1

hsa05200 Pathways in cancer 28 0.0036 ARNT, CKS1B, EP300, ERBB2, 
FOXO, GNAI1, HES1, IL15, IL4R, 
ITGA6, ITGAV, KRAS, LRP6, 
MAPK8, MET, MITF, NCOA1, 
NOTCH1, NQO1, PLCG2, 
PTGER3, RALA, RARB, ROCK, 
ROCK2, TGFB2, WNT11, WNT7A

hsa05206 MicroRNAs in cancer 14 0.0036 CYP1B1, DNMT1, EFNA3, EP300, 
ERBB2, FOXP1, KRAS, MET, 
NOTCH1, PLCG2, ROCK1, SOX4, 
STMN1, TGFB2

hsa00790 Folate biosynthesis 5 0.0336 ALPPL2, CBR1, DHFR, GGH, PAH
hsa04360 Axon guidance 12 0.0403 EFNA3, EFNB2, GNAI1, KRAS, 

L1CAM, MET, NTN4, PLCG2, 
RASA1, ROCK1, ROCK2, 
SEMA3G

hsa04068 FoxO signaling pathway 10 0.0439 EP300, FOXO1, KRAS, MAPK13, 
MAPK8, PLK3, PLK4, PRKAB2, 
SGK2, TGFB2

Inflatin E hsa04068 FoxO signaling pathway 5 0.0061 FOXO4, MAPK8, PLK3, PLK4, 
SGK2

Inflatin F hsa04068 FoxO signaling pathway 5 0.0056 FOXO4, MAPK8, PLK3, PLK4, 
SGK2

Inflatin D hsa04068 FoxO signaling pathway 5 0.0061 FOXO4, MAPK8, PLK3, PLK4, 
SGK2

2-(4-hydroxybenzyl)
quinazolin-4(3H)-one

hsa04920 Adipocytokine signaling pathway 4 0.022 ADIPOQ, PPARGC1A, PRKAB2, 
SLC2A4
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Table 5  (continued)

Compounds name Term ID Pathway description Gene count False 
discovery 
rate

Targeted proteins

Vanillic acid hsa04216 Ferroptosis 5 0.0022 ACSL3, FTL, GCLC, GCLM, GSS

hsa00480 Glutathione metabolism 5 0.003 GCLC, GCLM, GSS, MGST1, PGD

hsa05200 Pathways in cancer 12 0.0115 CKS1B, EP300, ERBB2, ITGA6, 
ITGAV, KRAS, MGST1, NQO1, 
PRKACB, STAT5B, TRAF5, 
TXNRD2

hsa04512 ECM-receptor interaction 5 0.0129 HMMR, ITGA6, ITGAV, ITGB8, 
SDC4

hsa05203 Viral carcinogenesis 7 0.0129 CDC20, EGR3, EP300, KRAS, 
PRKACB, STAT5B, TRAF5

hsa05418 Fluid shear stress and atheroscle-
rosis

6 0.0129 IL1R1, ITGAV, MGST1, NQO1, 
SDC4, SUMO1

hsa04213 Longevity regulating pathway - mul-
tiple species

4 0.0258 HSPA1L, KRAS, PRKACB, SOD1

hsa05152 Tuberculosis 6 0.0288 CD74, CEBPG, CORO1A, EP300, 
IL10RB, PLK3

hsa00051 Fructose and mannose metabolism 3 0.0329 AKR1B1, AKR1B10, TPI1

hsa04110 Cell cycle 5 0.0329 CDC20, E2F5, EP300, MCM6, 
MCM7

hsa04120 Ubiquitin mediated proteolysis 5 0.0329 CDC20, SIAH1, UBE2C, UBE2M, 
WWP2

hsa04915 Estrogen signaling pathway 5 0.0329 FKBP5, HSPA1L, KRAS, KRT17, 
PRKACB

hsa05020 Prion diseases 3 0.0329 CCL5, PRKACB, SOD1

hsa05168 Herpes simplex infection 6 0.0329 CCL5, CD74, EP300, POLR2A, 
SRSF2, TRAF5

hsa05169 Epstein-Barr virus infection 6 0.0329 EP300, HSPA1L, IL10RB, POLR2A, 
PRKACB, TRAF5

hsa04514 Cell adhesion molecules (CAMs) 5 0.0332 ITGA6, ITGAV, ITGB8, OCLN, 
SDC4

hsa05414 Dilated cardiomyopathy (DCM) 4 0.0383 ITGA6, ITGAV, ITGB8, PRKACB

hsa00270 Cysteine and methionine metabo-
lism

3 0.042 GCLC, GCLM, GSS

hsa04217 Necroptosis 5 0.042 FTL, SMPD1, STAT5B, 
TNFRSF10B, TRAF5

hsa05222 Small cell lung cancer 4 0.042 CKS1B, ITGA6, ITGAV, TRAF5

hsa04913 Ovarian steroidogenesis 3 0.0479 ACOT2, CYP1B1, PRKACB
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Table 5  (continued)

Compounds name Term ID Pathway description Gene count False 
discovery 
rate

Targeted proteins

Ethyl trans-caffeate hsa05200 Pathways in cancer 11 0.0024 EP300, ERBB2, FGFR1, FOXO1, 
ITGA6, KRAS, MET, MGST1, 
NQO1, RARB, TXNRD2

hsa00480 Glutathione metabolism 4 0.0067 GCLC, GCLM, MGST1, PGD

hsa05215 Prostate cancer 5 0.0067 EP300, ERBB2, FGFR1, FOXO1, 
KRAS

hsa05230 Central carbon metabolism in 
cancer

4 0.0097 ERBB2, FGFR1, KRAS, MET

hsa04520 Adherens junction 4 0.0107 EP300, ERBB2, FGFR1, MET

hsa01521 EGFR tyrosine kinase inhibitor 
resistance

4 0.0125 ERBB2, GAS6, KRAS, MET

hsa04216 Ferroptosis 3 0.0194 FTL, GCLC, GCLM

hsa05225 Hepatocellular carcinoma 5 0.0194 KRAS, MET, MGST1, NQO1, 
TXNRD2

hsa04015 Rap1 signaling pathway 5 0.0328 FGFR1, KRAS, MAPK13, MET, 
VASP

hsa04510 Focal adhesion 5 0.0328 ERBB2, ITGA6, ITGB8, MET, 
VASP

hsa05205 Proteoglycans in cancer 5 0.0328 ERBB2, FGFR1, KRAS, MAPK13, 
MET

hsa04014 Rassignaling pathway 5 0.0388 FGFR1, KRAS, MET, PLA2G6, REL

hsa04068 FoxOsignaling pathway 4 0.0388 EP300, FOXO1, KRAS, MAPK13

hsa04151 PI3K-Akt signaling pathway 6 0.0388 ERBB2, FGFR1, ITGA6, ITGB8, 
KRAS, MET

hsa04213 Longevity regulating pathway—
multiple species

3 0.0388 FOXO1, KRAS, SOD1

hsa04218 Cellular senescence 4 0.0388 E2F5, FOXO1, KRAS, MAPK13

hsa04910 Insulin signaling pathway 4 0.0388 FOXO1, KRAS, PRKAR2A, SOCS2

hsa04917 Prolactin signaling pathway 3 0.0388 KRAS, MAPK13, SOCS2

hsa05206 MicroRNAs in cancer 4 0.0388 EP300, ERBB2, KRAS, MET

hsa05211 Renal cell carcinoma 3 0.0388 EP300, KRAS, MET

hsa05218 Melanoma 3 0.0388 FGFR1, KRAS, MET

hsa05223 Non-small cell lung cancer 3 0.0388 ERBB2, KRAS, RARB

hsa05226 Gastric cancer 4 0.0388 ERBB2, KRAS, MET, RARB

hsa04060 Cytokine-cytokine receptor interac-
tion

5 0.0431 CXCL10, CXCL2, IL10RB, MET, 
TNFRSF10B

hsa05164 Influenza A 4 0.0453 CXCL10, EP300, MAPK13, 
TNFRSF10B

Gedunin hsa00270 Cysteine and methionine metabo-
lism

2 0.0343 GCLM, GSS

hsa00480 Glutathione metabolism 2 0.0343 GCLM, GSS
hsa03030 DNA replication 2 0.0343 MCM6, MCM7
hsa04110 Cell cycle 3 0.0343 CDC20, MCM6, MCM7
hsa04216 Ferroptosis 2 0.0343 GCLM, GSS
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contribute in wound healing and tissue remodeling during 
inflammation (Djuric and Zivkovic 2017), MMP-9: acti-
vates viral lung or pulmonary infections, angiogenesis, and 
metastasis (Dabo et al. 2015), MMP-12: participates in the 
aneurysm, atherosclerosis, and emphysema (Chen 2004), 
MMP-13: osteoarthritis and rheumatoid arthritis (Takaishi 
et al. 2008) and MMP-14: promote hepatocellular carcinoma 
and metastasis (Chen et al. 2011; Murugan et al. 2009). 
The above-mentioned MMPs play a vital role in the rapid 
development of viral infections. Thus, inhibition of over-
expressed MMPs possibly arrests the expansion of several 
diseases. Compound theaflavin (Bedran et al. 2015), EGCG 
(Demeule et al. 2002), 1-O-caffeoylquinic acid (Jin et al. 
2005) and genistein (Kousidou et al. 2005) were identified 
as inhibitors of MMPs involved in various disease conditions 
such as cancer and lung diseases. Furthermore, by using the 
STRING online tool, study predicted probable pathways that 
could be followed by the compounds to identify the possible 
mechanism. All phytochemicals were observed to for their 
common pathway (Cancer pathways). Table 5 displays the 
modulated pathways and their gene counts.

The various studies revealed that catechins present in the 
Camellia sinensis, are the major polyphenols and have a 
potential role in several viral diseases namely: (HBV) Hepa-
titis B Virus (Zhong et al. 2015), (HSV) Herpes Simplex 

Virus (Colpitts and Schang 2014), (EBV) Epstein–Barr 
Virus (Liu et al. 2018), Adenovirus (Weber et al. 2003), 
(HIV) Human Immunodeficiency Virus (Yamaguchi et al. 
2002), (HCV) Hepatitis C Virus (Ciesek et  al. 2011), 
(DENV) Dengue Virus (Ismail and Jusoh 2017), (JEV) Jap-
anese encephalitis Virus (Ismail and Jusoh 2017), (ZIKV) 
Zika virus (Carneiro et  al. 2016), (TBEV) Tick Borne 
Encephalitis Virus (Ismail and Jusoh 2017), (CHIKV) Chi-
kungunya Virus (Weber et al. 2015), (HTLV-1) Human T 
cell Leukaemia Virus Type -1 (Harakeh et al. 2014), (EV71) 
Enterovirus 71 (Ho et  al. 2009), (EBOV) Ebola Virus 
(Shurtleff et al. 2014), (PRRSV) Porcine Reproductive and 
Respiratory Syndrome Virus (Zhao et al. 2014), (VHSV) 
Hemorrhagic Septicaemia Virus (Estepa 2005), (IHNV) 
Hematopoietic Necrosis Virus (Estepa 2005), (SVCV) 
Spring Viremia Carp virus (Estepa 2005) and (GCRV) Grass 
Carp Reo Virus (Wang et al. 2016) (Fig. 2). Considering the 
above mentioned anti-viral research on the tea polyphenols 
and its easy availability, this study was planned to perform 
the in silico molecular docking of predicted phytochemicals 
against SARA-CoV-2 main protease.

The main reason behind the compounds selection hav-
ing MMPs inhibition activity for the targeting SARS-
CoV-2 main protease was that both, drug and target belong 
to the same family ‘protease’. The proteases have been 

Fig. 2  Anti-viral potential 
of polyphenols from Camel-
lia sinensis along with their 
mechanism
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earlier documented for their role in several biological 
pathways. The dysfunction of this enzyme may result in 
an exhaustive range of diseases. Recently used anti-viral 
drugs for COVID-19 managemnt: Ritonavir, Tipranavir, 
and Lopinavir are belongs to the class of ‘protease inhibi-
tors’. There are mainly five classes of protease namely: 
Metalloproteases, Aspartic acid protease, Serine protease, 
Cysteine protease, and Threonine protease. Metallopro-
teases and aspartic acid protease act through a ‘peptide 
bond hydrolysis’ mechanism whereas Serine, Cysteine, 
and Threonine protease act through ‘peptide bond cleav-
age’ mechanism (Drag and Salvesen 2015).

The polyphenols such as epicatechin, epicatechingal-
late, epigallocatechin, and epigallocatechingallate are 
previously reported in the tea and inhibits MMPs-2, and 
-9. Further, also directed to have a chemoprotective effect 
against various cancers. In addition, Genistein inhibits a 
wide variety of cancer cells by inhibiting MMPs -2 and -9. 
Polyphenols such as Theaflavin, 1-O-caffeoylquinic acid, 
genistein, (–)-epigallocatechin 3-gallate, and ethyl trans-
caffeate displayed the higher docking score against SARS-
CoV-2 main protease enzyme. Therefore, in silico molecu-
lar docking investigations suggests that Camellia sinensis 
could target SARS-Cov-2 main protease in the manage-
ment of COVID-19.

Conclusion

In the view of previous reported anti-viral activities of 
Camellia sinensis and in silico study data in present study 
supports the beneficial effect of traditional Ayurvedic/
herbal medicine in the management of COVID-19 crisis 
by targeting SARA-CoV-2 main protease. Significantly the 
anti-viral potential is evident from the predicted docking 
score of polyphenols such as theaflavin, (–)-epigallocat-
echin 3-gallate, Genistein, 1-O-caffeoylquinic acid, and 
Ethyl  trans-caffeate. Drug likeness characteristics and 
no or less side effects of theaflavin, (–)-epigallocatechin 
3-gallate directs the future scope of these polyphenols. 
Hence it is concluded that Camellia sinensis could be the 
an option in the prophylaxis of the COVID-19 outbreak.
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ABSTRACT
Background: Quercetin is known for its vast pharmacological activities in recent years. 
It has shown beneficial effects in animal models of colitis. Purpose: The effectiveness 
of quercetin in human IBD is limited. Results from these pre-clinical studies indicate an 
opportunity for developing anti-colitic polyphenol treatments. Methods: In the present study. 
Quercetin was evaluated for its antimicrobial potential against clinical isolates of IBD patients 
(HM95, HM233, HM251, HM615). Cytotoxicity was determined against human colorectal 
adenocarcinoma cells (Caco2, COLO.205, HT.29), whereas, cytocompatibility against normal 
rat intestinal epithelial (IEC-6). Results: It showed an MIC value of 5 mg/mL and MBC value 
of 10 mg/Ml against all the four bacterial isolates. A dose dependent response was observed 
against the cell lines. Conclusion: Antibacterial activity of Quercetin was found against the 
bacterial isolates from CD and UC patients used in the study. Cytotoxity was observed against 
colorectal cancer cells with minimal effect on normal cells. However, further investigations 
are required to understand its precise mechanism.
Key words: Polyphenol, Quercetin, Cytotoxicity, Inflammatory bowel disease, Colorectal 
cancer.

Antibacterial Potential of Quercetin against IBD Bacterial  
Isolates and Cytotoxicity against Colorectal Cancer

INTRODUCTION
Inflammatory Bowel Disease (IBD) comprises of chronic, relapsing, 
inflammatory disorders of the gastrointestinal tract which includes 
Ulcerative Colitis (UC) and Crohn’s Disease (CD).[1] It is characterized 
by diarrhoea, rectal bleeding, the urgency to have bowel movements, 
abdominal cramps, fever and weight loss.[2,3]

IBD patients are at a greater risk of colorectal cancer due to prolonged 
exposure to chronic inflammation and immunosuppressive  
therapies.[4] The colonic mucosa of Crohn’s disease and mucosa of 
colon cancers specimens contain relatively abundant E. coli, compared 
to normal mucosa. These E. coli express hemagglutinins and adhere to 
intestinal epithelial cells are found in CD and UC patients.[5]

In the past IBD was considered as a disease of the western population, 
however new epidemiological studies in the last decade suggest rise in 
cases throughout the world including the developing countries in Asia 
and Africa.[6] Its incidence and prevalence is increasing in India and 
estimated to have a high disease burden in the world with few resources 
to manage it.[7]

Quercetin has shown beneficial effects in animal models of inflammatory 
bowel disease, working through inflammatory pathways, oxidative stress 
reduction and altering gut microbiota composition.[8,9] It has also shown 
efficacy against human colon cancer cell lines. Although evidence for the 
effectiveness of polyphenols for IBD in humans remains very limited, 
results from these pre-clinical studies indicate an opportunity for 
developing anti-colitic polyphenol treatments.[10] In this study we aim at 
assessing the antibacterial activity of Quercetin against isolated four E. 

coli strains from inflammatory bowel disease patients, further evaluate 
cytotoxicity against 3 colorectal cancer cell lines. 

MATERIALS AND METHODS

Test Materials and sample preparation 
The polyphenol, Quercetin (R035PO) was obtained as gift samples from 
Pharmanza Herbal Pvt. Ltd. 

Antibacterial activity
Bacterial isolates - Escherichia coli HM95 (AIEC), Escherichia coli 
HM615 (colonic mucosa associated. E. coli), Escherichia coli HM233 
and Escherichia coli HM251 (colonic mucus associated patient strains) 
were received under Material Transfer Agreement with University of 
Liverpool, United Kingdom. The bacterial isolates were subcultured 
on MacConkey agar (HiMedia) plates and incubated aerobically at 
37°C. The antibacterial activity of Quercetin was evaluated by agar 
well diffusion method and MIC (detected by broth dilution method) as 
previously reported with minor modifications.[11]

Determination of cytotoxicity and cytocompatibility
Human colorectal adenocarcinoma cells (Caco2, COLO.205 , HT.29) 
and normal rat intestinal epithelial cells (IEC-6) were obtained 
from National Center for Cell Sciences, Pune-India. The cells were 
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) with two 
mM L-glutamine, 100 IU/ml penicillin, 100 µg/ml streptomycin and 
supplemented with 10% FBS procured from Gibco Life Technologies, 
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Bangalore-India. Viable cell suspension 50 µl with a density of 1 × 105 

cells/ml (determined by Trypan blue exclusion method) was seeded into 
each well in a 96 well micro titre plate and final volume made upto 150 
µl with DMEM media. Test materials were diluted in DMEM media to 
obtain different concentrations. 100 µl of Quercetin (400 - 6.25 µg/ml) 
was added to the wells followed by incubation for 48 h in the presence of 
5% CO2 at 37°C into CO2 incubator. After the incubation period, 20 µl of 
MTT reagent (3 - (4, 5-dimethylthiazol- 2 - yl)-2, 5-diphenyltetrazolium 
bromide, 5 mg/ml in PBS) procured from HiMedia laboratories, was 
added to each well following 4 h incubation in dark. The supernatant was 
removed without disturbing the precipitated Formazan crystals. Formed 
crystals were dissolved by addition of 100 µl of DMSO and optical 
density (OD) was calculated at a wavelength of 492 nm. Cell-viability 
assays were conducted as per previously reported standard procedure.
[12] The study was performed in triplicates and percent cell viability was 
calculated using equation -
                                        OD of test material
Percent cell viability = × 100
                                             OD of control

Statistical analysis
Statistical analysis was carried out using Graph Pad Prism 5.0 software.

RESULTS AND DISCUSSION

Antibacterial activity
The results of antibacterial effect of Quercetin against the four IBD 
clinical isolates are listed in Table 1. Quercetin is shown to modify 
bacterial diversity in Citrobacter rodentium induced colitis mouse 
model. Wherein it enhanced bacterial populations of Bacteroids, 
Bifidobacterium, lactobacilli and Clostridia and reduced Enterococcus 
and Fusobacterium. In this study quercetin showed MIC value of 10 
mg/mL and MBC value of 5 mg/mL, against the four IBD strains used 
in the study. The highest zone of inhibition of 24.33 mm was observed 
against HM233. Use of antibiotics in IBD management has seen severe 
side effects and drug resistance cases due to need for prolonged or 
recurrent treatment.[13] This has stimulated the need for discovery of 
newer substances from natural origin, including medicinal plants as 
antimicrobial substances to attain efficacy and better tolerability. There 
is increasing evidence that the mucosa-associated microbiota, may 
be essential in the pathogenesis of the inflammatory bowel diseases: 
ulcerative colitis and Crohn’s Disease.[5] However, no study data has been 
published showing the antimicrobial activity of quercetin on IBD strains 
till date. Although a recent study demonstrated the bacteriostatic role of 
quercetin and the results of the study suggest that quercetin has potential 
as an alternative antibiotic feed additive in animal production.[14]

Cytotoxicity of Quercetin against Colorectal cancer cell 
lines
The percent cell viability decreased on 48 h exposure of colon cancer 
cells to quercetin at concentrations ranging from 400-12.5 µg/ml  

(Figure 1). The results are presented in Table 2 depicting IC50  
values.[15] IC50 value was obtained to assess its inhibitory concentration 
that causes 50% cell viability. Previous studies suggest high toxic effect of 
quercetin against cancer cells, accompanied with little or no side effects 
or harm to normal cells.[16] Our results are in agreement with previous 
claims regarding cytotoxic effect of quercetin.

CONCLUSION
Antibacterial activity of Quercetin was found against the bacterial 
isolates from CD and UC patients used in the study. Cytotoxity was 
observed against colorectal cancer cells with minimal effect on normal 
cells. However, further investigations are required to understand its 
precise mechanism.
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GRAPHICAL ABSTRACT SUMMARY

• Quercetin is a polyphenol with wide pharmacological activities including 
beneficial effects in animal models of colitis. Its  clinical efficacy for colitis 
is not well established. Results from earlier pre-clinical studies indicate an 
opportunity for developing anti-colitic polyphenol treatments.

• Quercetin was evaluated for its antimicrobial potential against clinical isolates 
of IBD patients (HM95, HM233, HM251, HM615). Cytotoxicity was determined 
against human colorectal adenocarcinoma cells (Caco2, COLO.205, HT.29), 
whereas, cytocompatibility against normal rat intestinal epithelial (IEC-6). 

• This study provides an evidence for antibacterial activity of Quercetin against 
bacterial isolates from CD and UC patients. Cytotoxic potential of quercetin was 
also established. However, further investigations are required to understand its 
precise mechanism.
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ABSTRACT

Filicium decipiens (fern-tree) belongs to the family Sapindaceae. It grows in Asia and Africa region and is traditionally 
used for diabetes treatment in India. The plant has been documented to have molluscicidal, diabetic nephropathy, 
and anti-inflammatory properties. In the present study, experimental data on different leaves extracts of F. decipiens 
were collected for their preliminary phytochemical investigations along with antimicrobial, anti-inflammatory, and 
anticancer activities using in-vitro assays. The phytochemical investigations display the existence of alkaloids, 
tannins, flavonoids, saponins, glycosides, steroids, triterpenoids, and carbohydrates in the extracts prepared using 
three different solvents. Antimicrobial property was established against six bacterial and fungal strains. Petroleum 
ether extract exhibited higher antimicrobial activity as compared to chloroform and water extract. Anti-inflammatory 
assay was performed on RAW264.7 murine macrophage cells and petroleum ether extract exhibited reduced nitrite 
oxide production having IC50 value 493.7 µg/ml. Cytotoxicity was determined against MCF-7 (Breast) and A-549 
(Lung) cancer cells and paclitaxel was used as a standard drug, whereas cytocompatibility was assessed against 
mouse fibroblast cells (L929). Different sensitivities were observed against different study cell lines in a dose-
dependent manner. These study findings may provide biological evidence for the application of Filicium decipiens 
extract.

1. INTRODUCTION

Plants have been used as a source of raw material for remedies 
since ancient practice and several of them are globally recognized 
as medicine [1]. They contain biologically active constituents to 
protect human beings and such constituents act as protective agents 
against several human ailments steps such as mortal carcinogenesis, 
performing origination, development phases, or terminating the 
DNA destructing cell mutations. These medicinal plant sources could 
probably be used to offer more efficacious anticancer agents [2]. Such 
properties are well co-related previously to the existence of certain 
phytochemicals. Hence, medicinal plants play an active role in cancer 
prophylaxis and management [3]. 

The identification and assessment of biologically active plant 
extract/s have been of abundant importance to biomedical scientists 
in the exploration of newer and safer drug toward the disease 
management. Cancer is a second most deadly disease in the world 
and currently many clinically effective regimens are in practice. 
The plant-based drug discovery and development have displayed 
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an essential role in cancer management and indeed over the last 
half-century many therapeutic plant/s along with their secondary 
metabolites have been employed [4]. Rationale use of medicinal 
plants is an effective approach in the chemotherapeutic management 
of cancer and is one of the major parts of treatment for several years 
as many medicinal plants with anticancer activity are previously 
documented in literature [5]. As the attention in simple and organic 
lifestyle develops, the awareness in plant-based drugs also rises. 
In addition to this, side effects and interaction possibilities are 
boundaries in synthetically developed anticancer medicines. Hence, 
plant/s has been studied globally to explore them as possible sources 
of anticancer agents [6]. 

Filicium decipiens is a tropical fern-like leaf tree which grows 
in Asia and Africa. The plant is usually found in high altitude 
regions up to 1000 m [7]. It is an evergreen tree found abundantly 
in peninsular India. The leaves are compound and very large. 
Each leaf consists of 12–16 leaflets, each leaflet is 4–6 inches 
in length and relatively narrow [8]. The flowers are very small 
and white in color and the tree produces both male and female 
flowers. The fruits are olive size, drupe and dark in color, and 
form in clusters. The stem bark is black in color [9]. Ethanolic 
extract of F. decipiens has been previously documented for anti-
inflammatory property and sitosterol has been recognized from 
the methanolic extract of F. decipiens leaves. Furthermore, four 
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new saponins were identified and isolated from of stem bark of 
F. decipiens [10]. In view of the above effects, this study aimed 
to evaluate preliminary phytochemical investigations and in-vitro 
efficacy for antimicrobial, anti-inflammatory, and anticancer 
potential of different leaf extracts of F. decipiens.

2. MATERIALS AND METHODS

2.1. Chemicals and Reagents
The solvents used for extraction were obtained from Merck 
Limited, Mumbai, India. Dulbecco’s Modified Eagle’s Medium 
(DMEM), lipopolysaccharide (LPS), aminoguanidine (AG), 3-(4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide (MTT), 
brain heart infusion (BHI) agar, nutrient broth, fetal bovine serum 
(FBS), penicillin, and streptomycin were obtained from HiMedia Pvt. 
Ltd., Mumbai, India. 

2.2. Plant Material
The plant was identified and authenticated from ICMR-National 
Institute of Traditional Medicine. The plant specimen was preserved 
in the herbarium (RMRC-1388). F. decipiens (Sapindaceae) leaves 
were collected from the campus of Sahyadri Science College Shimoga 
(Karnataka). The collected leaves were washed with the help of water 
and were shade dried at room temperature (32 ± 2°C). The leaves 
were grinded and the powdered mass was stored for the subsequent 
extraction procedure. 

2.2.1. Extraction
The leaves powder (200 g) was extracted individually using petroleum 
ether, chloroform, and water (1500 ml) in a Soxhlet assembly for 
48 h followed by filtration and evaporation process using a rotary 
evaporator at 35–40°C to obtain petroleum ether (FDP), chloroform 
(FDC), and water (FDH) extracts separately.

2.3. Phytochemical Analysis
The leaves powder of F. decipiens was extracted with petroleum 
ether, chloroform, and water as solvents to get polar and non-polar 
components. Different phytochemical tests have been assessed for 
alkaloids, flavonoids, glycosides, phenol, saponins, steroids tannins, 
proteins, and carbohydrates by following the previously reported 
procedure of Debela. [11].

2.4. Antimicrobial Activity
2.4.1. Micro-organisms sources and maintenance 
Gram-positive bacteria, namely (Staphylococcus aureus MTCC 96, 
Staphylococcus mutans MTCC 497, and Enterococcus faecalis MTCC 
439) were selected for anti-microbial study. While, gram-negative 
bacteria (Escherichia coli MTCC 443, Klebsiella pneumonia MTCC 109, 
and Pseudomonas aeruginosa MTCC 741) and a fungal strain Candida 
albicans were experimentally maintained in BHI medium at KAHER’s 
Dr. Prabhakar Kore Basic Science Research Centre, Belagavi. The 
subculturing of selected organisms was performed at regular intervals.

2.4.2. Determination of minimum inhibitory concentration 
(MIC), minimum bactericidal concentration (MBC), and 
minimum fungicidal concentration (MFC)
In present study, broth dilution method was used and the extracts 
were diluted to give final concentration of 50, 25, 12.5, 6.25, 3.12, 
1.56, 0.78, and 0.39 mg/ml. A hundred microliters of each micro-
organism were added in tubes with the same volume of the nutrient 

broth and the extracts of F. decipiens. The tubes were incubated 
aerobically at 37°C for 24–48 h [12]. The least concentration (higher 
dilution) of the extract does not produce any growth (no turbidity) 
in the 24 h. They are compared with control tubes and are recorded 
as MIC. 

The value of MBC was decided by sub-culturing test dilution (MIC) 
against newly prepared BHI agar plates. The plates were incubated 
for 24 h at 37°C. The maximum dilution displayed no single bacterial 
colony on the BHI agar plates which were recorded as MBC. While 
the minimum concentration that stops fungal growth after aerobic 
incubation was recorded as MFC.

2.5. Anti-inflammatory Activity
2.5.1. Cell culture of RAW 264.7
RAW 264.7 (Murine macrophage cells) was cultured in DMEM with 
2 mM L-glutamine having 10% HI-FBS, 100 IU/ml penicillin, and 
100 µg/ml streptomycin in a humidified atmosphere at 37°C in the 
presence of 5% CO2 [13]. 

2.5.2. Cell viability – MTT assay
The murine macrophage cells were grown at a density of 
2 × 105 cells/ml in 96 well plates with the extracts of F. decipiens 
(25–800 µl/ml). 1 µg/ml LPS of cells was incubated. Two hundred 
micrometer AG along with 1 µg/ml LPS was considered as control 
of decrease in nitrite oxide (NO) formation. For nitrite quantity, 
the culture supernatant has been removed. Five microliter of MTT 
solution was added and the plates were incubated at 37°C for 4 h. 
To thaw the formazan crystal, the solution of MTT was detached 
and dimethyl sulfoxide (DMSO) was added to the plate. Incubation 
for 10 min at room temperature absorbance was recorded at 540 nm 
using ELISA plate reader [14,15].

2.5.3. Nitrite oxide determination
NO was determined by evaluating the nitrite with the help of Griess 
reagent. With the equal volume of cell culture was mixed with Griess 
reagent [16] followed by incubation for 10 min, diazo dye was formed. 
Absorption of the formed diazo dye was assessed at 540 nm. For the 
evaluation of nitrite concentration, it was determined by comparing 
with a sodium nitrite standard calibration curve.

2.6. Cytotoxic Screening
2.6.1. Cell culture and dilution of extracts
The breast adenocarcinoma cells (MCF-7), lung carcinoma 
cells (A-549), and mouse fibroblast (L929) were purchased from the 
National Centre for Cell Sciences (NCCS) Pune, Maharashtra. The 
cells were subcultured in DMEM media with FBS of 10%, penicillin-
streptomycin, and non-essential amino acids (1%) followed by CO2 
incubation. The extract (FDH) was dissolved in distilled water. 
While, FDP and FDC were dissolved in DMSO at the concentration 
of 1 mg/ml. 

2.6.2. Cytotoxic assay 
In a 96-well plate, the cells were seeded at a density of 2 × 103 at 
37ºC in 5% CO2. Several concentrations (1000 µg/mL, 500 µg/mL, 
250 µg/mL, 125 µg/mL, 62.5 µg/mL, and 31.25 µg/mL) of each 
extracts were assessed against selected cells. The treated cells were 
incubated for 48 h. The result of the extract on cells was compared to 
standard drug-treated cells. Same treatment regimen was monitored 
for the L929 cell line. After 48 h, the medium of the treated cells was 
removed (100 µL) and was incubated with 50 µL MTT solution [17]. 
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One hundred microliter of DMSO was added to solubilize the formazan 
crystal which was obtained after the incubation process. Absorbance 
was measured at 540 nm by an ELISA reader. The assay was performed 
in triplicate. 

3. RESULTS AND DISCUSSION

3.1. Phytochemical 
The phytochemical investigation of the plant was carried out 
according to the earlier reported procedure [Table 1]. It revealed the 
existence of phytocompounds such as steroids, alkaloids, flavonoids, 
tannins, saponins, glycosides, triterpenoids, and carbohydrates in 
different extracts (FDP, FDC, and FDH) of leaves of F. decipiens. 
These phytoconstituents are known to exhibit medicinal as well as 
physiological activities [18,19]. 

3.2. Antimicrobial 
The antimicrobial activity would be of most importance in 
therapeutic treatment with the help of plant extracts [20]. In the 
current study of three extracts (FDP, FDC, and FDH) were assessed 
for their antimicrobial activity against certain Gram-positive micro-
organisms (S. aureus, S. mutans, and E. faecalis), Gram negative 
micro-organisms (E. coli, K. pneumonia, and P. aeruginosa), 
and fungus (C. albicans). By the broth dilution method, the 
susceptibility of extracts was tested. MIC, MBC, and MFC values 
obtained for each extract against the tested micro-organisms are 
summarized in Table 2. Standard antimicrobial agent ciprofloxacin 
and fluconazole were used. The petroleum ether extract depicted a 

significant antimicrobial activity. The FDP extract was more active 
as compared to FDC and FDH. 

FDP resulted in significant antimicrobial activity as compared 
with chloroform and water extract. Although it is unclear about the 
mechanistic pathway of plant components works, however, it is clear 
that the efficiency of the extract depends on the kind of the solvent 
used. When compared to aqueous extract, the organic extract showed 
more potent antimicrobial activity. This study observation indicates 
the existence of non-polar residues in the extract which have higher 
both bactericidal and bacteriostatic capacities.

3.3. Anti-inflammatory 
The MTT assay of extracts (FDP, FDC, and FDH) was carried 
out with murine macrophages cells (RAW 264.7). Six different 
concentrations of each extract were used. Cells were stimulated by 
1 µg/mL LPS. During a co-incubation period of 24 h, the extract effect 
was determined by NO formation. Assay validity was assessed by 
observing untreated cells as a negative control. The LPS-treated cells 
were considered as a positive control [21]. The extracts decreased 
the stimulated NO formation in tested concentration. IC50 values and 
percentage of NO production are tabulated in Table 3. Inflammation 
is a natural defense process in the human body which is responsible 
for damaging external stimuli such as chemical toxins and microbial 
infections. Inflammation activated macrophage produced iNOS 
leading to huge production of NO, greater inflammatory mediator. To 
assess the effect of F. decipiens was measured by iNOS expression 
using RAW 264.6 cells.

3.4. Anticancer 
The extracts of F. decipiens have been investigated for cytotoxic effect 
on MCF-7, A-549, and L929 cells. The IC50 values of extracts are 
tabulated in Table 4. The study finding displayed reduced cell viability 
and cell development inhibition in a dose-dependent manner. Six 
different concentrations were used to determine the percentage of cell 
viability. For MCF-7 and A-549, FDP and FDC extract having more 
cytotoxicity. FDP, FDC, and FDH extracts presented no cytotoxic 
effect on noncancerous normal mouse fibroblast (L929). The result 
obtained for each extract can be compared with the standard drug 
(paclitaxel). 

Extracts of the plant showed different properties on various cell 
lines. The choice of the cell line due to the sensitivity of the active 
compounds in the extract [22,23]. The extracts provide active 
inhibition ranges from 32% at 1000 µg/mL to 95% at 31.2 µg/mL for 
MCF-7 cell line. While, 32% at 1000 µg/mL to 94% at 31.2 µg/mL for 

Table 1: Phytochemical analysis of Filicium decipiens extracts.

Sr. no. Tests Pet. ether 
(FDP)

Chloroform 
(FDC)

Water 
(FDH)

1. Carbohydrates − − +

2. Glycosides − − +

3. Flavonoids − + +

4. Tannins − + +

5. Saponins − + +

6. Alkaloids − + +

7. Triterpenoids + + +

8. Steroids + + +

9. Proteins − − −
(+) present (−) absent, FDP: Filicium decipiens petroleum ether extract; FDC: Filicium 
decipiens chloroform extract; FDH: Filicium decipiens water extract

Table 2: Minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC), and minimum fungicidal concentration (MFC) (mg/ml) of the extracts.

Extracts Micro-organisms

Staphylococcus 
aureus

Staphylococcus 
mutans

Enterococcus 
faecalis

Escherichia 
coli

Pseudomonas 
aeruginosa

Klebsiella 
pneumonia

Test Candida 
albicans

FDP MIC 6.25 3.12 6.25 6.25 3.12 6.25 MIC 1.56

MBC 12.5 6.25 12.5 12.5 6.25 6.25 MFC 6.25

FDC MIC 12.5 25 6.25 25 6.25 6.25 MIC 6.25

MBC 25 50 25 50 12.5 12.5 MFC 12.5

FDH MIC 1.56 3.12 6.25 6.25 3.12 6.25 MIC 3.12

MBC 25 25 50 12.5 25 25 MFC 6.25

Std. (µg/ml) MIC/MBC 2 2 2 1 < 4 1 MIC/MFC 16
FDP: Filicium decipiens petroleum ether extract; FDC: Filicium decipiens chloroform extract; FDH: Filicium decipiens water extract
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the A-549 cell line. The result exhibited that FDP extract significantly 
inhibited the MCF-7 and A-549 and was the most effective extract 
with IC50 value of 210 µg/ml for MCF-7 and 252 µg/ml for A-549. 
The FDP extract was more active while comparing with FDC and 
FDH observations. 

4. CONCLUSION

The crude extracts of leaves of F. decipiens could be newer source 
of development of plant-based therapy for disease management. The 
extracts have been tested with different activities such as antimicrobial, 
anti-inflammatory, and anticancer. The findings from these studies 
indicated that petroleum ether extract has the most significant results 
for all tested activities. It may be effective to use in the management of 
cancer and inflammation. 
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Determination of phenotypic alteration 
of arecoline‑induced buccal mucosal 
fibroblasts: An in‑vitro cell culture 
study
Ritiha Patil, Alka D. Kale, Deepa R. Mane, Dhanashree Patil1

Abstract:
INTRODUCTION: Oral cancer is one of the worldwide health problems accounting as the 6th common 
of all malignancies. Majority of the oral cancer develop from premalignant conditions of the oral cavity 
due to the chronic habit of tobacco chewing and smoking. The prominent cells of the oral mucosa are 
fibroblasts playing a major role in synthesis of extracellular matrix, wound healing, and wound repair. 
Arecoline, one of main ingredients of tobacco is considered as a risk factor for the development of oral 
premalignant lesions and cancer. The arecoline is reported to have both genotoxic and morphological 
alteration of oral fibroblasts leading to Oral submucous fibrosis. Thus in our study a dose dependent 
effect of arecoline was assessed on the morphology of cultured Human Buccal Mucosal Fibroblasts.
AIM: The aim of our experiment is to assess the effect of different concentration of arecoline on 
the morphological variation of primary cell lines of human buccal mucosal fibroblasts to develop a 
model of altered fibroblasts.
MATERIALS AND METHODS: The primary cell lines of human buccal mucosa were established 
in BSRC KAHER Belagavi, and authenticated by STR profiling from DNA forensics Lab New Delhi. 
The cells were further cultured and assessed after treating with different concentration of arecoline 
hydrobromide. The treated cells were then observed for the phenotypic changes and recorded. The 
morphological alterations were compared to the untreated fibroblasts.
RESULTS AND CONCLUSION: In our study, a dose‑dependent effect of arecoline was assessed 
on phenotypic or morphological alteration of buccal mucosal fibroblasts. The results justified that 
concentration of arecoline lower than 125 µg/ml did not show change in the morphology of buccal 
mucosal fibroblasts, whereas the concentration of arecoline >250 µg/ml showed altered fibroblasts. 
Hence, it can be concluded that the levels of arecoline in arecanut chewers if it is >250 µg/ml, the 
mucosal fibroblasts may undergo changes to cause fibrosis of collagen. The future scope of our 
study is to determine the genotoxic effects of arecoline on buccal mucosal fibroblasts and also to 
develop the therapeutic effects.
Keywords:
Arecoline hydrobromide, cytotoxicity, human buccal mucosal fibroblasts, oral submucous fibrosis

Introduction

Oral cancer is one of the worldwide 
health problems accounting as the 

6th common of all malignancies. The most 
common oral malignancy is oral squamous 
cell carcinomas (SCCs). The oral cancer 

develop from premalignant conditions 
of the oral cavity such as leukoplakia, 
erythroplakia, palatal lesion cigar smoking, 
oral lichen planus, oral submucous 
fibrosis, discoid lupus erythematosus, and 
epidermolysis bullosa. Although there 
are many advancements in the treatment 
modalities of oral cancer and precancerous 
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conditions, there is no significant improvement in over 
the past several decades.[1,2]

Oral mucosa is the lining of oral cavity, located 
anatomically between the skin and gastrointestinal tract. 
It protects the deeper tissues from mechanical forces 
resulting from mastication and from abrasive nature 
of foodstuffs. The cells of the oral mucosa comprise the 
epithelial cells, keratinocytes, and connective tissue cells 
mainly the fibroblasts. Fibroblasts play an important 
role in the synthesis of extracellular matrix in connective 
tissue and in wound healing. Human oral fibroblasts 
located in the oral cavity contrast to skin fibroblasts, 
have the ability to rapidly repair defects in the oral 
cavity more quickly, reorganize the extracellular matrix 
and migrate for wound repair. Abnormal proliferation 
or any morphological or genetic alteration of human 
oral fibroblasts can lead to the development of oral 
SCC, oral submucous fibrosis. Human oral fibroblasts 
are a useful model for elucidating the mechanisms of 
fibrosis and developing treatments for oral cancers. One 
of the common conditions of oral cavity where altered 
fibroblasts are involved is oral submucous fibrosis. It is a 
potentially malignant condition characterized by changes 
in the connective tissue fibers of the lamina propria and 
deeper parts, leading to stiffness of the mucosa and 
restricted mouth opening seen predominantly in people 
of Asian descent. Oral submucous fibrosis predominantly 
affects the buccal mucosa and other parts of oral cavity, 
pharynx, and upper third of the esophagus.[3,4]

In 2003, the International Agency for Research and 
Cancer  (IARC), a World Health Organization sponsored 
group, found sufficient evidence that the habit of chewing 
betel quid, with or without tobacco, causes cancer and 
has considered as an important environmental risk 
factor for the development of oral premalignant lesions 
and cancer. Arecanut is now considered to be Group I 
carcinogen by IARC, International Agency of Research 
Cancer by the World Health Organization.[5]

Arecoline consists of alkaloids such as arecoline, arecadine, 
guvacoline, and guvacine. Arecoline is the major alkaloid 
of areca nut, causes cytotoxicity and genotoxicity in 
mammalian cells causing carcinogenicity.[6,7]

Arecoline has been documented as the main agent 
responsible for fibroblast proliferation, in presence of 
slaked lime (Ca (OH) 2), arecoline get hydrolyzed to 
arecadine, thus affecting the fibroblast proliferation. 
In a study done by Harvey et al. they found that 
showed that exposures to 0.1–10 µg/ml arecoline 
stimulates fibroblasts and concentrations >25 µg/ml, 
inhibits fibroblast growth and collagen synthesis. Jeng 
et al. in their study found that depletion of cellular 
glutathione levels by arecoline predisposes the oral 

mucosal fibroblasts to various genotoxic and cytotoxic 
stimulation. Hence, based on the literature survey, the 
effect of arecoline on the oral fibroblasts is concentration 
dependent, frequency of consuming the arecanut and 
geographical variation.[8,9]

In OSMF, the oral mucosal fibroblasts are affected 
because of the effect of alkaloids present in arecanut. The 
alkaloids cause increased formation of collagen, leading 
to stabilization and cross linking of collagen fibers, which 
further causes accumulation of collagen resulting in 
disease – OSF.[10,11] Evidence from the literature suggest 
that oral mucosal fibroblasts undergo morphological and 
biological changes due to alkaloids present in arecanut 
based on the consuming habit of arecanut. Thus, the 
present study aims at assessing the effect of different 
concentration of arecoline on the morphological variation 
of oral fibroblasts using HBMF cell lines.[10,11]

Materials and Methods

The study comprised the primary cell lines of human 
buccal mucosal fibroblasts derived from the tissue 
samples of healthy individuals undergoing extraction 
of impacted third molars with the informed consent of 
the patients from Department of Oral surgery of KLE V 
K Institute Dental Sciences. The culture of primary cell 
lines was carried out using standard protocols in Tissue 
Culture Laborotary of Dr. Prabahakar Kore Basic Science 
Research Centre KAHER, Belagavi. The cell lines was 
characterized and authenticated from DNA Forensics 
Lab, New Delhi.[2] 

Ethical clearance for the study was obtained from the 
Ethics Committee of KLE Academy of Higher Education 
and Research with the reference number /ethical 
number: KLEU/Ethic/2016‑2017/D‑227. Informed 
consent was also obtained from all the patients involved 
in our study.

Cell growth and culture
The authenticated cell lines were cultured in T‑25 
flask with complete Dulbeccos Modified Eagles 
Media (DMEM) media and on reaching a confluency 
of 80%, the cell lines were sub‑cultured and passage 
number was given as P1‑2‑3 and P4. During the 
initial days of culture, fibroblasts showed spindle (F1) 
epithelioid (F2) and stellate shaped (F3) fibroblasts and 
mixture of round‑to‑spherical‑shaped cells.[2,12]

Arecoline hydrobromide was procured from Sigma 
Aldrich in the powder form and different concentration 
was prepared by dissolving in DMEM Media. The 
stock solution was prepared as 1 mg/2 ml of DMEM 
and further concentration were prepared using serial 
dilution method.
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Morphological assessment
Day 1: The cell counting and seeding
The cells were cultured till they reached the confluency 
and the cells of the 4th passage were selected for the 
study which showed all the shapes of fibroblast cells 
(F1, F2, and F3). The cells were incubated for 24 h in CO2 
incubator supplemented with DMEM Media, fetal bovine 
serum, and antibiotics. The adherent cells were detached 
from the flask by trypsinization and centrifuged to form 

a cell pellet. The pellet is then mixed with fresh media 
and cell counting is done. Approximately 6000 cells were 
seeded in a 12 well culture plate. The cells were allowed 
for attachment in a CO2 incubator for 24 h.

Day 2: Addition of arecoline hydrobromide on the cell lines
Arecoline hydrobromide was incorporated on the 
cell lines with different concentrations by using serial 
dilution method [Table 1]. DMEM media was used as a 
dissolving media and around 200 µl of the compound 
was added in each well. The cells were incubated 
for 24 h in CO2 incubator and were assessed for the 
morphological changes.

Assessment of morphology of fibroblast cell lines
The morphological changes were categorized as 
shape of the cell, outline of the cells, nucleus, and 
cytoplasm for the assessment of the effect of AH on cell 
lines as seen in Table 2.
1. 500 µg/ml: The cells treated with this concentration 

of AH were morphologically altered showing mainly 

Figure 3: (a-c) Photomicrograph of fibroblast cell lines treated with 250 µg/ml of arecoline hydrobromide (a: ×10, b: ×20, c: ×40)

cba

Figure 2: (a-c) :Photomicrogrph of fibroblast cell lines treated with 500 µg/ml arecoline hydrobromide

cba

Figure 1: (a and b) Primary culture of human buccal mucosal fibroblasts
ba

Figure 4: (a-c) Fibroblast cell lines treated with 125 µg/ml of arecoline hydrobromide. (a: ×10, b: ×20, c: ×40)

cba
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F2 (epithelioid)‑shaped cell lines. When observed 
under inverted microscope the outline of the cells 
were dead cells with majority of them being round 
cells, closed nucleus‑containing dense granular 
scanty cytoplasm [Figure 2b and c]

2. 250 µg/ml: The culture wells treated with 250 µg/ml 
showed epithelioid (F2)‑shaped cells. The fibroblasts 
had a plump‑shaped outline with the absence of 
spindle‑shaped fibroblasts [Figure 3b and c]. The 
cells possessed closed nucleus with scanty dense 
granular cytoplasm indicating granular cells 
[Figure 3c]

3. 125 µg/ml: The culture wells showed cells of mixed 
population with F1, F2, and F3‑shaped fibroblasts. 
The majority of the cells were spindle shaped and 
few plump cells. The nucleus was open with scanty 
clear cytoplasm which is feature of granular cells

4. 62.5 µg/ml: The cells treated with this concentration 
of AH were not much morphologically altered as they 
showed majority of the cell lines possessing F1 cells 
and remaining of the well with both F2 and F3 cells. 
The cells were spindle shaped, round and plump 
fibroblasts with open nucleus showing abundant 
clear cytoplasm

5. 31 .25–3 .90  µg/ml :  There  were  no  much 
morphological changes seen with the cells treated 
with 31.25–3.90 µg/ml of arecoline hydrobromide. 
Majority of the cells were spindle‑shaped, and 
stellate‑shaped cells. The culture wells also showed 
cells with open nucleus and abundant clear cytoplasm.

Results and Observation

The primary cell lines were established in BSRC KAHER 
Belagavi, and authenticated by STR profiling from DNA 
forensics Lab New Delhi and published.[12] The cultures 
had long spindle shaped cells with round nucleus and 
abundant cytoplasm as seen in Figure 1a and b. The cells 
were further cultured and assessed after treating with 
different concentration of Arecoline Hydrobromide. 
The results showed that the concentration of 500 µg/ml 
[Figure 2a‑c] was cytotoxic to the cell lines where the 
majority of the cells were round with granular nucleus 
and scanty cytoplasm indicating dead cells. Table 3 

shows the effect of different concentration of Arecoline 
Hydrobromide on the morphology of buccal mucosal 
fibroblasts. The concentration from 250 to 125 µg/ml 
[Figure 3a‑c] showed mixture of cells with majority of 
them being granular cells indicating the cells attaining 
death and very few being spindle/plump‑shaped cells. 
The concentration from 125 to 7.81 µg/ml [Figure 4a‑c] 
and [Figure 5a‑c] had no much cytotoxic effect with F1, 
F2, and F3 types [Table 3] with clear abundant cytoplasm. 
The lower concentration of the Arecoline hydrobromide 
showed less toxicity to the cells and could not exhibit 
altered shapes of fibroblasts with closed nucleus and 
abundant cytoplasm.

Discussion

Oral cavity is lined by oral mucosa consisting of epithelium 
and connective tissue. The major cells of connective 
tissue in oral cavity are fibroblasts. The fibroblasts play 
an important role in the synthesis of collagen fibers 
maintaining the architecture of tissue microenvironments 
by depositing and remodeling of extracellular matrix 
components. The cells actively play role in the production 
of collagen and the maintenance of extracellular matrix, 
thus regulating the wound healing.[1,2] Hence, any damage 
or alteration in the shape or function of fibroblasts may 
lead to pathologies of oral mucous membrane such as 
oral submucous fibrosis and oral SCC. The etiology of the 
precancerous condition in India is mainly the consumption 
of tobacco either in smoke and smokeless form. Tobacco is 
the leading cause for the precancerous condition in India. 
The main ingredient of tobacco is arecanut which consists 
of Arecoline and Arecadine. The increased concentration 
of Arecoline and the constant habit of chewing tobacco 
results in the fibrosis of oral mucous membrane mostly 
resulting in oral submucous fibrosis. The arecoline will be 
absorbed by buccal mucosa harming the connective tissue 
and hence is considered as the initial risk factor of OSF in 
betel chewers. The increased gingivitis, periodontitis and 
the changes in the buccal mucosa in betel chewers might 
implicate that there exist some possible morphological 
and molecular damage.[2,3]

In previous studies done on fibroblasts cell culture, 
three basic morphological forms of fibroblasts were 
appreciated. Based on the animal model and cell 

Figure 5: (a and b) Fibroblast cell lines treated with 62.5 µg/ml of arecoline 
hydrobromide. (a: ×10, b: ×20)

ba

Table 1: Concentration of arecoline hydrobromide
Arecoline hydrobromide concentration (µg/ml)
500
250
125
62.5
31.25
15.6
7.81
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culture experiments, they were classified as F1 (spindle 
shaped), F2 (epithelioid shaped), and F3 (stellate 
shaped). F1 produces very low levels of collagen (type 1 
and 3), are more proliferative in nature. F2 is less 
proliferative and secretes more collagen (type 1 and 2). 
F3 cells produces high levels of collagen (type 1 and 
3) with proliferative activity indicating the terminal 
fibroblasts [Table 3].[1]

The isolation and culture of primary cells from the 
explant tissue have been documented since decades. 
The primary culture is an essential component of animal 
tissue and cell culture technology.[2] The advantage of 
culturing the primary cells over the cancer cells is that as 
they are the reliable source in understanding the normal 
physiological, morphological, and molecular process of 
the human cells. Our study mainly aims to study the 
morphological variation of the cultured primary cell 
lines of human buccal mucosal fibroblasts taken from 
healthy individuals. The alteration in the morphology, 
genetic, and their function help in understanding the 
pathogenesis of many pathological conditions. Culture 
of oral fibroblast cells helps the oral biologists and 
researchers to study the morphological and molecular 
process in the oral diseases.[11,12]

In continuation to our previous research of developing 
primary cell line, we conducted this research to 
determine the dose‑dependent effect of Arecoline on 
morphology of primary buccal mucosal fibroblasts. 
The primary cell lines of buccal mucosal fibroblasts 
were cultured, treated with different concentration of 
Arecoline for 24 h and the morphological changes were 
observed under inverted microscope. On observation, 
we found that the concentration of 500 µg/ml was 
cytotoxic as the majority of the cells showed the features 

of granular cells or dead cells. The remaining cells 
which (10‑15) showed alteration from spindle shape 
to round or spherical with scanty granular cytoplasm 
thus attaining cell death. At concentration of 250 µg/
ml to 150 µg/ml in our study, we had a mixture of cells 
from spindle cells to plump‑shaped fibroblast. Along 
with plump‑shaped cells, round dead cells were also 
present. Hence in our study, we observed that the 
concentration of 500 µg/ml was completely cytotoxic 
to the cells, whereas the concentration ranging from 250 
to 150 µm/ml was partially cytotoxic showing mixture 
of dead and viable cells.

A study conducted by Chang Y C et al. in the year 2001 
assessed the cytotoxic effects of Arecoline on the PDLF in 
Taiwan in patients with the habit of smoking. Their study 
showed that the concentration >200 µg/ml arecoline 
inhibits cell growth, proliferation, and protein synthesis 
on human PDLF indicating that betel nut chewing might 
be another risk factor in the pathogenesis of periodontal 
diseases. The above observations are similar to our 
findings.[2,3]

Shang Lu Chiang in the year 2007 conducted a study to 
assess the dose‑dependent effect of Arecoline on Human 
Gingival Fibroblasts (HGF) of normal individuals. The 
cells were treated with 100 µg/ml (or >100 µg/ml) of 
arecoline for 24 h, the cells appeared less dense than 
control and cell retraction was observed. Whereas 
the concentration >400 µg/ml resulted in granular 
and dead cells indicating cyto‑toxicity of Arecoline 
to normal fibroblasts. This was in accordance to our 
observation.[4]

A similar experiment was conducted by Deepu George 
Mathew et al. in 2011 to compare the arecoline effect 
on fibroblasts of chewers with or without OSMF. They 
divided their study groups as Arecanut chewers with 
normal mucosa, arecanut chewers with OSMF and 
a control group with no chewing habit and normal 
mucosa. Their study concluded that the primary culture 
of fibroblasts revealed not only the basic F1, F2, F3 
morphological variants, but in addition, they also found 
f1, f2, f3 (mitotic) and f4, f5, f6 (postmitotic) shapes 

Table 2: Morphological assessment of arecoline induced primary human buccal mucosal fibroblasts
AH (µg/ml) Type Outline Nucleus Cytoplasm

F1 F2 F3 Spindle Plump Round Open Closed Abundant Scanty
7.81 √ √ √ √ √ √ √ √
15.62 √ √ √ √ √ √ √ √
31.25 √ √ √ √ √ √ √
62.5 √ √ √ √ √ √ √ √
125 √ √ √ √ √ √ √ √ √
250 √ √ √ √
500 √
AH: Arecoline hydrobromide 

Table 3: Shapes of fibroblast
Type of 
fibroblast

Shape of the 
fibroblast

Function

F1 Spindle shape Type I collagen ‑ Highly proliferative
F2 Epetheloid shape Type II collagen ‑ Proliferative
F3 Stellate shape Type I and III collagen ‑ Less 

proliferative
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of fibroblasts in arecanut chewers with OSMF. This 
showed that there are morphological variations when 
fibroblasts in the buccal mucosa are subjected to betel 
nut chewing. However, this study did not highlight the 
dose‑dependent effect of arecoline on the morphology 
of buccal fibroblasts.[5]

A recent study was carried out by Abhishek Banerjee et al. 
in the year 2017 to identify the various morphological 
forms of fibroblasts and to understand and assess 
the response of the fibroblast cell lines to different 
concentrations of Arecoline. The primary cell lines 
were cultured and treated with different concentration 
ranging from 50/100/150/300/500 ug/ml of Arecoline. 
The cell lines were then observed for 8 days to assess 
the morphological variation and cell counts. Our results 
were concomitant to the above findings when less 
concentration of arecoline was stimulative and showed 
toxic effect at higher concentration.[10]

Conclusion

The adverse effects of arecanut chewing and its 
constituents on buccal mucosa have been studied 
from the past decades. The arecoline and arecadine 
being the main constituent of arecanut have both 
phenotypic and genotoxic effect on the cells of buccal 
mucosa that are predominantly fibroblasts. Hence in 
our study, the dose‑dependent effect of Arecoline was 
assessed on phenotypic or morphological alteration of 
buccal mucosal fibroblasts. The results justified that 
concentration of arecoline lower than 125 µg/ml did 
not show change in the morphology of buccal mucosal 
fibroblasts in Indian healthy individuals. Whereas the 
concentration of arecoline >250 µg/ml showed altered 
fibroblasts. Hence, it can be concluded that the levels 
of arecoline in arecanut chewers if it is >250 µg/ml, 
the mucosal fibroblasts may undergo changes to cause 
fibrosis of collagen. The future scope of our study is to 
determine the genotoxic effects of arecoline on buccal 
mucosal fibroblasts and also to develop the therapeutic 
effects.
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